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PHYSICS

Class-XIl (Code No. 042) (2021-22)

Physics Theory and Practical course will be done in two terms. Each term will be assessed individually.

Syllabus assigned for Term-1 (Theory)

Time: 90 minutes Max Marks: 35
No. of Periods Marks
Unit-I Electrostatics
Chapter-1: Electric Charges and Fields 23
Chapter—2: Electrostatic Potential and Capacitance 17

Unit-I1 Current Electricity
Chapter—3: Current Electricity
Unit-IIT  Magnetic Effects of Current and Magnetism
Chapter—4: Moving Charges and Magnetism 16

Chapter-5: Magnetism and Matter

18
Unit-IV | Electromagnetic Induction and Alternating Currents
Chapter—6: Electromagnetic Induction 19
Chapter 7: Alternating currents
Total 73 35
Unit |: Electrostatics 23 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.
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Chapter-2: Electrostatic Potential and Capacitance

Electric potential, potential difference, electric potential due to a point charge, a dipole and system of
charges; equipotential surfaces, electrical potential energy of a system of two-point charges and of
electric dipole in an electrostatic field. Conductors and insulators, free charges and bound charges
inside a conductor. Dielectrics and electric 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 Il: Current Electricity 15 Periods

Chapter-3: Gurrent 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-l characteristics (linear and non-linear), electrical
energy and power, electrical resistivity and conductivity; temperature dependence of resistance.
Internal resistance of a cell, potential difference and emf of a cell, combination of cells in series and in
parallel, Kirchhoff's laws and simple applications, Wheatstone bridge, metre bridge(qualitative ideas
only). Potentiometer - principle and its applications to measure potential difference and for comparing
EMF of two cells; measurement of internal resistance of a cell (qualitative ideas only).

Unit Ill: Magnetic Effects of Current and Magnetism 16 Periods

Chapter—4: Moving Charges and Magnetism

Concept of magnetic field, Oersted's experiment. Biot-Savart law and its application to current carrying
circular loop. Ampere's law and its applications to infinitely long straight wire. Straight and toroidal
solenoids (only qualitative treatment), force on a moving charge in uniform magnetic and electric fields.
Force on a current-carrying conductor in a uniform magnetic field, force between two parallel current-
carrying conductors-definition of ampere, torque experienced by a current loop in uniform magnetic
fleld; 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, bar magnet as an equivalent solenoid, magnetic field lines; earth’s magnetic field
and magnetic elements.

Unit IV: Electromagnetic Induction and Alternating Currents 19 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.
AC generator and transformer.
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MERINIS

IMPORTANT FORMULAE

MULTIPLE CHOICE QUESTIONS
(Including Competency-based MCQs)

CASE-BASED QUESTIONS

ASSERTION-REASON QUESTIONS
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1 ELECTRIC CHARGES

AND FIELDS

IMPORTANT FORMULAE

1. Coulomb’s force F between two point charges kept in a medium of electric constant,

__ 1 Qe
47[50K T2
For air between the charges, dielectric constant K= 1.
1 Q192
ﬁ:li:r - 47[60 72

- 1 Qe .
In vector form Foy =———n
47[80 7'2

Where Fl; is the force on charge q; due to g, and 7, is the unit vector in the direction from q;to
da.
2. Electric field strength E at any point in the field where F is the force experienced by a test
charge g, kept at that point, E = lim E
qoao 90

(a) Electric field strength due to a point charge at a distance r

F=-1 1;-_1 where 7 is unit vector along 7; 7 =Z
4mey ;2 AmEy BT
(b) Due to sphere charge
(i) Inside point (r<R) E=-——"tpE
i) Inside point (r < = Tneg 12 rEor
(if) Outside point (r > R) E=— L. poL
- 47[80 2’ 2
(it) On the surface (r = ) E = —— L
a 4me, R2
(¢) Due to hollow sphere of charge
(i) Inside point (r<R), E=0
E
(if) Outside, E = 47150 f—z oty \ gt
1 q 9 E=0 r

(1i1) On the surface, E =

dne, R &

WWW.JEEBOOKS.IN Electric Charges and Fields | 5
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(d) Electric field strength due to infinite line charge having linear charge density () coulomb/
metre.

S
4me, r

E:

(e) Electric field strength near an infinite thin sheet of charge.

E=_"5_
2,
(H Electric field strength near a conductor E =§—0ﬁ, where n is a unit vector normal to the
surface in the outer direction. Electric field strength inside a conductor £ = 0.

7. Electric Dipole:

(a) Dipole moment ‘ p‘ =¢.2l (2l being the separation from —q to +q )

(b) Torque on a dipole in uniform electrlc field 1 = pxE
(c) Potential energy of dipole, U = — p E =—pE cosO
where 0 is the angle between pdnd E
(d) Work done in rotating the dipole in uniform electric field from orientation 6; to 6 is
W= U,— U, = pE(cos 8, — cos 0,)
Work done in rotating the dipole from equilibrium position 6 = 0 to orientation 0 is
W=pE (1 - cos 0)
(e) Electric field due to a short dipole.

(1) at axial point £ = 1 2_;0
™ 4me, 1°
.. .. . 1 p
(ii) at an equitorial point F = r

4me, r

8. Total electric flux, ¢ =f ]_E)d_:S = L>< net charge enclosed by the closed surface.
s

€y

MULTIPLE CHOICE QUESTIONS

Choose and write the correct option in the following questions.

6

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.

2. The unit of permittivity of free space (g) is
(a) CN'm! (b) Nm°C™*
(¢) C*N'm™ (d) C*Nm*
3. 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
©)
(d) They form closed loops

Field lines start at positive charges and end at negative charges

4. Gauss’s law is valid for

(a) Any closed surface (b) Only regular closed surfaces
(¢) Any open surface (d) Only irregular open surfaces.

Physics—XII: Term-1 WWW.JEEBOOKS.IN
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5. 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?
(a) Ais + veand Bis—ve and |A| > |B| () Ais—ve and Bis + ve, |A| = |B]|
(¢) Both are + vebutA4 > B (d) Both are —vebutA4 > B
6. 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

7. A point positive charge is brought near an isolated conducting sphere (Fig. given below). The

electric field is best given by [NCERT Exemplar|
+q pre
() (i)
+q *q

(iii) (iv)

(@) Tig () (b) Fig (i) (¢) Tig (i) () Fig (iv)

8. The Electric flux through the surface [NCERT Exemplar]
S

S
' . |
()

(i1) (iif) (iv)
(a) in Fig. (iv) is the largest.
(0) in Fig. () is the least.
(¢) in Fig. () is same as Fig. (uz) but is smaller than Fig. (iv)
(d) is the same for all the figures.
9. 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
(¢) at an angle tilted towards the diameter

(d) at an angle tilted away from the diameter

WWW.JEEBOOKS.IN Electric Charges and Fields | 7
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8

10.

11.

12.

13.

14.

15.

16.

17.

18.

Figure shows electric field lines in which an electric dipole p is placed as shown. Which of the
following statements is correct? [NCERT Exemplar]

—___________——-)
_______________——-P

- ._)__.P +q

>
—>

»
—>

(a) the dipole will not experience any force.

(0) the dipole will experience a force towards right.
(¢) the dipole will experience a force towards left.
(d) the dipole will experience a force upwards.

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) tield of charge

A method for charging a conductor without bringing a charged object in contact with it is
called

(a) electrification () magnetisation
(c) electromagnetic induction (d) electrostatic induction
If if E.dS =0 overa surface, then [NCERT Exemplar]

(a) the electric field inside the surface and on it is zero.
(0) all charges must necessarily be outside the surface.

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

(d) both (b) and (¢)

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

(c) 3.34 x 10'C d) 1.34 x 10 ¢C

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

(a) 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 () F/K* d) K°F
Two point charges ¢, and ¢, are at separation r. The force acting between them is given by
19
F=K 122 . The constant K depends upon
p
(a) only on the system of units (b) only on medium between charges
(¢) both on (@) and (b) (d) neither on (a) nor on (b)

Physics—XII: Term-1 WWW.JEEBOOKS.IN
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Three charges +4q, Q and g 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 ¢ to be zero?

@ - #) 24 © % @ 4

An electron falls from the rest through a vertical distance A 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 i. The
time of fall of the electron, in comparison to the time of fall of the proton is

(a) smaller (b) 5 times bigger

(¢) 10 umes bigger (d) equal

Which of the following is the unit of electric charge?

(a) Coulomb (C) (b) Statcoulomb (stat C)
(¢) Abcoulomb (abC or aC) (d) All the above

A body is positively charged. It has

(a) excess of positrons (b) excess of electrons
(¢) deficiency of electrons (d) deficiency of protons

A proton at rest has a charge e. When it moves with a high speed, its charge
(a) >e b) <e
(c) =e (d) may increase or decrease

Two charges 3 X 10° C and 5 X 10* C are placed at a distance of 10 cm from each other. Find
the value of electrostatic force acting between them.

(@) 18.5 x 10"' N (b) 40 x 10'' N (¢) 180 x 10°N d) 18.5 X 10" N

What is the value of minimum force (in N )acting between two charges placed at 1 m apart
from each other?
ke [

(@) ke® (b) ke © 3 @ 5

A glass rod acquires charge by rubbing it with silk cloth. The charge on glass rod is due to
(a) friction (b) conduction (¢) induction (d) radiation

Find the thickness of a dielectric material which has relative permittivity ¢. when two charges
experience the same force as in air by a distance r.

(a) t=\/e,r (b) t=/re, () t =%, (d) t=F

What will be the value of electric field at the centre of the electric dipole?
(a) Zero

(b) Equal to the electric field due to one charge at centre

(¢) Twice the electric field due to one charge at centre

(d) Half the value of electric field due to one charge at centre

Which physical quantity have unit newton /coulomb?

(a) Electric charge (b) Electric field

(¢) Electric force (d) Electric potential

In the process of charging, the mass of the negatively charged body
(a) increases (b) decreases

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

Charge on a body is integral multiple of *e. It is given by the law of
(a) conservation of charge (b) conservation of mass

(c) conservation of energy (d) quantisation of charge

WWW.JEEBOOKS.IN Electric Charges and Fields | 9
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Electric field intensity due to a short dipole remains directly proportional to (ris the distance
of a point from centre of dipole)

(@) »* (b) 7’ O @

Electric field lines contracts lengthwise, It shows

(a) repulsion between same charges

(b) attraction between opposite charges

()

(d) electric field lines does not move in straight path

no relation between force & contraction

Force F between charges Q, and Q, separated by r is 25 N. It can be reduced to 5 N if the
separation between them is made
r r

(a) & b 3 (c) 2r (d) V57

Which of the following is the unit of electric field intensity?

(@) NC (b) Nm (c) NC™* d) NC™!

The unit of electric dipole moment is

(@) C/m (b) C-m (¢) C/m* (d) C-m*

A slab of dielectric is introduced between two equal positive charges with a fixed separation.
As a result

(a) the force between the two charges decreases

(b) the two charges start attracting each other

(¢) the slab starts moving

(d) an electric current passes from one charge to the other

Two like point charges separated by a certain distance exert a force of 0.04 N on each other.
When the distance of separation between them is halved, the force exerted by each on the
other will be

(a) 0.16 N (b) 0.02 N (¢) 0.08 N (d) 0.01 N

When a glass rod is rubbed with a dry silk cloth, the glass rod is positively charged due to the
transfer of

(a) protons from silk cloth to glass rod (b) electrons from silk cloth to glass rod

(c) protons from glass rod to silk cloth (d) electrons from glass rod to silk cloth

The unit of electric permittivity € of a medium is

(@) Nm?/C? (b) Nm?%/C (¢) CNm* (d) C/Nm*

The dimensions of electric permittivity is

(a) MLPT*A™ () ML T*A® (c) ML T*A® (d) MT'LT*A

An insulated conical shaped metallic conductor is charged positively. The surface charge
density on it is

(a) uniform throughout () minimum at the apex

() maximum at the apex (d) maximum at its base

The magnitude of force experienced by an electron placed at a point in the electric field E is
equal to its weight mg. The magnitude of E is

(@) mge (b) ef(mg) (¢) mge (d) mgle®

An electric dipole is placed at an angle of 30° with an electric field intensity 2 X 10° NC™\. It

experiences a torque equal to 4 Nm. The charge on the dipole, if the dipole length is 2 cm, is
(a) 8 mC () 2mC (¢) 5 mC (d) 7 mC

Physics—XII: Term-1 WWW.JEEBOOKS.IN
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45.

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

What is the SI unit of electric flux?

(@) %me () N x m?
2

(©) N2 xC () N—2><C2
m m

The dimentional formula of electric flux is

(@) IM'L'T™ (b) IM'L>T A7
(€) [ML*T A d) IM'L7T°AY
Which of the following statements is not true about Gauss’s law?
(a) Gauss’s law is true for any closed surface.

(b) The term ¢ on the right side of Gauss’s law includes the sum of all charges enclosed by the
surface.

(¢) Gauss’s law is not much useful in calculating electrostatic field when the system has some
symimetry.

(d) Gauss’s law is based on the inverse square dependence on distance contained in the Coulomb’s
law.

The surface considered for Gauss’s law is called
(a) closed surface (b) spherical surface

(¢) Gaussian surface (d) plane surface

Charge on a conducting metal sphere is present

(a) on the surface of sphere (0) inside the sphere

(¢) outside the sphere (d) both inside and outside of sphere

Charge Q is kept in a sphere of 5 cm first, then it is kept in a cube of side 5 cm, the outgoing
flux will be

(@) more in case of sphere (b) more in case of cube

(¢) same in both case (d) information incomplete

A sphere encloses an electric dipole within it. The total flux across the sphere is

(a) zero (&) half that due to a single charge
(¢) double that due to a single charge (d) dependent on the position of the dipole
A charge g is placed at the centre of a cube, what is the electric flux passing through one of its
faces?
q g bq q
@ e ) % © 5, @ 3o

According to Gauss law, electric field of an infinitely long straight wire is proportional to

1 1
@ r ® % © % ) +

A charge g 1C is placed at the centre of a cube of side 0.1 m. Then the electric flux diverging
from each face of this cube is
gx107° q

@ —.— (b) gxlf1 ©

gx107 @ gx107*

be, b,
An electric charge q is placed at one of the corners of a cube of side a. The electric flux on one
of its faces will be

q q q q
@) Ze; () — (©) e ) Sie,
0 0

WWW.JEEBOOKS.IN FElectric Charges and Fields | 11
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56. Consider a region inside in which there are various types of charges but the total charge is
zero. At points outside the region
(a) the electric field is necessarily zero.
(b) the electric field is due to the dipole moment of the charge distribution only.

(¢) the work done to move a charged particle along a closed path, away from the region, will be
zero.

(d) None of these
57. 1If electric field is uniform, then the electric lines of forces are
(a) divergent (b) convergent (¢) circular (d) parallel

58. A plane of surface area S is placed in an electric field such thaLthe direction of normal on
surface ‘S’ makes an angle ‘0’ with the direction of electric field E . The electric flux through
the surface is

mi

(a) ES (h) ESsin 0
(¢) EScos® (d) zero
59. In which of the following cases the electric field strength is independent of distance?
(a) Due to a point charge (6) Due to a line charge
(¢) Due to a spherical charge (d) Due to infinite flat sheet of charge

60. A cylinder of radius R and length L is placed in a uniform electric field E parallel to cylinder
axis. The total flux through the surface of the cylinder is given by
(a) 2nR’E (b) 2nRLE
(¢) (2nR? + 2nRL)E (d) zero

61. A hemispherical surface of radius R is placed with its cross-section
perpendicular to a uniform electric field as shown in figure. The
electric flux through the surface is TN
(a) TR°E

) 2rR°E
(¢) 4nR’E < R T,

@ zero T

62. A small metal ball is suspended in a uniform electric field with the help of an insulated thread.
If high energy X-ray beam falls on the ball, it will
(a) be deflected in the direction of field (&) be deflected opposite to direction of field
(¢) not deflect at all (d) fly to infinity

63. Two point charges +¢q and —g are held fixed at (—d, 0) and (+d, 0) respectively of a (x, y)

coordinate system. Then
(-d.0) <P (+d,0)

2d
(a) the dipole moment is gd along positive X-axis
(b) the dipole moment is ¢(2d) along positive X-axis
(¢) the dipole moment is ¢(2d) along positive Y-axis

(d) the dipole moment is ¢(2d) along negative X-axis

12 | Physics—XII: Term-1 WWW.JEEBOOKS.IN
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64.

65.

66.

67,

68.

69.

70.

71.

72.

Six charges, three positive and three negative are to be placed at the
vertices of a regular hexgon such that the electric field at O is double
the electric field when only one positive charge of same magnitude is
placed at R. Which of the following arrangements of charges is
possible for £ Q, R, S, T and U respectively?

(a') +5 s +5_5_5_ (b) +5_5 +5_5 +5_
(C) +5+5_5 +5_5_ (d) > +5 +5_5 +5_ +
A charged ball B hangs from a silk thread S, which makes an angle 6 with a [+
large conducting sheet P, as shown in fig., the surface charge density ¢ of the [+
sheet is proportional to +
(a) cot O (b) cos 0 &
. +
(¢) tan 0 (d) sin O B

Force between two identical charges placed at a distance r in vacuum is F. Now a slab of
dielectric of dielectric constant 4 is inserted between these two charges. If the thickness of the

slab is % then the force between the charges will become

r F 4
(a) F ®) % © 5 d) gF
Electric flux is
(a) scalar quantity (b) vector quantity
(¢) sometimes scalar and sometimes vector (d) neither scalar nor vector.

The minimum value of charge on any charged body may be

(@) 1.6 x 10 coulomb (6) 1 coulomb
(c) 1pC (d) 4.8 x 107** coulomb
The number of electrons contained in 1 coulomb of charge is equal to
(@) 6.25 x 10" (b) 6.25 x 10'8
() 1.6 x 107" (d) 0.625 x 10"®
A charge Q is placed at each of the opposite corners of a square. Fas A Fp
A charge g is placed at each of the other two corners. If the net e

@ q Q 4 F
electrical force on @ is zero, then ? equals // @ 41
(a) 242 (b) -1

1

c) 1 d) —=
©) @ -7 @% ©)
Three concentric metallic spherical shells of radii R, 2R and 3R are given charges Q;, Q,, Q3

respectively. It is found that the surface charge densities on the outer surfaces of the shells are
equal. Then the ratio of the charges given to the shells Q, : O, : Q; is

(@) 1:2:3 b) 1:8:5 () 1:4:9 (d)1:8:18
A thin semicircular ring of radius r has a positive charge ‘¢’ uniformly distributed over it. The
net electric field £ at centre O is R
J
>

q A q > q B — 4
a) —5 5 by —5 i ) ———5 g d) —5 3
@) one,r’ / ¢) 4ne,r” 2 4me,r’ “ one,r /

WWW.JEEBOOKS.IN Flectric Charges and Fields | 13
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73.

74.

75.

76.

77.

78.

79.

80.

For a point charge, the graph between electric field versus distance is given by

I

r — r—

(C)l‘ i (d)l—
E E
r—

r—

An infinite number of identically charged bodies are kept along the x-axis at points

x=10,1m,2m,4m,8m, 16 m and so on. All other charges repel the charge at the origin with
a force of 1.2 N. Find magnitude of each charge.

(a) 9pC (b) 10pC (¢) 11pC (d) 12pC
If the net electric flux through a closed surface is zero, then we can infer
[CBSE 2020 (55/1/1)]
(a) no net charge is enclosed by the surface.
(b) uniform electric field exists within the surface.
(c) electric potential varies from point to point inside the surface.

(d) charge is present inside the surface.

An electric dipole placed in a non-uniform electric field can experience [CBSE 2020 (55/1/2)]
(a) a force but not a torque. (b) a torque but not a force.

(¢) always a force and a torque. (d) neither a force nor a torque.

A point charge is situated at an axial point of a small electric dipole at a large distance from
it. The charge experiences a force F. If the distance of the charge is doubled, the force acting

on the charge will become [CBSE 2020 (55/1/3)]

(a) 2F (b) F/2 (¢) F/4 (d) I/8.

The electric flux emerging out from 1C charge is |[CBSE 2020 (55/3/1)]
1 4n

@ & (b) Am € &, () &

An electric dipole consisting of charges +¢ and —g separated by a distance r, is kept
symmetrically at the centre of an imaginary sphere of radius R (> r), Another point charge
0 is also kept is also kept at the centre of the sphere. The net electric flux coming out of the

sphere will be [CBSE 2020 (55/3/2)]
~(29+0Q) Q 2+Q -Q
a) “ame, () e, () & () &,

Two large conducting spheres carrying charges Q, and Q, are kept with their centres r distance

1 9,0,

e, 2
[CBSE 2020 (55/3/3)]

apart. The magnitude of electrostatic between them is not exactly because

(a) these are not point charges.
(b) charge distribution on the spheres is not uniform.
(c) charges on spheres will shift towards the centres of their respective spheres.

(d) charges will shift towards the portions of the spheres which are closer and facing towards
each other.
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81. The electric flux through a closed Gaussian surface depends upon [CBSE 2020 (55/5/1)]
(a) net charge enclosed and permittivity of the medium
(b) net charge enclosed, permittivity of the medium and the size of the Gaussian surface
(¢) net charge enclosed only

(d) permittivity of the medium only

Answers
1. (a) 2. (¢) 3. (d) 4. (a) 5. (a) 6. (a) 7. (@) 8.(d)
9. (a) 10. (¢) 11. (a) 12. (b) 13. (d) 14. (d) 15. (a) 16. (d)
17. (a) 18. (c) 19. (a) 20. () 21. (d) 22. (¢) 23, (¢) 24, (a)
25. (a) 26. (a) 27. (d) 28. (¢) 29. () 30. (a) 31. (d) 32. (d)
33. (b) 34, (d) 35. (d) 36. (¢) 37. (a) 38. (a) 39. (d) 40. ()
41. (d) 42. (c) 43. (c) 44. (b) 45. (a) 46. (b) 47. (¢) 48. ()
49. (a) 50. (c) 51. (a) 52. () 53. (d) 54. (c) 55. (d) 56. (c)
57. (d) 58. (c) 59. (d) 60. (d) 61. (a) 62. (a) 63. (d) 64. (d)
65. (c) 66. (d) 67. (a) 68. () 69. () 70. () 71. (b) 72.(d)
73. (b) 74. (b) 75. (a) 76. (c) 77. (d) 78. (a) 79. (b) 80. (b)

81. (a)

CASE-BASED QUESTIONS

Attempt any 4 sub-parts from each question. Each question carries 1 mark.

1. COULOMB’S FIELD:
The electrostatic field around an electrically charged body or particle is called Coulomb field.
According to Coulomb’s law, “The force of attraction or repulsion between two point charges is
directly proportional to the product of the charges and inversely proportional to the square of
distance between them. The direction of this force is along the line of joining the two charges.”

After all, for any system of charges, the measurable quantity is the force on a charge which can
be directly determined using Coulomb’s law and the superposition principle.

QL NI
-/

y

®)

(a)
+ o+ .
q q *q —q
()

)

a
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For electrostatic, the concept of electric field is convenient, but not really necessary. Electrical
field is an elegant way of characterising the electrical environment of a system of charges. Electric
field at a point in the space around a system of charges tells you the force a unit positive test
charge would experience if placed at that point. The true physical significance of the concept
of electric field, however, emerges only when we go beyond electrostatics and deal with time
dependent electromagnetic phenomena. The concept of field was first introduced by Faraday and
is now the central concept in physics.

(i) The vector form of Coulomb’s force (Fm ) is

1 o« ‘11‘12f 5 1 y e .
(@) dme, 2 12 ®) e, e 12
1 99s

(¢) (d) none of these

X 7,
4me 3 12
0 T

(¢) The Coulomb force between a proton and an electron separated by 0.8 X107'° m is
(a) 300 N (b) 320 N
(¢) 340 N (d) 360 N
(iii) The Coulomb field at a point is
(a) always continuous
@)
©

(d) continuous if there is a charge at that point

continuous if there is no charge at that point

discontinuous only if there is a negative charge at that point

(iv) 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 radially towards the point charge
(b) directed radially away from the point charge
(¢) directed perpendicular to the plane but towards the plane
(d) directed perpendicular to the plane and away from the plane

() An infinite number of charges each equal to 4 pC are placed along the X-axis atx = 1 m,
x=2m,x =4 m,x =8 m, and so on, the Coulomb field at origin for all these charges is
(a) 4.8 X 10°> N/C (b) 4.8 x 10* N/C
(c) 4.8 X 10° N/C (d) 4.8 X 10° N/C

Answers

1. (i) (a); The Coulomb’s force is directly proportional to the product of charges and inversely
proportional to the square of distance between them. In vector form, it is represented as

= 1 _ qlq2 "
Fie = 4me - e 7’12
0 T

4 9:
(i) (d); According to Coulomb’s law, F, = K ;22

where, charge on particle, e = -1.6 X 10°C,p" = + 1.6 X 10'°C
K =9 x 10 Nm¥/C?
9x10” (-1.6 X107 x1.6 x107"?
(0.8 x1071%)?

F =-360N
|£,|= 360N

16 | Physics—XII: Term-1 WWW.JEEBOOKS.IN


http://www.jeebooks.in

(¢222) (b); Either positive or negative charges will interact with the lines of electric field to make the

electric field discontinuous.

If there is no charge inside the electric field then the lines

will not be affected. So, electric field becomes continuous.
(2v) (d); Let charge +¢ is placed to the left of isolated conducting

plane AB vertical to plane of paper.

Due to induction by +¢, R.H.S. of plane acquire positive

charge. So, lines of force will emerge perpendicularly

outward and parallel to each other.

(v) (b); Electric field (Coulomb field) due to point charge,
KQ
E=—
7’2

Now, Coulomb field due to system of charges, QO = 4 nC

L1
e, E=KQ gt ot gt + o
Tl T2 7'3
E=9x109x4x10-ﬁ[1+1—+i+i+ oo]
4716 64 T
_ 36x10° _ .
E =T = 48%10'NeC

2. GAUSSIAN SURFACES:

-| | +——

—| | +——

— +—>
® «—J—> P
g | [

- | +——

— + —

Johann Carl Friendrich Gauss (1777-1855)
was German mathematician and physicist
who made significant contribution to many

fields in mathematics and science. In physics

Gauss’s law, also known as Gauss's flux

theorem, is a law relating the distribution of

electric charge to the resulting electric field. ==
In the integral form, it states that the flux of

the electric field out of an arbitrary closed
surface is proportional to the electric charge

enclosed by the surface, irrespective of how
that charge is distributed.

A Gaussian surface (sometimes abbreviated
as G.S) is a closed surface in three-
dimensional space through which the
flux of a vector field is calculated, usually
gravitational field, the electric field, or

magnetic field. It is an arbitrary closed

YOV O T N

NN N BN
T T T T

surface used in conjunction with Gauss’s

law for the corresponding field by performing a surface integral, in order to calculate the total
amount of the sources quantity enclosed; e.g., amount of electric charge as the source of the

electrostatic field.

(@) The type of physical quantity electric flux and its dimensions respectively are
(a) vector, [M?L*T?Al] (b) scalar, [M?L*T?A']
(c) vector, [ML T °A™] (d) scalar, [ML T °A™]
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(#7) The electric flux through a cubical Gaussian surface enclosing net charge ¢ is /g,
while the electric flux through one face of the cube is

(@) q/g, () g/4e,
(€) g/bg, (d) q/8¢,

(iii) The electric flux of a flat square having an area of 10 m® placed in a uniform electric field
of 8000 N/C passing perpendicular to it is

(@) 8 X 10° Nm?/C (b) 8 X 10* Nm*/C
(€) 16 X 10° Nm?%C (d) 4 X 10* Nm?%/C
(tv) Gauss’s law is valid for
(a) any open surface (b) any closed surface
(¢) only regular closed surface (d) only irregular open surface

(v) If the electric flux entering and leaving an enclosed surface respectively is f, and f,. The
electric charge inside the surface will be
4)2 - 4)1
@ == (0) g0 (92 — 1)
0

(d) &(dy + ¢o)
Answers
2. (2) (d); scalar quantity, [¢E] = [ML3T73A71]

(it) (¢); According to Gauss's law, ¢ = E;i In cubical Gaussian surface, electric flux passes
0
equally from each face. So, electric flux through one face is % (as the no. of faces of
cube = 6). 0
(@) (b); . = EAcosf [.0=0"=cosl =1]
¢, =EA = ¢, =8000x10=8x10* Nm*/C

(tv) (b); Gauss’s law is applicable for all types of closed surfaces.

(v) (b) Net flux diverging ¢2 — ¢1 = Ei
0

= q = go(Po — 1)

ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

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

(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.

(d) A is false and R is also false.

1. Assertion (A) : The charge given to a metallic sphere does not depend on whether it is hollow
or solid.

Reason (R) : Since the charge resides only on the surface of the conductor.

2. Assertion (A) : Chargeis quantized because onlyintegralnumber of electrons can be transferred.

Reason (R) : There is no possibility of transfer of some fraction of electron.
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3. Assertion(A) : Electrons moves away from a region of lower potential to a region of higher
potential.
Reason (R) : An electron has a negative charge.
4. Assertion (A) : When a body acquires negative charge, its mass decreases.
Reason (R) : Abody acquires positive charge when it gains electrons.
5. Assertion (A) : Surface charge density of an irregularly shaped conductor in non-uniform.
Reason (R) : Surface density is defined as charge per unit area.
6. Assertion (A) : Total flux through a closed surface is zero if no charge is enclosed by the surface.
Reason (R) : Gauss law is true for any closed surface, no matter what its shape or size is.
7. Assertion (A) : Net electric field inside a conductor is zero. |AIIMS 2018
Reason (R) : Total positive charge equals to total negative charge in a charged conductor.
8. Assertion (A) : If the bob of a simple pendulum is kept in a horizontal electric field, its period
of oscillation will remain same, [AIIMS 2012]
Reason (R) : If bob is charged and kept in horizontal electric field, then the time period will
be decreased.
9. Assertion (A) : All the charge in a conductor gets distributed on whole of its outer surface.
[AIIMS 2018]
Reason (R) : In a dynamic system, charges try to keep their potential energy minimum.
10. Assertion (A) : Acceleration of charged particle in non-uniform electric field does not depend
on velocity of charged particle. [AIIMS 2017
Reason (R) : Charge is an invariant quantity. That is the amount of charge on particle does
not depend on frame of reference.
Answers
1. (a) 2. (b) 3. (a) 4.(d) 5.(a) 6. (a) 7.(c) 8.(c)
9. (a) 10. (a)
HINTS/SOLUTIONS OF SELECTED MCQs
1. (a) Abody can be negatively charged by giving excess of electrons to it.
2. (¢) According to Coulomb’s law,
1 %%
e, ,°
\p4 T
O 4mp?
ST unit of g, = = = C2N"'m
Nm
3. (d) Electrostatic field lines do not form any closed loops.
4. (a) Gauss’s law is valid for any closed surface.
5. (@) The electric field lines start from charge A and on charge B. So A is +ve and B is —ve.
6. (@) In air, the force of attraction between two charges in given by

air

1 %%
47’[60 y‘2

In dielectric medium, the force of attraction between two charges is given by
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20

10.

11.

15.

17.

(@)

()

(@)

©)

(@)

(@)

(@)

1 gk
mid — 4me K )2
5,
K
So, force decreases K-times.

When a point positive charge is brought near an isolated conducting sphere, then due to
induction there develops some negative charge on the leftside of the sphere and an equal
positive charge on the right side of the sphere. The electric field lines emanating from the
point positive charge end normally on the left side of the sphere. Due to accumulation of
positive charge on the right side of the sphere, the field lines emerge outward normally. So,
option (a) is correct.

As electric field lines are not perpendicular to the surface of sphere, so (¢i) and (iv) are
rejected.

According to Gauss law, the electric flux (¢) through the closed surface depends only on the
amount of charge enclosed inside the surface. It does not depend on size and shape of the
surface.

Here, charge enclosed inside all the figures are same.

So, electric flux (cb = eio) will remain same.

As the diameter of hemisphere is plane surface, and whole hemisphere is uniformally
charged positively, so the electric field lines emerging outward will be perpendicular to the
surface.

The density of electric field lines decreases from left to right, so electric field (E) on +g¢
charge will be smaller than —¢ charge.

Since, F= q E , therefore force on +¢ will be smaller than —g.

The direction of force +¢ charge is along the direction of electric field, so the force on —¢ will
be towards left. Hence net force on dipole will be towards left.

When a point charge +¢ is placed at a distance d from an isolated T T
conducting plane, due to induction by +¢ charge, the other side _ f—_
(RHS) of the plane acquire positive charge, so, field lines will _ 3
emerge perpendicular to the plane and away from the plane. *«—d—> Po—>

+q - + —>

Let us assume that the mass of one cup of water is 250 g. _ .

The molecular mass of water is 18 g. - b —_—

Number of molecules in 18 g of water = 6.02 X 10%°

Number of molecules in one cup of water = % X 6.02x10%

Each molecule of water contains two hydrogen atoms and one oxygen atom, i.c.,
10 electrons and 10 protons. Hence, the total positive and total negative chage has the same
magnitude and is

= %x6.()2><102?’><10><1.6><10’19C
=1.34 x 10" C.
. _ 1 499
In air, = —4‘;[60 2 (1)
) 1 %%
In material, F _—4TE€0K 2 . (2)
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19.

20.

21.
22.

23.
24.

25.

26.

27.

Dividing equation (1) and (2)

F_1 _ o F
F-&k = I'=%
F t f tob
(a) For net force on g to be zero i 0 .
k) (q) | kQ() .
SN 9 = < gmmms >
! (1/2) « ! >
4kg®  4kQ
§ ZEL T
= Q=-g
(a) Force experienced by a charged particle in an electric field, F = g£
AsF = ma 4E .
ma =gk = a=—~ o (2)

As electron and proton both fall from same height at rest, then initial velocity, u = 0.

1
From s = ut + —at”

2
h = lgaﬁ (ru=0)
= =0 [Using ()]
RS 2;1:;)1 = {ocy/m as‘q is same for electron and proton.

Electron has smaller mass so it will take smaller time.
(d) Unit of charge is coulomb, statcoulomb and abcoulomb.
(¢) A body can be charged negatively or positively by giving or taking out the electrons

respectively. Positive charge indicates that some electrons are taken out and the body has
deficiency of electrons.

(¢) As charge is invariant.

@ q, , 7

e

h=9x10°N-ms"/C% ¢, =3 x10°C,g0=5x 10"C,r = 10cm = 0.1 m

As we know that

_ kg 9x10°x3x107° x5x10*

F -
¥ (0.1)*
_3x45x10% 10 nr 11
= oxo1 - = 185 X 101N =185 x 101N

() Smallest charge = ¢ = 1.6 X 107"°
As charge is small force is minimum

F= kXeXe = he?

(h®
(a) As glass rod is rubbed with silk, so relative motion and friction comes to play.
_ 1 49
@ Far= o3

F B 1 %19
dium 2
medium 47-[60 er t
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According to question

F. =F

air medium

1 49% 1 KR

ame, 2 4AmggE, /2
8,1,‘2 =°
{=——
28. (¢) Aswe know that E_
P _ 2kp +q E, -
axial — 7’2 2%
kxq kq
E,=E = 5 =
N h a? a?

Epa= VEI+E>+2E, . E cos0

=E, +E_
_ 2k

(1,2

As due to point charge E = kq/a2
20. (b) As E = g; unit = N/C

30. (a) A negatively charged body has more electrons than the neutral body and these excess
electrons results in an increase in mass.

31. (d) Quantisation mean integral multiple of any smallest thing

32. (d) As electric field due to dipole

k
E = 2—51 in both cases E oc LB
r r

kp
Eeq =5
33. (b) Electric field lines initiate from positive charge and terminate on negative charge.
kQ, O,
34, (d) F= Llfz
’
KQ, 0,
05 = 0
h
KQ, 0,
5= LIZLZ i)
)
= ,\/grr

Divide equation (¢) and (z)

o (t] = oo

35. (d) E=§ = N/C

36. (b)) p=¢.2a=C-m

37. (a) Force between two charges, F = (L
) ges: 47[50 72
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38.

39.
40.

41.

42,

43.

44.

When dielectric slab is introduced

1 %%
F= 4ne 1"2 ’

= F<F
_ kg, 9

@ F==7%

Here e > g,

kg, q.
0.04= % ()
K

When r' = r/2

kq, q.
Fr=—hdy i)
(r/2)
Divide equation (¢) and (i)
—F ‘ = ﬁ =
0.04 4
F'=0.16N
(d) Electrons from glass rod to silk cloth
%19 N9
= = g ="~
© 47[6012 O 4nFa?

4

Unit =
m2

[AT][AT]
[MLT™][1]
=M1 ST A2
Q

(¢) 0=7
1

@ e, = =ATTPM e

goc —5
oc 7‘2
() As F=qE
mg=eE
E=mg/e
(b) Given,t =4 Nm,/=2cm =0.02m, E = 2 x10° N/C, 0 = 30°
t=pEsin® =¢qlEsinb

= 4= ¢(0.02) X 2 X 10° X sin 30°
= q= 1 1 C
0.02><2><105><§
= g=0.002 C
= g=2mC
(@ é=EF .dS
= I(\:Ixm2
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(b)) ¢ = Electric field. Area
= [ML T ALY
=[MIL’T? A
(¢) Gauss’s law is based on the inverse square dependence on distance contained in the
Coulomb’s law.
(¢) Gaussian surface encloses the charge.

(a) Electric field inside a conductor is zero.

(¢) According to Gauss’s law electric flux is EL times the charge enclosed by the surface and is
independent of the shape and size of the surface.

(a) Net charge carried by electric dipole = 0
o flux = 0.

(a) Electric flux through whole cube = £

0

Electric flux through one surface = %
0

(d) As we know
E = 2kD = Fx L
r r
(¢) Flux through whole cube = Ei
0

x107°
through one surface = 4 1" 9
be, bg,

(d) As we know that one face 4 corner }I XGpace

1,9 _ 9

4 e,  24e,

0

(d) For an infinite sheet to charge, £ = 2% (independent of distance)
0

(d) The electric flux entering and leaving the cylindrical surface is same ¢ = EnR® - EnR%=0
(@) ¢ = E x (Normal surface area) = E X tR? = nR*E

(d) The direction of dipole moment from — ¢ to + ¢.

_ 1 419
(a) 47[60 1‘2

For a dielectric of dielectric constant K between the charges, the effective separation in air
1S given by

1 D9 _ 1 %%
4me,, T;f ane, Kr?

= reg = VK7
eff

F|= 1 qqu
4HEO(I"FJETY
2 2
- F__ 1 _4
E (1_+£)2 J
2 2
= F'=%F
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68. (a)
69. (b)

70. (a)

71, (b)

72. ()

73. (b

74, (b)

The smallest charge is charge on electron = 1.6 X 107 c.
0 =ne

1=nX16x10"

n=6.25x 10"

Here, |i*:42 |=|E45 + i“:41|
KO2

KO 2KQq 1
T T

)
= % = 2\/§ (where Q and g is opposite in sign)

Q1+ Qo)
—(Q1+ Q)

Charges given plus charges induced on outer surfaces of the
spheres are 01, Q; + Qo and Q; + Qs + Q.
As surface charge densities on outer surfaces of the spheres are
equal, i.e.,
51 = Sg = Sg
Q _Q2*% ++E
AnR®  4m(2R)® Am(3R)?

Q _Q+0,_0+0,+0
1 1 9

By Solving, we get

% _2 Qz
== £ 0:0,0,= 185
By symmetry, the net electric field is in negative y-axis and is given by 0

E = —[dEsin0 ]

dg R
= - >-sin 0. ¢
J 47&-:01"2 Sy-J

Butdd = L ra0="L 40
r e

. T
7 (@/m)d
0

sm 0 A
4m—:0 2 J

=— . ’:=L _ eT[’}
5 % fsm@dﬁj 4712601’2[ cos 0]y

ey g

— A
)

q A
= ——(-2)j=—
2 =2) 27[2607

2
47 €7

As we know that electric field due to point change

K 1
——‘(V 1.6., Eoc—5 5
7 r
Given: F=12N;x=0,1m,4m, 8m, 16 m....
k2
Now, F=i2
X

So, net force that is sum of forces by other charges is given as:
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75.
76.

78.

80.

81.

1
= F=kq2[—2+ 12 L4 1b T+ ] = k¢ 1=
1 2 2 2 2 1-
3 F 3 1.2 1
2:—)(— = —X C 2: o = -10
R 47 9x10° T T Tox10°

g=107C=10pC
(@) no net charge is enclosed by the surface.

(¢) always a force and a torque

Qenclosed

(a) Electric flux = g,

Qﬁnclosed =1C

1
b=2
&
(b) Charge distribution on the spheres is not uniform.
Qem‘
Ey

Net charge enclosed and permittivity of medium.

(a) Flux=
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02 ELECTROSTATIC POTENTIAL

AND CAPACITANCE

IMPORTANT FORMULAE

1. Electric Potential:
VA kg/R

Due to a charged conducting sphere or charged spherical shell of radius R.

1 4
iney) R

Vocl/r

(@) Inside, Vi = (r<R) (i) Outside,V,,, = #&0 - (r>R) e
2. Relation between electric field and potential,
E= —d—V = v (numerically)
dr r
3. Work done in taking a charge q from one point to another in electric field.
W=q(V,—V)) joule
where V), = potential at initial point,
V, = potential at final point.
4. Work done in carrying a charge on equipotential surface is always zero.
5. Electric potential due to dipole,
1 p

b
4me, r®

(1) at axial point V,, =

(i1) at an equatorial point V=0

6. Capacitance for isolated conductor, C = T

G
7. Dielectric constant K = == M
€o C‘air
8. Capacitance of parallel plate capacitor
g, A

@ C= in air

Ke, A

(i) C= when medium of dielectric constant K fills the space between plates.

(i11) When the space between the plates i1s partly filled with a dielectric of thickness t, then
g,

11. Combination of Capacitors:

capacitance (; =

(a) Capacitors in series:

(i) Net capacitance C is given by
1 1 1 1
=t —+—

C GG oG
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(ii) In series charge is the same on all capacitors
q1=43=4qs

(1it) Net potential difference V=V, + V, + V;

(b) Capacitors in Parallel:
(1) Net capacitance, C=C; + Cy + Cy

(11) Potential difference is same across all capacitors
V=V, = V3=V (same for all)

(1ii) Charge, ¢ = q; + g3 + q3

12. Energy stored in a capacitor,

2
U:lcr/?zQ_le}/
2 2C 2
13. Electrostatic energy density,

U,= L£-:0E2(in air) and L£-:E2 (in medium)

2 2

Effect of Introducing a dielectric between plates of a
charged parallel plate capacitor

S. Physical When battery When battery is removed before
No. Quantity remains connected introduction of dielectric

(1) | Capacitance (C) increases K-times increases K-times

(2) | Charge (Q) increases K-times remains constant

(3) Electric Field remains constant decreases % times

. . . 1 .
(4) Electric Potential (1) remains constant decreases X times
(5) Flectrostatic Energy Stored increases K-times decreases % times

MULTIPLE CHOICE QUESTIONS

Choose and write the correct option in the following questions.

1. The ratio of charge to potential of a body is known as
(a) 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
(€) 2V d) 0.5V
3. In brining an electron towards another electron, the electrostatic potential energy of the system
(a) increases (b) decreases
(¢) remains unchanged (d) becomes zero

4. Electric potential of earth is taken to be zero, because earth is a good
(a) insulator (b) conductor

(¢) semi-conductor (d) dielectric
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10.

Some charge is being given to a conductor. Then, its potential
(a) is maximum at surface.

(b) is maximum at centre.

(¢) remains the same throughout the conductor.

(d) is maximum somewhere between surface and centre.

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

(a) 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.

What is angle between electric field and equipotential surface?

(a) 907 always (b) 0° always

(¢) 0°to90° (d) 0°to 180°

A positively charged particle is released from rest in an uniform electric field. The electric
potential energy of the charge [NCERT Exemplar]
(a) 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.

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
0] (ii) (iii)
(@) The work done in Fig. (i) is the greatest.
(b) The work done in Fig. (i) is least.
(¢) The work done is the same in Fig. (¢), Fig. (&) and Fig. (:z).
(d) The work done in Fig. (zz2) is greater than Fig. () but equal to that in Fig. (i).
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?
(a) Sy is true but S, is false.
(b) Both S; and S2 are false.
(c) Sy istrue, S, is also true and S; is the cause of S,.
)

(d) Sy is true, S, is also true but the statements are independent.
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11.

12.

13.

14.

15.

16.

17.

Equipotentials at a great distance from a collection of charges whose total sum is not zero are
approximately [NCERT Exemplar]
(a) spheres (b) planes (¢) paraboloids (d) ellipsoids

Four capacitors, each 50 IF are connected as shown. The DC voltmeter V reads 100 V. The charge
on each plate of each capacitor is

7| HE=

Battery
(@) 2x10°C () 5 x 10°C () 0.2C d) 0.5 C

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
ky 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]
dq K4
d Kz
kd +k,d kd +k,d
19 %% i
@ a4 O =%
17 % 1%
© ki (d +dy) @ 2k, k
) —2 1 2
kd +k,d, ktk,
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) all of the above

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 uF (b) 4 pF (¢) 8 uF (d) 16 uF
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

@ V2 :1 b)) 2:1 () 1:1 (d)y 1:2

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 nl”

(¢) energy and potential both will become n times

(d) energy will become n times, potential difference will remain I7
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

The capacitance of a capacitor becomes § times its original value if a dielectric slab of

. 2 .. . . .
thickness t= Ed is introduced in between the plates, where d is the separation between the

plates. The dielectric constant of the slab is

14 11 7 11
@ 1 @) 12 © 17 @ ~
Two capacitors of capacitances 3 pF 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
(a) 3V (b) zero () 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
(a) 200V (b) 400 V (c) 250 V (d) 500 V
The potential of a charged spherical conductor of radius r is 10 V. The potential at a point
T from its centre is
(a) 20V b) 0 (¢) 10V (d) 40V

Proton has a mass of 1840 times that of an electron. If a proton is accelerated from rest by a
potential difference of 1 volt, its kinetic energy is

(a) 1840 eV &) 1eV (¢) 1 meV (d) 0

When charge is supplied to a conductor, its potential depends upon

(a) the amount of charge (b) geometry and size of conductor
(¢) both (a) and (b) (d) only on (@)

A dipole is placed parallel to electric field. If W is the work done in rotating the dipole from
0° to 60°, then work done in rotating it from 0° to 180° is

(@) 2 W b 3 W ()4 W @ 5

A charge Q is supplied to a metallic conductor. Which of the following statements is correct?
(a) Electric field inside it is same as on the surface.

(b) Electric potential inside is zero.

(¢) Electric potential on the surface is zero.

(d) Electric potential inside it is constant.

Work done to bring a unit positive charge un-accelerated from infinity to a point inside electric
field is called
(a) electric field (b) electric potential

(¢) capacitance (d) electric flux

Electric potential due to a point charge —g at distance x from it is given by

kg kq
(@) = )

—kq —kq
() I d) —

Electric field is always

(a) parallel to equipotential surface

(b) perpendicular to equipotential surface

(¢) it can be perpendicular and parallel as well

(d) it does not depends on distribution of charge
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30.

31.

32.

33.

34.

35.

36.

37.

38.

The electric potential due to an electric dipole at an axial point, distant r from the dipole is
related to r as

(@) 7! (b) © @ r”
A positive charge Q' is moved around another positive charge Q on circular path. If the radius
of the circular path is r, the work done on the charge Q' in making one complete revolution
is

Q Q0 Q
4mer ©) 4mer (¢) zero @ 4mer

(@)

The electric potential at a point in an electric field has the unit of
(@) Nm*/C (b) Nm/C (¢) NC/m (d) Cm/N

An electron is accelerated under a potential difference of 200 V. Energy gained by itin electron
volt is
(a) 50 eV (b) 100 eV (¢) 200 eV (d) 400 eV

There exists a potential difference of 5 V between two points in an electric field. Work done in
moving a charge of 7 C from one point to the other is

(@) 3/7 ] ®) 75 ] (c) 35 ] (d) 1/35 ]

A charge g contain n electrons each of mass m. This charge is accelerated under the potential

difference V. The speed acquired by the charge is

el 2qV ) 2
@ 2 0 o 0 = @ —s

A test charge g, is brought from infinity along the perpendicular bisector of an electric dipole.
The work done on ¢, by the electric field of the dipole is

(a) zero (b) negative
(¢) positive (d) proportional to g,

If 1000 droplets each of charge ¢ and radius r are combined to form a big drop, then the
potential of big drop, as compared to small droplet will be
(a) 1000 times (b) 100 times (¢) 10 times (d) 10" times

The diagrams below show regions of equipotentials.

V 40V 20V 40V 10V 30V

20V
A B A BA B A B
0oV
10V 30V 10V 30V 20v 40v 0V
1 1I 11T Iv

A positive charge is moved from 4 to B in each diagram.
(a) In all the four cases the work done is the same.
() Minimum work is required to move ¢ in figure (I).
(¢) Maximum work is required to move ¢ in figure (II).
(d) Maximum work is required to move ¢ in figure (III).
Capacitor is a device used to store
(a) charge (b) electrostatic energy
(¢) electric field (d) none of these
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40.

41.

42.

43.

44.

45.

46.

47,

48.

Unit of capacitance is
(a) volt (b) coulomb
(¢) ohm (d) farad

A parallel plate capacitor is charged by a battery. Once it is charged, the battery is removed.
Now a dielectric material is inserted between the plates of the capacitor, which of the following
does not change?

(a) Electric field between the plates (b) Potential difference across the plates

(¢) Charge on the plates (d) Energy stored in the capacitor
A parallel plate capacitor C has a charge Q. The actual charges on the plates are

(@) Q. Q ®) =%

272

Q9 0

— 4 —= —=

© Q-0 @ =5

Three capacitors of capacitances 1 uE 2 uF & 3 pF are connected in series and a potential

difference of 11V is applied across the combination then the potential difference across the
plates of 1 uF capacitor is

C1 C2 Cs

| 1 ]| ]|

I I 1

I

1 1V
(@) 2V b) 3V (c) 4V (d) 6V
On reducing potential across a capacitor, its capacitance
(a) decreases (b) increases
(¢) remains constant (d) first increases then decreases
A charge Q is supplied to a metallic conductor. Which of the following is correct?
(@) More in case of sphere () More in case of cube
(¢) Same in both cases (d) Information incomplete

Energy stored in a in a charged capacitor is given by:

o cr* ) et
@) =5 ) =5 (c) 2 CV @) —5

If n number of equal capacitors each of capacitance C are connected in series then equivalent
capacitance will be given as:

(@ nXxC (b) % ©)n+C (d) n*C

Capacitance of parallel plate capacitor when there is no medium between the plates is C,. If
capacitor is now completely filled with dielectric matter of constant K then capacitance is

@ % (b) KCqo (c) K*Cy (d) 2KCq

A parallel plates capacitor is charged by connecting a battery across its plates. If the battery
remains connected and a dielectric material is inserted in between the plates of the capacitor,
then

(a) potential difference across the capacitor increases
(b) electric field remains the same
(¢) capacitance increases

(d) all the above
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50.
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53.

54.

55.

56.

57.

58.

59.
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The capacitance of spherical conductor of radius 10 m is

(a) 10 farad (b) 19 x 10? farad

1 1
c farad d
© 9x10" @ 9x10°

Four capacitors, each of capacitance 0.5 uF are connected in parallel. The resultant capacitance

farad

of the combination is
(a) 0.5 uF (b) 0.125 uF (¢) 2 uF (d) 4 pF

Three capacitors, each of capacitance 1 uF are connected in series. The resultant capacitance
of the combination is

1 2
(@) 5 nF () SuF (©) 8 uF (d) 0.5 uF
The relation between the capacitance of an isolated spherical conductor situated in air and its
radius is:
(@) Car (b) Caljr () Car’ @) Cor*

Two points P and Q are maintained at the potential of 10 V and —4 V respectively. The work
done in moving 100 electrons from P to Q is

(@) =10 x 1077 ] (®) 9.60 x 1077

(€) -2.24 x 10 d) 2.24 X 107'°]

A parallel-plate capacitor, with air between the plates has capacitance 3 pF. If the capacitor is
immersed in liquid of dielectric constant 4.0, its capacitance will be

(@) 0.75 uF (0) 1.5 pF (¢) 6 uF (d) 12 uF

The distance between the plates of a parallel plate capacitor of capacitance C is doubled. Its
new capacitance will be

1

(@) 2C (b) € () C* d) 4C
Which of the following is the correct relation among the capacitance, potential & charge?
(a) g =CV (b) g =€V ) q=c" @ q=cr’

What is the area of the plates of a 3F parallel plate capacitor, if the separation between the
plates is 5 mm?

(@) 1.694 x 10” m* (b) 4.529 X 10° m*

(¢) 9.281 x 10? m* (d) 12.281 x 10° m*

A parallel plate capacitor has plates with area 4 and separation d. A battery charges the plates
to a potential difference V. The battery is then disconnected and a dielectric slab of dielectric
constant K and thickness d is introduced. The ratio of energy stored in the capacitor before
and after the slab is introduced is

1

K?

Five capacitors are connected as shown in the figure. The equivalent capacitance between A
and B is

(a) K ) % (c) K* @)

2UF
: 1
il 2pF
e g
B
o 1
2UF
(@) 1uF (b) 2 uF (¢) 8 uF (d) 4 pF
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61.

62.

63.

64.

65.

66.

67.

68.

69.

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

8 small droplets of water of same size and same charge form a large spherical drop. The
potential of the large drop, in comparison to potential of a small drop, will be

(a) 2 times (b) 4 times (c) 8 times (d) same

A capacitor is charged through a p.d. of 200 volts and possesses charge of 0.1 coulomb. When
discharged it would release an energy of

(@ 1] ) 2] (€) 10] d) 20]
A 500 pF capacitor is charged at a steady rate of 100 pC per second. A potential difference of
10 V will be developed between the capacitor plates after

(@) 5s (b) 10s (¢) 20s (d) 50's

A parallel-plate capacitor has a plate area of 2 m® and a plate separation of 10 cm. It carries a
charge of 8.85 x 107" C. The electric field is

(a) zero between the plates

(b) zero outside the plates

(¢) different at different points between the plates

(d) 25 NC™ between the plates

A capacitor of capacitance 2uF has been charged to 200 V. It is now discharged through a
resistance, the heat produced in the wire is

(a) 400 ] (b) 0.02] (¢) 0.04 ] (d) 0.08 ]

An air filled parallel plate capacitor has a capacitance 1 pF. The separation of the plates is

doubled and wax inserted between them, which makes the capacitance 2 pF This implies that
dielectric constant of wax is

(a) 2.0 (b) 4/3 (¢) 4.0 (d) 8.0

Three capacitors of capacitance 3 nF, 9 uF and 18 F are connected first in series and then in
parallel. The ratio of equivalent capacitance in two cases (C,;/C,) will be

(@) 1:15 (B) 15:1 (e)1:1 (d)1:3

Two identical capacitors joined in parallel are charged to a common potential V/2. The
battery is disconnected. Now, the capacitors are separated and joined in series. For the new
combination:

(a) Energy and p.d. both will remain unchanged.

(b) Energy will remain same, p.d. will become V.

(¢) Energy and potential both will become 2 times.

(d) Energy will become 2 times, p.d. will remain V.

A parallel plate capacitor with air between the plates has a capacitor of 9 pF. The separation
between its plates is ‘d’. The space between its plates is now filled with two dielectric. One

of the dielectrics has dielectric constant K; = 3 and thickness 4 while the other one has

3
dielectric constant K, = 6 and thickness 23—d . Capacitance of the capacitor is now
(a) 40.5 pF (6) 20.25 pF
(¢) 1.8 pF (d) 4.5 pIT
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71.

72,

73.

74.

75.

76.

77.

78.

79.

The capacitance of a capacitor becomes % times its original value if a dielectric slab of

. L. . . . .
thickness t = ;d is introduced in between the plates, where d is the separation between the

plates. The dielectric constant of the slab is

w 1 v 1L © = @

Two capacitors of capacitances 3 pF 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 each will be

(a) 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 1 cm from the first plate is
(@) 200 V (b) 400 V (c) 250 V (d) 500 V

If the potential of a capacitor having capacitance 6 pF is increased from 10 V to 20 V, the
increase in energy is

(@) 9x 107*] (b) 4.5 X 107°]

() 12X 107°] (d) 2.25 X 107°]

A battery is used to charge a parallel plate capacitor till the potential difference between the
plates becomes equal to the emf of the battery. The ratio of the energy stored in the capacitor
and the work done by the battery will be

@ 2 ®) + © % @1

Three concentric spherical shells have radii @, b and ¢ (@ < b < ¢) and have surface charge
densities G, - G, ¢ respectively. If V;,V'z and V. denote the potentials of the three shells, then
for ¢ = a + b, we have

(@ Ve=Vg=V, B) Ve=Vp=T,

© Ve=Vp=T, (d) Ve=TV,#Vp

The electric potential at a point (x, y, z) is given by V = —x*y — x2* + 4. The electric field E at
that point is

(@) E=2yi+02+y2) )+ @z - )k ®) E =227 +xyzj+22h

(c) E=(2xy—z3)f+xy2}'+3z2xi§ (d) E=(2xy+z3)f+x2j+3x12ﬁ

Three capacitors each of capacitance C and of breakdown voltage V are joined in series. The
equivalent capacitance and breakdown voltage of the combination will be

(@) 36, % () <57 (¢) 5C, 3V ) S5

A particle 4 has charge + g and particle B has charge + 4¢q with each of them having the same
mass m. When allowed to fall from rest through same electrical potential difference, the ratio
of their speeds v, : v will become

(@) 2:1 ) 1:2 (c)1:4 (d) 4:1

The electric potential V at any point x, y, z (all in metres) in space is given by ¥ = 4x* volt. The
electric field at the point (1 m, 0, 2 m) in volt/metre is

(a) 8 along negative X-axis (b) 8 along positive X-axis

(¢) 16 along negative X-axis (d) 16 along positive Z-axis
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81.

82.

83.

84.

85.

86.

Two identical thin rings, each of radius R metre are co-axially placed at distance R metre
apart. If @, and Q, coulomb are respectively the charges uniformly spread on the two rings,
the work done in moving a charge ¢ from the centre of one ring to that of the other is

7(Q, - Q)2 -1)

(a) zero ®)

ﬁ.élm—:oR
gv2(Q, - Qy) ’ qQ -Q)W2 + 1)
(C) 47[€0R ( ) ﬁ.‘lTEEOR

A particle of mass 2 g and charge 1 1C is held at rest on a frictionless horizontal surface at a
distance of 1 m from the fixed charge of 1 milli coulomb (mC). If the particle is released it will
be repelled. The speed of the particle when it is at a distance of 10 m from the fixed charge is
(@) 100 m/s (b) 90 m/s (¢) 60 m/s (d) 45 m/s

A hollow charged metal sphere has radius r. If the potential difference between its surface and
a point at distance 3r from the centre is V, then the electric field intensity at a distance 3r from
the centre is

4 V V 4
@) 6r ®) 4r © 3r @ 2r
When a charge of 3 C is placed in a uniform electric field it experiences a force of 3000 N. The
potential difference between two points separated by a distance of 1 cm within this field is

(a) 10 volt (b) 90 volt (¢) 1000 volt (d) 3000 volt

A uniform electric field having magnitude and direction along positive X-axis exists. If the
electric potential V' is zero at x = 0, then its value at x = + x will be

(@) V, =xE, (b) V, = —xE, () Vy = —x"E, (d) V, = -x"E,

A metallic shell has a point charge ¢ kept inside a cavity. Which one of the following diagrams
correctly represents the electric lines of force?

Two thin wire rings, each having a radius R are placed at a distance ‘d’ apart with their axes
coinciding. The charge on the two rings are + g and - g. The potential difference between the
centres of the two rings is

g |1 1 I
(@) Ine, | R R2 + d&° ) 4n€0d2

)

(d) zero

g |[L 1 ]
Ame, | R VR? +d°
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93.

An electric charge of 107 nC is placed at the origin (0, 0) of XY coordinate system. Two points
A and B are situated at (y2 , /2 ) and (2, 0) respectively. The potential difference between the
points 4 and B will be

(a) zero b 2V (c) 4.5V (d) 9V

A parallel plate air capacitor is connected to a battery. The quantities charge, voltage, electric
field and energy associated with the capacitor are given by Q,, V,, E, and U respectively. A
dielectric slab is now introduced to fill the space between the plates with a battery still in
connection. The corresponding quantities now given by Q. I/ E and U are related to previous
ones as

(a) Q =0, &) V>V, (c) E>E, d) U>U,

A number of condensers, each of capacitance 1uF and each one of which gets punctured if a
p-d. just exceeding 500 V is applied, are provided. Then an arrangement suitable for giving a
capacitor of capacitance 1uF across which 3000 volts may be applied requires at least

(a) 6 component capacitors (&) 12 component capacitors

(¢) 72 component capacitors (d) 36 component capacitors

A parallel-plate capacitor of plate area 4 and plate separation d is charged to a potential
difference V and then the battery is disconnected. A slab of dielectric constant K is then
inserted between the plates of the capacitor so as to fill the space between the plates. If ¢, E
and W denote respectively the magnitude of charge on each plate, the electric field between
the plates (after the slab is inserted) and work done by the system, in question, in the process
of inserting the slab, then which of the following is false?

eoAV eOKAV
@ 9=— O =7 —

_V A1
€ E=%7 @) W=—"55 (I_K)

Two identical metallic plates are given positive charges Q, and Q, (@, < Q,). If these plates
are brought together to form a parallel plate capacitor, then potential difference between them
will be

+ (). + (). -0, - 0.
@ Bt s o B @ A2

Consider a situation shown in figure. The capacitor 4 has charge g on it whereas B is uncharged.
The charge appearing on the capacitor B, a long time after the switch § is closed is

- /.
s

+ + + + + +

(@) zero ®) o5 © q ) 2¢

Each of two identical capacitors has capacitance C, one of them is charged to a potential '} and
the other to a potential V,. The negative terminals of capacitors are connected together. When
their positive terminals are also connected together, then energy loss of whole system is

G

1, 1 o, ¢ 1. g 1. .
@ FCOP=Vy) ) gCOPHV) @ gCH -1 @) CH+1)°
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94. Which one of the following statements is true for the given circuit?

95.

96.

97.

98.

99.

100.

101.

Vi3V g V=20V

1I I2 3I I4
C,= 2pF C,= 3pF

(@) With S, closed, I’'; =15V, I/, =20 V.

(b) With Sg closed, ', =V, =25 V.

(¢) With S; and S, closed, I’} = T/, = 0.

(d) With §; and S; closed, 1V, = 30 V, V, = 20 V.

A parallel plate capacitor is made by stacking n equally spaced plates connected alternatively.
If the capacitance between any two adjacent plates is ‘C’, then the resultant capacitance is

@ n+1)C (b) n-1)C (c) nC d) C

A fully charged capacitor has a capacitance C. It is discharged through a small coil of resistance
wire embedded in a thermally insulated block of specific heat capacity ‘s’ and mass ‘m’. If the
temperature of the block is raised by AT the potential difference " across the capacitance is

mC AT 2mC AT 2ms AT ms AT
(a) M5 (b) /=5 ©) /T ) "

Two spherical conductors 4 and B of radii 1 mm and 2 mm are separated by a distance of 5
cm and are uniformly charged. If the spheres are connected by a conducting wire, then in
equilibrium condition, the ratio of the magnitudes of the electric fields at the surfaces of
spheres A and B is:

(@) 4: 1 (&) 1:2 () 2:1 (d) 1: 4

A network of six identical capacitors, each of value C is made as shown in fig. The equivalent
capacitance between points 4 and B is

Sl
i
@ < v 2% © 3¢ e

A parallel plate capacitor with a dielectric of dielectric constant K between the plates has a
capacitance C and is charged to a potential V volts. The dielectric slab is slowly removed from
between the plates and then reinserted. The net work done by the system in this process is

2
(@) %K—l) ) (K=1)C1*2 () zero () %(K— 1) cv?

If 343 droplets each of charge g and radius r are combined to form a big drop, then the
potential of big drop, as compared to small droplet will be
(a) 343 times (b) 49 times (¢) 7 times (d) none of the above

An electric dipole consisting of chargei + ¢ and - g separated by a distance L is in stable
equilibrium in a uniform electric field E . The electrostatic potential energy of the dipole is

[CBSE 2020 (55/1/1)]
(a) qLE (b) zero (¢) —qLE (d) -2 qEL

WWW.JEEBOOKS.IN: Potential and Capacitance | 39


http://www.jeebooks.in

102. If a positive charge in displaced against the electric field in which it was situated, then
[CBSE 2020 (55/3/1)]
(a) work will be done by the electric field on the charge.
(0) the intensity of the electric field decreases.
(¢) energy of the system will decrease.
(d) energy will be provided by external source displacing the charge.
103. The capacitors of capacitances ((; and C, are connected in parallel. If a charge Q is given to
the combination, the ratio of the charge on the capacitor C; to the charge on C, will be
[CBSE 2020 (55/3/1)]
C ¢ C, C,
() C, () C, ©) c, () ,

104. A charge Q is kept at the centre of a circle of radius r. A test charge ¢, is carried from a point X to
the point Y on this circle such that are XY subtends an angle of 60° at the centre of the circle. The
amount s of work done in this process will be |[CBSE 2020 (55/3/2)]

L 1 Y3,
@) dme,, o ©) dme, 2r
(¢) zero (d) 1 Jngo
dng, T

105. A parallel plate capacitor is charged to V volt by a battery. The battery is disconnected and the
separation between the plates is halved. The new potential difference across the capacitor will
be [CBSE 2020 (55/3/2)]

|4
@ 5 v
(c) 2V (d) T
106. A charge Q is uniformly distributed over the surface of a spherical shell of radius R. The work
done in bringing a test charge Q, from its centre to its surface is |CBSE 2020 (55/3/3)]
1 2% 1 2%
@) 4ne, R ©) 4ne, 2R
(¢) {-:QOQ};) (d) zero
Answers
1. (a) 2. (a) 3. (a) 4. (b) 5.(c) 6. (a) 7. (a) 8.(c)
9. (¢) 10. (¢) 11. (a) 12. (b) 13. (c) 14. (d) 15. (¢) 16. (b)

17. (b) 18. (a) 19. (d) 20. (a) 21. (¢) 22. (b) 23. (¢) 24. (c)

25. (d) 26. (b) 27. (d) 28. (b) 29. (d) 30. (¢c) 31. (b) 32.(c)

33. (¢) 34. (b) 35. (a) 36. (b) 37.(a) 38.(b) 39. (d) 40. (¢)

41. (c) 42, (d) 43. (¢) 44. (c) 45. (b) 46. (b) 47. (b) 48. (c)

49. (d) 50. (c) 51. (a) 52. (a) 53. (d) 54. (d) 55. (b) 56. (a)

57. (a) 58. (b) 59. (b) 60. (a) 61. (b) 62. (c) 63. (d) 64. (b)

65. (c) 66. (c) 67. (a) 68. (b) 69. (a) 70. (c) 71. (b) 72. (a)

73. (a) 74. (c) 75. (d) 76. (d) 77.(b) 78.(b) 79. (a) 80. (b)

81. (b) 82. (a) 83. (a) 84. (b) 85.(¢c) 86. (a) 87. (a) 88. (d)

89. (d) 90. (b) 91. (¢) 92. (c) 93. (¢) 94. (d) 95. (b) 96. (c)

97. (¢) 98. (d) 99. (¢) 100. (b) 101. (c) 102. (d) 103. (a) 104. (c)

105. (a) 106. (d)
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CASE-BASED QUESTIONS

Attempt any 4 sub-parts from each question. Each question carries 1 mark.

1. FARADAY CAGE: &

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

the cage. [CBSE Sample Paper 2021
(i) Which of the following material can be used to make a Faraday cage?

(@) Plastic (b) Glass
(¢) Copper (d) Wood

(it) Example of a real-world Faraday cage is
(@) car (b) plastic box
(¢) lightning rod (d) metal rod

(¢4i) What is the electrical force inside a Faraday cage when it is struck by lightning?
(@) The same as the lightning (b) Half that of the lightning
(¢) Zero (d) A quarter of the lightning

(iv) Anisolated point charge +¢ is placed inside the Faraday cage. Its surface must have charge
equal to
(a) zero (b) +q
©)~q (@) +2¢

(v) A point charge of 2 nC is placed at centre of Faraday cage in the shape of cube with surface
of 9 cm edge. The number of electric field lines passing through the cube normally will be

() 1.9 X 10° Nm?%C entering the surface
(6) 1.9 X 10> Nm?/C leaving the surface
(¢) 2.0 X 10> Nm?/C leaving the surface
(d) 2.0 x 10° Nm*/C entering the surface

Answers
1.
(i

)
)
(di)
)
)

(¢) Copper (Electric field inside a conductor is zero.)
(a) car (Body of the car is made up of conductor.)\

(©)
(©)
()g=2uC =2x10°C

Zero (As electric field inside it is zero.)
(v —g (As from Gauss’s law ¢;, must be zero for electric field inside it is zero.)

(v

2
£, = 8.85 ><10*121\IC—“;l
. . in 2x1078
Now, total number of electric field lines = — = —
€  8.85x10°
2
=929x10° Nm leaving the surface

C
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2. EQUIPOTENTIAL SURFACES:
All points in a field that have the same potential can be imagined as lying on a surface called an
equipotential surface. When a charge moves on such a surface no energy transfer occurs and no
work is done. The force due to the field must therefore act at right angles to the equipotential
surfaces and field lines always intersect at right angles.

Equipotential surfaces for a point charge are concentric spheres; there is a spherical symmetry.
If the equipotential are drawn so that the change of potential from one to the next is constant,
then the spacing will be closer where the field is stronger. The closer the equipotentials, the
shorter the distance that need be travelled to transfer a particular amount of energy. The surface
of a conductor in electrostatics (z.e., one in which no current is flowing) must be an equipotential
surface since any difference of potential would cause a redistribution of charge in the conductor
until no field exist in it.

<— Field lines Field lines

SR

Equipotentials

Equipotentials

(i) Equipotential surface at a great distance from a collection of charges whose total sum is
not zero are approximately

(@) spheres (&) planes
(¢) paraboloids (d) ellipsoids

(i) Two equipotential surfaces have a potential of — 20 V and 80 V respectively, the difference
in potential between these surfaces is

() 100 V (») 90V
)80V (d) OV
(247) Equipotential surfaces

(a) are closer in regions of higher electric fields compared to the regions of lower electric

fields
(6) will be more crowded near sharp edges of a conductor

(¢) will be more crowded near regions of large charge densities
(d) all of the above

(iv) The work done to move a charge along an equipotential from A to B

B B
(@) cannot be defined as — f E.dl (&) must be defined as - _f E.dl
A A
(¢) is zero (d) can have a non-zero value

(v) The shape of equipotential surface for an infinite line charge is
(@) parallel plane surface

)
©)

(d) none of these

parallel plane surface perpendicular to lines of force

coaxial cylindrical surface
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Answers

2.

() (a) A collection of charge located at a very large distance may be considered as a point
charge. Also, the equipotential surfaces for a point charge are spherical. Therefore, the
equipotential surfaces for a collection of charge form spheres.

() (@) Equipotential surface has same voltage (potential) at every point on the surface.

e, IV =-20V, I, =80V
AV =1V,-1 =80-(-20) =100V
So, AV =100V

(zi2) (d)

(1) Relation between electric field £ and potential gradient is £ = — ((11—11/ So, electric field
intensity is inversely proportional to the separation between equipotential surfaces.

(/1) The electric field is larger near the sharp edges, due to larger charge density as 4 is very
small.

e so, equipotential surfaces are closer or crowded.

:7,

K
(III) As the electric field E =

5~ and potential or field decreases as size of body increases or
r

(vice-versa). So, equipotential surfaces are more crowded if the charge density (0 = %)

mcreases.

(tv) (c); As the potential on equipotential surface does not change so (I'o—17;) = 0
and W= (I'o-17)g=0
So, work done in moving a charge on equipotential surface is zero.

(v) (¢); The shape of equipotential surface for infinite line charge is coaxial cylindrical surface.

THE PARALLEL-PLATE CONDENSATOR:

A condensator is a device that stores electrical Surface Area A
energy in an electric field. It is a passive charge density o f
electronic component with two terminals. | 1 |A
Condenser or condensator are commercial e s 4 s o+ o+ o e e
names of capacitor. The effect of a capacitor is

known as capacitance. E l l l l l d
Today capacitors (condensator) are widely [
used in electronic circuits for blocking dc

current while allowing ac current to pass. : v

In electric power transmission system, they  Surface

. charge density — o
stablize voltage and power flow. The property
of energy storage in capacitor was exploited as dynamic memory in early digital computers, and

still in modern DRAM.

The simplest model of capacitor consist of two thin parallel conductive plates each with an area
filled with a dielectric with permittivity €. It is assumed that the gap d is much smaller than the
dimensions of the plates. Since, the separations between the plates is uniform over the plate
area, the electric field between the plates £ is constant and directed perpendicularly to the plate
surface, except for an area near the edges of the plate where field decreases because the electric
field lines bulge out of the sides of capacitor.
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(?) If a parallel plate capacitor has n number of interleaved plates, area of plates is 4 and
separation between them is d, then the total capacitance would be

g, g nA
@ — ®) —

g (n—1)A4 eonQA
© ——F @) —

(i1) A capacitor’s dielectric material has dielectric strength U, which sets the capacitor’s
breakdown voltage at ' = U,d. The maximum energy stored in the capacitor is

@ lgeAdUd () eddU,
(©) éeAdUi (d) eddU;

(iif) A capacitor is constructed from two conductive metal plates having 30 cm X 50 cm
dimension which are spaced 6 mm apart from each other and use dry air as its only
dielectric material, then the capacitance of the capacitor is
(a) 0.22 pF (6) 0.221 nF
(¢)2.21 pF (d) 2.21 nF

(iv) A capacitor of capacitance 1 pF is filled with two
dielectric of dielectric constant 4 and 6. The new T
capacitance would be

Ki=4 Ko=6
(@) 10 pF
(b) 7 uF l
(€) 5 pF
(d) 4 pF
(v) A parallel plate capacitor is charged. If the plates are pulled apart
(a) the charge and potential difference remain the same

IS

() the total charge increases
)

(¢

(d) the capacitance increases

the potential difference increases

Answers

3. (i) (¢); For n number of plates in an interleaved capacitor, the total capacitance would be

€y
C= T(n—l) =(n-1)C,
where €, = g A/d is the capacitance for a single plate and n is the number of interleaved
plates.
(i) (¢); A parallel plate capacitor can only store a finite amount of energy before dielectric
breakdown occurs. The maximum energy that the capacitor can store is therefore,

N
E= 5 cr
_led o 1 oo c-E4
E—2 d(Udd) —QeAdUd = C 7
(¢21) (b); The capacitance of parallel plate capacitor is given as
e A 1 -12 1 —4
= 8.85x10 x30;<50x 0 — 0991x10°F
d 6x10°
o C=0.221 nF
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(a)
(b)

1.

(tv) (¢); The arrangement is equivalent to a parallel combination of two capacitors, each with

plate area A/2 and separation d,

(v) (¢)

g,
oq iR
1 EoA .
= 5(](1 +K,) [ G= 3 " 1pF (given)]

C=0C+C,=

C=%(4+6)=5pF

-V =FEd,

As E remains the same, so 7 increases as distance increases.

ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
(¢) A istrue but R is false.

(d) A is false and R is also false.

Assertion (A)
Reason (R)
Assertion (A)

Reason

Assertion (A) :

Reason

Reason

Assertion (A) :

Reason

Reason

Reason

Assertion (A) :

Reason

(R) =
Assertion (A) :

R) :

(R) =
Assertion (A) :

(R) :
Assertion (A) :

(R) :

(R) :

: A capacitor can be given only a limited amount of charge.

: After a limited value of charge, the dielectric strength of dielectric between the

capacitor plates breaks down.

: An applied electric field polarises a polar dielectric.
(R) :

The molecules of a polar dielectric possess a permanent dipole moment, but
in the absence of electric field, these dipoles are randomly oriented and when
electric field i1s applied these dipoles align along the direction of electric field.

The capacitance of a parallel plate capacitor increases with increase of distance
between the plates.

Capacitance of a parallel plate capacitor z.e., Coc d

The capacitance of a parallel plate capacitor increases when a dielectric constant
of medium between the plates.

Capacitance of a parallel plate capacitor is directly proportional to dielectric
constant of medium between the plates.

When a charged capacitor is filled completely with a metallic slab, its capacitance
is increased by a large amount.

The dielectric constant for metal 1s infinite.

When charged capacitors are connected in parallel, the algebraic sum of charges
remains constant but there is a loss of energy.

During sharing a charges, the energy conservation law does not hold.

Change never flows from a condenser of higher capacity to the condenser of
[AIIMS 2018]

Flow of charge between two bodies connected by a thin wire is determined by
the charges on them.

lower capacity.

The force between the plates of a parallel plane capacitor is proportional to

[AIIMS 2018]

charge on it.

Electric force is equal to charge per unit area.
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9. Assertion (A) : In the absence of an externally applied electric field, the displacement per unit
volume of a polar dielectric material is always zero. [ALIIMS 2018
Reason (R) : In polar dielectrics, each molecule has a permanent dipole moment but these
are randomly oriented in the absence of an externally applied electric field.
10. Assertion (A) : Lines of force are perpendicular to conductor surface. [AIIMS 2016]
Reason (R) : Generally electric field is perpendicular to equipotential surface.
Answers
1. (a) 2. (a) 3.(d) 4. (a) 5.(a) 6.(c) 7.(d) 8.(c)
9. (a) 10. (a)
HINTS/SOLUTIONS OF SELECTED MCQs
,_Q
1. (@ C= I
2. (a) W=qAV) = AV = ﬂ=i= 0.1V
q 20

3. (a) Due to repulsion between two electrons. The potential energy of the system increases.

4. (b) Because earth is a good conductor.

5. (¢) Charge are reside on the surface of conductor. So, £ = 0 inside the conductor then,
W =qAV) =0 = AV = 0, so, I/ = Constant.

6. (a) Electric field lines are always perpendicular to the equipotential surface.

7. (a) Electric field lines are always perpendicular to the equipotential surface.

8. (¢) The positively charged particle experience electrostatic force along the direction of electric
field, v.e., from high electrostatic potential to low electrostatic potential. Thus, the work
done by the electric field on the positive charge, hence potential energy of positive charge
decreases.

9. (¢) Thework done by an electrostatic force is given by W = g(AV'). Here initial and final potentials
are same in all three cases and same charge is moved, so work done is same in all three cases.

10. (¢) E = _a;_z = E = Othen,i,—:f =0 = V =constant
Thus, £ = 0 inside the charged conducting sphere causes, the same electrostatic potential
100 V at any point inside the sphere.
11. (a) The equipotential due to point charge are spherical in shape as electric potential due to
point charge ¢ is given by, 1/ = ?
100 %100
12. (b) Ceq =100+ 100 50 pF
V oltmeter = VAB = % =100V
In parallels, I = same.
Then, Q = CV =50 x 10° X 100 =5 X 107 C.
13. (¢) In series combination,

46

C, C,
1::»() 1+

4 C +Cy

1
; -+ =
¢, ¢ C

"o
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14, (d)

15. (c)

16. (b)

=

17. (b)

18. (a)
19. (d)
20. (a)
21. (o)

K1 eUA « K2 z—:oA
d d

o e K K,e A
a4 Ked  Ked  Kd, T Kyd,
+
d, d,
KeyA K, K, (d, +d,)
By comparing with C = then K = ——F—F———
v dy Ty K,dy + Kyd,
E =— d(f‘v , since the electric field (E) is inversely proportional to the separation between
equipotential surface. So, equipotential surface are closer in regions of large E.
v _Gh TG 2X20040
common Cl C2 2 + C2
_ 320
= C, = 0 - 8pF
- g, - g4 _ g4 _ 2e,4
O diiey ety
K 2" oo

c=20 = L£=2_9,

C 1

In series potential difference are additive, 1" = nl/.

V= 1E(nCO) 17, where C, = Capacitance of each capacitor

V=gl s)en =

g, g A
c=—23 __ =23
d-i(1-%) %
N o _ d y d _ 3K
C 1 2 1 K+2
RTEERE ay
7 3K _ 14
= 6" K+o = K= T
GV, -GV, -
o 1 6x12 3X12=&=4V
G+ G 6+3 9
Q _ 4x3x10°
then, V5 .= ¢ T axi00 4V
300 - (-100
E =A—V=#= 100 V/cm
d 4
Voltage at 3 cm from second plate = 300 — (1 X 100) = 200 V.
The given point lies inside the conductor and electric field intensity inside the conductor

is zero. So, no work is done in bringing the charge from the surface to the given point.
Therefore, the potential is same z.e., 10 V.
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22. (b) KE=W=¢q.V

=leXV=1eV
23. (¢) Amount of change, geometry and size of conductor
24. (¢) W = PE (cos 0, —cos 6,)

= PE (cos 0° — cos 60°)

— EE R
—PE(I 2)_ 5 PE

W' = PE (cos 0° — cos 180°)
=PE {l-(-1)} = 2PE

1
w _39PE
w' 2PE 4
Ww'=4W

28. (b) As work done to move a charge on equipotential surface is zero.

29. (d) V. U

axial — 7”2
30. (c) Asthe charge returned to the initial position.
32. (¢c) E =W=gqV
=¢ X 200V =200eV
33. (¢) W=gqV=7Xx5=35]

34. (0) wmet=W=gV

2
36. (b) Letradius of bigger drop = R, radius of smaller droplet = r
4 .3 43
2 ps w X
3 R 1000 3
= R = 10r.
. . k(1000 q) 100 kg
.. Potential of big drop = Tor =
Potential of small drop = —=
A
big dro|
Vg—p =100
small drop

37. (a) Work done is given as 17 = gAV
In all the four cases the potential difference from A4 to B is same.

.. In all the four cases the work done is same.

~

39. () %/ called farad (I)
42. (d) C1 C, Cs
l | 1 | |
I I ||
< “
i 1V
L1, 1,1
179"
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43.

44.
46.

47,

49.

50.
51.

52.
53.

54.

55.

57.

58.

B A TR
_ - _ b _ .
q=C,V=17x11=6pC
Also,g=C,V/;= 6=1X1T],
V=6V
() As Q=CV
]
C=y

It is a ratio so doesn’'t depends on either O or I and thus remains constant.

(¢) In all conductors charge is same.

—_— =t =t ... 1
(b) ¢, ¢'e n times
D U ol U SPOUOOOON n times
C
1 _n
Cﬁq C
-G
)

(6) As we know by inserting dielectric material capacitance increases K times.
C = KC,

1 1
d) C =4 meqr = =% 10 = farad
( ) Sphere of 0 x 10) 9 x 108 dld

(c) C,=nC=4X05=2uF

_c _ 1
(a) Ceq_ ? - 3.,U‘F

(@) C=4mne,r
d w = QVo-Ve)
= —100e(—4 - 10)
=-100 X 1.6 x 1079 x (=14)
=224 %X 107°]
(d) AsC=KCy=4x3=12nF
Ag,

(b) As CZT

Coc%

Now if distance be double capacitance will be half.
Ag,

(a) As C:T

_Cxd _ 3x5x107

A —5 = 1.694 x10"m”
€y 8.85x10
(b) We know that
U, = 15()0 V(;Z (Initial energy)
Also capacitance after introducing dielectric = KC, and potential Ltimes

K
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_ 1 e
So Uf—QCV

—1(KC)LV2—1
—g Molkh) Tkl

C; and C, are connected in series, their equivalent capacitance is

C,
o - C1 CQ Ao I I
2o c+ C, oL
X P
Similarly, capacitance of Cy and C, Bo LL
Cgy = 1 uF

The circuit represents Wheatstone’s bridge and capacitor Cj; is neglected.
Equivalent capacitance of circuit

12
Ll 9
UViz9 @ =3¢
After connecting another capacitor in parallel,
G D o
c ¢ T hh 0

Gt p=92 = "9

= Battery is disconnected,

ro

NG

—+ = —_—

2C 2C 4Cc 2

Therefore, charge is constant = U ¥

Hence, total electrostatic energy of resulting system is decreased by a factor of 2.

Charge is invariant Q = 8¢ and mass is invariant

M=8n = %nﬂi”p:sénrf”p:}%:m
L Q __ 1 q
V= ime, R and V' = dme, r
VvV_Q ' x_o 1_ _
V_q'R_8X2_4 = V=4V
1 1
U=§QV=§><O.1><200=10J
_Q_¢
=T<%¢
_¥YC _10x500 _
= t = g 7100 50s
Electric field outside the plates = 2% =y
2e, 2,
Electric field inside the plates = g + o
p T 2, 2,
‘A
- 1=L=AL = 50 N/C
& & €
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65.

66.

67.

68.

69.

71.

72,

73.

©)

w=Lcp2=

L x9x10% %2002 =4 x 102] = 0.04]

2 2
g4
(c) C=T=1pF
‘,:KEOA _ Ke A =£X(€0A)
d’ 2d 2 d
¢ _2pF _K _
¢ IpF 2 — k71
Lttt 1t 1t 1_9
O R AR A SR S R TR T
C,=2pF
= C,=3+9+18=30ukF Ze=2 oL
b H ¢, 30 15
(b) In series potential differences are additive, 17" = % =V
1 vy
Initial energy U, = 5(260)(5) , where C, is capacitance of each capacitor
Final energy, U, = L(&)(V)2 = U
U202 4
. g4
(a) (..=T=9pF
g A
c l0 1
1-— 1-—
d_[tl( K1)+r2( K2)]
_d , _2d _ A
I g,tz ?,Kl B,KZ—
=25 9 gpF =105 pF
= LT T T XIpt =P
g,A g,A
(c) C=—ra G —
i
K
' d _ d _ 3K
. 1 2 [0 1] 2K+l
d-1(1-%) d‘sd[l‘K}
8 3K _8
=9 k+1 ~ KT
_ -9 @-1Hx10 _
® V_C2+Cl_ i+ 0V
—(-100
(a) E=%=3004(C—m)v=100\//cm
Voltage at 1 cm from first plate = 300 — (1 X 100) =200 V
Lo 1o 1. o o 1 B :
(@) U=§(,V;—§(,V12=§(,(V;—Vf)=§x6><10f’[(Qo)Z_(lo)z]=9><104]
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74. (c) Energy stored in capacitor, U = 1§C &

Energy supplied by battery, U, (= ¢V)= cv?

75. (d) Potential (V) due to a charged sphere at internal point is same as on its surface and at

. 1
external point, V « T

2 2 2
po=—1 |4ma"6 4mbo | 4mco
4 4| o« b ¢

2 2 2
y o=—L |4Ana"o—4nb"0 | Amco
B 4me, b ¢
_ 1 [4ma®6 - 4mb®6 + 4o
|
¢ 4me ¢

withe =a + b, wenote I, = ' # Iy

E=—(¢ v |~ aV ABV)

76. (d) It - th——

ox
Here IV = —ny —x2+ 4
E = [0 (<2 — 2+ D)+ k(=3x2Y)]
=y+2Yi +x2 )+ Sx2’k

L%
3

and V,, =V, + TV, + Vy=3V
78. (b) Work done = Gain in K.E.

77. (b) InseriesC o =

20V

I/

0
_ [V _ 2V
YaN T VBT m

= QV=1§mv2 = U=

Za_ L
vy 2
dv d .
9. (@) E, = — =5 (4%
=8=-8xXx1=-8
E = -8x or 8 V/m along negative x-axis

80. (b) Potential at centre of ring 1

V= 1 (&+ Qz) a N
e R E
1 I~ 2

Potential at centre of ring 2

2 4me \ R /2R —»
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*. Potential difference,
VoV = 1 -2 -9
17727 4ne, R~ JoR |

| (Q«I_Q2)
= Tne, IR W2-1)

Work done, W = g(V/; = Vy)

(Ql_Q2)
= 47?60 JoR (ﬁ_l)

81. (b) Initial energy = Final energy
41 41?2 _ 4l %1‘12 +1§mv2
TE, 1 TE, T
1 5 4% (1L 1
9 MY 47[(—:0(7‘1 712)
o _ 249 (L_l_)
7= Al
drggm \ N
_ 2x1x10°x1x107° x9x10° (L_L)
2x107° L 10
=9%x10°x9
v=90m/s
-1 (1 i)z 1 29
82. (@) v 4neo(7~_3r 4ng, 3 r
1 ¢ _3
= 4ne, r 2V
1 q 1 9 _V

- 4me, (3r) A 4me, 9,2 br

-2
83. (@ po W _ Fd _3000x1x10% _ o
q q 3

v V-0
84. () E,=-—— = E,=- ~—0 = V.=-xE,
85. (¢) Electric field is zero within the metal, so there should be no line of force within metal and

lines are always normal to equipotential surface.

_ 1 |a g
86. @ N = Tne, |R " VR+ &2

1 q q
= s
I/2 47[60( R R2+d2)

1 |4 q q q
_V, = - +4
T e R R 2 R VR &
N F
2ne | B YR+ 4
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b4

87.

88.

89.

90.

91.

92,

93.

(a)

@)
()

)

(@)

©

Potental difference between A and B

V V= 1 (i i) .A (E’E)
A= VYB — 47[60 ()A - ()B ",,' \\
04 = J(2)" + /2)’ =2m N
OB=2m 0(0, 0) B(2, 0)
LV =Ve=0
Uu=to v=Lkor = v=xu,>u
0 2 » - 2 ( ) - 0 0
Potentials are added in series. Number of capacitors in series arrangement,
3,000 _
- 500 6
If m identical rows are connected in parallel, then
1 _
=Ty O

Least number of capacitors mn = 6 X 6 = 36

When battery is disconnected charge remains same

. g, AV
g0 __Q _ &V v
- Ke, AKeg, dAKe, Kd
” I e B e
Initial energy, Ui—Q(JV =9 d 4

0% (e, AV ggAV®

Final energy, U, =5~ =75 (g KAMd) — 2dK

AV 1
Work done by system, W =U. - Uf ="od [1 - ?]

So, ‘0’ 1s false

Charge induced on plate A due to charge Q, on plate B is — O, , charge Q Q,
induced on plate B due to charge Q, on plate A4 is — Q.
Net charge on plate A Q, -q
4=0,-0Q
Net charge on plate B
A B

B=0Qy-0,=-0Q,-Q)
So charge on capacitor = Q; — Oy
Ql — Q2
(o

The charges on the plates of the capacitor A are bound to each other, so no charge will flow
to B, so there will be only equal and opposite induced charges on second plate of capacitor

P.d. between the plates, IV =

A are held by strong electrostatic force. Hence, charge on capacitor B is zero..
CV, +CV, _ VitV
c+C 2

Common potential, ' =

)
. _ Lo e 1 ~(V1+V2)
. Energy loss, AU = 2(J(Vl‘i‘VQ)—Q(QC) 5

1, 2
= ZC’(VI =V5)
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94. (d)

95. (b)

96. (c)

97. (c)

98. (d)

99. (c)

100. (b)

101. (c)
102. (d)

103. (a)

Initial charge on C; = 30 X 2 = 60 pC

Initial charge on C, = 20 X 3 = 60 pC

Clearly initial charges on C| and C, are same; so when S| and Sy are closed; the capacitors are
connected in series, so charges do not redistribute and potential differences across C; and C,
remain as before I’; = 30 V, Vo = 20 V.

n-plates form (n — 1) capacitors in parallel.

.. Net capacitance = (n - 1) C

Electrostatic energy = Thermal energy

%CV2 =ms AT

_ /2ms AT
= V= C

In equilibrium potentials of spheres are equal, z.e.,
V=V,

ﬂzV/Rlsz_ 2mm _ 2

E, VR, R, 1mm 1

Equivalent circuit is shown in figure

A | i

A B
s i

@]

il
c C
Effective capacitance of each row,
,_CX2C _ 2
““cvac 3"
¢ =2c+ic=2c

Initially work is done on the system and while reinserting the slab equal work is done by the
system. So, net work done by the system is zero.

Let radius of bigger drop = R.

e, SRS = 343x 3w
Y k(343q) _ 49k
Potential of big drop = ( - 9 _ - g
10 7
kq
Potential of small drop = -
I
bigdrop _
=49= Vbigdrop - 49Vsma]ldrop
small drop
—qLE
Since the positive charge is displaced against the electric field so the energy will be provided
by external source in displacing the charge. {| S
2
Potential difference across C, = V — I
Potential difference across C, = V ”C
1
\'%
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105.

106.

b6

(@)

()

=
Il

o Ol
i
O

SlE

— : —
G QG
V2
When the battery is disconnected the charge on the capacitor, Q = CV
gy
Capacitance of parallel plate capacitor, C = e
e |
When the separation between the plates is halved, C'= e 2C
) .

New potential difference /' = % = ;—z = %

Zero
Potential at the center is equal to the potential at the surface so the work done in moving the

test charge from its centre to its surface is zero.

Physics—XII: Term-1 WWW.JEEBOOKS.IN


http://www.jeebooks.in

03 CURRENT

ELECTRICITY

IMPORTANT FORMULAE

o
. Drift velocity, v, = ——1
m

-

e K

where FE is electric field strength, t is relation time, e is the charge on electron and m is the mass
of electron.

. Relation between Current and Drift Velocity:
I=—-neAv,
where n = number of free electrons per m?, A = cross-sectional area
. Ohm’s law V=RI
. Resistance R= p_l
A
. X RA n
. Specific resistance pP=—7"=—3
[ new
. 1
. Current density J= y
. Electrical conductivity o= 1
p

8. J =0 FE (alternative forms of Ohm’s law)

10.

11.

. (i) Resistances in series

Net resistance Rg= R + Ry + Ry
Current is the same in each resistance V=V, + V, + V;

(ii) Resistances in parallel: Net resistance Rp is given by

A1, 1.1
R, R R, R,
Voltage is the same across each resistance
I=1+1,+ 1
Temperature dependence of resistance
R, =R, (1+ aAt)
where a is the temperature coefficient of resistance
or Ry=R;[1+a (ty—1t)]

Internal resistance of a cell r = (5 - 1JR

where E is emf of cell, V = terminal p.d. across external resistance R.
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Combination of Cells

(i) When n-identical cells are connected in series

Current, 1| = Eou
e
ext int

__nk
R+ nr

For useful series combination, the condition is R, >> R, ,
(17) When m-identical cells are connected in parallel

_ E'm?t _ E
R, tR R+ rim

mt

i

Condition of useful parallel combination is R < r/m.

(iit) When N = mn, cells are connected in mixed grouping (m-rows in parallel, each row containing
n cells in series)

: nk mnk
Current, i = - TR+
pa o mREmw
m
Condition for useful mixed grouping is R, = R, ;
: nr
L.e., R=—

m

(iv) When two cells of different emfs F, and E, and different internal resistances r; and r, are
connected in parallel as shown in fig. then net emf of combination is

BB €,
po By + Egn r
1,1 nt
5o
. . 1 2 E, ro
Net internal resistance r;,,
1 1 1 hh
> 7T R -+
L nt

12. Joule’s Law of heating effect of current:

2

W =IRt = %t =VIt joule.
13. Electric Power

VQ
P=VI=IR ZE watt.

Value of External Current

Resistance

R

R=0
(Short circuit)

R=vr

Open circuit,
R =

b8 | Physics-XIl: Term-1

Terminal
from the Cell Potential Difference
E
= _—— _Jr
Rir V=E-Ir
_E _ E
I= = V=E- - r
(Maximum) =1 =0
E E
= 2r V=E- 2r"
_E
V=3
I=0 V=E-0
V=E

WWW.JEEBOOKS.IN

Power Consumed in
External Resistance

P=TIR
P=0
E2
p=—
4r
Maximum
P=0
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MULTIPLE CHOICE QUESTIONS

Choose and write the correct option in the following questions.
1.

Dimensions of a block are 1 cm X 1 cm X 100 cm. If specific

resistance of its material is 3 X 10~ Q m, then the resistance

between the opposite rectangular faces is e
(@) 5 x107°Q ®) % x 107 Q SI
(€©) 3x10°Q d) 3 x107°Q 1cm

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 © 35 @ 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
(¢) a combination of cells, galvanometer and resistance
(d) cells

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.

() electric field produced by charges accumulated on the surface of wire.

(¢) thecharges just behind a given segment of wire which push them just the right way by repulsion.
(d) the charges ahead.

Two batteries of emf ¢; and &, (g5 > €,) and internal resistances r; and r, respectively are

connected in parallel as shown in Figure. [NCERT Exemplar]
£ .
A B
) "2

(@) The equivalent emf ¢,, of the two cells is between &, and &y, i.e., £;< &, < &

eq
(b) The equivalent emfe, is smaller than &,.

(c) Theeg, is given by &, = &, + & always.

(d) &, 1s independent of internal resistances r; and ry.

The drift velocity of the free electrons in a conducting wire carrying a current [ 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

(a) v/4 (b) v/2 (c) v (d) 4v

A resistance 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]
(@) He should measure /; more accurately.

(6) He should change S to 1000 () and repeat the experiment.

(¢) He should change S to 3 Q) and repeat the experiment.

(d) He should give up hope of a more accurate measurement with a meter bridge.
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10.

11.

12.

13.

14.

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.

Figure represents a part of a closed circuit. The potential difference between points 4 and B
Vi-Vp) is

2pa 20 3V 49
o—e—wv\wr—-| FAW——————o
A ; B
(@) +91 & -9V
(¢) +3V d +6V
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|

. . 1
() maximum when the battery is connected across 1 cm X - cm faces.

2

() 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.

(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

(6) 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)
(a) 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) Both (a) and (b)

Kirchhoff’s junction rule is a reflection of [NCERT Exemplar]
(a) conservation of current density vector.

(b) conservation of charge.

(¢) the fact that there is no accumulation of charged at a junction.

(d) Both (b) and (c)

The current in electrolyte is due to

(a) positive ions only (b) negative ions only

(¢) both positive and negative ions (d) holes
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15.

16.

17.

18.

19.

20.

21.

22.

In the circuit diagram the electric current through branch BC is

A n—E ‘-/\N\N\vZ-A A
2A
o) D
AN —e 5Awwv~
F éA E © 3p G
(@) 1A (b)) 2 A (c) 4 A (d) 5 A

The temperature coefficient of resistance for a wire is 0,00125/°C. At 27° C its resistance is 1

ohm. The temperature at which the resistance becomes 2 ohm is

(a) 1154 K (b) 1100 K (¢) 1400 K (d) 1127 K
Drift velocity v, varies with the intensity of electric field as per the relation
(@) vy E (b) vdd% (¢) v, = constant (d) vy E*

The resistance of a wire is ‘R’ ohm. If it is melted and stretched to ‘n’ times its original length,
its new resistance will be

R R
(@) - (b) n°R @) . () nR
Electric current through resistance 4 (), in the given circuit is:
7. 12V
1 I : M
20
I 40 I,
—— AW

L I'sv 10 I

(@) 0A (&) 0.5 A (c) 12/7 A (d) 2/7TA

From the graph between current/ and voltage 'shown below, identify the portion corresponding
to negative resistance

E
1<
A —\/
(a) AB (b) BC (¢) CD (d) DE

Two wires of same material have length I and 2L and cross-sectional areas 44 and 4 respectively.
The ratio of their specific resistance would be

(@) 1:2 b) 8:1 (¢)1:8 d)1:1

A wire of non-uniform cross-section is carrying a steady current. Along the wire

(a) current and current density are constant

(b) only current is constant

(¢) only current density is constant

(d) neither current nor current density is constant
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23.

24.

25,

26.

217.

28.

29,

30.

31.

32,

33.

34.

A conducting wire of diameter 0.5 mm has a resistance of 8 Q. The resistance of a wire of same
length and material having a diameter 1mm will be

(a) 32 Q (b) 16 Q (c) 4 Q (d) 2Q

12 coulombs/minute can be written as

(a) 2A () 0.2A (¢) 0.02 A (d) 0.002 A

A wire of uniform area of cross-section A, length / and resistance R is cut at the middle into

two equal parts of length //2 each. Then the resistivity of each piece compared to that of the
original becomes

(a) half (b) double

(¢) unchanged (d) unpredictable

Drift velocity of electrons in a conductor is of the order of

(a) a few millimeters per second (b) a few meters per second
(¢) a few kilometers per second d) 3 x 10" cms™

A 220 V-100 W bulb is connected to a source of 180 V. The power consumed by it will be nearly
(@) 100 W (b) 82 W (c) 75 W (d) 67 W

Two bulbs one of 50 watts and another of 25 watts are connected in series to the mains. The
ratio of the current through them is

(@) 1:1 by 1:2 (¢)2:2 (d)1:4
A 100 W, 200 V bulb is being operated at 160 V, the power dissipation is
(a) 32 W (b) 64 W (¢) 100 W (d) 160 W

A, B and C are voltmeters of resistance R, 1.5R and 3R respectively as shown in the figure.
When some potential difference is applied between X and Y, the voltmeter readings are V,, V3
and V. respectively. Then

®
0—@— —
X Y
©
(a) V,=Vp=V, &) VyzVg=V,
(€ Va=Vg=TV¢ @) VazVp=TV¢
The potential difference (V, — V) between the points A and B in the given figure is
v, 20 +T v 10 Vs
*—— MWW | ; VWA E
A I1=2A
(@) -3V b) +3V () =13V d) +18 V

Kirchhoff’s II law for the electric network is based on

(a) law of conservation of charge (&) law of conservation of energy

(¢) law of conservation of angular momentum (d) law of conservation of mass

Three cells each of emf 1.5 V and terminal resistance 1 () are connected in parallel. The
combination will have an emf of

(a) 4.5V b 3V (¢) 1.5V (d) 0.5V

For a cell, the terminal potential difference is 3.6 V, when the circuit is open. If the potential
difference reduces to 3 V, when cell is connected to a resistance of 5 (), the internal resistance

of cell is
(a) 1Q b) 2Q (c) 4Q (d) 8 Q
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35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Kirchhoff’s I law for the electric junction is based on
(a) law of conservation of charge (b) law of conservation of energy

(¢) law of conservation of angular momentum (d) law of conservation of mass

A potentiometer wire is 100 cm long and a constant potential difference is maintained across
it. Two cells are connected in series first to support one another and then in opposite direction.
The balance points are obtained at 50 cm and 10 cm from the positive end of the wire in the
two cases. The ratio of emf’s is

(@) 3:4 (b) 3:2 () 5:1 (d)5:4

Two batteries, one of emf 18 V and internal resistance 2 Q) and the other of emf 12 V and internal
resistance 1 Q, are connected as shown. The voltmeter V" will record a reading of

(@) 30V (b) 18V (¢) 15V (d) 14V

n cells each of emf E and internal resistance r send the same current through an external
resistance R whether the cells are connected in series or parallel. Then

(a) R =nr G R=r

(¢) r=nR d R=Wn)r

A wire of length 100 cm is connected to a cell of emf 2 V and negligible internal resistance.
The resistance of the wire is 3 Q). The additional resistance required to produce a potential

drop of 1 millivolt per cm is

(a) 60 Q () 47 Q (c) 57 Q (d) 55 Q

The internal resistance of a 2.1 V cell which gives a current of 0.2 A through a resistance of
10 Qis

(a) 0.8 Q &) 1.0 Q () 0.2 Q (d) 0.5 Q

If a copper wire is stretched to make it 0.1% longer, the percentage increase in resistance will
be

(a) 0.2 b) 2 () 1 (d) 0.1

According to Joule’s law, if potential difference across a conductor of material of resistivity p
remains constant, then heat produced in the conductor is directly proportional to

1 -1 2
a) —F— b) o c) P d) e
@ 7 () ) ()
Two bulbs each marked 100 W, 220 V are connected in series across 220 V supply. The power
consumed by the combination will be
(a) 220 W (b)y 100 W (¢) 50 W (d) zero
‘Two bulbs each marked 100 W, 220 V are connected in parallel across 220 V supply. The power
consumed by the combination will be
(a) 200 W (b) 100 W (c) 50 W (d) zero
A 5°C rise in temperature is observed in a conductor by passing a current. If the current is

doubled, the rise in temperature of the conductor will be nearly
(a) 10°C (b) 20°C (¢) 40°C (d) 2.5°C
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46.

47.

48.

49.

50.

51.

52,

64

A student measures the terminal potential difference (V) of a cell of emf E and internal
resistance r as a function of the current (/) flowing through it. The slope and intercept, of the
graph between V and I, then respectively, equal

< —>

o T—>
(@) —rand € (b) rand - ¢ (¢) —e and r (d) € and —r

See the electrical circuit shown in fig. Which one of the following is the correct equation for
it?
R
P VWA Q

€1 r
A—;—|I—~N\N\N‘—B

pDl——wwW——Ic

2 r

€2
(@) € —igro—€;— 17y =0 (0) €9 = (1; + io) R + igro = 0

The resistance of a mercury column in a cylindrical container is R. This mercury is poured
into another cylindrical container with half the radius of cross-section. The resistance of other
mercury column will be

(@) R (b) 4R (c) 16R (d) R/4
A current is passed by a battery of constant voltage through the R
i i YWWWWWWWW————
germanium wire at room temperature. Now the temperature of s
e

germanium wire is decreased. The reading of ammeter will
(a) increase C)' A

(b) decrease
)

(¢) remain unchanged

(d) increase and decrease alternatively
A steady current flows in a metallic conductor of non-uniform cross-section. The quantity/
quantities constant along the length of the conductor is/are

(a) current, electric field and drift speed (b) current, current density and drift speed

(¢) drift speed only (d) current only

The electric current in a conductor varies with time f as I = 2¢ + Stz, where [ is in ampere and ¢

in seconds. Electric charge flowing through a section of the conductor duringt =2 stot =3 s
is

(a) 10C (b) 24 C (¢) 33 C (d) 44 C
In the given circuit, with steady current, the potential drop across v
. A——— —wwwW——B
the capacitor C must be R
Vv
(@) V &) 5
: St —— i —f—
r 27
© 3 @) =
ct— D
2V 2R
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53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

In a metre bridge experiment null point is obtained at 20 cm from one end of the wire, when
resistance X is balanced against another resistance Y. If then where will be the new position
of null point from the same end if one decides to balance a resistance of 4X against ¥?

(@) 50 cm (b) 80 cm (¢) 40 cm (d) 70 em

The length of a potentiometer wire is 100 cm and the emf of the standard cell is E volt. It is
employed to measure the emf of a battery of internal resistance 0.5 Q. If the balance point
is obtained at length 30 cm from the positive end, the emf of the battery is (i = current in
potentiometer wire)

30K 30L 30(£-0.54) 30E
@ 7005 © To0-05 © 100 @ 00

In the circuit the galvanometer shows zero deflection. If the batteries 4 and B have negligible

internal resistance, the value of resistance R will be
500Q @
—|_—‘VV\/\A/VVVV\/\/ t
12v'[ B R AT 2V

(a) 100 Q (b) 200 O () 500 Q (d) 1000 O

An uncharged capacitor of capacitance 4puF a battery of emf 12 V and a resistor of 2.5 MQ
are connected in series. The time after which the p.d. across capacitor becomes 3-times across
resistor (i.e., Vi = 3Vy) is (log, 2 = 0.693)

(a) 6:93 s (b) 13-86s (¢) 10-86s (d) none of above

An electric bulb rated 500 W at 100 V is used in a circuit fed by a 200 V supply; then the
resistance R to be put in series with the bulb, so that bulb delivers 500 W is

(a) 40 Q (b) 20 Q (¢) 10Q (d) 80 Q
Time taken by a 836 W heater to heat one litre of water from 10°C to 40°C is
(a) 50s (b) 100s (c) 150 s (d) 200 s

An electric bulb is marked 100 W, 230 V. If the supply voltage drops to 115 V, what is the total
energy produced by the bulb in 10 minutes?

(a) 30K]J (b) 15 K] (¢) 10K]J (d) 5K]J

In a Wheatstone bridge, three resistances P, Q and R are connected in the three arms and the

fourth arm is formed by two resistances S, and S, connected in parallel. The condition for the

bridge to be balanced will be

P98 P _ RS TS
(@) Q N Sl i 82 (®) Q - Sl 32
P _RG+SY P __R_
© Q- 25,5, @ Q- 5139

If the ratio of concentration of electrons to that of hole in a semiconductor is 7z and the ratio

5
of currents is %, then what is the ratio of their drift velocities?
5 4 3 4
@ 1 ® 3 © 5 @ 4

Two conductors have the same resistance at 0°C but their temperature coefficients are «; and
0y the respective temperature coefficients of their series and parallel combination are nearly

a, ta, a, ta,
(a) 5 ,o ta, () o +a,, 5
a, o a +a, o ta
179 1% T T
¢) a, +a,, d ,
) a +a a, +a, @ 2 2
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63.

64.

65.

66.

67.

68.

69.

70.

71.

72,

73.

74.

A potentiometer can measure emf of a cell because [CBSE 2020 (55/1/1)]
(a) the sensitivity of potentiometer is large.
(b) no current is drawn from the cell at balance.
(¢) no current flows in the wire of potentiometer at balance.
(d) internal resistance of cell is neglected.
The resistance of a metal wire increases with increasing temperature on account of
[CBSE 2020 (55/1/2)]
(a) decrease in free electron density. (b) decrease in relaxation time.

(¢) increase in mean free path. (d) increase in the mass of electron.

Kirchhoff’s first rule at a junction in an electrical network, deals with conservation of
[CBSE 2020 (55/1/2)]

(a) energy (b) charge
(¢) momentum (d) both energy and charge.

The conductivity of a metal decreases with the increase in temperature on account of

[CBSE 2020 (55/1/3)]
(a) decrease in number density of electrons. (&) decrease in resistivity.

(¢) decrease in relaxation time. (d) increase in mean free path.

A cell of internal resistance r is connected across an external resistance R can supply maximum

current when [CBSE 2020 (55/2/1)]
@R=r () R>r (c)R=% d)R=0

In a current carrying conductor, the ratio of the electric field and the current density at a
point is called [CBSE 2020 (55/2/1)]
(a) Resistivity (b) Conductivity (¢) Resistance (d) Mobility

Resistivity of a given conductor depends upon [CBSE 2020 (55/2/2)]
(a) temperature. (0) length of conductor.

(¢) area of cross-section. (d) shape of the conductor.

The ratio of current density and electric field is called [CBSE 2020 (55/2/2)]
(a) Resistivity (b) Conductivity

(¢) Drift velocity (d) Mobility

For a fixed potential difference applied across a conductor, the drift speed of free electrons
does not depend upon [CBSE 2020 (55/2/3)]
(a) free electron density in the conductor. (b) mass of the electrons.

(¢) length of the conductor (d) temperature of the conductor.

Ohm’s law is obeyed by [CBSE 2020 (55/2/3)]
(a) extrinsic semiconductors. (b) intrinsic semiconductors.

(¢) metals at low temperature. (d) metals at high temperature.

The electrical resistance of a conductor [CBSE 2020 (55/3/1)]

(a) varies directly proportional to its area of cross-section.
(b) decreases with increase in its temperature.
(¢) decreases with increase in its conductivity.

(d) independent or its shape but depends only on its volume.

The element of a heater is rated (£ V). If it is connected across a source of voltage V/2, then the

power communed by it will be [CBSE 2020 (55/3/1)]
P P
(@) P (b) 2P © 5 @) 3
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75.

76.

m*V~'s7" is the ST unit of which of the following? [CBSE 2020 (55/3/1)]
(a) Drift velocity (b) Mobility

(¢) Resistivity (d) Potential gradient

A cell of emf (F) and internal resistance r is connected across a variable external resistance R.

The graph of terminal potential difference V as a function of R is
[CBSE 2020 (55/4/1)]

1
\%
@ (b)
O R—>
\' V
tE te
() )
o) R— o R—
Answers
1. (b) 2. (a) 3. (b) 4. (b) 5. (a) 6. (b) 7. (¢) 8. (b)
9. (a) 10. (a) 11. (a) 12. (d) 13. (d) 14. (¢) 15. (¢) 16. (b)
17. (a) 18. (b) 19. (c) 20. (c) 21. () 22. (b) 23. (d) 24, (b)
25. (c) 26. (a) 27. (d) 28. (a) 29. (b) 30. (¢) 31. (d) 32. (b)
33. (c) 34. (a) 35. (a) 36. () 37.(d) 38. (b) 39. () 40. (d)
41. (a) 42. () 43. (c) 44. (a) 45. (b) 46. () 47. (d) 48. (c)
49. (b) 50. (d) 51. (b) 52. (c) 53. (a) 54. (c) 55. (a) 56. (b)
57. (b) 58. (c) 59. (b) 60. (b) 61. (c) 62. (d) 63. (0) 64. (b)
65. (b) 66. (c) 67. (d) 68. () 69. () 70. (b) 71. (@) 72. ()
73. () 74. (d) 75. (b) 76. (b)

CASE-BASED QUESTIONS

Attempt any 4 sub-parts from each question. Each question carries 1 mark.

1.

ELECTRON DRIFT:

An electric charge (electron, ions) will experience a force if an electric field is applied. If we
consider solid conductors, then of course the atoms are tightly bound to each other so that the
current is carried by the negative charged electrons. Consider the first case when no electric
field is present, the electrons will be moving due to thermal motion during which they collide
with the fixed ions. An electron colliding with an ion emerges with same speed as before the
collision. However, the direction of its velocity after the collision is completely random. At a given
time, there is no preferential direction for the velocities of the electrons. Thus, on an average,
the number of electrons travelling in any direction will be equal to the number of electrons
travelling in the opposite direction. So, there will be no net electric current. If an electric field is
applied, the electrons will be accelerated due to this field towards positive charge. The electrons,
as long as they are moving, will constitute an electric current.

The free electrons in a conductor have random velocity and move in random directions. When
currentis applied across the conductor, the randomly moving electrons are subjected to electrical
forces along the direction of electric field. Due to this electric field, free electrons still have their
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random moving nature, but they will move through the conductor with a certain force. The net
velocity in a conductor due to the moving of electrons is referred to as the drift of electrons.
—

Y

4—94 \—@4—@4 \—@4—@

! Current(l Pl
<—(f) H-(O)+—O

14 vi

\
|

+|I_

(i) When a potential difference V' is supplied across a conductor at temperature 7, the drift
velocity of electrons is proportional to

@V ®) YV
(©) VT @T

(ii) A steady current flows in a metallic conductor of non-uniform cross-section. Which of the
following quantities is constant along the conductor?
(a) Current density (&) Drift speed
(¢) Current (d) None of these

(iii) Relation between drift velocity (v;) of electron and thermal velocity (v;) of an electron at
room temperature is
(@)vy;=vr=0 &) vy > vy
() vy <vr (d) vg=vr

(iv) Which of the following characteristics of electrons determines the current in a conductor?
(@) Thermal velocity alone (b) Drift velocity alone
(¢) Both drift velocity and thermal velocity (d) Neither drift nor thermal velocity

(v) If E denotes electric field in a uniform conductor, I corresponding current through it, z,

drift velocity of electrons and P denotes thermal power produced in the conductor, then

which of the following graphs is/are correct?

h

(@) F )

(¢) (d) All of the above

Answers

1. (i) (a); We know that drift velocity, v, o [.- E=VL] So, v; «Ex]] So for a particular conductor
of a particular length, the drift velocity will directly depend on the voltage.
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(@) (c); When a steady current flows through a metallic conductor of non uniform cross-section,

then drift velocity, v; = —

. I
i.e., UdOCZ,andvdocESOEocz

Both v; and E change with A, only current / remains constant.

(222) (c); Electrons with the fermi energy carry considerable kinetic energy. Their mean thermal
velocity at temperature T should be v, =+ 3KT/m, which generally turns out to be quite

large. The average velocity with which electrons must pass along a conductor to carry

a current is called drift velocity and is given by v, =——— which is much less than the

neA

thermal velocity, or v; < v.

(2v) (b); AsI = nedv,, so current Iecv, Although I also depends on %, the number of free electrons
which increases on increasing temperature that causes more collision between electrons
which in turn increases resistance or decreases current. So, Jecv, .

eE
(v) (d); U= T e, Uy E
(E)Z
v \d) B )
or P—T— R _dZR z.e.,PocE

or P=VI=1’R; ie., Pocl?

2. THE POTENTIOMETER:
The potentiometer is an instrument that can be used to measure the emf of a source without
drawing any current from the source it also has a number of other useful applications. Essentially,
it balances an unknown potential difference against an adjustable, measurable potential
difference.

Potentiometer is based on the principle that 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. A resistance wire AB of total resistance R, is permanently connected
to the terminals of a source of known emf ¢;. A sliding jockey ] is connected through the
galvanometer G to a second source whose emf

: . . B,
€, 15 to be measured. As jockey | is moved along ||'| Ky i
o Rh

the resistance wire, the resistance Rpp between .
Driver battery

points P and B varies; if the resistance wire is  Primary circuit
L)

-~

/

uniform, Rpp is proportional to the length of

wire bet\lfveen P and B: To dettleljmm.e the value '+ Secondary FJ«— (Null deflection position)
of gy, | is moved until a position is found at circuit &

which the galvanometer shows no deflection; I G

this corresponds to zero current passing e

through .
The term potentiometer is also used for any variable resistor, usually having a circular resistance
element and a sliding contact controlled by a rotating shaft and knob.
(i) Two cells of emfs approximately 5 V and 10 V are to be accurately compared using a
potentiometer of length 400 cm. Choose the correct option.
(a) potentiometer is usually used for comparing resistance and not voltages.

() the first portion of 50 cm of wire itself should have a potential drop of 10 V.
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(¢) 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.

(d) the battery that runs the potentiometer should have voltage of 8 V.

(if) AB is a potentiometer wire of a potentiometer. If the value of R is increased, in which

direction will the balance point J shift?

I’ L

(@) Towards A

(¢) Same as initial point

G

(b) Towards B
(d) None of these

(iii) The current in a potentiometer wire is adjusted to give a null point at 56 cm with a standard

cell of 1.02 V. The emf of another cell for which a null point at 70 cm is

@1V
() 1.275 V

®) 1.02 V
(d) 1.5V

(iv) Potentiometer is an electrical measuring device which measure

(a) emf of the cell

(b) internal resistance of the cell

(¢) both (2) and (b)

(v) The current in the primary circuit of a potentiometer is 0.2 A. The specific resistance
and cross-section area of the potentiometer wire are 4 X 10~ ohm metre and 8 X 10~" m®

(d) none of these

respectively. The potential gradient will be equal to
(@) 0.1 Vm™! () 0.2 Vm™!
() 0.5 Vm™ d) 1 Vm!

Answers

2. (?) (c); Here emf of primary cells are 5 V and 10 V. So, the potential drop across potentiometer
wire must be slightly more than the larger emf 10 V. So, the battery should be 15 V and
about 4 V potential is dropped by using rheostat or resistance.

(@) (b); If R 1s increased, current in main circuit will decrease (by IV = IR) as the potential (E) is
constant. So, in turn potential difference across AB will decrease (by I’ = IR). As R of AB

. , . V
is constant so potential gradient K =——

AB
AB equal to potential of secondary circuit (E'), the length A" must be larger than earlier
AJ. So, the point J shifts towards B.

(222) (c); In potentiometer, comparison of emfs,

will decrease. So, to balance potential across

El — ll

EZ B lZ
_ 102 _ 56

E, 70

70
- E, —%x1.02—1.275V
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(tv) (¢); The potentiometer is an electrical measurement device which measure emf of the cell

and internal resistance of the cell.

Le.,

V—( €
“\R+r

r 11_12
)fland r—( L R

(v) (a); Let! be the length of potentiometer wire and I’ be the potential drop across length /.

_ _ VIR _I{ I\ _ Ip
Potential gradient, k = TS T (OA)— a
02x4x107
k== =01Vm
8x10°

ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

(@)
(b)
(c)
(d)

1.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
A is true but R is false.

A is false and R is also false.

Assertion (A) :
(R) =
Assertion (A) :
(R) :

Reason

Reason

Assertion (A) :
R) :
Assertion (A) :

Reason

Reason

Reason

Reason

Reason

Assertion (A)

Reason

(R) :
Assertion (A) :

(R) :
Assertion (A) :

(R) :
Assertion (A) :

(R) :

: An electrical bulb starts glowing instantly as it is switched on.

(R) :

Electric current is a scalar quantity.
Electric current arises due to continuous flow of charged particles.
The current density is a vector quantity.

Current density has magnitude current per unit area and is directed along the
direction of current.

The connecting wires are made of copper.

Copper has very high electrical conductivity.

With increase in drift velocity, the current flowing through a metallic conductor
decreases.

The current flowing in a conductor is inversely proportional to drift velocity.
The current flows in a conductor when there is an electric field within the
conductor.

The electrons in a conductor drift only in the presence of electric field.

In a metre bridge experiment, null point for an unknown resistance is put
inside an enclosure maintained at a higher temperature. The null point can

be obtained at the same point as before by decreasing the value of standard

resistance. [AITMS 2015]
Resistance of metal increases with increase in temperature.

The conductivity of an electrolyte is very low as compared to a metal at room
temperature. [AIIMS 201 5]
The number density of free ions in electrolyte is much smaller as compared to
number density of free electrons in metals. Further, ions drift much more slowly,
being heavier.

[AIIMS 2017]

Drift speed of electrons in a metallic wire is very large.
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9. Assertion(A) : A wire carrying an electric current has no electric field around it. [AIIMS 2013
Reason (R) : Rate of flow of electrons in one direction is equal to the rate of flow of protons
in opposite direction.
10. Assertion(A) : Electrons move from a region of higher potential to a region of lower
potential. [AIIMS 2013]
Reason (R) : An electron has less potential energy at a point where potential is higher and
vice-versa.
Answers
1. (&) 2. (a) 3. (a) 4. (d) 5. (a) 6. (d) 7. (a) 8.(c)
9. (¢ 10. (a)
HINTS/SOLUTIONS OF SELECTED MCQs
I. ) I=1cm=10"m,A=(1X100)cm®=107m’
_ o T (U -7
R—pA =3x10 ><10_2 =3x107'Q
P _R . . . .
2. (a) E =73 %0 resistance of the galvanometer can be omitted (P + Q are in series = 2R, R and
R
§ are also in series = 2R). Now the equivalent resistance = % =R.
3. (b) It is based on null deflection and measure accurate emf because the method involves a
condition of no current flow through the galvanometer.
4. (b) The current density is also directed along E and is also a vector and relationship is given by
J =ocL.
The ] changes due to electric field produces by charge accumulated on the surface of the
wire.
Enten
5. (¢) Eeq = W, this givesg; < g, < &.
, 1
6. (b) I = Anev; = deCZ
v, (I A) 2l w1 v v
—=|—X = — =— = U = — = —
Now, U, ( I A 1 X TE(QT)Q 2 ¢ 2 2
7 h bridge, = Ry N
. By Wheatst idge, — = =
(¢) By catstone bridge, & R(100—A) _ 100-7,
since, here R : § = 2.9:97.1 = S=33R. In order to make the ratio 1 : 1, it is necessary to
reduce the value of s = 31—3 times, z.e., 3 Q.
8. (b) The potential drop across wires of potentiometer should be greater than emfs of primary
cells. So, the potential drop along potentiometer wire must be more than 10 V.
9. (@) According to Kirchoft’s loop rule,
Vi-(2Xx2)-3-2X1)-T=0
= Vy-Tpg=4+353+2=9V.
10. (a) The resistance of wire depends on its geometry of wire/metallic rod. So, for greater value of

72

R, [ must be higher and A should be lower, i.e., R = p%
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11.

12.

13.

14.
15.
16.

17.

18.

19.

20.
21.

23.

(a)

(d)

@)

©)

)

(a)

®)

©)

)
(d)

()

I =Anevy; = [ <y,

Thus, only drift velocity determines the current in conductor.

m

0=—" when temperature increases, than successive collision between electrons will be

ne-t
increases and relaxation time (1) will be decreases.

Kirchhoff’s junction rule states that algebraic sum of current flowing towards any point in

an electric network is zero, ¢.e., charges are conserved in electric network.

so, it is a reflection of conservation of charge.
As electrolyte carry +ve as well as —ve charge.
1 =2A+2A=4A
Ry = R\[1 + aft;-t,)]
2 =1[1+ 0.00125(, — 27)] = 1, = 827° Cor 1100 K

v, =%XK’E or vd=i ﬂ’r (Since v = EI)

[ m: ]
Ly, B
As length increases n time area decreases by n times so
_ol ol _onl
R== R=77= Z
n
R = n2%l =n’R R' = n’R
In loop ABCDA
-12+2 +4(I, +L)=0
61, + 41, =12
3 +2I,=6 c(2)
In loop FADEF
4, +1)-I,+6=0
41, + 51,=6 ()
Solving (¢) and (z _ 18 _ -6
g (i) and (i) =18,
So, Ii=1I+1,
_ 18 _6_12
A

CD because slope of this portion is negative.

Specific resistance doesn’t depend upon length and area.
_o_ ol
I -
1 1
Ra—a—
TZ dZ
R, d;
R, df
8 _ (L)Z
R, 105
8 _p _
R2 =3 " R2 =2Q
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24.

25.

27.

28.
29.

30.

31.

33.
34.

36.

74

®)
©

(d)

®)

()

©)
(a)
®)

¢ _12 C _
min 60 sec 0.24

12

Resistivity depends on material only

_r (22007
P=F =700
Now,
L V2 (1807 180X180X100 _ 8100 _ ,
PR (220)2 ~ 220x220 121 = 67 W (approx)
(100)

In series current is same.
V2
R =— (from rating)

P
_(200)*
~ 7100
L V2 (160 160x160x100 _ 6400 _
Now B = T o00f T 200x200 100 O*W
100

The current following in the different branches of circuit is shown in figure.

21
S B
S,
I
—®— I,
! D)
> &)
VA_IR
2l 3R
p=3 X =
I
Ve=3X3R = IR
Hence, V, =V =1,
I=2A i
Vae—r—— AAAAA—F——AANA——o V5
A 20 5V 20 B

Vap=Va-Vp=2X2+5+2X2
=4+5+4=13V
As in parallel p.d. is same
E—V)=5(3.6—3

V 3

Suppose two cells have emfs ¢, and €, (also € >¢,).

r=k( J=10

Potential difference per unit length of the potentiometer wire = k (say)
When g and €, are in series and support each other then
g te,=350xk (1)

When g, and g, are in opposite direction

Physics—XII: Term-1 WWW.JEEBOOKS.IN


http://www.jeebooks.in

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

(d)

)

()

(@)

©

(@)

el—EZ:IOXk

On adding eqn. (¢) and eqn. (i)
2g, = 60k = €, = 30k and €, = 50k — 30k = 20k

S _30k 3

€, 20k 2
e teyn

T 1’2 2"
of Nt

_18x1+12%x2
2+1

42 _
5 =14V

As according to maximum power theorem

R=r

internal resistance = external load

For the full length of wire, total drop required =

I m
1

1

A

30

=60Q

Now required resistance = 60 - 3 = 57 Q

100 _
I——3 mA
=2V

_V__2
=T~

30
V=c-r
iR=c¢—r

02X10=21-0.2r

o1

=09 = 0.5Q

r

For same mass if a wire is stretched, R oc [°

AR _ 2A1
R I
_V¥ _ ¥

Q=R = Tol/ A)

=2x0.1%=0.2%

L‘ocL
Y

In series, the combined power P is given by

PP, 100x100

B +P, 100+100

In parallel, P = P,
H=IRt =msAt

I; AT
I, AT
_ e
ATQ_ 12
V=e-1Ir
dv
Slope I =

When/ =0,V =g¢g,

.. Intercept = €

I?
= AT2 = ]_2AT

=50W
+ P, =100 + 100 = 200 W
2

1
1

x5=20°C

WWW.JEEBOOKS.IN
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47. (d) Applying Kirchhoff’s law in mesh ABQPA
—&, tor, + (@ tip)R=0
=g () tigR-ir, =0
48. (¢) For same mass of mercury R « %
’
By
g R’=(%) R=16R
49. (b) On cooling resistance of semiconductor Ge increases, so current / = % decreases.

50. (d) i = nedu,, for given s, v, cc %

So only current is same

dq 3 3 .
5L (0)  I=—5 = q=[ldi=[ @+30)d

21’ 3!33 90 3P
= ?—F?]?:[t +1°]
=[(3)°+ 3)1-12° + @’ =24C

52. (¢) There is no current in capacitor branch. Current [ in circuit ABCD (ignoring branch EF) is

7= 2V-v _ VvV
R+2R 3R
d AB—EF—V+IR—V+LR=1V
p.d. across = = = ¥ 3
VAVHV.=V, - V.=2y_yp=ly
£ ¢ Vr c™ 3 3
X__ 1 _20  X_1
83 @) Y EI50-7780 T ¥V 4
4x __ b 1 _
y ~100-1 = Y4100 g, 7 h=%0em
54. (¢) Potental gradient k=@=E;iTV/ cm
’ L 100
., (E-w _30(E-0.59)
EMF, £ =t =( 558 ) x s0= 22200
55. (a) Pd. acrossR=%
. Pd.across 500 Q2 =12-2=10V
_10 _ 1
500 50
. This is also currentin R
__2 _
R—(1/50)—IOOQ

56. (b)) q =g (1—¢""%)
T=RC=25x%x10%x4%x10°%°=10s

V.
VC+VR=12:>VC+?“=12:>VC=9V

From equation of growth of charge,
Ve =E(-¢"
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57.

58.

59.

60.

61.

62.

1
4
= t=10Xlog,4=10 X2 X 0.693 = 13.865s

9=12(1-¢"% = "% =

_ (1007 _
b)) R= P - 500 =20Q
. _P _500 _
Current in bulb, 7= 7 =100 © 5A
Resistance required for 200 V supply,
V' _ 200 _
R = 7= 5 40Q

Additional Resistance required = 40 — 20 = 20 Q
(¢) Mass of 1 litre of water = 1 kg

A6
Pt= JmcAD = (= ]m;

_ 4.18x10% x1x1x30

t 336 =150seconds
e = o) <) -1
) P=Tpel” = 5=7) =\2s0) =3
P =25W
W=Pt=25%10%x60]=15x10"] = 15kJ
(b) Resistance of fourth arm S = §; and S, connected in parallel =
PL_R P _RG TS
I T

Wy _ (AN Pa\ (1), (BY_5

) (Wg)o _(iQ)(”1)_(4)X(7)_ 4

(d) R, =R,(1+a,0) and Ry =R, (1+a,0)
In series combination Ry = R| + R,

R (1+a®)=R (1+a6)+R (1+a,b)
R(JS: 2R0

a, +a
1+ 2)6
3

. 2R (1+a_ 0) = 2R,

o, ta,
L= 12 2
Similarly,
R(1te0) R (1+a,0)
R (1+e8)+R (1+a,h)

Rn]) (1 * Q’.p 6) =

Solving for a, and neglecting (o, + o),

i

a, +a,
wegetap= )
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78

63.

73.

74.

75.

76.

(¢) no current flows in the potentiometer wire at balance.

when heater is connected across a source of voltage -

_oL_ L
() R= A oA
Roc%
_2
@ P=-%
P W
R 4 R
Y4
(b) Mobility, L=
mis o1 o1
Vim VS

) V=IR=E-Ir

Physics—XII: Term-1
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MOVING CHARGES
04

AND MAGNETISM

IMPORTANT FORMULAE

1.

10.

. Magnetic field due to a straight current carrying wire,

Biot-Savart Law: Magnetic field due to a current element

d}é:h]dl:T
it r

ol
4R
where g, and g, are the angles substended by ends of the cond}lctor at the
Lo
2nR

B=

(sin 0, + sin 05)

reference point with the normal. For infinitely long wire B =

. Magnetic field due to a current carrying circular coil

() At centre B = o NT
© 2R

.. . . Ta®
(77) At a point on the axis B, = HoNla

= W (where a = radius of coil) and x is the distance of the
a”+x

point)

. Ampere’s circuital law: JB.dl =U,l

. Magnetic field strength within solenoid

B =y nl where n = number of turns per metre length.

. Magnetic field due to toroid

(i) Within the coils p - Mo N
2mr

(i7) Outside the toroid B=0.

. Magnetic force on a moving charge in a magnetic field

I =qguvxB

. Magnetic force on a current carrying conductor
F =11lxB

. Force per unit length between parallel currents:
F_ oli 1y N/m
l 2mr

Torque experienced by a current carrying loop in a uniform magnetic field

;=NI;><J_B)=ZT/I><E
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11. Magnetic moment of a current loop

— —_

M = NIA ampere X metre’

12. Deflection in moving coil galvanometer

Current sensitivity of a galvanometer S = n =—

NAB
=22
0=

0 NAB

C

13. For conversion of galvanometer into ammeter,

Ig

-1,

1

Shunt resistance required S = G= TgG

14. For conversion of galvanomter into voltmeter,

. . . V
Series resistance required R=—-G

Iy

MULTIPLE CHOICE QUESTIONS

Choose and wrile the correct oplion in the following questions.

80

1.

If a conducting wire carries a direct current through it, the magnetic field associated with the
current will be _

(a) 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) is towards West (b) is towards East

(c) keeps oscillating in East-West direction (d) no deflection

Vihen 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°

(¢) 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 (0).

Statement Q: The magnetic field going into the plane of the paper is denoted by a cross (®).

(a) Both P and Q are true (6) P is true, but Q is false
(¢) P isfalse, but Q is true (d) Both P and Q are false

Physics—XII: Term-1 WWW.JEEBOOKS.IN
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10.

11.

12,

13.

14.

Two charged particles traverse identical helical paths in a completely opposite sense in a

uniform magnetic field B = Bolg . [NCERT Exemplar]|
(@) They have equal z-components of momenta

(b) They must have equal charges
(¢) They necessarily represent a particle, anti-particle pair

(d) The charge to mass ratio satisfy: (%)1 + (%)2 =0

Biot-Savart law indicates that the moving electrons (velocity v) produce a magnetic field B
such that [NCERT Exemplar]

(a) B is perpendicular to v

(b) Bis parallel tov

(¢) it obeys inverse cube law

(d) it is 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]
(@) 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 Q2 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
©)

(d) Both (b) and (c)

5 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.
(b) 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 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

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

(a) 14.78 Nm &) 0 (¢) 7.39 Nm (d) 3.69 Nm
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

(¢) positive (d) both (a) and (b)

The sensitivity of a moving coil galvanometer increases with the decrease in:

(@) number of turns (b) area of coil

(¢) magnetic field (d) torsional rigidity
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15. A voltmeter of range 2V and resistance 300 {2 cannot be converted to an ammeter of range:
(@) 5mA (b) 8 mA (¢) TA (d) 10 A
16. 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
(a) 116 Q () 117 Q () 118 Q2 (d) 120 Q2
17. The SI unit of magnetic flux density is
(a) weber (b) tesla (¢) maxwell (d) gauss

18. Newton meter per ampere is the unit of
(@) magnetic induction (b) magnetic susceptibility
(¢) magnetic permeability (d) magnetic flux
19. A moving electron enters normally into a uniform magnetic field; its
(a) direction of motion will change (b) speed will increase
(c) speed will decrease (d) velocity will remain the same
20. In a magnetic field acting along x-axis, a conductor carries a current along the y-axis. The
force experienced by the conductor is along
(a) the +ve z-axis (b) the —ve z-axis
(¢) the —ve x-axis (d) the —ve y-axis
21. For conversion of a galvanometer into an ammeter, one should use
(a) a high resistance in series (b) a high resistance in parallel

(¢) alow resistance in series (d) alow resistance in parallel

22. The time rate of work done by a magnetic field on a charged particle moving on a helical path
is
(a) B (b) gB/* (¢) gBv* (d) zero

23. In a certain region of space, electric field E and magnetic field B are perpendicular to
each other. An electron enters perpendicularly to both the fields and moves undeflected. The
velocity of electron is

(@) () EXB ) E.B ()

Rﬁl|0m
D:l|h1;

24. A deuteron of kinetic energy 50 keV is describing a circular orbit of radius 0.5 m in a plane
perpendicular to the magnetic field B. The kinetic energy of the proton that describes a
circular orbit of same radius and inside same B is

(a) 25 keV (b) 100 keV () 200 keV (d) 50 keV

25. Current sensitivity of a galvanometer can be increased by decreasing
(a) torsional constant K (b) area A

(¢) magnetic field B (d) number of turns N

26. An electric current passes through a long straight copper wire. At a distance 5 cm from the
straight wire, the magnetic field is B. The magnetic field at 20 cm from the straight wire would
be

B B B B
@ % ®) © @) 4

27. A wire in the form of a circular loop, of one turn carrying a current, produces magnetic
induction B at the centre. If the same wire is looped into a coil of two turns and carries the
same current, the new value of magnetic induction at the centre is
(@) 4B (b) 2B (c) B (d) 8B
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28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

A circular coil of radius a carries an electric current. The magnetic field due the coil at a point
on the axis of the coil located at a distance r from centre of the coil, such that »>>a varies

1 1 1 1
(@) EE 0 — () 2 @ +

A solenoid has 1000 turns per metre length. If a current of 5 A is flowing through it, then
magnetic field inside the solenoid is

(@ 2rnx10°T () 41X 10°T ©) 2nx10°T d) 4mx10°T
If distance between two current- carrying wires is doubled, then force between them is
(a) halved (b) doubled (¢) tripled (d) quadrupled
The coil of a moving coil galvanometer is wound over a metal frame in order to

(a) increase moment of inertia (b) provide electromagnetic damping
(¢) reduce hysteresis (d) increase sensitivity

If in a moving coil galvanometer, a current [ in its coil produces a deflection 6, then

(@) Ia«tan® (b) I«0? (€) Toy0 @) ITxf

The ratio of voltage sensitivity (V) and current sensitivity (/) of a moving coil galvanometer
is

@ & (b G (0) G* @ —

Two thin, long and parallel wires separated by a distance ‘d’ carry a current ‘¢’ ampere each.
The magnitude of the force per unit length exerted by one wire on the other is

-2 . .9 .
Byt ol Wyt Byt
by — d
@) 5 ®) 5o ©) 5o @ o
Two parallel wires carrying current in the same direction attract each other due to
(&) magnetic force (&) electric force
(¢) mutual induction (d) electromagnetic emf

A strong magnetic field is applied to a proton at rest. Then

(a) the particle moves in opposite direction of the applied field.

(b) the particle moves in the direction of the applied field.

(c) the particle continues to be at rest (consider the proton as a charged particle only).
(d) the particle executes circular motion in magnetic field.

A charge of +5 mC enters a uniform magnetic field parallel to the direction of the field. What
will happen to the motion of the charge?

(a) It will move undedicated.

(b) It will perform circular motion in a plane parallel to the field.

(¢) It will perform circular motion in a plane perpendicular to the field.

(d) Tt will continue to move in the field direction with acceleration.

Which one decides the direction of magnetic lines of force due to a straight wire carrying
current?

(a) Right hand thumb rule (6) Fleming’s left hand rule
(¢) Ampere’s rule (d) Fleming’s right hand rule

A small bar magnet held vertically is allowed to fall from a height through a metal ring of
radius 0.1m. The acceleration of the magnet shall be

(a) greater than g (b) equal to g
(¢) zero (d) less than g
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40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

The expression for magnetic force per unit charge I_"'m » when a charge ¢ moves with a velocity
v in a magnetic field B is given by

(@) F, = @.B) (b) F, = @xB) (©) Fm’=1?(z7><,§) @) F, =q@xB)

The force between two parallel current carrying conductors separated by a distance x is F. If
the current in each conductor is doubled and the distance between them is halved, then the
force between them becomes

(a) F (b) 8F (c) 4F (d) 2F

Time period of a charged particle undergoing a circular motion in a uniform magnetic field is
independent of

(a) speed of the particle (&) mass of the particle

(¢) charge of the particle (d) magnetic field

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.

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 () % d) 6

A square current carrying loop is suspended in a uniform magnetic field acting in the plane
of the loop. If the force on one arm of the loop is F , the net force on the remaining three arms
of the loop is

(@) -F (b) -3F © F d) 3F

A particle of mass m, charge Q and kinetic energy [ enters a transverse uniform magnetic field
of induction B. After 3 seconds, the kinetic energy of the particles will be:

(@) 3] () 2J ©]J @ 4]

A galvanometer has a coil of resistance 100 Q and gives a full scale deflection for a current of
30 mA. If it is to work as a voltmeter of 30 V range, the resistance required to be added will be
(@) 500 Q (&) 900 © (¢) 1000 Q2 (d) 1800 Q

V_\{hen 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 v and B can have any value other than zero and 180°
(b) angle between 2 and B is either zero or 180°

(¢) angle between 0 and B is necessarily 90°

(d) angle between v and B can have any value other than 90°

Two particles and of masses m, and mjy respectively and having the
same charge are moving in a plane. A uniform magnetic field exists
perpendicular to this plane. The speeds of particles are v, and v,
respectively and trajectories are shown in figure, Then

(@) myvy < mpgug (b) myvy>mpug

(¢) my <mpg and v, vg (d) my = mp, vy = vg
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50.

51.

52.

53.

54.

55.

56.

A coil having N-turns is wound tightly in the form of a spiral with inner and outer radii ‘a’ and
‘b’ respectively. When the current ‘I’ passes through the coil, the magnetic field at the centre is

W NI o NI
@ — ) —
o NI b w NI b
(C) 9 (b _ (1,) loge E (d) b —da loge E

. . . 4
A particle of mass m and charge ¢ moves with a constant velocity 4

v along positive X-axis. It enters a region containing a uniform
magnetic field B directed along the negative Z-axis, extending
from x = a tox = b. The minimum value of v required so that the
particle can just enter the region x > b is

bB b-a)B
@ - ) T
qaB qb+a)B > X
© @ —5,——

A proton of mass 1.67 X 1077 kg and charge 1.6 X 107° Cis projected with a speed of 2 X 10°
m/s at an angle 60° with x-axis. If a uniform magnetic field of 0.104 T is applied along y-axis,
the path of the proton is:

(a) a circle of radius 0-1 m and time period 21 X 107 s

(b) a circle of radius 0-2 m and time period 15 X 107" s

(¢) a helix of radius 0-1 m and time period 27 X 107 s

(d) a helix of radius 0-2 m and time period 47 X 107 s

Two thin metallic strips carrying currents in the direction shown, cross each other
perpendicularly without touching but being close to each other, as shown in fig. The regions
which contain some point of zero magnetic induction are:

(@) Iand I1 (b) T'and III (¢) II and II1 (d) I and IV

Two particles having masses in the ratio 1: 1 and charge 1: 2 are projected into a uniform
magnetic field perpendicular to field with speeds in the ratio 2: 3. The ratio of the radii of
circular path along which the two particles move is

(a) 4:3 (&) 2:3 () 3:1 (d) 1: 4

A long wire carries a steady current. It is bent into a circle of one turn and the magnetic field
at the centre of the coil is B. It is then bent into a circular loop of n-turns. The magnetic field
at the centre of the coil will now be

(a) nB (b) n°B (c) 2nB (d) 2n*

Two long conductors separated by a distance ‘d’ carry currents I;, and I, in the same direction
and exert force F on each other. Now the current in one of them is increased two times and its
direction is reversed. The distance is also increased to 3d. The new value of the force between
them is

£ oF F
3 3

(@) —2F (&) © - d -
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57.

58.

59.

60.

61.

62.

Wires 1 and 2 carrying currents ¢, and i, respectively are inclined
at an angle 6 to each other. What is the attractive force on a small
element dl of wire 2 at a distance r from wire 1 (as shown in fig.) due
to magnetic field of wire 1.

Mol ipdl tan O Wiy dydl sin 6
(@) 2nr ®) 2mr

Rofy fodl cos O 1ol dydl sin ©
© — 55— @ m

A long straight wire along z-axis carries a current “’ in the negative z-direction. The magnetic

vector field B at a point having coordinates (x, y) onz = 0 plane is

i (i —x ) , i (x1+y )
o (x2 + y2) om (x* +y7)
i (x j=y17) i (x7 -y 7)
) T o o dy ——————
21 (xz +y2) 21 (xz +y2)

A conducting loop carrying current / is placed in a uniform magnetic field

y
pointing into the plane of the paper as shown in fig. The loop will have a \
tendency to j

(a) contract \
(b) expand
)

(¢) move towards positive x-axis

(d) move towards negative x-axis

A uniform magnetic field B = — B _ exists in the region x > 0. An electron with velocity u
travels along the positive x-axis. When the electron emerges out of the field, its y-component
and velocity v will be

YTx x x x x xB

X X X X X X

X X X X X X

o X X X X X X_

w XXX XXX
@y>0,v>u B y<0,v>u
() y<0,v=u d)y>0,v=u

Two particles each of mass m and charge g are attached to the two ends of a light rod of length
2R. The rod is rotated at a constant angular speed about a perpendicular axis passing through
its centre. The ratio of the magnitude of the magnetic moment of the system and its angular
momentum about the centre of the rod is

q q 2q q

@ - ®) r © 5 @) 7o

Two concentric coils each of radius equal to 21 cm are placed at right angles to each other.
Currents of 3 A and 4 A are flowing in the coils respectively. The magnetic induction in
Whb/m? at the centre of the coils will be (Hg = 47m X 1077 Wb/A-m)

(@) 107 () 12 x 107

(¢) 7 X107 d) 5 x 107
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63.

64.

65.

66.

67.

68.

An infinitely long conductor PQR is bent to form a right angle as ‘M
shown in fig. A current I flows through POR. The magnetic field
due to this current at M is B; Now another infinitely long straight P

. N
conductor @S is connected at Q, so that currentis - in QR as well

2

as in QS, the current in PQ remaining unchanged. The magnetic R

B

field at M is now B,. The ratio B—l is
2

@ o () 1 © 3 ) 2

A square loop ABCD of each side is formed of wire ABC of resistance r and ADC of resistance
2r. The magnetic field B at the centre O of the loop is

V2 V2 W 2y2 i

(@) 0 (&)

6ma 3na

A moving coil galvanometer has 150 equal divisions. Its current sensitivity is 10 divisions per
mA and voltage sensitivity is 2 divisions per mV. In order that each division reads 1 volt, the
resistance in ohm needed to be connected in series with the coil will be

(a) 105 Q (b) 103 Q (c) 9995 Q (d) 99995 Q

A galvanometer has a resistance 100 Q and it requires current 100 pA for full scale deflection.
A resistor 0.1 Q is connected to make it ammeter. The smallest current in the circuit to produce
full scale deflection is

(@) 1000-1 mA (&) 1.1 mA (¢) 10-1 mA (d) 100-1 mA

Two small magnets, each of magnetic moment of 10 A—-m? are placed in end on position 0-1 m
apart from their centres. The force acting between them is
(@) 06 x 10’ N () 6 X 10' N (¢) 06 N (d) 0-06 N

Two short magnets are placed on a piece of cork which floats on water. The magnets are so
placed that the axis of one produced bisects the axis of the other at right angles. Then the cork

(a) rotates only

(b) moves along a straight line only
)

(¢

(d) has neither translational nor rotational motion

ing Charges and Magnetism | 87

has rotational as well as translational motion


http://www.jeebooks.in

88

69.

70.

71.

72.

73.

A long solenoid has 200 turns per cm and carries a current i. The magnetic field at its

centre is 6-28 X 10~> Wb/m?. Another long solenoid has 100 turns per cm and it carries a
i

current of 3" The value of the magnetic field at its centre is
(@) 1:05 X 102 Wb/ m?* (b) 1-05 X 10° Wb / m*
(¢) 1-:05 X 107° Wb/ m? (d) 1-05 X 107 Wb / m*

A horizontal overhead power line is at a height of 4 m from the ground and carries a current
of 100 A from east to west. The magnetic field directly below it on the ground is

(o = 47 x 107 Tm A™Y)

; an
‘ i
:
W E
Venicall
SYB 'S

(@) 5 X 10° T southward ) 2:5 X 10" T northward
(¢) 25 X 107 T southward (d) 5 X 10° T northward

A particle of mass m and charge g, moving with velocity v enters region II normal to boundary
as shown in fig. Region II has a uniform magnetic field B, perpendicular to the plane of the
paper. The length of the region II is I. Then which of the following is incorrect.

Region| [* X X X
g Region I

X X X
% x| Region lll

&
X XX X XX
X X X XX

qlB

(@) The particle enters region IIT only if its velocity is v > = —.

qlB

(0) The particle enters region IlI only if v < ——.

qlB

(c) Path length of particle in region II is maximum when velocity v = —-—.

(d) Time spent in region 11 is same for any velocity v as long as the particle returns to region 1.
A charged particle with charge ¢ enters a region of constant uniform and mutually orthogonal
fields E and B with velocity v perpendicular to both E and B and comes out without any

=
change in magnitude or direction of v . Then

-~ BXE ~ EXB
@ v="—3 6) V="
~ BXE -~ EXB
© 7= ) 7= =3

A charged particle moves through a magnetic field perpendicular to its direction. Then
(@) both momentum and kinetic energy of the particles are not constant

(b) both momentum and kinetic energy of the particles are constant
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74.

75.

76.

77.

78.

79.

(¢) kinetic energy changes but momentum remains constant

(d) momentum changes but kinetic energy remains constant
A long straight wire of radius a carries a steady current i. The current is uniformly distributed

. . . . a .
over its cross-section. The ratio of the magnetic field at - and 2a is

2
1 1

(@) 4 (&) 1 © 35 @ 5

Two long parallel wires are at a distance 2d apart. They carry steady currents flowing out of
the plane of paper as shown. The variation of the magnetic field B along the line X'X is given
by

B B

>
>
I~
>
=~
>
>

&
—_———-———-

N

I

d —»le—d d—>le—d

AN

T
|

o
w

()

Nx
)

=
x--
————f--—---

_/

1
1

——————p .

VAN

l«—d—>/

l«—d

.

i
l

A thin flexible wire of length L is connected to two adjacent fixed points and carries a current
I in the clockwise direction as shown in Fig. When the system is put in a uniform magnetic
field of strength B going into the plane of the paper, the wire takes the shape of a circle. The
tension in the wire is

X X X
x X X
x x xB
x X %

IBL IBL

(a) IBL (b) IBL/n (¢) on (d) an

A moving charge produces

(a) electric and magnetic fields both () electric field only

(¢) magnetic field only (d) neither electric nor magnetic field

A proton charge (+e coulomb) enters in a magnetic field of strength B (tesla) perpendicular to
the magnetic lines of force, with speed v. The force on the proton is

(a) evB (b) zero (¢) (d) evB/2

A proton charge (+e coulomb) enters in a magnetic field of strength B tesla making an angle
30° with the direction of magnetic field with speed . The magnetic force on the proton is

(a) evB (b) zero (¢) = (d) evB/2
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80.

81.

82.

83.

84.

85.

86.

87.

A charged particle enters in a magnetic field perpendicular to the magnetic lines of force. The
path of the particle is

(a) straight line (b) circular

(c) elliptical (d) spiral

A charged particle enters at 30° to the magnetic field. Its path becomes

(a) circular (b) helical

(¢) elliptical (d) straight line

A current carrying wire produces

(a) only electric field (b) only magnetic field

(¢) both electric and magnetic fields (d) no field

Two parallel wires carrying currents in the same direction attract each other because of
(a) potential difference between them (b) mutual inductance between them
(¢) electric forces between them (d) magnetic forces between them

A uniform electric field and a uniform magnetic field are produced, pointed in the same
direction in a certain region. An electron is projected with its velocity pointed in the same
direction

(a) the electron will turn to its left

(b) the electron will turn to its right

(c) the electron velocity will increase in magnitude

(d) the electron velocity will decrease in magnitude

A conducting circular loop of radius r carries a constant current . It is placed in a uniform
magnetic field B such that B is perpendicular to the plane of loop. The magnetic force acting
on the loop is

(a) Beur (&) 2n B

(¢) O (d) wirB

When a straight conductor is carrying an electric current

(a) there are circular magnetic lines of force around it.

(b) there are no magnetic lines of force near it.

(¢) there are magnetic lines of force parallel to conductor along the direction of current.

(d) there are magnetic lines of force parallel to conductor opposite to the direction of current.

Which of the following correctly represents the variation of magnetic flux density B with
distance r of a long straight wire carrying a steady current?

(@ B ® B
) B @d) B
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88.

89.

90.

91.

92.

93.

94.

There is a magnetic field acting in a plane downward perpendicular to sheet of paper (Fig.).
Particles in vacuum move in the plane of paper from left to right. The path indicated by an
arrow could be travelled by

(a) proton (b) neutron

(¢) electron (d) o-particle

A stream of electrons is projected horizontally to the right. A straight conductor carrying a
current is supported parallel to electron stream and above it. If the current in the conductor
is from left to right, then what will be the effect on electron stream?

(@) The electron stream will be speeded up towards the right.

(b) The electron stream will be retarded.

(¢) The electron stream will be pulled upward.

(d) The electron stream will be pulled downward.

The Lorentz force experienced by a charged particle of charge ¢, moving with velocity 7 ina

magnetic field B is given by

(@) F=¢@-E) ®) F=q@ xB)
() F=¢(Bx0) @ F=1xB/q

The force on a charged particle in a magnetic field is maximum when the angle between the
direction of motion and the magnetic field is

(a) 0° (b) 90°

(c) 45° (d) 180°

Two magnetic lines of force

(a) intersect at the neutral point (b) intersect near north or south poles

(¢) cannot intersect at all (d) depend on the position of the magnet.

The radius of the path of a charged particle moving in a magnetic field is proportional to
(@) mass (b) charge

(¢) energy (d) momentum of the particle

A rectangular loop carrying a current i is situated near a long straight wire such that the wire
is parallel to one of the sides of the loop and is in the plane of the loop. If a steady current I is
established in the wire, as shown in fig., the loop will

A
K L
Ia >
A 4
s
N i M
B
(a) rotate about an axis parallel to the wire (b) move away from the wire
(¢) move towards the wire (d) remain stationary

ing Charges and Magnetism | 91


http://www.jeebooks.in

95.

96.

97.

98.

99.

100.

101.

102.

103.
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In the adjoining figure, PQ is a long current-carrying wire which is placed near
a current-carrying coil. The direction of the force acting on PQ will be:

(a) parallel to PQ towards P
(b) parallel to PQ towards Q 1
)

(¢) perpendicular to PQ towards right

(d) perpendicular to PQ towards left Q

Two thin, long, parallel wires separated by a distance b are carrying a current i each in the
same direction. The force per unit length exerted by one wire on the other is

Hol N/ Isi b o 0 N/m (attracti
(a) A m (repulsive) ) 572 1 m (attractive)
© S Nim (repulsive) (@) i N/m (attractive)
4 - m (repulsive - m (attractive
omh? P onh?

A charge moves with velocity 2 ina region where electric field E and magnetic field B both
exist. The force on the particle is

(@) ¢q(v xB) ®) gE+q(uxE)

(©) qE+q(Ex7) @) qE+qEx0)

The magnetic force acting on a charged particle of charge -2uC moving with velocity
(2i + 3j) x10° ms™ in a magnetic field of 2 T directed in y-direction is

(a) 4 N in z-direction (b) 8 N in y-direction

(¢) 8 N in z-direction (d) 8 N in negative z-direction

The magnetic field is made radial in a galvanometer

(a) to make field stronger (b) to make field weaker

(¢) to make scale linear (d) to reduce its resistance

The magnetic dipole moment of a current carrying coil does not depend upon
[CBSE 2020 (55/1/1)]

(@) number of turns of the coil. (b) cross-sectional area of the coil.

(c) current flowing in the coil. (d) material of the turns of the coil.

An electron is released from rest in a region of uniform electric and magnetic fields acting

parallel to each other. The electron will [CBSE 2020 (55/2/1)]
(@) move in a straight line. (b) move in a circle.
(¢) remain stationary. (d) move in a helical path.

A straight current carrying conductor is placed inside a uniform magnetic field. The force per
unit length acting on the conductor is |CBSE 2020 (55/2/3)]

(@) maximum when the conductor is perpendicular to the direction of magnetic field.

(b) maximum when the conductor is along the direction of magnetic field.

(¢) minimum when the conductor is perpendicular to the direction of magnetic field.

(d) minimum when the conductor makes an angle of 45° with the direction of magnetic field.

A region has a uniform magnetic field in it. A proton enters into the region with velocity
making an angle of 45° with the direction of the magnetic field. In this region the proton will

move on a path having the shape of a [CBSE 2020 (55/3/1)]
(a) straight line (b) circle
(¢) spiral (d) helix
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104. An isosceles right angled current carrying loop PQR is placed in a uniform magnetic field B
pointing along PR. If the magnetic force acting on the arm PQ is F, then the magnetic force
which acts on the arm QR will be [CBSE 2020 (55/3/1)]

L] R 1 L]
5 Ao
PP : ‘Q
@ F - © V2F (@) <F
V2

105. A current [ flows through a long straight conductor which is bent into I
circular loop of radius R in the middle as shown in the figure. Y
The magnitude of the net magnetic field at point O will be

[CBSE 2020 (55/4/1)]
™
(a) zero ®) Q—R(1+ )
u()] u()] 1
©) TR @) Q_R(l ‘?)

106. A current of 10 A is flowing from east to west in a long straight wire kept on a horizontal table.

The magnetic field developed at a distance of 10 cm due north on the table is:

|CBSE 2020 (55/4/1)]
(@) 2x10°T, acting downwards () 2 x10° T, acting upwards
(€) 4 x107°T, acting downwards d) 4 x 10°T, acting upwards

107. An electron and a proton are moving along the same direction with the same kinetic energy.
They enter a uniform magnetic field acting perpendicular to their velocities. The dependence
of radius of their paths on their masses is: [CBSE 2020 (55/4/2)]

1 1
a) rocm b Tcxm c) roa— d) ra——
(@) (®) () regy ) I

108. A charge particle after being accelerated through a potential difference ‘V” enters in a uniform
magnetic field and moves in a circle of radius r. If V is doubled, the radius of the circle will
become [CBSE 2020 (55/5/1)]
(@) 2r (b) v2r () 4r d) r/y/2

Answers

1. (¢) 2. (a) 3. (d) 4. (c) 5.(a) 7.(d) 7. (a) 8. (d)

9. (d) 10. (a) 11. (a) 12.(b) 13. (d) 14. (d) 15. (a) 16. (d)
17. (b) 18. (d) 19. (a) 20. (b) 21.(d) 22. (d) 23.(d) 24. (b)
25. (a) 26. (¢) 27. (a) 28. (b) 29. (a) 30. (a) 31.(b) 32.(d)
33. (a) 34. (a) 35. (a) 36. (c) 37. (a) 38. (a) 39. (d) 40. (b)
41. (b) 42, (a) 43. (b) 44. (c) 45. (a) 46. (c) 47. (b) 48. (a)
49. (b) 50. (¢) 51. (b) 52, (c) 53. (d) 54, (a) 55, (b) 56. (¢)
57. (¢ 58. (a) 59, (b) 60. (c) 61. (a) 62. (d) 63. (¢) 64. (c)
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65. () 66. (d) 67. (c) 68. (d) 69. (a) 70. (a) 71. (b) 72. (d)
73. (d) 74. (b) 75. (b) 76. (c) 77. (a) 78. (a) 79. (d) 80. (b)
81. (b) 82. (b) 83. (d) 84. (d) 85. (¢) 86. () 87. (d) 88. (¢)
89. (b) 90. (b) 91. (b) 92. (¢) 93. (d) 94. (¢) 95. (d) 96. (b)
97. (b) 98. (d) 99.(c)  100.(d)  10l.(a)  102.(a)  103.(d)  104.(d)
105. (@)  106.(a)  107.(b)  108.(b)

CASE-BASED QUESTIONS

Attempt any 4 sub-parts from each question. Each question carries I mark.

1.

94

LOUDSPEAKERS:

A common application of the magnetic force on a current carrying wire is found in loudspeakers.
The magnetic field created by the permanent magnet exerts a force on the voice coil that is
proportional to the current in the coil; the direction of the force is either to the left or to the
right, depending on the direction of the current. The signal coming from the amplifier causes
the current to oscillate in direction and magnitude. The coil and the speaker cone to which it is
attached respond by oscillating with an amplitude proportional to the amplitude of the current
in the coil. Turning up the volume knob on the amplifier increases the current amplitude and
hence the amplitudes of the cone’s oscillation and of the sound wave produced by the moving

cone.

The force is always perpendicular to both the conductor and the field, with the direction
determined by the same right-hand rule we used for a moving positive charge. Hence, this force

can be expressed as a vector product, just like the force on a single moving charge. We represent
> -
the segment of wire with a vector [ along the wire in the direction of the current, then force F
on this segment is
- -> - . . . .
F =1l xB (i.e., magnetic force on a straight wire segment)
Rigid

speaker B field of
cone Permanent

iy

Voice
coil

]

Direction
of motion

=N

Iy,

" Flexible
Signal suspension_ _ \
from  XLoL-- g

amplifier

(?) Loudspeaker works on the principle of
(@) detector (b) generator
(¢) amplifier (d) motor
(#7) Electrodynamic speaker can handle which type of audio power relative to permanent
magnet type speaker?
(@) Lower (b) Equal
(c) Higher (d) Both (@) and (b)
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(242) To increase the power handling capacity in loudspeakers which type of magnet is used?
(@) Temporary magnet (b) Permanent magnet
(¢) Electromagnet (d) None of these

(iv) A horizontal wire 0.1 m long carries a current of 5 A. Find the magnitude and direction of
the magnetic field, which can balance the weight of wire. Given the mass of the wire is 3 X
1073 kg/m and g = 10 m/s>.
(2) 6 X 107° T, acting horizontally perpendicular to wire
®)
©

(d) 6 X 1072 T, acting horizontally perpendicular to wire

6 x 107° T, acting vertically upwards
6 % 1072 T, acting vertically downwards

v) A square current carrying loop is suspended in a uniform magnetic field acting in the
q ying P P g g
plane of the loop. If the force on one arm of the loop is F , the net force on the remaining

three arms of the loop is

@F &) -F
(©) 3F d) -3 F
Answers
1. (i) (d); A common application of the magnetic force on a current carrying wire is found in

2.

loudspeakers as similar case in motor in which current carrying coil experience force in
presence of magnetic field.
(@) (c); Itis a type of higher audio power relative to permanent magnet type speaker.
(¢i1) (¢); The electromagnet is used to increase the power handling capacity in loudspeakers.
(iv) (a); Here, mass of wire, m = 0.1 X (3 X 107°) kg
In equilibrium position, F = [IB = mg
mg _ (0.1x3x107) x 10
ne 5% 0.1

The weight is wire be supported by force F ifit acts vertically upwards. It will be so if the

=6x10°T

= B=

-
direction of B is horizontal and perpendicular to wire carrying current.

(v) (b); As clear from figure, force on arm PS and arm RQ is zero. P s
If F is force on arm RS, the force on arm PO is —F F
Therefore, net force on the remaining three arms of the -
loop = — I-: =

Q - R

VELOCITY SELECTOR:

In a beam of charged particles produced by a heated cathode or a radioactive material, not
all particles move with the same speed. Particles of a specific speed can be selected from the
beam using an arrangement of electric and magnetic fields called a velocity selector. A charged
particle with mass m, charge ¢ and speed v enters a region of space where the electric and
magnetic fields are perpendicular to the particle’s velocity and to each other. The electric field

E is vertically downward and the magnetic field B isinto the plane. If q is positive, the electric
force is downward with magnitude ¢£, and the magnetic force is upward with magnitude qvB.
For given field magnitude E and B, for a particular value of v the electric and magnetic force will
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96

be equal in magnitude the total force is then zero, and the particles travels in a straight line with
constant velocity. For zero total force, ZFy = 0, we need — ¢E + quB = 0. Solving for the speed v
for which there is no deflection, we find

E
"B

E
Only particles with speeds equal to p can pass through without being deflected by the fields.

By adjusting £ and B appropriately, we can select particles having a particular speed for use in
other experiments. Because ¢ divides out, a velocity selector for positively charged particles also
works for electrons or other negatively charged particles. Therefore, from the above discussion,
a velocity selector is a region in which there is a uniform electric field and uniform magnetic
field. The fields are perpendicular to one another, and perpendicular to the initial velocity of the
charged particles that are passing through the region.

x X X x B x x x X
AN
+ + qvB
X g X
u
- = | e | q
X X X
- qE
Source X X X X X X X X
(a) (b)

(i) An electron is projected with uniform velocity along the axis of a current carrying long
solenoid. Which of the following is true?
(a) The electron will continue to move with uniform velocity along the axis of the solenoid.
(6) The electron will experience a force at 45° to the axis and hence execute a helical path.
©

(d) The electron will be accelerated along the axis.

The electron path will be circular about the axis.

(ii) A cubical region of space is filled with some uniform electric and magnetic fields. An
electron enters the cube across one of its faces with velocity v and a positron enters via
opposite face with velocity —v. At this instant
(a) the motion of the centre of mass (CM) is determined by B alone.

(b) both particles gain or loose energy at the same rate.
(¢) the magnetic forces on both the particles cause equal accelerations.
(d) all of the above

(2ii) A charged particle would continue to move with a constant velocity in velocity selector,

where in
(@)E#0,B=0 O E=0,B=0
(¢) both (2) and (b) (d) none of these

(iv) A charged particle goes undeflected in a region of velocity selector containing electric and
magnetic field. It is possible that

(@) E is not parallel to Bando (&) E I E, o I E
EIB

() v I B butE isnot parallel to E (d) E || B but v is not parallel to E
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() A charged particle with charge ¢ enters a region of constant, uniform and mutually
orthogonal field E = 50 NC™ and magnetic field, B= 2.5 X 107° weber m™! with a velocity v

perpendicular to both E and B. It comes out without any change in velocity with a magnitude

of
(@) 0.5 X 10° m/s (b) 10° m/s
(€) 2 x 10° m/s (d) 2.5 X 10° m/s
Answers
2. (2) (a); The Lorentz force acting on a charged particle in a magnetic and electric field is

(@) (a);

(@it) (0);

(w) (&);

l_;= q [I_:: + ; X E] . As there is no E, force due to electric field is zero and force due to B is
perpendicular to the direction of v and B which will be perpendicular to the direction of
motion (v), so, will not affect the velocity of moving charge particle.

AsF=g (E; x E) ,t.e., Fis perpendicular to velocity and magnetic field, so particle revolves
perpendicular to both Band v with uniform speed. But magnitude of acceleration by

- — —

magnetic field is equal as magnitude of charge, v, E and B are constant. So, it gain
or loose the energy at the same rate. There is no change in centre of mass of particle
therefore the motion of centre of mass is determined by 5 alone.

When a single moving charge is placed with some uniform electric and magnetic fields

=gE+g(vxB).

in space, then they experience a force called Lorentz force given by F ,

Force experienced by charged particle = due to electric field, F, = ¢E
Force experienced by charged particle due to magnetic field, F,, = ¢ (v X B)

The particle is moving with constant velocity that means acceleration of particle is zero
and also it is not changing its direction of motion. This will happen when the net force
1S Zero t.e.,

(a) If E = 0,and v| B ,then F,,, = 0
(b) If E # 0, and B# 0, and E, v and B are mutually perpendicular.

A charged particle will go undeflected in an electric field if the direction of force on
particle due to electric field only acts in the direction of motion of the particle .., the
charged particle moves parallel to the electric field. A moving charged particle cannot
be deflected while passing through a region if the force on it due to electric field is
equal and opposite to the force due to magnetic field. It will be so if magnetic field is
perpendicular to electric field and is perpendicular to the direction of motion of charged
particle.

(v) (c); When charged particle goes undeflected then,

E
gE=gquB=0v=—

B
1
U=&C_5=2x106m/s
2.5x%10
~0=2x10°m/s
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ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
(¢) A istrue but R is false.

(d) A is false and R is also false.

1. Assertion(A) :
Reason (R) :
2. Assertion (A) :
Reason (R) :
3. Assertion (A) :
Reason (R) :
4, Assertion (A) :
Reason (R) :
5. Assertion (A) :
Reason (R) :
6. Assertion(A) :
Reason (R)
7. Assertion (A)
Reason (R)
8. Assertion (A) :
Reason (R) :
9, Assertion (A) :
Reason (R) :
10. Assertion (A) :
Reason (R) :
Answers
1. (d) 2. (d)
9. (a) 10. (¢)

98

(@)
(b)

Physics—XII: Term-1

Motion of electron around a positively charged nucleus is different from the
motion of a planet around the sun.

The force acting in both the cases is same in nature.

When a magnetic dipole is placed in a non uniform magnetic field, only a torque
acts on the dipole.

Force would not act on dipole if magnetic field were non uniform.
Magnetic field lines always form closed loops.
Moving charges or currents produce a magnetic field.

Galvanometer cannot as such be used as an ammeter to measure the value of the
current in a given circuit.

It gives a full-scale deflection for a current of the order of micro ampere.

Magnetic lines of force form continuous closed loops whereas electric lines of
force do not.

Magnetic poles always occur in pairs as north pole and south pole.

Magnetic field is caused by current element.

. . n — -
: Magnetic field due to a current element [ dl is dB = ﬁ_]dl:r
r

: A charge, whether stationary or in motion produces a magnetic field around it.

[AIIMS 2009]

: Moving charges produce only electric field in the surrounding space.

If a proton and an a-particle enter a uniform magnetic field perpendicularly
with the same speed, the time period of revolution of a-particle is double that of

[AIIMS 2010]

In a magnetic field, the period of revolution of a charged particle is directly

proton.

proportional to the mass of the particle and is inversely proportional to charge
of particle.

The resistance of an ideal voltmeter should be infinite. [AIIMS 2011

The lower resistance of voltmeter gives a reading lower than the actual potential
difference across the terminals.
Magnetic field cannot change kinetic energy of a moving charge. [AIIMS 2018|

Magnetic field cannot change velocity vector.

3. (b) 4. (a) 5. (a) 6. (h) 7. (d) 8. (a)
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10.

11.

12.
13.

14.

©)

HINTS/SOLUTIONS OF SELECTED NCQs

!
B, =0,B,, =5, wherer = radius of cross-section loop

2mr

(@) According to right hand thumb rule, magnetic field produced along East to West.

@)

F=¢V xB = F=gVBsin0
For F # 0, 0 lies between 0 to 180°.

(¢) P is true and the magnetic field due to a current carrying wire is strong at near points from

(d)

(@)

()

(d)

(@)

(@)

)
()

(d)

the conductor as compared to the far points.

21mu cos 0

For given pitch d, d = 4B

. ¢ 2mvcosH

So, charge by mass ratio, -~ = T

Now, change partially traverse identical helical path in a completely opposite direction in a
magnetic field B. Two particles should be same and of opposite sign, therefore,

. 4 [4 _
1.€., (E)l + (H)2 =0

In Biot-Savart’s law, magnetic field B parallel to idl X7 and idl due to flow of electron is in
opposite direction of v and by direction of vector product of two vectors, Bl3v

Magnetic Lorontz force, electron is projected with uniform velocity along the axis of
a current carrying long solenoid F = — ¢l/B sin 180° = 0 and also (6 = 0°), as B ||v .
The electron will continue to move with uniform velocity along the axis of the solenoid.

G

1
z'__l
g

By checking the option (b) and (c¢), has satisfied their range.

v 10
B R=—=——"—
®) i 50%x107°
5= 100

1 — 1
50x107° 50%x107°

The magnetic moment of circular loop and the net magnitudes of moment of each semi-

R

v
mm—R+r—7 and s =

=200 kQ

= 7= 5mA

circular loop of radius R lie in x-y plane and y-z plane.

So, M, =yM?+M? =/2M =2 IA' = /21(m*)/4

where, M = I(nrz), so, M, < M.

T = MB sin 6 = NIAB sin 0.

Hence, 1 acting on it does not depend upon shape of the loop.

T=MBsin0 = NIAB sin 0° = 0, as (0 = 0°)

The gyro-magnetic ratio of an electron in H-atom is negative and independent of orbit
which electron revolves around it.

Sensitivity, § = , where K = torsional rigidity

B
K
Hence, S increases when K is decreases.
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15.

16.

21.
23.

24.

26.

27.

29.

30.

31.

33.

34.

37.
39.

41.

42,

43.
44.

100] Physics—XIl: Term-1

(@)

()

(d)
(d)

®)

(@)
)
(@)

)

()

®)

®)
©)

2 2 20

—— = ——Xx 1000 mA = —mA = 6.67 mA

e =300 ~ 300 3

As range of ammeter cannot be decreased but increased only. So the instrument cannot be

converted to measure the range 5 mA.

Shunt is a low resistance connected in parallel with the galvanometer or ammeter.

4\,
I L (100)“’ _ 4G
nr I-1Ig s ( E: )] 96
1100
or G=2X5_ 1900
4
Shunting (a low resistance in parallel)
E=cB
423212 1
K= o = Ko - = K,=100keV
Mt L BB 20
21 ! 9 71 5
B _ _B
B, =4 = B, = 1
potol g BT,
2T 2002)

B=p,nl =41 x107 x5x1000=2xx 10> T

oty Lol 1

m = omd mTy

Where Ig =4%of I

4
_1001

Arrangement provides electromagnetic damping due to production of eddy currents

LV,

s S
V: —=— = —

' o I.s G

TV ATV S
Weknowthatﬁ— ot _ 0

As8=0" =>F=¢IVBsin8 =0

Lessthangasa,,=g-a

Mo iy iol

2mx
o 2, .20, 1
Fl=—""1"2"=38F

6=0° & 180°

I Tomd oma 0 T

Let the radii of the two coils be 2a and «, then their resistances will be 2R and R respectively.

Given B, =B,
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45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

©)
®)

(a)
®)

)

()
(a)

Rolp Mol

' 9x2 2
Ko ok B
4a 2R 2 R
"

or V:4

Net force on a square circular loop in a uniform magnetic field is zero.
— — — —
Fth+E+E=0
- = — — -
~F+F+F,=(-F)=-F

K.E. of charged particle remains unchanged in a uniform magnetic field.

oy
L=%"¥a
L 30
30x107 =500

R + 100 = 1000
= R =900 Q
For non-zero force sin 0 # 0 or 0 # 0° or 180°

mu
r=—uoamv; As r
qB ' 4

The spiral may be supposed to be formed of a number of thin charged rings.

>TB = THA‘UA > TI’LB'UB

N
Consider a ring of radius x and thickness dx then dN = ( ) dx

b-a
N dx
wodNI - Mo\ g !
a5 = 2 2x
N T\ B N T\
B=|dB = — = o7 loge—
!d 2(b-a) f X T 9(h-a) Bla
For entering the particle in the region x > b, the radius of circular pathx 26 —a
B(b-a)
- % & (b B (l) = Ymin ~ qT

The path of particle is a helix of radius

_ mu sin 0 _ 2mm
gB "’ B
-27 6
_ 1.67><107w><2><10 V3 o
1.6 X107 x0.104%x 2
—27
2n x1.67 X10 —9onx10~7

L6X1079%0.104
In regions I and IV, the magnetic fields due to two currents are opposite.

_mo MY 42: X(z) (2)_1
UGB T T omy g 3/711

)
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. 1o/
55. (b) Initially B = o
1

If ry is new radius, then

”
1
2my = n2m, = o =4

2
wonl — won’l
Finally, B’ = = =n"B
2r, 25
Koly 1y
56. (¢) F= omd N/m
Now ['=-2I, and d' = 3d
_ mo (= 20)1, _ 2,
T 2n(3d) "3
57. (¢) Component of current element i, dl parallel to wire.
=iy dl cos 8
. Wiy fodl cos O
- F(attractive) = —————
58. (a) The direction of magnetic field B is shown in fig.
Y’
B=Bsin0i-Bcosh ]
Pl )
Kot )
B=—0,sin6=i,,cose=£,; r 0ug
2mr 4 U
N0
ow X
r= /a2 Ty
- |"'()l . ° A
. B= %(smﬁz —cosf y)
_M[y’.‘ XA_M()){_X;)
Tom |t Ty T o 2 + 5?2

59. (b) By Fleming left hand rule, magnetic force on any current element is directed radially
outwards, so loop has tendency to expand.

60. (c) In a uniform magnetic field the velocity of charged particle remains unchanged.

. - —
Magnetic force on electron (= gv X B)

=—e(vz?)><(—Bl%)=—evB}
As force is along negative y-axis, so y-coordinate will bey < O and v = w.
61. (a) Magnetic moment of system
M=1IA= (%+%)n}z? = QanRQ = wgR®
Angular momentum about axis of rotation
L =1In=mR*+mR)®» = 2mR*0

M oqR® g

L omR? w T om

102] Physics—XIl: Term-1 WWW.JEEBOOKS.IN


http://www.jeebooks.in

I\

2 2
Kol DY

/1,2 7 _ 01 072 _
Birds \/( 25 ) +(%)

_4nxw7va 3 r+( 1 T
T2 omx 1072 o %1072

=5x 107 Wb/ m®
63. (c) A point M, no magnetic field is caused due to QOR.

62. (d) B

ol ol w(/2) B 9
B = ’B‘ = = = =
U 4nd’ 2 4nd 4md B, 3
i .
64. (c) If¢; and iz, are currents in arms ABC and ADC respectively, then l—l = 21—7 = % and
2

1.

il = gi and i2 = gz

Magnetic field due to ABC,

ol

B =2
()

(sin 45° + sin45°)

_ V2

Ta

Magnetic field due to ADC,

downward

V210
BQ=n—a,upward
Net Magnetic field,
V2 Y2R0G73) V2up
B=— (=1 = Ta T 3ma
65. (c) i, =%mA= 15 mA,
vg=%mv =75bmV
V=150%x1 =150V
U
__&_75mA _
V= i, “Tma 09
Series resistance,
R="_=—1%__ 5-g9950
4 15107
)
g S
66. (@) T S+G
. S+G. _ (0-1+100) 6
= = 5 e 01 X100 %107 A
= 100.1 mA
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67. (c) Magnetic force between two magnets

B, 6mm,
F—4n 3 =0-6N

68. (d) The internal interaction can not cause external motion

69. (a) For a solenoid
B = pgni

RN
Bl nl ll nl Zl

=(m).(”ig)><6.28><10‘2

200
. 72 ks Q 7 A
=(76 28 <10 )=1-05><10*ZWb/m2 N
6 : k
ol 47x107 %100 I 5 i .
70. (a) B = o x4 =5x107" T W ‘ .
Direction of B Vemcall I
ol @7 s¥E s
As B =—— ;
3

= B=(-ix-k= —j (or southward)

muv

71. () r= q_B For entry in region 111, r > {
m 7 Choi -
= 4B >1 = v>—— [Choice (a) is correct.]

Maximum path length in region 11

Lmax = nrmax = Ttl

It is the case for v = qu [Choice (¢) is correct.]

The particle transverses half the circle, when it return to region I.

= % = %( 2;;11) =1 (independent or r)

=B
[Choice (d) is correct.]

So, (b) is incorrect answer.
- - - bl e —_—
72. (d) GE +guXB=0=2vXB=-FE
e - —_ R P
BX@wXB)y=-BXE
—_ — = —_ > = = —
or (B-B)v—-(B-v)B=EXB

= As B is perpendicular to ;;E-ZT= 0

- EXB
U= e
73. (d) Magnetic force changes the direction of particle, so momentum of particle changes.
v 3)
e Mo'\g i Hgi B
T4 (0) B =—— =—— By = o =5 = — =
ona® 14’ 2 2m(2a) B,
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75.

76.

78.

79.

80.
81.
84.
85.

87.
89.
91.

93.

94.

98.

104.

(b) By Maxwell right hand rule the magnetic field to the loop of wire ‘1’
will be downward and to the right of wire ‘2’ it is upward (B % L) On 4 2

the right of wire ‘1’ it is upward and on the left of wire ‘2’ it is downward. 2d
The field between the two wires at the centre is zero

(¢) Tcos(dze)-——— ___..Tcos(7)

2Tsin(d2—e) = BI(Rd0)

For small d0; 27T ((12_9) = BIRd0O

= T =BIR
_ L

But R_Qn
BIL

r= 21

(@) F=q@xB)=quBsin® = ¢xvBXsin90°= cvB

d) F=quBsinf = evBsin30° = l—evB

2
(b) circular at 90°
(a) At any angle except 0° & 90° the path is always helical.
(d) As force by electric field on electron is opposite to motion so velocity will decrease.
(¢) F=1ilBsinO Here6 =0
(d) B« }—
(0) Electron stream will be retarded as force is acting opposite to the motion of electron.

(6) 8 =90°F = quB sin 0, sin 6 (max) = 1 at 8 = 90°

mu P
(d) TZQ'?ZQ_B = 'r'ocp
¢) Move towards the wire as force on KL & MN are equal & opposite so cancel each other while
q pp

force on KN is more than LM towards the wire from Fleming left hand rule.
@ F=q@xB)
=-9%x10°9(27437)x10°%x2] (- B=2))
=_ 8k =8N(-k)
(@) Fpy=1lp,B

FQR =7 ZQRB sin 0

6 = 45°
L)R:‘@ZPQ
Fpp=1421,,8 ‘/_ =1l B=1Fy,

Since FOR and FPQ have opposite direction FQR = —F.
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105. (d) Magnetic field due to straight part of the wire is,

106. (a)
107. (b)
108, (b)

106] Physics—XIl: Term-1

p-() I .
=5 R normally into the plane of paper.

Magnetic field at the centre O due to the current loop of radius R is
w,l

B, = ——.
2 2R

normally into the plane of paper.

L ol 1
Resultant field at O is B= B2 -B, = Q—R (1 — E)
d=01m
Magnetic field at P is,
gl
2md
10

10cm-01m

_ -7
2x107" x o1

=2 X 107 T, acting downwards.

2
7 4B

2 mo)?
o _ ()
2 2m

mo = 2mKE
V2mKE

T:qT = TCI\/E

mo N2 ME,

Radius of circular path r = q_B = 4B

E, =el = TOC\/V

vV
r V
|4

As 1

’

2

q
1]
)
ﬁ
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05 MAGNETISM

AND MATTER

IMPORTANT FORMULAE

1. Magnetic dipole moment, m =q,, X 21

2. Magnetic dipole moment of a current loop, m = NIA

3. Magnetic field due to a short magnetic dipole

(1) At axis = M 2M
4n »°
(i) At equatorial, B, = e

4. Elements of earth’s magnetic field

Horizontal component H = B, cos 6

Vertical component V=B,sinH

} where 6 = angle of dip.

= tan 6=%and B, =vH* +V*

5. Magnetic moment of an orbital electron

_eur e

2 9y

W,

6. Orbital magnetic dipole moment of an electron in nth orbital,

7. Magnetic susceptibility y, =

_ewr e , (eh )
= =—/I=n

f om, 4mm,

T|= o]

MULTIPLE CHOICE QUESTIONS

Choose and wrile the correct oplion in the following questions.

1.

2,

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

A toroid of n turns, mean radius R and cross-sectional radius a _garries 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 (;1) = m¢).

(c) is zero, otherwise there would be a field falling as — at large distances outside the toroid.
(d) is pointing radially outwards. !
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10.

11.

12.

13.

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

If the horizontal and vertical components of earth’s magnetic field are equal at a certain place,
the angle of dip is

(a) 90° (b) 60° (c) 45° (d) 0°

Magnetism in a substance is due to

(a) orbital motion of electrons only (b) spin motion of electrons only

(¢) both orbital and spin motion of electrons  (d) none of the above cause magnetism

A stationary magnet does not interact with

(@) magnet (b) stationary charge

(¢) iron rod (d) moving charge

A bar magnet AB with magnetic moment M is cut into two equal parts perpendicular to its

axis. One part is kept over the other so that end B is exactly over A. What will be the magnetic
moment of the combination so formed?

M 3M

(a) e (b) 1 () M (d) Zero
SI unit of magnetic pole strength is

ampere ampere volt
(@) ampere-meter (b) “meter? (¢) “meter (d) heter
The SI unit of magnetic permeability p is
(@) WA 'm™ (b) NA'm™
(c) NA™? (d) Both WA™'m™ and NA™®
The unit of magnetic permeability of vacuum is .
(a) NA? () T (c) NA™ (d) NA™?

A bar magnet of magnetic length 2/ has pole strength p and magnetic moment m. Then m is
equal to

(a) pl directed from north pole to south pole

(b) pl directed from south pole to north pole

(¢) 2pl directed from north pole to south pole

(d) 2pl directed from south pole to north pole

The major contribution of magnetism in substances is due to
(a) orbital motion of electrons

(b) spin motion of electrons

(¢) equally due to orbital and spin motions of electrons

(d) hidden magnets.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

A sensitive magnetic instrument can be shielded very effectively from outside fields by placing
it inside a box of

(a) teak wood (&) plastic material

(¢) soft iron of high permeability (d) a metal of high conductivity
Earth’s magnetic field inside a closed iron-box, as compared to that outside is
(@) more (®) less

(¢) same (d) zero

The line on the earth’s surface joining the points where the field is horizontal is called

(@) magnetic meridian (b) magnetic axis

(¢) magnetic line (d) magnetic equator

The angle between the magnetic meridian and the geographical meridian is known as

(@) magnetic dip (b) magnetic declination

(¢) magnetic moment (d) magnetic field strength

Earth’s magnetic field always has a horizontal component except at

(a) equator (b) magnetic pole

(¢) at latitude 60° (d) at latitude 30°

Two bar magnets of same geometry with magnetic moments M and 2M are first placed in such

a way that their similar poles are on the same side, then its period of oscillation is T';. Now the
polarity of one of the magnets is reversed, then the time period of oscillations is T, then,

(@) Ty < Ty (b) Ty > Ty @ T, =T, (d) Ty =

The time-period of a freely-suspended magnet is independent of

(a) length of the magnet

() moment of inertia of the magnet

(¢) horizontal component of earth’s magnetic field

(d) length of the suspension

At a certain place a magnet makes 30 oscillations/min. At another place where the magnetic

field is double, its time period will be
(a) 4 second (b) 2 second (¢) 0.5 second d) 2 second

The period of oscillation of a bar magnet in a vibration magnetometer is 2 second. The period
of oscillation of a bar magnet whose magnetic moment is 4 times that of first magnet is

(a) 4 second (b) 1 second (¢) 2 second (d) 0.5 second

Two identical bar magnets are fixed with their centers at a distance ‘d’ apart. A stationary
charge + 0O is placed at P in between the gap of the two magnets at a distance D from the centre
O as shown in fig. The force on charge +0 is

P

D

A
Q
Y

(a) directed along or

(b) directed along PO
(¢) directed perpendicular to the plane of the paper

(d) zero
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24.

25.

26.

217.

28.

29.

30.

110

A current ‘©’ ampere flows through an infinitely long straight thin walled tube, then the
magnetic induction at any point inside the tube is
L o .

(a) infinite (b) zero (¢) 4—::% (d) %
The length of a magnet is large compared to its width and breadth. The time period of its
oscillations in a vibration magnetometer is 2 s. The magnet is cut along the length into three
equal parts and then placed on each other with their like poles together. The time period of
this combination will be

(@) 2s (b) %s (©) 2v3s ) %s

The magnetic induction and the intensity of magnetic field inside an iron pole of an
electromagnet are 1 Wb m~2 and 150 Am™ respectively. The relative permeability of iron must

be

10° 10° 10° 10°
@) 4n ©) 6n © 4n @ Sl
A vibration magnetometer consists of two identical bar magnets placed one over the other
such that they are perpendicular and bisect each other. The time period of oscillator in a
horizontal magnetic field is (2)°/* seconds. If one of the magnet is removed and the other
magnet oscillate in the same field, then the time period will be:
(@) 2% (b) 2'%s () 2s d) 2°%s

2

In an experiment with vibration magnetometer the value of for a short bar magnet is

T2

observed as 36 X 107% In the experiment with deflection magnetometer with the same magnet,

3 8
the value of ( 9 ) tan 6 is observed as % . The magnetic moment of the magnet used is:
0

(@) 50 A — m? (b) 100 A - m*

(¢) 200 A—m* (d) 1000 A — m*

A bar magnet has a magnetic moment equal to 5 X 10~ weber-metre. It is suspended in a
magnetic field which has a magnetic induction B = 81 X 10~ T. The magnet vibrates with a
period equal to 15 seconds. The moment of inertia of the magnet is

(a) 7.35 x 107" kgm> () 7.26 x 107 kgm®

(¢) 7.22 X 1077 kgm® (d) 7.16 x 107 kgm®

A magnetic needle of weight ¥ has a magnetic moment m. If the needle is to be maintained
horizontal in northern hemisphere, where should the point of support lie relative to its centre

of gravity. [Vertical component of earth’s magnetic field is V and horizontal component of
earth’s magnetic field is H.]

< 21 »
qmV
Support
CG T
< X >
v v
qn vV W
ml mW
@ S5~ ®) 7~
miH i my/ V2+h'2
© T ) ————
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Answers

1. () 2. (c) 3. (a) 4. (a) 5. (c) 6.(c) 7. (b) 8.(d)

9. (a) 10. (d) 11. (d) 12. (d) 13. (b) 14. (c) 15. (d) 16. (d)
17. () 18. (b) 19. (a) 20. (d) 21. (d) 22. (b) 23. (d) 24. (b)
25. (b) 26. (d) 27. (¢) 28. (b) 29. (d) 30. (a)

CASE-BASED QUESTIONS

Attempt any 4 sub-parts from each question. Each question carries 1 mark.

1.

EARTH’S MAGNETISM:

A magnetic field exists everywhere around the earth and earth behaves as if a powerful magnet
is placed at the centre of earth in such a way that its north pole is towards south of earth and
south pole is towards north of earth.

A freely suspended magnetic needle always stays along north-south direction. The north pole of
needle is towards north of earth and south pole is towards south of earth.

When magnetic lines of magnet are drawn, neutral points are obtained. Neutral points are those
points where net magnetic field is zero. The existence of these points indicates that earth has
its own magnetic field and at these points the magnetic field of magnet is cancelled by earth’s
magnetic field.

3 Axis of rotation of earth

Magnetic equator

Geographical equator

Magnetic axis

At the magnetic north pole of earth, the north pole of magnetic needle points towards the north;
while at the south pole of earth, the south pole of magnetic needle points towards the south.
From this it is concluded that the south and north poles of frictitious magnetic dipole deep
inside the earth must be in northern and southern hemispheres respectively. The line joining
the two places where the needle becomes perfectly horizontal is called the magnetic equator. The
magnetic equator intersects the geographical equator at longitudes 6° W and 174° E respectively.
It is found that the angle between magnetic axis and the axis of earth’s rotation is nearly 11.3°.
The observations taken at different times show that the positions of earth’s magnetic poles
changes gradually.
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(?) The line on the earth’s surface joining the points where the field is horizontal is called
() magnetic meridian (b) magnetic axis
(¢) magnetic line (d) magnetic equator

(i7) 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,

(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
(¢4i) In a plane perpendicular to the magnetic meridian, the dip needle will be
(@) vertical
(b) horizontal
(¢) inclined equal to the angle of dip at that place
(d) pointing in any direction
(iv) If the horizontal and vertical components of earth’s magnetic field are equal at a certain

place, the angle of dip is

(a) 90° (b) 60°
(c) 45° d) 0°
(v) Earth’s magnetic field always has a horizontal component except at
(a) equator (b) magnetic pole
(¢) at latitude 60° (d) at latitude 30°

Answers

1. (?) (d); Theline on the earth’s surface joining the points where the field is horizontal is magnetic
equator.
(#) (a); The axis of dipole makes an angle of 11.3° with the axis of the earth and the declination
varies between 11.3° W to 11.3° E depending upon the point of observation.

(¢2) (a); In a plane perpendicular to the magnetic meridian, the dip needle will be vertical.
(2v) (c); Here, By; = By,

B
fand=——=1

By

O =45°

(v) (b); At magnetic poles, the horizontal component of Earth’s Magnetic field is zero.

2. ATOMIC MODEL OF MAGNETISM:
Every matter is formed of atoms. According to atomic model of magnetism, each atom is a
complete magnetic dipole. Each atom, consist of a positively charged small nucleus at the centre
and electrons revolve around the nucleus in definite orbits. The motion of the electrons around
the nucleus is identical to that of earth around the sun. The electrons revolve around the nucleus
in a definite orbit and the motion is called orbital motion. The electron spins about its own axis
and the motion is called spin motion. This spin motion may be clockwise or anticlockwise.
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Electron spinning on its axis Electron orbiting around the nucleus

—

13

S
I:orb
A
N
e >V
Morb
s

The magnetic moment is produced due to both orbital motion and spin motion. However, most

of the magnetic moment is produced due to spin motion and very small contribution due to
orbital motion.

(i) The orbital magnetic moment due to orbital motion of electron is

(@) evr (b) lgem" (¢) %evr (d) none of these

(i) Anatom is a current loop. It is assumed that the magnetism of atom is caused by revolving
electron due to its

(a) orbital motion (b) spin motion

(¢) both (2) and (b) (d) none of these
(iii) The major part of magnetism is caused by

(@) spin motion (b) orbital motion

(c) both (a) and (b) (d) none of these

(iv) An electron moving in a circular orbit of radius r makes n rotations per second. The
magnetic field produced at the centre is

2,2 2
on e Ron e 1L, ne 1o ne
(a ) r (b) r (C) 27’[7" (d) 27"
(v) The primary origin(s) of magnetism is
(@) atomic currents (b) Pauli exclusion principle
(¢) intrinsic spin of electron (d) both (@) and (c)
Answers
. _e __e _ e
20 05 1= =55 = o
v

Area of current loop, 4 = o>

ev S

l"'l =JA= %.KTZ
_ e
o2

(@) (¢); When electron revolve around the nucleus, the magnetism is caused by both angular
momentum due to spin motion and linear momentum due to orbital motion.

(¢22) (a); The major part of magnetism is caused by angular momentum of electron z.e., spin
motion of electron.
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(@)
(b)

1. Assertion(A) :
Reason (R) :
2. Assertion (A) :
Reason (R)
3. Assertion (A) :
Reason (R)
4, Assertion (A) :
Reason (R) :
5. Assertion (A) :
Reason (R) :
6. Assertion(A) :
Reason (R) :
7. Assertion (A) :
Reason (R)
8. Assertion (A) :
Reason (R) :
9. Assertion (A) :
Reason (R) :
10. Assertion (A) :
Reason (R) :
Answers
1. (&) 2. (a)
9. (0) 10. (¢)
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ol

(iv) (d); B at centre = ——

Here,

So,

2r
I =ne
o ne
9

(v) (d); The primary origin of magnetism depends on atomic current and intrinsic spin of electron.

ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
(¢) A istrue but R is false.

(d) Ais false and R is also false.

If a compass needle be kept at magnetic north pole of Earth, the compass needle
may stay in any direction.
Dip needle will stay vertical at the north pole of Earth.

Earth’s magnetic field does not affect the working of a moving coil galvanometer.

: Earth’s magnetic field is very weak.

Gauss’s theorem is not applicable in magnetism.

: Magnetic monopoles do not exist.

The magnetic poles of a magnet can never be separated.

Every atom of a magnetic substance is a complete dipole.

The poles of a magnet cannot be separated by breaking into two pieces.

The magnetic moment will be reduced to half when a magnet is broken into two
equal pieces.

The magnetic moment () of an electron revolving around the nucleus decreases
with increasing principal quantum number (n). [AIIMS 2015]
Magnetic moment of the revolving electron, it o n.

When radius of a circular loop carrying current is doubled, its magnetic moment

[AIIMS 2018]

becomes four times.

: Magnetic moment depends on area of the loop.

The magnetic poles of earth do not coincide with the geographic poles.

[AIIMS 2010]
The discrepancy between the orientation of a compass and true north-south
direction is known as magnetic declination.
Magnetic susceptibility is a pure number. [AITMS 2009]
The value of magnetic susceptibility for vacuum is one.

Susceptibility is defined as the ratio of intensity of magnetisation / to magnetic
intensity H. [AITMS 2018]

Greater the value of susceptibility, smaller the value of intensity of magnetisation /.

3. (a) 4. (a) 5. (b) 6. (d) 7. (a) 8.(a)
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12.

19.

21.

22.

23.
24,

25,

26.

©)

(@)

(a)

)

(d)
()
(@)

(d)

)

(d)
®)

®)

(@)

HINTS/SOLUTIONS OF SELECTED MCQs

Magnetism in substance is caused by spin and orbital motion of electrons.

In toroid, the magnetic field is only confined inside the body of toroid in the form of
concentric magnetic lines of force and these is no magnetic field outside the body. This is
because the loop encloses no current. Thus, the magnetic moment is zero, otherwise, r as

1

large distance outside the toroid, m oc —.
r

For the earth’s magnetism, the magnetic field lines of the earth resemble that of a hypothetical
magnetic dipole located at the centre of the earth. The axis of the dipole does not coincide
with the axis of rotation of the earth but it is presently litted by 11.3° with respect to the later.
Hence, the declination varies between 11.3° W to 11.3°E.

The angle of dip would change of needle to placed in the geometric meridian. The vertical
component would remain the same but the horizontal component would change. Hence,
dip needle would remain vertical in a plane perpendicular to the magnetic meridian.

B

tan=B—”=1 = d3=45°

H
— (1 — 1 —
W=(g )+ (-3 ) =0

m=px21=2pl(StoN)

T =27 /ﬁ, re., T x T\l/l
/1
T =27 ME,,
L (B,
1, By
n = 30 oscillation/min = 5 oscillation/sec
TR y
Can 2 = 50 gm — wt
/' B
H
- @ ¢ E = xf?sec
T M
™ N 2 [4AM 2 _
7“2_1/M1 _‘/_M =2 =>7:2—2 = TQ—lsec

Force on a stationery charge in magnetic field is zero.

Magnetic induction inside a hollow current tube is always zero.

- .. . T/9 T 1
r=ery o T =2™m =773
T 9

= T'=—=%=35

3773
_B
T

B__ ! _10°
BoH  4xx107x150 6m

:p"rz
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27. (¢) When magnets are perpendicular, magnetic moment,

m, =y m*> +m* = \/5 m

[ 21 /21
T=27n =27 :
m \/§H \/§mH

I = M.IL of each magnet

When one magnet is removed, then
Ji

miH

. L _p- T . 2s
T~ ol/4 ol /4

T'= 2%

28. (b) In vibration magnetometer,

_ 7 a2 L
r=om/—— = mH=4n ~ (1)

In deflection magnetometer,

Mo 2m m 4md®
Htan0 = ey T o, tan 0 . (2)

Multiply (1) and (2),

o 1\ [4nd® 108
m” =(4n F)( o, tan9)= 86 X 107 X 5= = 10" =m = 100 A-m*

29. (d) Here,m =5 X 10° Whb—-m,B =81 X 10*T,T = 15
2
I _1'mB

r=2m5 An
2 -5 =iy
_ {5y x5x10 ‘><87c><10 r 7,16x10‘7kgm2
4
<t 21 >
IV
Support
C.G T
30. (@) <
- x Ll
v v
qm V w

W.x=q, VX2l = Wx=mlV

_mV

= X W
il
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ELECTROMAGNETIC
06

INDUCTION

IMPORTANT FORMULAE

1. Magnetic flux ¢z = B.A = BA cos b

where 0 is the angle between A and B.

Ad

2. Induced emf in a coil ¢=- E

3. EMF induced in a moving conductor, € = Bul
where B, v, [ are mutually perpendicular
4. Magnetic flux o=1LI

where L is the coefficient of self-induction.

5. If L is self inductance, emf induced ¢ = —L%

6. Self inductance of a solenoid

N*A
L= uruoyf Al = %
Al

7. Mutual Inductance E, = _ME

. 4 . uy NN, A
8. Mutual inductance of solenoid coil system M = f

where N; = number of turns/metre in solenoid, N, = number of turns in coil.
1 1
9. Energy stored in inductance U, = ELI? = Ed)]
Direction of Current Induced in Some Cases
System Primary Current Induced Current
1. | Straight wire-coil system (7) Current increasing Clockwise current
(7)) Current decreasing Anticlockwise current
— e
I
2. | Selfinductive circuit (@) Key is pressed Opposite to direction of
————— 000000 ———— main currents
(if) Key is released In the direction of main
current
I X
11 K
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3.

Magnetic-coil system (i) North pole approaching | Anticlockwise current

) v coil
s (i7) North pole receding coil | Clockwise current
(i) v

Man observing

direction of current

MULTIPLE CHOICE QUESTIONS

Choose and write the correct option in the following questions.

1.

Whenever the flux linked with a circuit changes, there is an induced emf in the circuit. This
emf in the circuit lasts

(a) for a very short duration

(b) for a long duration

(¢) forever

(d) as long as the magnetic flux in the circuit changes.

The area of a square shaped coil is 102 m® Tts plane is perpendicular to a magnetic field of
strength 10 T. The magnetic flux linked with the coil is
(@) 10 Wh (b) 10° Wh (¢) 10° Wh (d) 100 Wb

An area 4 = 0.5 m® shown in the figure is situated in a uniform magnetic field B = 4.0 Wb/m®
and its normal makes an angle of 60° with the field. The magnetic flux passing through the
area A would be equal to

> ) >
——Vi—
> B . Jer
A >
i —
(a) 2.0 weber (b) 1.0 weber (©) /3 weber (d) 0.5 weber

A square of side L meters lies in the X-Y plane in a region, where the magnetic field is given
by B=B,(2i +3j + 4k) T, where B, is constant. The magnitude of flux passing through the

square is [NCERT Exemplar]
(@) 2 B, L* Wh (b) 3 B, L> Wh
(¢) 4 B, L* Wb (d) ¥V29B,I* Wb

A loop, made of straight edges has six corners at 4(0, 0, 0), B(L, O, 0), C(L, L, 0), D(0, L, 0)
E(0, L, L) and F(0, 0, L). A magnetic field B=B, (i + k) T is present in the region. The flux

passing through the loop ABCDEFA (in that order) is [NCERT Exemplar]
(@) B, L Wb (b) 2 B, L* Wb
(c) v2B,I* Wb (d) 4 B, L2 Wh

An emf is produced in a coil, which is not connected to an external voltage source. This can
be due to [NCERT Exemplar]
(a) the coil being in a time varying magnetic field.
(b) the coil moving in a time varying magnetic field.

)

(¢) the coil moving in a constant magnetic field.
(d) all of the above.
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10.

11.

12.

13.

A cylindrical bar magnet is rotated about its axis (Figure given alongside). axis A
A wire is connected from the axis and is made to touch the cylindrical N 3
surface through a contact. Then [NCERT Exemplar]

(a) a direct current flows in the ammeter A.

bar —» —r
(b) no current flows through the ammeter A. magnet | ©

(¢) an alternating sinusoidal current flows through the ammeter A with a
time period 7=2n/0.

(d) a time varying non-sinusoidal current flows through the ammeter A.

A copper ring is held horizontally and a magnet is dropped through the ring with its length
along the axis of the ring. The acceleration of the falling magnet is

(a) equal to that due to gravity

(b) less than that due to gravity

(¢) more than that due to gravity

(d) depends on the diameter of the ring and the length of the magnet

There are two coils 4 and B as shown in the figure. A current starts flowing in B as shown,

when 4 is moved towards B and stops when A stops moving. The current in A4 is counter
clockwise. B is kept stationary when A moves. We can infer that [NCERT Exemplar]

A B

(a) there is a constant current in the clockwise direction in A.
(b) there is a varying current in A.

(¢

(d) there is a constant current in the counterclockwise direction in A.

there is no current in A.

Same as the above problem except the coil A is made to rotate about a vertical axis refer to the
figure. No current flows in B if A is at rest. The currentin coil A, when the currentin B (att = 0)

is counterclockwise and the coil A is as shown at this instant, ¢t = 0, is [NCERT Exemplar)
A B
: (O]

(a) constant current clockwise. (b) varying current clockwise.

(¢) varying current counterclockwise. (d) constant current counterclockwise.

Lenz’s law is essential for
(a) conservation of energy (b) conservation of mass

(¢) conservation of momentum (d) conservation of charge

The self inductance L of a solenoid of length ! and area of crosssection 4, with a fixed number

of turns N increases as [NCERT Exemplar)
(a) [ and A increase. (b) [ decreases and A increases.
(¢) lincreases and A decreases. (d) both [ and A decrease.

A thin circular ring of area 4 is held perpendicular to a uniform magnetic field of induction B.
A small cut is made in the ring and a galvanometer is connected across its ends in such a way
that the total resistance of the circuit is R. When the ring is suddenly squeezed to zero area,
the charge flowing through the galvanometer is

BR AB B*A
(@ — &) R (c) ABR ) e
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

A conducting square loop of side L and resistance R moves in its i z e z z z z
plane with a uniform velocity v perpendicular to one of its sides. | « % % x
A magnetic induction B constant in time and space, pointing , |, = % x
perpendicular and into the plane of the loop exists everywhereas | % x x
in given figure. The current induced in the loop is X X X X X X X X x
(a) Blu/R clockwise (b) Blv/R anticlockwise

(¢) 2Blu/R anticlockwise (d) zero.

Inductance plays the role of

(a) inertia (b) friction

(¢) source of emf (d) force

A circular coil expands radially in a region of magnetic field and no electromotive force is

produced in the coil. This can be because [NCERT Exemplar]

(a) the magnetic field is constant.

(b) the magnetic field is in the same plane as the circular coil and it may or may not vary.

(¢) the magnetic field has a perpendicular (to the plane of the coil) component whose magnitude
is decreasing suitably.

(d) both (b) and (c)

When the current in a coil changes from 8 A to 2 A in 3 X 10 second, the emf induced in the
coil is 2 volt. The self-inductance of the coil, in millihenry, is

(@) 1 6) 5

(¢) 20 d) 10

The mutual inductance of two coils depends upon

(@) medium between coils (b) separation between coils
(¢) both on (a) and (b) (d) none of (@) and (b)

Due to relative motion of a magnet with respect to a coil, an emf is induced in the coil. Identify
the principle involved.
(a) Gauss’s law (b) Biot-Savart law

(¢) Ampere’s circuital law (d) Faraday's law

In Faraday’s experiment of electromagnetic induction, more deflection will be shown by
galvanometer, when

(@) magnet is in uniform motion towards the coil

(b) magnet is in accelerated motion towards the coil

(¢) magnet is in uniform motion away from the coil

(d) magnet is at rest near the coil

If both the number of turns and core length of an inductor is doubled keeping other factors
constant, then its self-inductance will be

(a) halved (b) quadrupled

(¢) unaffected (d) doubled

Oscillating metallic pendulum in a uniform magnetic field directed perpendicular to the
plane of oscillation

(a) remains unaffected (b) oscillates with changing frequency

(¢) slows down (d) becomes faster

A metallic cylinder is held vertically and then a small magnet is dropped along its axis. It will
fall with

(a) accelerationa = g (b) constant velocity a = 0

(¢) accelerationa > g (d) accelerationa < g
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24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

An emf of 200 V is induced in a circuit when current in the circuit falls from 5 A to 0 A
in 0.1 second. The self-inductance of the circuit is
(a) 3.5 H () 3.9 H (c)4H (d) 4.2 H

A small piece of metal wire is dragged across the gap between the poles of a magnet in
0.4 s. If change in magnetic flux in the wire is 8 X 10™ Wh, then emf induced in the wire is

(@) 8 X 10°V (b) 6 X 10°V (€) 4 x 107V d) 2 x 107V

If the number of turns per unit length of the coil of a solenoid is doubled keeping other
dimensions same, then its self-inductance will be

(a) four times (b) eight times (¢) halved (d) doubled

A conducting square loop of side / and resistance R moves in its plane
—>u

into the plane at the loop exists everywhere with half the loop outside
the field, as shown in figure. The induced emf is
(a) zero (b) RuB (¢) vBlI/R (d) vBl

X
X
with a uniform velocity v perpendicular to one of its sides. A magnetic I
X
X
X

X X X X X X
X X X X X X

induction B constant in time and space, pointing perpendicular and l

A wheel with ten metallic spokes each 0.50 m long is rotated with a speed of 120 rev/min in a
plane normal to the earth’s magnetic field at the place. If the magnitude of the field is 0.4 G
the induced emf between the axle and the rim of the wheel is equal to

() 1.256 x 10°V (b) 6.28 X 107*V (¢) 1.256 x 10°*V (d) 6.28 X 10°V

In a circuit with a coil of resistance 2 ohms, the magnetic flux changes from 2.0 Wb to 10.0 Wb
in 0.2 second. The charge that flows in the coil during this time is

(a) 5.0 coulomb () 0.8 coulomb (¢) 1.0 coulomb (d) 4.0 coulomb

The direction of induced current is such that it opposes the very cause that has produced it.
This is the law of
(a) Lenz (b) Faraday (¢) Kirchhoff (d) Fleming

The magnetic flux through a circuit of resistance R changes by an amount A¢ in time At ,
then the total quantity of electric charge Q, passing during this time through any point of the
circuit is given by

A Ad
() AQ =—~ (b) AQ =7 xR
A Ad
(€ AQ=—-+R () AQ =~
The dimension of magnetic flux is
(@) M'L*T A" (b) ML T °A! (¢) M'L*T5A! (d) M'LIT5A!

Lenz’s law is a consequence of the law of conservation of

(@) mass (b) charge (¢) momentum (d) energy

The physical quantity expressed in henry is

() magnetic flux (b) self-inductance

(¢) magnetic permeability (d) magnetic induction

When current in a circuit drops from 10 A to 2 A in 2 seconds, the induced emf developed in

the circuit is 16 volts. The self inductance of the circuit is

(a) 16 henry (b) 8 henry (¢) 6 henry (d) 4 henry

The current passing through a choke coil of self-inductance 5 henry is decreasing at the rate
of 2 A/s. The induced emf developed across the coil is
(a) 10 volt (b) =10 volt (¢) 2.5 volt (d) 2.5 volt
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37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Magnetic flux through a coil changes from 0.7 Wb to 0.2 Wb in 0.1 second. The induced emf
developed in the coil is

(a) TV ) bV (c) 20V d)2V

The magnetic potential energy stored in a certain inductor is 25 m], when the current in the
inductor is 60 mA. This inductor is of inductance

(a) 0.138 H (b) 138.88 H (¢) 1.389 H (d) 13.89 H
The magnitude of induced emf in a coil depend on

(a) the amount of magnetic flux linked by the coil.

(b) the amount of electric flux linked by the coil.

(¢) the rate of change of magnetic flux linked by the coil.

(d) the rate of change of electric flux linked by the coil.

Weber per second is equal to

(@) ampere (b) volt (¢) ohm (d) henry
Self inductance of a coil delays

(a) the growth of current through it.

(b) the decay of current through it.

(c) both the growth and decay of current through it.

(d) neither the growth nor the decay of current through it.

Self inductance of a coil is the mechanical analogue of

(a) energy (b) momentum

(¢) inertia (d) power

An electron moves on a straight line path XY as shown. The abcd is a coil adjacent to the path

of electron. What will be the direction of current, if any, induced in the coil?

a

electron

(a) The current will reverse its direction as the electron goes past the coil.

(6) No current induced
)

(¢) abed

(d) adch

If the number of turns in a coil is doubled, then its self-inductance becomes
(a) double (b) half

(¢) four times (d) unchanged

Whenever the flux linked with a circuit changes, there is an induced emf in the circuit. This
emf in the circuit lasts

(a) for a very short duration

(b) for a long duration

(¢) forever

(d) as long as the magnetic flux in the circuit changes.

Two coils of self inductances 2 mH and 8 mH are placed to close to each other that the flux
linkage is complete between the coils. The mutual inductance between these coils is:

(a) 4 mH (b) 6 mIH
(¢) 10 mH (d) 16 mH
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47.

48.

49.

50.

51.

52,

53.

54.

A copper ring is held horizontally and a magnet is dropped through the ring with its length
along the axis of the ring. The acceleration of the falling magnet is:

(a) equal to that due to gravity

(b) less than that due to gravity

(¢) more than that due to gravity

(d) depends on the diameter of the ring and the length of the magnet

The mutual inductance of two coils depends upon

(@) medium between coils (b) separation between coils

(¢) both on () and () (d) none of (a) and (b)

The core used in transformers and other electromagnetic equipments is laminated because it
(a) prevents rusting of core

(b) increases the magnetic saturation level of the core

(¢) decreases the residual magnetism of the core

(d) minimises eddy-current loss in the core

If L and R represent inductance and resistance respectively then the dimensions of L/R will
be:

(@) M°L°T! (b) M°LT*

(¢) M°L°T (d) cannot be expressed in terms of M, L and T.
When the current through a solenoid increases at a constant rate, the induced current:

(a) is a constant and is in the direction of the inducing current

(b) is a constant and is opposite to the direction of the inducing current

(¢) increases with time and is opposite to the direction of the inducing current

(d) zero

Figure shows two bulbs B1 and B,, resistor R and inductor L. When the switch § is turned off

I —
(a) both B and B, dies out promptly | (b) both B, and B, die out with some delay
(¢) B, dies out promptly, but B, with some delay (d) B, dies out promptly, but B, with some delay
A thin semicircular conducting ring of radius R is falling with its plane | X X X X X
vertical in horizontal magnetic induction B . At the position MNQ the | * X X X X
speed of ring is v then the potential difference developed across the ring is: i ifﬁ\:: i
(a) zero M Q
(0) Lonk® T[R and M at higher potential
(¢) TCRBU and Q at higher potential
(d) 2RBv and M at higher potential
A metallic square loop ABCD is moving in its own plane with a velocity
v in a uniform magnetic field perpendicular to plane as shown in fig. A
An electric field is induced —>
(a) in AD but not in BC
(b) in BC but not in AD D c
(¢) neither in AD nor in BC

(d) in both AD and BC
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55.

56.

57,

58.

59.

60.

61.

Two identical circular loops 4 and B of metal wire are lying on a table without touching each
other. Loop 4 carries a current which increases with time. In response the loop B

(a) remains stationary

(b) is attracted by loop A

(c) is repelled by loop A

(d) rotates about its centre of mass with centre of mass fixed

Two coils are placed close to each other. The mutual inductance of the pair of coils depends
upon:

(a) the materials of wires of the coils

(b) the currents in the two coils

(c) the rates at which currents are changing in the two coils

(d) relative position and orientation of the two coils

Two coils have inductances L, = 4 mH and L, = 1 mH respectively. The currents in the two
coils are increased at the same rate. At a certain instant of time, both coils are given the same
power. If I; and I, are the currents in the two coils at that instant of time respectively, then the

1
value of ratio — 1is:
1 & 1 1
@ 3 Oy © 5 d) 1

An infinitely long cylindrical conducting rod is kept along + z-direction. A constant magnetic
field is also present in + z-direction. Then the current induced will be:

(@) 0

(b) along +z-direction

(¢) along clockwise as seen from + z direction

(d) along anticlockwise as seen from + z direction

The current in a wire AB is increasing in magnitude. The direction of induced current in the

O

loop (if any) will be:

A B
(a) clockwise (b) anticlockwise
(¢) arbitrary (d) no current is induced

A circular loop of radius R carrying current [ lies in x-y plane with the centre at origin. The
total magnetic flux through xy plane is:

X

X

X

X

X X X X X X
(a) directly proportional to [ (&) directly proportional to R
(¢) directly proportional to R? (d) zero

The equivalent inductance of two inductors is 2.4 H when connected in parallel and 10 H
when connected in series. What is the value of inductances of the individual inductors?

(@) 2H,8H (b)4H,6H

() SH,7H d)5H,5H
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62.

63.

64.

65.

A square loop of side 20 cm and resistance 2 Q) is moved towards right with speed 2v as shown.
The left arm of the loop is in a uniform magnetic field of 0.5 T. The field is perpendicular
to plane of paper, pointing downward. The loop is connected to a network of 5 resistors as
shown in fig. With what speed should the loop be moved so that a steady current of 1 mA flows
through the loop?

X X X

B v——
x xax X d 3Q |11 30
= 0
X ETIC_ 3Q|e3a
(a) 2 cm/s (b) 25 cm/s (¢) 5 cm/s (d) 25 cm/s

A small square loop of a wire of side [ is placed inside a large square loop of side L
(L >> I). The loops are coplanar and their centres coincide. The mutual inductance of the
system is proportional to:

z i

2
@ 7 ®) 7 © = -

@

Two circular coils can be arranged in any of the three situations as shown in fig. Their mutual

=
C oD O

(i) (ii)

inductance will be:

(@) maximum in situation (z) (b) maximum in situation ()
(¢) maximum in situation (uz) (d) same in all situations

The variation of induced emf (E) with time ¢ in a coil if a short bar magnet is moved along its
axis with a constant velocity is best represented as:

| N 000000
|

m—

t—

t—>

m—>
m—

© (d)

t— t—>
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66. A uniform but time varying magnetic field B (f) exists in a circular region of radius ‘a’ and is
directed into the plane of paper as shown. The magnitude of the induced electric field at point
P at a distance r from the centre of the circular region:

(a) is zero (b) decreases as 1/r (¢) increases as r (d) decreases as 1/r*

67. A short circuited coil is placed in a time varying magnetic field. Electric power is dissipated
due to the current induced in the coil. If the number of turns were to be quadrupled and the
wire radius halved, the electrical power dissipated would be:

(a) halved (b) the same (c) doubled (d) quadrupled
68. Figure shows a conducting circular loop of radius ‘a’ placed in a X X X X X Xg
uniform, perpendicular magnetic field B. A metal rod 04 is pivoted XX @ XX
at the centre O of the loop. The other end A4 of the rod touches the XX b 7.
x xFx % % x

loop. The rod 04 and the loop are resistanceless but a tungsten wire
of resistance R is connected between O and a fixed point P on the loop. The rod 04 is made
to rotate anticlockwise with a uniform angular velocity o by an external source. The current
induced in the tungsten wire is:

Bwa® Bowa? Bwa*
(@) zero ) = © 5 @) o
69. A coil of area 5.0 X 10~ m? is placed perpendicular to a time
varying magnetic field shown in figure. The value of induced
emf in coil in 10 ms is: T 031
01V A
(@) B (t) 027 :
(b) 0-1 mV tesla !
(©) 05V °1
(d) 0-5mV T
— t(ms)

70. When the current changes from + 2 A to -2 A in 0.05 s, an emf of 8 V is induced in a coil. The
coefficient of self-inductance of the coil is:
(a) 0-1 H ) 02 H
(c) 0.4 H (d) 0-8 H

71. The effective inductance between A and B in the fig. shown if L = 3 H is:

AT B
L L L
(@) 1 H (b) 9H
(¢) 0-67 H (d) 151

72. In the given diagram, a line of force of a particular force field is shown. Out of
the following options, it can never represent:
(a) an electrostatic field (b) a magnetostatic field

(¢) a gravitational field of a mass at rest (d) an induced electric field
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73.

74.

75.

76.

77.

78.

79.

2

Which of the following units denotes the dimensions where Q denotes the electric

2 ?
charge?
(@) Wh/m? (b) henry (H) (¢) H/m? (d) weber (Wb)
A circular loop of radius r, carrying a current / lies in y-z plane with its centre at the origin.
The net magnetic flux through the loop is: [CBSE 2020 (55/4/1]
(a) directly proportional to r (b) zero
(¢) inversely proportional to r (d) directly proportional to /

A rectangular, a square, a circular and an elliptical loop, all in the x-y plane are moving out
of the uniform magnetic field with a constant velocity v = v i.The magnetic field is directed
along the negative z-direction. The induced emf during the passage of these loops, out of the
field region will not remain constant for:

(a) the circular and the elliptical loops (b) only the elliptical loop

(¢) any of the four loops (d) the rectangular, circular and elliptical loops

A conducting circular loop is placed in a uniform magnetic field 0.-04 T with its plane
perpendicular to the magnetic field. The radius of the loop starts shrinking at 2 mm/s. The
induced emf in the loop when the radius is 2 cm is:
(@) 48w pVv (b) 0-8 Vv (¢) 1-6 T uv (d) 321 pVv
A long solenoid has 500 turns. When a current of 2 A is passed through it, the resulting
magnetic flux linked with each turn of the solenoid is 4X10~> Wb. The self inductance of the
solenoid is :
(@) 25 H (b) 220 H (¢) 1-0H (d) 40 H
An emf of 100 mV is induced in a coil when current in neighbouring coil becomes 10 A
from 0 in 0-1 second. The coefficients of mutual inductance between the two coils will be:
(@) 1 mH () 10 mH (¢) 100 mH (d) 1000 mH
The magnetic flux linked with a coil at any instant ‘E’ is given by

b = 102 =50t + 250 Wh
The induced emf att = 3 s is:

(@) =190V b)) -10V (¢) 10V (d) 190 V
80. Two co-axial solenoids are made by winding insulated wire over a pipe of cross-sectional area
A4 =10 cm?® and length ! = 10 cm. If one solenoid has 300 turns and the other 400 turns, their
mutual inductance is :
(@) 48 x 10° H (b) 247 x 10 H (€) 24nx 10° H d) 48n x 107 H
Answers
1. (d) 2. (b) 3. (b) 4. (c) 5.(b) 6. (d) 7.(b) 8. (b)
9. (d) 10. (a) 11. (a) 12.(b) 13.(b) 14. (d) 15. (a) 16. (d)
17. (d) 18. (¢) 19. (d) 20. (b) 21. (d) 22.(c) 23.(d) 24. (c)
25. (d) 26. (a) 27. (d) 28. (d) 29. (d) 30. (a) 31.(d) 32.(a)
33. (d) 34. (b) 35. (d) 36. (a) 37.(b) 38.(d) 39. (¢) 40. (b)
41. (¢) 42, (c) 43. (a) 44. (c) 45. (d) 46. (a) 47. (b) 48. (¢)
49. (d) 50. (¢) 51. (b) 52, (d) 53. (d) 54. (d) 55. (¢) 56. (b)
57. (b) 58. (a) 59, (a) 60. (d) 61. (b) 62. (¢) 63. (b) 64, (a)
65. (b) 66. (b) 67. (d) 68. (¢) 69. (a) 70. (a) 71. (a) 72. (a)
73. (b) 74. (b) 75. (a) 76. (d) 77.(c) 78. (a) 79. (b) 80. (d)
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CASE-BASED QUESTIONS

Attempt any 4 sub-parts from each question. Each question carries I mark.

1.

MIGRATION OF BIRDS:

The migratory birds pattern is one of the mysteries
in the field of science. For example, every winter
birds from Siberia fly unerringly to water spots
in the Indian sub-continent. There has been a
suggestion that electromagnetic induction may
provide a clue to the migratory patterns. The
earth’s magnetic field has existed throughout
evolutionary history. It would be of great benefit
to migratory birds to use this field to determine
the direction. As far as we know birds contains
no ferromagnetic material. So, electromagnetic
induction seems to be the only reasonable mechanism to determine the direction. Consider the
optimal case where the magnetic field B, the velocity of the bird v and two relevant points of its
anatomy separated by a distance /, all three are mutually perpendicular. From the formula for
motional emf

Le., £ = Blv
Certain kinds of fishes are able to detect small potential differences. However, in these fishes,

special cells have been identified which detect small voltage differences. In birds no such cells
have been identified. Thus, the migration patterns of birds continues to remains a mystery.

() Am emf is produced in a coil, which is not connected to an external voltage source. This
can be due to
(a) the coil being in a time varying magnetic field
() the coil moving in a time varying magnetic field

(¢) the coil moving out of a constant magnetic field
(d) all of the above

(i) A circular coil expands radially in a region of magnetic field and no electromotive force
is produced in the coil. This can be because
(@) the magnetic field is in the same plane as the circular coil and it may or may not vary.

(b) the magnetic field has a perpendicular (to the plane of the coil) component whose
magnitude is decreasing suitably.

(¢) there is constant magnetic field in the perpendicular (to the plane of the coil) direction.
(d) Both (a) and (b)
(247) A migratory Siberian bird is flying in the sky with a velocity of 10 m/s and the distance

between two feathers is 2 cm. The earth’s magnetic field B perpendicular to the feathers is
4 X 10° T. Then emf generated between the two feathers is

(a)4pV (b) 6 1V
(c) 8V (d) 10 pVv

(iv) An aeroplane having a wing span of 35 m flies due north with a speed of 90 m/s, given
B = 4 x 10° T. The potential difference between the tips of the wings will be

() 0.126 V (h) 1.26 V
(c) 126V (d) 0.013 V
(v) A moving conductor’s coil produces an induced emf. This is in accordance with
(@) Lenz's law (b) Coulomb’s law
(¢) Faraday’s law (d) Ampere’s law
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Answers

1. (i) (d); Emfis produced in coil if the magnetic flux linked with it changes. When a coil moves
into or out of a uniform magnetic field, the area associated with it changes which in turn
changes the magnetic flux linked with the coil and an emfis induced.

(#) (d); When coil expands in constant magnetic field, the magnetic flux inside the coil (along
area vector) increases and induced current is produced. As the component of magnetic
field along the area vector is zero, so ¢ = BA becomes zero. So, no induced current flows
in the coil.

(iti) (c); € = Blv, taking, B =4 x 10° T, [=2cm = 2 X 10 °m, v =10 m/s
e=4x107x2x10°x 10=8x 10°V
€ =8pV

(2v) (a); € = Blv, taking, B = 4 X 107 T, [ =35m,v =90 m/s
e=4x10" X 35x90 =126 % 10°V

€=0.126V
(v) (c); According to Faraday’s law,
. b
i.e., € = _E
_ s
or lel= E

2. MAGNETIC DAMPING:
When a conductor oscillates inside a magnetic field, eddy currents are produced in it. The flow
of electrons in the conductor immediately creates an opposing magnetic field which results in
damping of the magnet and produces heat inside the conductor similar to heat build-up inside
of a power cord during use.

@)
By Lenz’s law the circulating currents create their own magnetic field that opposes the field of
the magnet. Thus, the moving conductor experiences a drag force that opposes its motion. A
damping force is generated when these eddy current and magnetic field interact with each other.
It is a damping technique where electromagnetically induced current slow down the motion of
an object without any actual contact. As the distance between magnet and conductor decreases
the damping force increases. The electromagnetic damping force is proportional to the induced
eddy current, strength of the magnetic field and the speed of the object which implies that faster
the object moves, greater will be the damping and slower the motion of object, lower will be
damping which will result in the smooth stopping of the object.

(i) Foucault’s current are also known as
(@) direct current (b) induced current
(¢) eddy current (d) both eddy current and induced current
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(¢1) Eddy current have negative effect because they produce

(a) heating only (b) damping only
(¢) heating and damping (d) harmful radiation
(iii) The electromagnetic damping force is proportional to
(a) the induced eddy current (b) the strength of magnetic field
(¢) the speed of object (d) all of the above

(iv) In electromagnetic induction, line integral of induced field E around a closed path is

and induced electric field is

(@) zero, non conservative (b) non zero, conservative

(¢) zero, conservative (d) non zero, non conservative

() A circular coil of area 200 cm?® and 25 turns rotates about its vertical diameter with a
angular speed of 20 m/s in a uniform horizontal magnetic field of magnitude 0.05 T. The
maximum voltage induced in the coil is

@) 0.5V () 15V () 2.5V d) 2.0V

Answers

2.

@ ()

@) (c);

(¢it) (d);

(@) (d);

() (a);

Eddy current are the current which are induced in a conductor whenever the amount
of linked magnetic flux with the conductor changes. These were discovered by Foucault
in 1895. So, it is also called Foucault’'s current.

When a conductive material is subjected to a time-varying magnetic flux, eddy current
are generated in the conductor. Due to the internal resistance of conductor, the eddy
current dissipated, heat and also energy removed from the system produce damping
effect.

The electromagnetic damping form is proportional to the induced eddy current (), the
strength of magnetic induction (B) and the speed of the object (v).

In electromagnetic induction, line integral of induced field E around a close path is not
zero, and induced electric field is non-conservative (z.e., work done due to its path is not
equal to zero).

It is induced emf of periodic EMI, so formula is £ = NBAw. Here, o is angular speed.
So, E =25 X 0.05 X 200 X 10 X 20 = 0.5 V.

ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
(¢) A istrue but R is false.

(d) Ais false and R is also false.

(@)
(b)

1.

Assertion (A) : An emf is induced in a closed loop where magnetic flux is varied. The induced

Reason

field E is not a conservative field. [AITMS 2006]

(R) : The line integral f E.dl around a closed path is non-zero.

Assertion (A) : Faraday established induced emf experimentally.

Reason

(R) : Magnetic flux can produce an induced emf.

Assertion (A) : The direction of induced emf is always such as to oppose the changes that causes it.

Reason

(R) : The direction of induced emf is given by Lenz’s law.
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4. Assertion (A)
Reason (R) :
5. Assertion (A) :
Reason (R) :
6. Assertion (A)
Reason (R)
7. Assertion (A)
Reason (R) :
8. Assertion (A) :
Reason (R) :
9. Assertion (A) :
Reason (R) :
10. Assertion (A)
Reason (R) :
Answers
1. (a) 2. (c)
9. (a) 10. (d)
L
2. (b
3.
4. (c
5.
6. (d
7.
induced.
8.
9.
10.

HINTS/SOLUTIONS OF SELECTED NCQs

d) According to Faraday’s law, emf is induced whenever the flur linked with circuit change.

: Acceleration of a vertically falling magnet through a horizontal metallic ring is

less than g.

Current induced in the ring opposes the fall of magnet.

If we use a battery across the primary of a step up transformer, then voltage is
also obtained across secondary.

Battery gives a time varying current, so there is a change in magnetic flux through
the secondary of transformer and hence, emfis induced across secondary.

: When a rod moves in a transverse magnetic field, an emfis induced in the rod;

the end becomes magnetic with end A positive.

: A Lorentz force evB acts on free electrons, so electrons move from B to A, thus

by making end A positive and end B negative.

: In the phenomenon of mutual induction, self-induction of each of the coils

persists

Self-induction arises when strength of current in same coil changes. In mutual
induction, current is changed in both individual coils.

The bar magnet falling vertically along the axis of the horizontal
coil will be having acceleration less than g.

[AIIMS 2015]
Clockwise current is induced in the coil.

If current is flowing through a machine of iron, eddy currents are O
produced. [AIIMS 1997]

Change in magnetic flux through an area causes eddy current.

: The presence of large magnetic flux through a coil maintains a current in the

coil, if the circuit is continuous. [AITMS 2018]

Only a change in magnetic flux will maintain an induced current in the coil.

3. (b) 4. (a) 5. (d) 6. (d) 7. (@) 8. (¢)

) $=BA=10"x10%=10"Wb
(b) ¢ =BAcosO =4 X 0.5 X cos60°=1Wb
) b =B.A =By +85 +4k)L*h= 4B >Wb
(b) b=B.A =BG +h-(k+ 1) =2B,1* Wh
)

Magnetic flux linked with the isolated coil change the coil being in a time varying magnetic

field, the coil moving in a constant magnetic field or in time varying magnetic field.

(b)) When cylindrical bar magnet is rotated about its axis, no change in flux linked, so no emf

(b) According to Lenz's law, due to opposes its cause of change, same polarity of magnet is

developed in ring which opposes the motion of ring.

(d) When the A stops moving the current in B becomes zero, it possible only if the current in A
is constant. If the current in A would be variable, these must be an induced emf'in B even if
the A stops moving.

(@) When the current in B (at 7 = 0) is anticlock wise and due to Lenz’s law, when coil A start

rotating at ¢t =0, the current in A is constant along clockwise direction.
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11.
12.

13.
14.

15.
16.

17.

18.

21.

22.
23.

24.

25.
26.
27.
28.
29.

31.

35.
38.

43.

44.
46.
48.
50.
52.

)

)
(d)

(@)
(d)

)
©

(d)
)
()

(d)
(a)
(d)
()
@)
(d)

(d)
(@)

Lenz’s law is consequence of conservation of energy.
L= ,unuon2/1l, where n = N/l
Then, L is increases, when [ decreases and A increases.
A<t> _BA-0O _ 4B
R R
No flux change is taking place because magnetic field exists everywhere and is constant in
time and space.

Charge, ¢ =

Inertia because / is similar to inertial behaviour where body tend to opposes any change.

When circular coil expands radially in a region of magnetic field such that the magnetic field
is in the same plane as the circular coil or the magnetic field has a perpendicular (to the plane
of the coil) component whose magnitude is decreasing suitably in such a away that the cross
product of magnetic field and surface of plane of coil remain constant at every instant.

Ai K —2 -9
E=-L— = L=7——~= 5= 107" H=10mH

Al Ai/At - (2-8)/3x107

M depends on permeability of core, the number of their turns and cross-section area of the

common core. It also depends on their separation as well as relative orientation.
NZ

Doubled as . = p,—— l

Slows down due to Eddy current.

Due to lenz law, falling magnet will increase the magnetic flux which is opposed by metallic

cylinder. 900
= e = =
L‘(g) 2] H
At 0.1
A - L
|e|=A—T=78>Blf = 2x107V
L=pn’lA = Lo n’
_—dd oy dx(E)
E—T—E(—le(t))—Bl. ar = Blv
= LpPy = B2y = 0.4 %107 x (0.5)2><(3.14)x% =6.28x 107V
_ A (10 2)
AQ=—F
We know that ¢ —| dt|
dq dé  dgR d Ad
Bute = iR and ¢ = dt:e—g}% ’ —7=>f—dq=>Aq—?
ASQ_—(N(])B) ﬂ . Lz—edt=—16x2=4H

dt dI -8
Magnetic potential energy stored in an inductor in given by = 1§LI2
2F _2x25 %107 _500 _
P (60 X 107?36
According to Lenz’s law, the current induced in coil will opposes the increasing magnetic
tield when electron pass the coil from X to Y.
L=Npd = LaN?

= /L L, =v/2x8=4mH

Medium between coils and separation between them

= 1389 H

= L=

Time constant, T = L/R

When switch S is turned off, the current in resistor branch becomes zero immediately, while
current in inductor branch takes some time to become zero.
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53.

54.

55.
57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

©

)

(@)

®)

(d)

For induced p.d., we have to take the component of length normal to both magnetic field
and velocity, so induced emf Bvl = Bv.2R. By Fleming’s left hand rule, the direction of
induced current is from M to Q; so M is at higher potential.

When loop moves in uniform magnetic field, equal and opposite emf’s are induced in side
AD and BC.

Opposite currents are induced in loops, so loops repel each other.

11_L2_L

I, L, 4

2 1

As the magnetic field is constant, the rate of change of magnetic flux will be zero and thus
current induced will also be zero.

According to Lenz’s law, the current induced in coil will oppose the increased magnetic field
due to increase of current, so current induced will be clockw:se.

Magnetic flux through the coil,
b=B A= Bhe(,i+4,j)=0

L L, .
T, =2 LY=o

L L

1o _ _ 24
10 =24 = L1L2—24 = Ll— L2
24

, +1,=10 = L,=4H,L =6H

The network is a balanced Wheatstone bridge. Its equivalent resistance between C and D is
total resistance of circuit

_E_Bul
'"®R~%r
= v = AR 5x1072 m/s = 5 cm/s
Bl,
Magnetic field at centre produced due to current /, in larger loop,
Roly . 2¢2,1,
B=4x (sin 45° + sin 45°) = ———
4Tt(£) il
2
Magnetic flux linked with smaller loop,
— A 2‘/5“0]1 2
(I)2 = BlA2 = Tl

b 2/2p p p
T LY

The magnetic field is along the axis of a circular coil. The maximum flux linkage between

Mutual Inductance M =

the coils is in situation (i).
Induced emf,
dB _ ,dB dx

db 4 B _ dB
s T B A s A T

The magnetic flux linked with coil initially increases, so induced emf is initially negative,

E:

then magnetic flux linked becomes constant; so —— = 0 and then magnetic flux begins to

dx

decrease, so — is negative and induced emfis positive. The change of sign is only shown in ().

If E is electric field induced at distance r, then
d o dB
= —4AB(l)} = —
E 2mr dt{ 0} =na 7 (t)

a dB 1

=9 Oy
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67.

68.

69.

71.

72,

74.

76.

77.
78.

79.

80.

(d)

)

(@)

(a)

®)

()

©)
(@)

)

()

2
po B

R d
Induced emf E = —Niz _NAd—B
; dt dt

Resistance R = 02 o« 12

T r

NQTQ
e 2

P, N, . 1V

2 _ (=2 R I U 0 N

7=l <) =l -

EMF induced between point O and A,

P«

E = %Bwﬂ
Potential difference across OP, = %Bm(ﬁ
. Vo Bwa®
Currentin R, [ = R~ oRr
dd dB .
E = sonie A I |—A><slope0fhne0A
= 5-0><10*3><L%=0-1V
10x10™

Given three inductors are connected in parallel, so
1 1 1 1 1 1 1
=—+—+—=5+5+5=1,Lg=1H
Ly L Ly Ly 3 3 3 \

In electrostatic field and gravitational field, the field lines cannot originate and terminate at

the same point.

Magnetic flux = ZEZ Z:

Where B, is the m;gnetic field passing through the area 4.
Since B =0

Hence net magnetic flux is zero.

b=BA =B’
_—dd _ dr
emf,e= i =-2Bm T
e=-2%0.041 x0.02x0.002=3.2 7T pV
net

: ¢
b =LL = ¢ =500x4x10"=2Wb So L= =§=1H

I
— L
M= ¢ _100x107

(@) (o)

_ 100x107 x 0.1

P &
10 = 10" H=1mH
b = 1062 = 50t + 250
_ db_ d e _
¢ = == (106 = 50t +250) = — 204 + 50
Att=3s

e =-20(3) +50 =10V

Mutual inductance of two solenoid system,

)x400><10x104H

N 300
M= uo(Tl)N2A = 4n><10*7(0_10

=487 x 10*H
il
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ALTERNATING
07

CURRENT

IMPORTANT FORMULAE

1. For an alternating current circuit
V="V, sin ot; 1=1,sin (ot +¢)
2. RMS value of an alternating current
1y Vo

]mz_’VrM:
V2 V2

3. Impedance of series LCR circuit

Vims _ o0 X x ¥ 1 )
427, YRR - s (G-

4. Phase angle between I and V,

XX,
R

tanf =

cos9=g

5. Resonance: (If X, = X; and Z = R), then

W, = L and [ =

T JLC

o _er_1\/f
QFactor—m2_m1— 7 "RV

7. Average power dissipated in LCR-circuit,

2nm

6. Q-Factor:

P =V I cos9=lVOIOcos9

a rms rms 92

8. Peak emf in a rotating coil of generator

E,=NBAo
9. For LC oscillations
1 1
W = and f =
" JLC h 2nyLC
V. N, 1, : :
10. For a Transformer —= = s = _* — (transformation ratio)

vV, N, [

N, >1

For a step up transformer r=

=

For a step down transformer, r = N, <1
»
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Individual Components (R or L or C)

TERM R L C
A I | |
- R 1]
Circuit L C
Q, © O,
Supply Voltage V=V, sn ot V=V, sin ot V=V, sin ot
a g T . I
Current I=1I,sin ot 1=1,sin (mt - 5) I=1,sin (wt s 5)
% Iy = Vo Iy= o _ IhwC
Peak Current IO:E 0= ol 0= Tl oC
Impedance (£2) 178 |1 178 1
o _ Vs o " T T e
IO Imc
R = Resistance X; = Inductive reactance X, = Capacitive reactance
. . s s
Phase difference zero (in same phase) + g(V leads I) —g(V leads I)
Phasor Diagram I v I
—_—— V
I \Y
Vaqatlon of R X,
Z with v
X ov Xo e L
| 9 v
Xc
R does not depend on v
Combination of Components (RL or RC or LC)
TERM RL RC LC
Circuit lissamemm R & L Iissamein R & C lissamein L & C
— WA TN |_
R L R C L C
)
v O,
Phasor diagram A
I
A

[

VE=Vi+Vi V2 =V2+1g V=V,-Ve (V> Vo)
V=Ve-V, (Ve>V))
Supply Voltage V=V, sin ot V=V, sin of V=1V, sin of
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Current I'=1,sin (ot - ¢) I=1,sin (wt + (I)) I=1,sin (wt + E)

2

Phase difference in T T T .
between IV and I Vleads I (¢=Oto E) I7lags I (¢=0to 5) lags I (¢=_§,zfXC >XL)

V7 leads I
(6=+5.0 %> X)

— 2 2 _ 2 2 = —
Impedance Z=yR +X] Z= R +(X) Z =[x, - X
Variation of Z with As v Increases, As v Increases, As v Increases, Z first
v Z increases 7 decreases decreases then increases
Z Z Z
R R .K R
vV -V A%

MULTIPLE CHOICE QUESTIONS

Choose and write the correct option in the following questions.

1.

If the rms current in a 50 Hz ac circuit is 5 A, the value of the current 1/300 seconds after its

value becomes zero is [NCERT Examplar]
(@) 5y2 A (b) 5@ A (c) 5/6 A d) 5/Y/2 A

An alternating current generator has an internal resistance R, and an internal reactance X,. It
is used to supply power to a passive load consisting of a resistance R, and a reactance X;. For
maximum power to be delivered from the generator to the load, the value of X; is equal to

[NCERT Examplar]
(a) zero () X, (€) =X, ) R,
In an ac circuit, the maximum value of voltage is 423 volts. Its effective voltage is
(a) 400 volt (b) 300 volt (c) 323 volt (d) 340 volt
The peak voltage of 220 V ac mains is
(a) 155.6 V (b) 220.0 V (¢) 311V (d) 440 V

An inductive circuit have zero resistance. When ac voltage is applied across this circuit, then
the current lags behind the applied voltage by an angle

(a) 30° (b) 45° () 90° (d) 0°

If an LCR circuit contains L = 8 henry; C = 0.5 pF, R = 100 Q in series. Then the resonant
angular frequency will be:

(a) 600 rad/s (b) 500 rad/s (¢) 600 Hz (d) 500 Hz
When a voltage measuring device is connected to ac mains, the meter shows the steady input
voltage of 220 V. This means [NCERT Examplar]

(a) input voltage cannot be ac voltage, but a dc voltage.
(b) maximum input voltage is 220 V.
(¢) the meter reads not V but <> and is calibrated to read < 1’2 > .

(d) the pointer of the meter is stuck by some mechanical defect.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

To reduce the resonant frequency in an LCR series circuit with a generator [NCERT Examplar]|
(a) the generator frequency should be reduced.

(b) another capacitor should be added in parallel to the first.
(¢) the iron core of the inductor should be removed.
(d) dielectric in the capacitor should be removed.
In a pure capacitive circuit, the current
(a) lags behind the applied emf by angle n/2 (b) leads the applied emf by an angle n
(¢) leads the applied emf by angle n/2 (d) and applied emf are in same phase
In an ac circuit, the emf (¢) and the current (i) at any instant are given by
€ = E, sin ®t, i = [ sin (¢ — ¢)

Then average power transferred to the circuit in one complete cycle of ac is

(a) Eyly (0) 1§E010 (c) 1515010 sin ¢ (d) %EOIO cos ¢

The average power dissipation in pure inductance is

() éu? (b) %u? () 2LI? (d) zero

Electrical energy is transmitted over large distances at high alternating voltages. Which of the
following statements is (are) correct? [NCERT Examplar]

(a) For a given power level, there is a lower current.

(b) Lower current implies less power loss.

(c) Itis easy to reduce the voltage at the receiving end using step-down transformers.
(d) All of these

The reactance of a capacitance at 50 Hz is 5 (). If the frequency is increased to 100 Hz, the new
reactance is

(a) 582 (&) 10 Q (c) 2.5 €) (d) 125 Q)

In a pure inductive circuit, the current

(a) lags behind the applied emfby an angle n  (b) lags behind the applied emf by an angle n/2

(¢) leads the applied emf by an angle n/2 (d) and applied emf are in same phase
When an ac voltage of 220 V is applied to the capacitor C [NCERT Examplar|

(a) the maximum voltage between plates is 220 V.

(b) power delivered to the capacitor is zero.

(¢) the charge on the plates is in phase with the applied voltage.

(d) both (b) and (¢)

Which of the following combinations should be selected for better tuning of an LCR circuit used

for communication? [NCERT Examplar]
(@) R=200Q,L=15H,C =35pF O R=20,L=25H,C=45puF

(¢) R=15Q,L=35H,C=30puF @dR=25Q,L=15H,C=45pF

An inductor of reactance 1 () and a resistor of 2 () are connected in series to the terminals of a 6 V
(rms) ac source. The power dissipated in the circuit is [NCERT Examplar|
(a) 8W b)) 12W (c) 144 W (d) 18 W

The output of a step-down transformer is measured to be 24 V when connected to a 12 watt light
bulb. The value of the peak current is [NCERT Examplar|
(@ 1/y2 A (b) V2 A (©) 2A d) 2y2 A

In a series LR-circuit, the inductive reactance is equal to the resistance R of the circuit. An
emf E = Ecos (of) is applied to the circuit. The power consumed in the circuit is

£y Eg Eg Eg
@ TR ® sr © = @ 3r
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20.

21.

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

One 60 V, 100 W bulb is to be connected to 100 V, 50 Hz ac source. The potential drop across
the inductor is

(@) 10V (b)y 40V (¢) 20V (d) 80 V

An ac voltage source of variable angular frequency o and fixed amplitude a is connected in
series with a capacitance C and an electric bulb of resistance R (inductance zero). When o is
increased

(a) the bulb glows dimmer (&) the bulb glows brighter

(¢) net impedance of circuit is unchanged (d) total impedance of the circuit increases

An alternating emf of angular frequency o is applied across an inductor. The instantaneous
power developed across it has an angular frequency

(@) © (b) w2 (c) o/4 d) 20

The variation of the instantaneous current /(f) and the instantaneous emf E(f) in a circuit is as
shown in the following fig. Which of the following statements is correct?

' ot

(a) The voltage lags behind the current by 7/2. (b) The voltage leads the current by 7/2.
(¢) The voltage and the current are in phase. (d) The voltage leads the current by .

In electric arc furnace, Copper or iron is melted due to variation of

(a) current (b) magnetic field (c) voltage (d) electric field

When ac source is connected across series R-C combination, the ac current may lead ac voltage
b

(a); 0° (b) 180° (¢) 30° (d) 90°

High voltage transmission line is preferred as

(a) its appliances are less costly (b) thin power cables are required

(¢) idle current very low (d) power loss is very less

In series R-L-C circuit, quality factor can be improved by

(a) decreasing L (b) increasing C (¢) decreasing R (d) decreasing R & L
When ac source is connected across series R-L-C combination, maximum power loss will
occur provided

(a) current and voltage are in phase (b) current from source is minimum

(¢) inductance is minimum (d) capacitance is maximum

In R-L-C series ac circuit, impedance cannot be increased by

(a) increasing frequency of source (b) decreasing frequency of source

(¢) increasing the resistance (d) increasing the voltage of the source

In highly inductive load circuit, it is more dangerous when

(a) we close the switch (b) we open the switch

(¢) increasing the resistance (d) decreasing the resistance

In electric sub-station in township, large capacitor banks are used

(a) to reduce power factor (b) to improve power factor

(¢) to decrease current (d) to increase current in the circuit
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

In a purely resistive ac circuit, the current
(a) 1s in phase with the emf

(b) leads the emf by a phase difference of © radians
(¢) leads the emf by a phase difference of n /2 radians
(d) lags behind the emf by phase difference of n /4 radians

A capacitor of capacitance C has reactance X,. If capacitance and frequency become double,
then the capacitive reactance will be

Xe X
(a) 2X¢ () 4X¢ © = @) 5
4 2
The core of a transformer is laminated, so as to
(a) make it light weight (b) make it robust and strong
(¢) increase the secondary voltage (d) reduce energy loss due to eddy current

The ratio of number of turns of primary coil to secondary coil in a transformer is 2:3. If a cell
of 6 V is connected across the primary coil, then voltage across the secondary coil will be

(@) 3V by 6V () 9V (d)y 12V

In a transformer, the number of turns of primary and secondary coil are 500 and 400
respectively. If 220 V is supplied to the primary coil, then ratio of currents in primary and
secondary coils is

(@) 5:9 (b) 5:4 (€)9:5 (d)y4:5

An LC-circuit contains 10 mH inductor and 25 mF capacitor with given initial charge. The

resistance of the circuit is negligible. At what time the energy stored in circuit is completely
magnetic? (Time is measured from the instant when the circuit is close)

T 3T 5T T 2T T 2T 5T T T
(a) T4 4 (b) 0,2,2... (c) 3 g0 g (d) 0’8’4"'
In an ac circuit the voltage and current are given by the following expressions
V =V, sin ot and I = I, cos ot, where the symbols have their usual meaning. Which of the

following statement is correct?

(a) Voltage lead the current by a phase angle of /2.

(b) Voltage lags behind the current by phase angle of .
(¢) Voltage and current are in phase.

(d) Voltage lags behind the current by phase angle of /2.

The peak value of an ac of 2 A in a circuit

@ V2 A (b) 2 A © 2v3 A d) 242 A

In an ac circuit, current is given by the relation / = 100 V2 cos 50t A. The rms value of the
current is

(a) 50 A (b) 200 A (c) 100 A (d) 100 J2 A

In an ac circuit containing resistance only, E and I are given by E = 200 sin (200)¢ volt and
I =100 sin (200)t mA. The power dissipated in the circuit is

(a) 10 watt (b) 200 watt (¢) 100 watt (d) 400 watt

In case of an ac circuit containing pure inductance, the phase difference between E and [ is
T T

(a) 1 (b) zero (c)m (d) 5

A transformer has 20 turns of primary and 100 turns of secondary. If the two ends of the
primary are connected to a 220 V dc supply, the voltage across the secondary will be
(@) zero (&) 1100V (c) 220V (d) 11V
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44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

An ac source is connected in series to an inductance L and a capacitance C, such that the
frequency of the ac source is

9 1/ 1 1 9 1/
11 —1/2 12 —1 el ~1/2 172
(a) LC by L7~C (c) (27[ )L C (d) (271 )L C
1
An ac source is of 220 V, 50 Hz. The value of voltage after 600 ° from the start is
200
(a) 200 V by —=V (¢) 100 V (d) 50 V

V2
In an ac series circuit, the instantaneous current is maximum when the instantaneous voltage
is maximum. The circuit element connected to the source will be
(a) pure inductor (b) pure capacitor
(¢) pure resistor (d) combination of a capacitor and an inductor
R, L and C represent the physical quantities resistance, inductance and capacitance respectively.
Which one of the following combinations has dimension of frequency?

1 R 1 C
@ ®) 7 ©) T @
Which of the following effects is not possible by ac?
(a) Heating effect (b) Chemical effect
(c¢) Magnetic effect (d) None of the above
A pure capacitor in an ac circuit
(a) stores energy in its electrostatic field (b) stores energy in its magnetic field

(c) does not store energy (d) dissipates energy

In an ac circuit the phase difference between current and emf is 45°. The circuit contains
(a) a pure inductance

(b) a pure resistance

(¢) a pure capacitance

(d) aresistance, an inductance and a capacitance in series.

The metal/alloy that is more suitable for making cores of transformers is

(a) steel (b) softiron (¢) copper (d) brass

An electric bulb 220V, is connected to 220 V, 50 Hz ac source. Then the bulb

(a) does not glow (&) glows intermittently

(¢) glows continuously (d) fuses

The average power dissipation in a pure capacitor is:

() éCV R (b) CV* (©) icv . (d) zero

The frequency of ac is 50 Hz. How many times the current becomes zero in one second?
(a) 50 times (b) 100 times (¢) 200 times (d) 25 times

In a circuit current [ is given by I = I, sin (ot — 1/2) when ac potential of E = E, sin ot has been
applied. Then the power consumption P in the circuit would be:
@ 2 b 2 © =

2 ? V2
The potential difference } and current i flowing through an inductor in an ac circuit are given
by V' = 5 cos ot volt, i = 2 sin ot ampere, the power dissipated in the inductor is:
(a) OW (0) 10 W () BW (d) 2.5 W
Electric power is transmitted over long distance through conducting wires of high voltages because
(a) it reduces the possibility of theft of wire

(d) zero

(b) this entails less power losses
(¢) ac generators produce electric power at very high voltages
(d) ac signal of high voltage travels faster.
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58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

A choke coil is a coil having
(a) low inductance and high resistance

(b) low inductance and low resistance
(¢) high inductance and high resistance
(d) high inductance and negligible or small resistance

The voltage measured across the ac mains terminals is 210 V. Then the peak to peak variation
of voltage between the terminals will be:

(a) 420 V (b) 420/ /2 V (c) 42042 V d) 21042 V

An ac voltage source E = 20042 sin 100 ¢ is connected across a circuit containing an ac

ammeter and a capacitor of capacitance 1pF. The reading of ammeter is

(@) 10 mA (b) 20 mA (¢) 40 mA (d) 80 mA

An alternating current circuit consists of an inductor and a resistor in series. In this circuit

(a) The potential difference across and current in resistor leads the potential difference across
inductor.

(0) The potential difference across and current in resistor lags behind the potential difference
across inductor by an angle n/2.

(¢) The potential difference across and current in resistor lags behind the potential difference
across inductor by an angle n

(d) The potential difference across resistor lags behind the potential difference across
inductor by an angle /2, while the current in resistor leads the potential difference across
inductor by an angle n/2.

The core used in transformers and other electromagnetic devices are laminated

(a) to increase the magnetic field

(0) to increase the level of magnetic saturation of the core

(¢) to reduce the magnetism in the core

(d) to reduce eddy current losses in the core

An alternating voltage of frequency o is induced in electric circuit consisting of an inductance
L and capacitance C, connected in series. Then across the inductance coil

(@) current is maximum when ®® = 1/LC (b) current is minimum when o = 1/LC

(¢) voltage is minimum when o® = 1/L.C (d) voltage is zero when o = 1/LC

An alternating voltage is connected in series with a resistance R and an inductance L. If the
potential drop across the resistance is 200 volts and across the inductance is 150 volt, the
applied voltage is:

(a) 250 V (b) 300V (¢) 350 V (d) 500 V

An inductive circuit contains a resistance of 10 ohm and an inductance of 2-0 henry. If an ac
voltage of 120 volt and frequency 60 Hz is applied to this circuit, the current in the circuit
would be nearly

(a) 0-32 A (b) 0-16 A (¢) 048 A (d) 0-80 A

When 100 volt dc is applied across a solenoid, a current of 1.0 A flows in it. When 100 volt
ac is applied across the same coil, the current drops to 0.5 A If the frequency of ac source is
50 Hz, the impedance and inductance of solenoid are:

(a) 200 Q and 0-55 henry (b) 100 Q and 0-86 henry

(¢) 200 Q and 1-0 henry (d) 100 Q and 0-93 henry

An electric fan is:

(a) electric motor () electric generator

(¢) an accelerator (d) based on electromagnetic induction
A transformer is used to

(a) convert ac into dc (b) convert dc into ac

(¢) to step up or down dc voltage (d) to step up or down ac voltage

142] Physics—XIl: Term-1 WWW.JEEBOOKS.IN


http://www.jeebooks.in

69.

70.

71.

72.

73.

74.

75.

The power dissipated in an LCR series circuit connected to an ac source of emf ¢ is :

2\/ 2 1Y 2\/ 2 1y
€ R +(u)L—E) € R +(mL—E)

(a) R ®) R
2 2
(©) 'R - ) 'R —
\/R2+(mL—i) R2+(mL—E)

In the given circuit, the reading of voltmeter V| and V, are 300 volts each. The reading of
voltmeter V; and ammeter 4 are respectively.
L C R=100Q
|
|

S1ILL1LA | AIILLIEA

(o v\
\Y Vs V3
(AD \V \/
A~
S
220V, 50Hz
(@) 220V, 2.2 A () 220V, 2.0 A () 100 V, 2.0 A (d) 150 V, 2.2 A

An emf of 15 V is applied in a circuit containing 5 H inductance and 10 Q resistance. The ratio
of the currents in time ¢ = « and at? = 1 second is:

/2 9

e 1 -1
(@) s () o (c) 1-e ) e
In an RC circuit while charging, the graph of log, I versus time ({) is . S
shown by the dotted line in the diagram where [ is the current. When t
the value of the resistance is doubled, which of the solid curves best log, I| R

represents the variation of log, I versus time (f)? -~

(@) P ) Q — ¢

) R d) S P —
An inductor (L = 100 mH), a resistor (R = 100 Q) and a battery L
(E = 100 V) are initially connected in series as shown in figure. 0000000
After a long time the battery is disconnected after short circuiting R
the points 4 and B. The current in the circuit 1 ms after the short
circuit is: ST
1 A B
(@) A ®) e A
(¢) 0-TA d) 1A

In LCR circuit, capacitance is changed from C to 2C. For resonant frequency to remain
unchanged, the inductance should be changed from L to:
(a) 4L (b) 2 L (¢) L/2 d) L
An alternating current is given by ¢ = i, cos ©f + i, sin of. The rms current is given by:
i+ 1 i — i iy +i; iy iy

@ 75 ® ~7% ©
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76.

77.

78.

79.

80.

81.

82.

83.

84.

In a transformer, the number of turns in the primary are 140 and that in secondary are 280. If
the current in the primary is 4 A; the current in secondary is:

(a) 4A (b) 2A (c) 6A (d) 10 A

When an ac source of emf e = E;sin 1007 is connected across a circuit,

the phase difference between emf e and the current in the circuit is

observed to be 7/4 as shown in figure. If the circuit consists possibly //\ /\

RC or RL or LC in series, find the relationship between the two or

elements: J
(@) R=1kQ,C=10pF B R=1kQ,C=1pF

¢) R=1kQ,L=10H @R=1kQ,L=1H

The phase difference between the alternating current and emf is T Which of the following
. .o 2

can not be the constituent of the circuits?

(a) R, L (b) C alone (¢) L alone d)L,C

The voltage of an ac supply varies with time as V' = 120 sin 1 cos 100 . The maximum
voltage and frequency respectively are:

(a) 120 V, 100 Hz (b) 60y2V,100 Hz () 60 V, 200 Hz (d) 60 V, 100 Hz

A circuit containing L, C and ac source with ammeters 4;, A,, A3 is shown in figure. At
resonance which ammeter reads zero?

I )
C|| NS
) (AL
o) &)
Source
(@) 4, (0) Ag
(c) Ag (d) all the three A, A, and A4

A capacitor of capacitance 2 UF is connected to a tank circuit of an oscillator with frequency
of 1 kHz. If the current in the circuit is 2 mA, the voltage across the capacitor will be :

(@) 0-16 V (b) 0-32V (¢) 795V (d) 159V

A purely resistive circuit element X when connected to an ac supply of peak voltage 200 V
gives a peak current of 5 A which is in phase with voltage. A second circuit element ¥, when
connected to same ac supply also gives the same value of peak current but the current lags
behind by 90°. If the series combination of X and Y is connected to same supply; what will be
the value of rms current?

(@) 1:5 A (b) 2:5 A (c) 3.5 A (d) 05 A

The voltage and current in ac circuit are given by

7T 7T
V = 5sin (1007‘ct - E),l = 4sin(1007rt + E)

We can conclude
(a) voltage leads the current by 30° (b) current leads the voltage by 307

(¢) current leads the voltage by 60° (d) current and voltage are in phase

The electric current in a circuit is given by I = I, (?) for some time. The rms value of current
for the periodt =0tot = Tis:

10 IO
@ 75 ) V21, © 7 @) V31,
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85. A series LCR circuit is shown in figure. The source frequency f A
is varied, but the current is kept unchanged. Which of the curves
shows changes of V. and V; with frequency?

[ Q<>

L
Ve Vi \Y;
| Ve L

(@) Vv ® Vv

e -t

f Ve Vi 1AVC v,
€ v @ Vv

—f —-f

86. An alternating current of 1-5 mA rms and angular frequency ® = 100 rad/s flows through a
10 kQ resistor and a 0-50 pF capacitor in series. The rms potential difference across the
capacitor is:

(a) 48V (&) 15V () 30V (d) 42V
87. 1Inaseries LCR circuit, the voltage across R is 100 Vand R = 1 kQ with C = 2 pF. The resonant

frequency o is 200 rad/s. At resonance, the voltage across L is:
(@) 25 X 1072V (b) 40V (€) 250 V d) 4x107°V

88. Inan ac generator, a coil with N turns, all of the same area 4 and total resistance R, rotates with
frequency o in a magnetic field B. The maximum value of emf generated in the coil is:
(a) NABR® (b) NAB (c) NABR (d) NABo

89. An ideal coil of 10 H is connected in series with a resistance of 5 Q and a battery of 5 V. 2
seconds after the connections are made, the current flowing, in ampere, in the circuit is:

(@) e () e ) (1-¢ @ (1-e)

90. The selectivity of a series LCR ac circuit is large, when [CBSE 2020 (55/5/1]
(a) Lislarge and R is large (b) Lis small and R is small
(¢) Lislarge and R is small d)L=R

91. The phase difference between the current and the voltage in series LCR circuit at resonance
is [CBSE 2020 (55/5/2]
(a) 7 (b) m/2 (¢) m/3 (d) zero

Answers
1. (&) 2. (c) 3. () 4. (¢) 5.(¢) 6. (b) 7. (c) 8. (b)

9. (¢) 10. (d) 11. (d) 12. (d) 13. (¢) 14. (b) 15. (d) 16. (¢)

17. (¢) 18. (a) 19. (a) 20. (d) 21. (b) 22.(d) 23. () 24. (a)

25. (d) 26. (d) 27. (¢) 28. (a) 29. (d) 30. (b) 31.(b) 32.(a)

33. (¢ 34. (d) 35. (¢ 36. (d) 37. (a) 38.(d) 39. (d) 40. (c)

41. (a) 42, (d) 43. (a) 44. (d) 45. (¢) 46. (¢) 47. (b) 48. (b)

49. (a) 50. (d) 51. (b) 52. (b) 53. (d) 54. (b) 55. (d) 56. (a)

57. (b) 58. (d) 59. (d) 60. (b) 61. (d) 62. (d) 63. (a) 64. (a)

65. (b) 66. (a) 67. (a) 68. (d) 69. (d) 70. (a) 71. (b) 72. (a)

73. (a) 74. (c) 75. (¢) 76. (D) 77.(c) 78. (a) 79. (d) 80. (¢)

81. (a) 82. () 83. (¢) 84. (c) 85. (a) 86. (c) 87. (¢) 88.(d)

89. (¢) 90. (c) 91. (d)
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CASE-BASED QUESTIONS

Attempt any 4 sub-parts from each question. Each question carries 1 mark.

1.

LC OSCILLATORS:

An LC circuit oscillating at its natural resonant frequency can store electrical energy. A
capacitor store electrical energy in the electric field (E) between its plates, depending on
the voltage across it, and an inductor stores magnetic energy in its magnetic field (B),
depending on the current through it. If an inductor is connected across a charged capacitor, the
voltage across the capacitor will drive a current through inductor, building up a magnetic field
around it. The voltage across the capacitor falls to zero as the charge is used up by the current
flow. At this point, the energy stored in the coil’s magnetic field induces a voltage across the coil,
because inductor oppose changes in current. This induced voltage cause a current to begin to
recharge the capacitor with a voltage of opposite polarity to its original charge. Due to Faraday’s
law, the emf which drives the current is caused by a decrease in magnetic field, thus the energy
required to charge the capacitor is extracted from the magnetic field. When the magnetic field is
completely dissipated the current will stop; and the charge will again be stored in the capacitor
with the opposite polarity as before. Then the cycle will begin again, with the current flowing
in the opposite direction through the inductor. The charge flows back and forth between the
plates of the capacitor, through the inductor. The energy oscillates back and forth between the
capacitor and the inductor until internal resistance makes the oscillations die out. The tuned

circuit’s action, known mathematically as harmonic oscillator, is similar to a pendulum swinging
back and forth.

£

+3
+
+8
1
N |
()
‘l
‘I
1
|

(i) In an LC oscillator, the frequency of oscillator is L or C.
(a) directly proportional to (b) proportional to the square of
(¢) independent of the value of (d) mversely proportional to square root of

(if) An LC oscillator cannot be used to produce
(@) high frequencies (&) audio frequencies
(¢) very low frequencies (d) very high frequencies
(222) In an LC oscillator, if the value of L is increased four times, the frequency of oscillations
is
(@) increased by 2 times (b) decreased 4 times
(¢) increased by 4 times (d) decreased by 2 times

(iv) In an ideal parallel LC circuit, the capacitor is charged by connecting it to a dc source,
which is then disconnected. The current in the circuit

(@) becomes zero instantly (&) grows monotonically
(¢) decays monotonically (d) oscillates instantly

() An LC circuit contains a 0.6 H inductor and 25 UF capacitor. What is the rate of change of
the current (in A/s) when the charge on the capacitor is 3 X 107 C?

(@2 (b) 4
()3 (@) 6

146] Physics—XII: Term-1 WWW.JEEBOOKS.IN


http://www.jeebooks.in

Answers

1.

(1) (d); In LC oscillator, the frequency is given as

(#) (¢); An LC oscillator cannot be used to produce very low frequencies.

1
i) (d); The frequency of LC oscillator is given as w = ——
() (d) q Y g m

If L is increased four times then,

, 1 1 1

Jilc ojic 2

(7v) (d); When capacitor is connected to a dc source and then disconnected it gets charged and
then it starts discharging through the inductor. When circuit is closed, the capacitor
begins to discharge through the inductor causing current to flow. The energy of electric
field between the capacitor plates has transferred to magnetic field. By Lenz’s law, this
dying magnetic field induces on emfin the inductance in the same direction as current.
Hence LC circuit sets up oscillations.

(v) (a); For LC circuit,

Electrostatic energy of capacitor = Magnetic energy of inductor

2
Differentiate w.r:t. t
1 dq 1 dl
—_ L — (9D
o (2) g =L@
4, _ 4
C]_Udt
dr_ 4 _ _ 3x107
dt LC  0.6%x25x107°
dl
Q2N

RESONANCE:

An interesting characteristic of the series RLC circuit is the phenomenon of resonance. The
phenomenon of resonance is common among systems that have a tendency to oscillate at a
particular frequency. This frequency is called the system’s natural frequency. If such a system is
driven by an energy source at a frequency that is near the natural frequency, the amplitude of
oscillation is found to be large. A familiar example of this phenomenon is a child on a swing. The
swing has a natural frequency for swinging back and forth like a pendulum. If the child pulls on
the rope at regular intervals and the frequency of the pulls is almost the same as the frequency
of swinging, the amplitude of the swinging will be large.

Suppose a resistance R, inductance L and capacitance C are connected in series and fed by an
alternating source of voltage I, the frequency of alternating current source be f. This series RLC
circuit is said to be in resonance only if the frequency f of applied alternating source be such
that the current flowing in circuit and voltage applied are in the same phase. At resonance in
RLC series circuit impedance is minimum (e,Z = R). For an RLC circuit driven with voltage of
amplitude IV, and angular frequency o, is given by
1
W) =—F—.
e
At resonant frequency, the current amplitude is maximum

Le izi
.., " R
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P
-
(@]

Nl

V =V, sin ot

/N

vV—»

(?) To reduce the resonant frequency in an LCR series circuit with a generator
(a) the generator frequency should be reduced

(b) another capacitor should be added in parallel to the first
(¢) the iron core of the inductor should be removed
(d) dielectric in the capacitor should be removed

(i1) The natural frequency of the circuit shown in fig. is

(@]
—]

1
2ny LC © 2ny/2LC L
2

(¢) m/ic (d) none of these

(iii) In an ac circuit the emf () and the current (i) at any instant are given respectively by
e = E, sin ot
i =1 sin (of — ¢)

The average power in the circuit over one cycle of ac is

E I
(@) Eyl, (b) %
E,l, Eyly

©) 2Lsin (d) 5 cos ¢

(iv) Anac Voltage is connected to two circuits as shown in fig., the current through resistance
R in the circuit (I) and (II) at resonance respectively is

R L ¢ L
—— W ——| —— N R ——

A C

||

= ~

@ v (Im

@O0A,0A () % 0A
vV vV Vv
€ 0A = @ =7

(v) The resonant frequency o, of a series LCR circuit with L =2 H, C = 32 pFand R = 10 Q is
(@) 125 rad s (b) 130 rad s
(¢) 185 rads™ (d) 140 rad s™*
Answers

2.

(¢) (b); The resonant frequency of LCR series circuit is

1
Vo= " =
0 2nyLC
So, to reduce resonant frequency v,,we either have to increase L or to C. To increase C
another capacitor must be connected in parallel with the first.
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(%) (a); The two capacitors are in series and two inductors are also in series.

So, Lg

(¢22) (d); Power = Rate of work done in one cycle

P_

aw

P:

anv

anv

Natural frequency of the circuit, v, =

T
( E,l, cos <t>)E

Lt lL—9and —=LiLl_2

B ToEme e TcTe e
C

Co=

1 1 1
anyLC o,/ € 2m/IC
2

W

T

T “.* Work done in half cycle is W = (E I, cos §) g

E,1, cos 0]

2

(rv) () In series LCR circuit, at resonance, Z = R

So,:

series

v_Vv
Z R

In parallel LCR circuit, current in circuit

1
; R t fi W, = -
(v) (a); Resonant frequency, ®, i

lpamllel Sl = 0

1 1
% =5 <107 =125rad/s
X

w, = 125rad/s

ASSERTION-REASON QUESTIONS

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
(¢) A istrue but R is false.

(d) A is false and R is also false.

(@)
(b)

1.

Assertion (A)
Reason (R)
Reason
Assertion (A)
Reason (R)
Assertion (A)
(®)
Assertion (A)
(®)

Reason

Reason

Assertion (A) :
(R) =
Assertion (A) :

Reason

Reason (R)

: An alternating current of frequency 50 Hz becomes zero, 100 times in one second.
: Alternating current changes direction and becomes zero twice in a cycle.

Assertion (A) :
R) :

Capacitor serves as a block for DC and offers an easy path to AC.

Capacitive reactance is inversely proportional to frequency.

: A capacitor of suitable capacitance can be used in an AC circuit in place of the

choke coll.

: A capacitor blocks DC and allows AC only.

: An alternating current does not show any magnetic effect.

: Alternating current does not vary with time.

: In series LCR-circuit, the resonance occurs at one frequency only. [ATIMS 1998

: At resonance, the inductive reactance is equal and opposite to the capacitive

reactance.
220 V, 50 Hz appliance implies that emf across the appliance should be 220 V.
Every appliance is specified with its peak Tolerable voltage.

The quantity L/R possesses the dimension of time. [ALIIMS 2002]

: In order to reduce the rate of increase of current through a solenoid, we should

increase the time constant.
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8. Assertion (A) : Transformers are used only in alternating current source not in direct
current. [AIIMS 2009]
Reason (R) : Only a.c. can be stepped up or down by means of transformers.
9. Assertion (A) : The possibility of an electric bulb fusing is higher at the time of switching ON
and OFF. [AIIMS 2003
Reason (R) : Inductive effects produce a surge at the time of switch-OFF and switch-ON.
10. Assertion (A) : Itis advantageous to transmit electric power at high voltage. [AITMS 2010]
Reason (R) : High voltage implies high current.
Answers
1. (a) 2. (a) 3. (b) 4. (d) 5.(a) 6. (¢) 7.(b) 8. (a)
9. (a) 10. (¢).
HINTS/SOLUTIONS OF SELECTED MCQs
L. () I=Isinwt=1I,sin2nv = 5x/§s1n2nx50xﬁ 5\/§sm— = 5,/‘ A
2. (¢) According to maximum power transfer theorem, X, = — X
V
o423
3. by vV, .= — =300V
V2R
4. () V=421, = fx220 =311V
1
6. () W = = 500 rad/s
VLC \/8><0 5x107°
7. (¢) The voltmeter connected to AC mains reads mean (< 12 >) and is calibrated in such a way
that it gives value of < 12 >, which is multiplied by firm factor to give rms value.
8. (b) Resonant frequency,
q Y,V 27_[ TC’ ﬁ
Now, to reduce v, either we can increase L or C.
So, to increase C, we must Connected another capacitor parallel to the first.
10. @ P =E, I . cosd = \/_ — X 7 cosd = 9 Eolocoscb
11. (d) For pure inductive circuit, ¢ = 90°, cos ¢ = 0,so P, = 0.
12. (d) We have to transmit power over large distance at high alternating voltage, so, current flowing
through the wires will be low.
Here, P = E s s Lims 15 low when Eis high also power loss = IQrms R = Low
Now, at the receiving end high voltage is reduced by using step-down transformer.
3. @) X. =& = Xe Oy k100
. ¢~ o (Xe) @ 2m f 50
(X)) o = % = 2.5Q
15. (d) The plate with positive charge will be at higher potential and the plate with negative charge
will be at lower potential. So, we can say that the charge is in phase with applied voltage.
16. (d) Quality factor (Q) = %4 / % for an L-C-R circuit,
To make, Q is high, R should be low, L should be high and C should be low.
17. (d) Average power dissipated in the circuit,

av rms  rms

E 2
P =FE I cos¢=(%) cosd
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18.

19.

20.

21.

22.

24.

25.

26.
217.

30.

33.

35.

where, Z=yR*+x2=/4+1=y/5Q and C05¢=§=%

6 2
then, P = g><i = 7—2 =144 W
V5 5 5
124 1
@ P =Vl = L=5-=5
1 1
1 =1.y2 =5Xy2=—A
R
(a) Power consumed: P = E (., COS §
P=F rms | AL L s _ It
”’“(_Z )Z I i 7 and cos¢ ~
E E2
E_ = —O, then P = .

4R

TMS ﬁ

(d) Voltage across the inductor is
v, =V =12 =/(100)2 - (60)°> =/10000-3600 = 6400 =80V
(b) We know that

1 2
Z=4/R*+ (—)
wC
Now, Power = Vs ¢,,,; cOs ¢
P=T,.1 R

m’!’ij

Now, as ® increase, Z decreases

e.e., the bulb glows brighter (more power)

(d) Power,

st

. y T
= P() = E0 sin @l X 1 sm(wt—g)
P = Enz'0 sinwt . cos wt
_ 1

2

Hence, angular frequency of instantaneous power is [20].

P Eiysin (2 wi) [as sin 2mf = 2 sin of cos of)]

(a) In electric furnace Cu and Fe is melted due to variation of current because current generates
heat and electricity.

— g )
(d) ¢ = tan o(R

i.e., 90° for maximum

(d) Weak current flows through the transmission line, hence low power loss (I°R).

(¢) Q factor = %4/%

O factor can be improved by decreasing R.
() When just open the switch, more quickly current changes gives higher the voltage in the circuit.

X S S ﬁ
© X =orepee) - 4
N,
(¢) Given N—::%
Eg Ny
Now, we know that E_P_ N—P
Ep=6V
then £, =F £=6X§=9V
S PN, 2
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36.

37.

38.

41.
43.
45.

47.

50.
51.
53.

54.
55.

60.

63.

64.

65.

66.

70.

71.

(a)
®)
)

®)

(d)
)
(d)

®)
(d)

®)

(@)
(a)

)

(@)

(a)

)

T 3T 57
4

£ .. energy is electrostatic & at ¢ = g

energy is totally magnetic.

. . LY
V="Vysinot, I =1;cos ot = I sm(u)r + 5)

i.e., voltage lags behind the current by phase angle of % .

P o=ty =L 100x200x10% = 10w

av 2 070 2
In DC supply, magnetic flux does not change, so emf not induced, i.e., E; = 0.
200
V. ===V
rms \/§
200
Vo =v2V =4y2X===200V
0 1/_ rins ‘/_ ‘/§
Vs - - 1y inZE = 1_
V=V, sin 2ot = 200 sm(27c><50>< 600) = 200 sin 6 200x 5 = 100V
Time constant for RC circuitis given by 1 = RC = }%‘1 C will have the dimension of frequency.
Similarly, time constant for a LR circuit is given by
T= % = % will have dimension of frequency.

Because ¢ between current and emfis 45° in case of LCR circuit.
Soft iron because it reduces the hysteresis loss.

For pure capacitor, ¢ = 90°

V1 Vil
P = 020 cosd = %cos 90° =

100 times as current is zero two times for one complete cycle.

P=E_ I cosb=FE_ T cos(—£)=0

Yms T rms rins T rms 2
1 1 4
X =—=—"—=10"Q
© ol 100x107°
V
I, =~ = —2040 A =20 mA
X010
1 9 1
¢ when = or®” = =
ax \/E LC

V=V + 1,2 = /(200)2 + (150)2 = 250 V

7 =yR2+ (L) = /107 + (120n x 2)% = 753.6 Q

Vo120
J=—=——"=0.16A
7 " Tms6 10
Vie 100 Vs 100
R = Idc =7~ 100Q, 7= Iﬂm —H—QUOQ

X, 10045 10043
X, =vZ* - R* =/200° 100 = 100y3 Q, L = & =9 %50 =g = 005 H

Now at resonance, I, = I/ = 300 V, then, I’ = 220 V
Vo220

T T
. L_5 _ .
Time constant, T = =10 0-5s
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Equation of growth of current in RL-circuit is
I=1,[1-%"1
Att =w, 1, =1,
Att=1,1,=1,[1-¢c""=1,(1-¢7
/) 1 ¢

12 a l—e¢? 2 -1
72. (a) Charging current [ = I /¢

)
= log, I =log, I, _RLC where [ =

Clearly, the graph of log, I versus ¢ is a straight line of slope - RC shown by dotted line.

When R increases to 2R, I, decreases so value of log, /, decreases and slope becomes half.

This 1s shown in P.

E 100
73. (a) ]O=E=m= 1A
Time constant

_ L _100x107° _ 5 _
T_R_—IOO =1x10"™ s = 1ms

Current during discharging after time # is
I=1e"" =1 = 10.(%) =%A
74. (¢) o =L =
' TVl Lo

o, =, implies LC=L'C’

r r

L, 6L
= L=t octTy
P - fOT(ilcos(ut+i25inmt)2
75. (C) lrms‘_(z )mmn_ T
= sz'Qcochot + fTiQ sin® wt +fT2' i, sin @t cos wt
0 "1 o ‘2 0 hiy
=ﬁx%+gx%+0
zf+i§
?'TI’LC: 2
I N 1
S p_ 140 _ 1 _r_
6O SN Tw0 T2 T T T2A

77. (¢) In given figure currentis leading applied voltage by % , so circuit may be RL or RLC circuit.

Out of given circuits the possible circuit is RL circuit.
ol
Also tan¢ = ——
so tan¢ i
1

tan 45° = % =~ R=100L

L
78. (a) In RL circuit, the phase difference is tan™! (%) which is never g for finite values of L and R.

79. (d) V = 120 sin 100 ntz cos 100w = 60 sin (2 X 100 m7)

Maximum voltage = ', = 60 V
W
L= 20 _ o011y

Frequency, f = o on
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80. (¢) Atresonance i; = i with a phase difference of . Current in main circuit ¢ = ¢ —2; = 0, so
ammeter A4 reads zero.

8l. (a) Vo=X.I= ! 5 x2x107 volt =016 V
2X3-14x2X10™
E
0o _ 200
82, (b)) R=—7—=—7—"=40Q
1, 5
In purely inductive circuit current lags behind the applied voltage by g ;
E
_ o 200
LTI 5 40Q

Impedance Z = ,/R* +X§ =40/2 Q

E
o_QOOA 5

I = =——
O 2 4042 V2

1

=—=25A

1
rms \/§

83. (c) Phase lead of current over voltage

¢ = lOOnt+£—(100m‘—£)=£= 60°

6 6/ 3
) fUTI2dt [M2ia I
84. (C) ]fms: T = 2 = 3
j dt .7 3T
I
]?WLSZ_O
V3
1 1
85. (a) V.= onfC * f and V, = (2nfL) o f
86. (¢c) X.= ! 1 Q=2x10"Q

¢ 0l T 100x0-50x107
V. =X.1=2x10"x1-5x107" =30V

87. (¢) Current in circuit at resonance frequency

,_ V. _ 100

R 1x10°
At resonance X; = X,

A=0.1A

1 1
Voltage across L, 1V, =X, I =X, 1= —I =—x0.1 =250V
& Bk “T 00 900%x2x107°
89. (c) i=iy(l—e™'h
L=10H,R=5Q,t=2s

=110 = (1 -

90. (c) Q=%\/%

The selectivity of a series LCR circuit can be increased by increasing the quality factor, i.e.,
when L is large and R is small.

91. (d) At resonance, the circuit behaves as purely resistive and the phase difference between
current and voltage in purely resistive circuit is zero.
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BLUE PRINT-1

(FOR PRACTICE PAPER-01)

Chapters

. Electric Charge and Fields

. Electrostatic potential and capacitance
. Current electricity

. Moving charges and magnetism

. Magnetism and matter

. Electromagnetic induction

. Alternating current

Total

BLUE PRINT-2

(FOR PRACTICE PAPER-02)

Chapters

. Electric Charge and Fields
. Electrostatic potential and capacitance

. Current electricity

Moving charges and magnetism

. Magnetism and matter
. Electromagnetic induction

. Alternating current

Total

WWW.JEEBOOKS.IN

Multiple Choice
Questions
(1 Mark)

5(5)

5(5)
1(1)
3(3)
3(3)
3(3)

20(20)

Multiple Choice
Questions

(1 Mark)

3(3)
1(1)
3(3)
3(3)

20(20)

Case-based
Questions
(1 Mark)

4(4)

4(4)

8(8)

Case-based
Questions
(1 Mark)

4(4)

8(8)

Assertion-
Reason
Questions
(1 Mark)

Total

1(1)
1(1) 17(17)
1(1)
L(1)
1(1)
18(18)
1(1)
1(1)

7(7) 35(35)

Assertion-
Reason
Questions

(1 Mark)

Total

1(1)
1(1) 17(17)
1(1)
1(1)
1(1)
18(18)
1(1)
1(1)

7(7) 35(35)
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BLUE PRINT-3

(FOR PRACTICE PAPER-03)

Multiple Choice

Chapters Questions

(1 Mark)
1. Electric Charge and Fields 5(5)
2. Electrostatic potential and capacitance 5(5)
3. Current electricity 4(4)
4. Moving charges and magnetism 3(3)
5. Magnetism and matter 2(2)
6. Electromagnetic induction 1(1)
7. Alternating current —

Total 20(20)

Note: 1. Number of question(s) is/are given in the brackets.
2. Case-based Questions contain Multiple Choice Questions (MCOQs).

Case-based
Questions
(1 Mark)

4(4)
4(4)

8(8)

Assertion-
Reason
Questions
(1 Mark)

1(1)
1(1)
1(1)
1(1)
1(1)
1(1)
1(1)

7(7)

Total

17(17)

18(18)

35(35)

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

questions same.
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(i B PRACTICE PAPER

Time: 90 minutes Max. Marks: 35

General Instructions:
(i) All questions are compulsory.
(ii) There are 35 questions in all.

(iii) This question paper contains Multiple Choice Questions (MCQs), Case-based MCQs and
Assertion-Reason MCQs.

(iv) Only one of the options in every question is correct.

(v) An OMR sheet of every practice paper is given. The candidate has to give his/her answer
of the question by darkening the circle against that question.

Question numbers 1 to 20 are multiple choice questions. Choose the correct option.

1. Which among the curves shown in figure possibly represent electrostatic field lines?

2. How many electrons must be removed from an electrically neutral metal plate to give it a
positive charge of 1 X 10”7 coulomb?
(@) 6.25 x 10" (b) 6.45 x 10"
(¢) 6.25 x 107! (d) 6.45 x 1071

3. 'Two point charges 4 and B, having charges +¢ 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

(a) ¥ ® 15
16F 4F

© —3— @) =5~
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=3

4. A disc of radius a/4 having a uniformly distributed charge 6 C

is placed in the XY plane with its centre at (—%, 0, 0) . A rod of
length a carrying a uniformly distributed charge of 8 C is

placed on X-axis from x =L (0 x=5—a. Two point charges

4 4
-7 C and 2 C are placed at (%, —%,0) and (_%Ta’ %Ta’ )

respectively. Consider a cubical surface formed by six surfaces

x== %, y== %, 2=+, The electric flux through the cubical

surface is:
2C 2C 10C 12C
@ = Ol Chrs @

5. The —ve and +ve charges of a dipole of moment ; are placed respectively at points — ia and

+ia. If y > a, then the electric field intensity due to the dipole at the point located at jy , 18

] - ] -
27:1—:0;)3 ©) 21e, y3 ©) @)

(@)

3 3
4neyy 4me,y
6. The resistivity of iron is 1 X10~’ 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)
(@ 1 x107 (b) 2 x1077 () 4 x107 d) 8 x1077
7. 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

r

(@) 8E, 8r (b) 8E, 10r (¢) 10E, 10r (d) 8E, 0
8. When temperature of a metallic resistor is increased, the product of its resistivity and
conductivity
(@) decreases (b) remains constant
(¢) increases (d) may increase or decrease

9. The potential difference between points A and B of adjoining figure is

50 50
A B
2V
50 % 503
5Q 50
D AW AW C
2 8
@ FV ®) 5V
(¢) %V d) 2V

10. Two cells when connected in series are balanced on 8 m on a potentiometer. If the polarity of
one of the cell is reversed, they balance on 2 m. The ratio of emf’s of the two cells is

@ 3:5 ) 5:3
() 3:4 d) 4:3
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11.

12.

13.

14.

15.

16.

17.

18.

19.

A rectangular coil ABCD is placed near a long straight current carrying straight wire as shown.
What is the net force on the rectangular coil?

D c
2A 1A 1A 15 cm
A B
2cm - 10cm
(a) 35 % 107 N, towards the wire (b) 35 X 107N away from the wire
(c) 25 X 10”7 N towards the wire (d) 25 X 107 N away from the wire

Two wires of same length are shaped into a square and a circle. If they carry same current,
ratio of magnetic moment is:

(@) 2:m b)ym:2

(c) 4:m (d) m:4

The magnetic induction at the centre of a circular loop of area © square metre is 0.1 T. The
magnetic moment of the loop is (1, permeability of air)

0-1m 021 0-3m 0-4m
@ 5 &) ©) Ty @ T

A magnet of magnetic moment m is cut into two equal parts. The two parts are placed
perpendicular to each other so that their north poles touch each other. The resultant magnetic
moment is:

m

a m bi c m d)y —
(@) V2 ()\5 () V3 ()ﬁ

A magnet is dropped with its north pole towards a closed circular coil placed on a table then
(a) looking from above, the induced current in the coil will be anti-clockwise.

(b) the magnet will fall with uniform acceleration.

(c) as the magnet falls, its acceleration will be reduced.

(d) no current will be induced in the coil.

The magnetic flux linked with a coil at any instant ¢ is ¢ = (6t* — 8t + 5) Wh, the emf induced
in the coil at t = 2 second is

(a) +24 V () +16 'V
(¢) -16 V d) 24V
A conducting circular ring is placed in a uniform magnetic field B with its plane perpendicular
to the field. The radius of the ring starts shrinking at the rate (da/dt). Then induced emf at the
instant when the radius is ¢ is
(a) ma® (dB/dl) (b) 21 aB(da/dt)
() (na*/2)* B(da/dt) (d) 7 aB(da/dt)
In a LCR circuit, the voltage across each of the components of L, C and R is 50 V. The voltage
across LC combination will be:
(@) 50 V (b) 5042V (¢) 100V (d)ov
In an ac circuit, voltage V" and current i are given by
V' =100 sin 100 ¢ volt
i = 100 sin (100t + 7/3) mA
The power dissipated in the circuit is
(@) 10*W (0) 10 W (€) 25 W d) 5W.
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20. The figure shows variation of R, X; and X with frequency fina 4
series LCR circuit. Then for what frequency point, the circuit is

inductive.
(@) C () B
(€) A (d) Aand B

Case-based Question—I : Electrostatic Shielding

The phenomenon of making a region free from
any electric field is called electrostatic shielding or
electrostatic screening. It is based on the fact that electric
field becomes zero inside the cavity of hollow conductor.
In the hollow conductor charges are distributed on the
surface of conductor. Such a field free region is also
called a Faraday cage. Such a cage can block the effects
of an external field on its internal contents, or the effects
of an internal field on the outside environment. Inside
the Faraday cage, electric field is always zero. Even if the
conductor is charged or charges are induced on a neutral

<
S

x
2

s

AB C

Gaussian
+ Surface

conductor by an external field, all changes reside only on the outer surface of the conductor. Hence, any
cavity of any shape and size is always shielded from outer electric field region.

21. In aregion of constant potential

(a) the electric field is uniform (b) the electric field is zero

(c) there can be no charge inside the region (d) both (b) and (¢)

22. Inthe case of a charged metallic sphere, potential (V) changes with respect to distance (r) form

the centre as

@ vl @) o1

¥ —_—

o @ o1

T —

T —

T —

23. The work done in carrying a charge Q once round a circle of radius r with charge g at the

centre of the circle is

L2

471(—:0 r
24

(@) )

(¢) 5 (d) zero

24. At a point 4, there is an electric field of 500 V/m and potential difference of 3000 V.

The distance between the point charge and 4 is

(a) 6 m (b) 36 m
(¢) 12m (d) 144 m
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Case-based Question—II : Helical Motion of Charge

We have studied in earlier classes (in mechanics) that a force on a particle does work if the force has
a component along or opposite to the direction of the particle. In the case of motion of a charge in a
magnetic field, the magnetic force is perpendicular to the velocity of the charge particle. So no work is
done and no change in the magnitude of the velocity is produced.

In particle will describe a circle if 1_; and E are perpendicular to each other. The perpendicular

- . . . . .
force,qv X B acts as a centripetal force and produces a circular motion perpendicular to the magnetic

field.

If velocity has a component along B , this component remains unchanged as the motion along the
—
magnetic field will not be affected by the magnetic field. The motion in a plane perpendicular to B is as
before a circular one, thereby producing a helical motion.

Circular Path
X x U vy X vsin 6 _
U vy
X X X X X X
X X X X X X )
Uy
X X X X
v
X X v X X X . H i - X
b — B b B
X X X X X X —>
VoS 0

25. A charged particle moves through a magnetic field perpendicular to its direction. Then
(a) the kinetic energy changes but the momentum is constant
(b) the momentum changes but the kinetic energy is constant
(c) both kinetic energy and momentum of the particle are constant
(d) both kinetic energy and momentum of the particle are not constant
26. The time period of a charged particle undergoing a circular motion in a uniform magnetic
field is independent of its
(a) mass (&) charge
(¢) magnetic induction (d) speed
27. A charge particle enters through a magnetic field B with its initial velocity making angle of
45° with §, . The path of the particle will be
(a) a circle (b) an ellipse
(¢) a helical (d) astraight line
28. An electronis travelling along the X-direction. It encounters a magnetic field in the Y-direction.
Its subsequent motion will be
(a) a circle in the XY-plane (b) acircle in the YZ-plane
(¢) a circle in the XZ-plane (d) straight line along the X-direction

For question numbers 29 to 35, two stalements are given-one labelled Assertion (A) and the other
labelled Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d)
as given below.

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

(b) Both A and R are true but R is not the correct explanation of A.
(¢) A istrue but R is false.

(d) A is false and R is also false.
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29.

30.

31.

32.

33.

34.

35.

Assertion (A) :
R) :
Assertion (A) :
(R) :
Assertion (A)

Reason

Reason

Reason

(R)

Assertion (A)

Reason

Reason

Electrostatic field lines start at positive charges and end at negative charges.
Field lines are continuous curves without any breaks and they form closed loop.
The capacitance of a conductor does not depend on the charge given to it.

The capacitance of a conductor depends only on geometry and size of conductor.
The drift velocity of electrons in a metallic conductor decreases with rise of
temperature of conductor.

On increasing temperature, the collision of electrons with lattice ions increases;
this hinders the drift of electrons.

: A galvanometer can be used as an ammeter to measure the current across a

R) :
Assertion (A)

(R)

Assertion (A)

Reason

Assertion (A) :

Reason

(R)

(R)

given section of the circuit.

For this it must be connected in series with the circuit.

When a bar magnet is freely suspended, it points in the north-south direction.
The earth behaves as a magnet with the magnetic field pointing approximately
from the geographic south to north.

Tiwvo identical co-axial circular coils carry equal currents

crculating in same direction. If coils approach each other,

the current in each coil decreases. I I
When coils approach each other, the magnetic flux linked

with each coil increases. According to Lenz’s law, the

induced current in each coil will oppose the increase in magnetic flux, hence,
the current in each coil will decrease.

When capacitive reactance is smaller than the inductive reactance in LCR circuit,
emff leads the current.

The phase angle is the angle between the alternating emf and alternating current
of the circuit.
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()72 PRACTICE PAPER

Time: 90 minutes Max. Marks: 35

General Instructions: Same as Practice Paper—01.

Questions 1 to 20 are multiple choice questions. Choose the correct oplion.

1. The variation potential I with r and electric field E with r for a point charge is correctly shown

in the graphs.
|2 E 13| \\e
(@) 5 (b) L5
°El v oc
>= >= Vv
e T e
E
l2 £ Iz
@ 5 @ L5
o c o c
=<| v == VvV
y—s T —

2. Four point charges — O, — ¢q, 2¢g and 2Q are placed, one at each corner of the square. The
relation between Q and ¢ for which the potential at the centre of the square is zero is

1 1
@ Q= 54 () Q= © Q=-51 @ Q=4

3. 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
(a) 2V ) 4V )1V (d) 6V

4. The potential at the centre of the square is

+q _f{
a
+7 < a >V
(a) zero (b) ;—qﬁ ©) Z—Z ) 27(]2
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10.

11.

12,

13.

Two conducting spheres A and B of radii @ and b respectively are at the same potential. The
ratio of surface charge densities of A and B is

b a a* b?
@ ©) 5 () W () 2
A cell of internal resistance 3 ohm and emf 10 volt is connected to a uniform wire of length
500 cm and resistance 3 ohm. The potential gradient in the wire is

(@) 30 mV/cm (b) 10 mV/cm (¢) 20 mV/cm (d) 4 mV/cm

The voltage V and current I graph for a conductor at two different T,
temperatures T, and T, are shown in the figure. The relation between T

Tl and T2 iS \Y; T2
@ T,>Ts ) Ty =T,

(€ Ty=Ts d) Ty <T, —

The power dissipated in the circuit shown in the figure is 30 watts. The

value of R is
R

(@) 20Q ®) 15 Q () 100 d) 30 Q

For a cell of emf 2 V, a balance is obtained for 50 cm of the potentiometer wire. If the cell
is shunted by a 2 () resistor and the balance is obtained across 40 cm of the wire, then the
internal resistance of the cell is

(@) 1Q (b) 0.5 Q (¢) 1.2Q (d) 2.5 Q

In a metre bridge experiment, resistance box (with R = 2 Q) is connected in the left gap and
the unknown resistance S in the right gap. If balancing length be 40 cm, calculate value of S.
(@) 2Q (b) 3Q (c) 4Q (d) 2.5Q

Two thin, long parallel wires, separated by a distance (d) carry a current of (i) in the same
direction. They will

(a) repel each other with a force of 1 2/(2m d)

(b) attract each other with a force of u0i2/ (2m d)
(c) repel each other with a force of 1 2/2md?)

(d) attract each other with a force of u0i2/ (2 d?)

A 100 turns coil shown in the figure carries a current of 2 A in a
magnetic field of 0.2 Whb-m2. The torque acting on the coil is

(a) 0.32 N-m tending to rotate the side AC out of the page

(b) 0.32 N-m tending to rotate the side AC into the page 10 cm
(¢) 0.64 N-m tending to rotate the side AC out of the page

(d) 0.64 N-m tending to rotate the side AC into the page

- 8cm |«

S-Pole

c D

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 (b) 25 Q () 250 Q (d) 500 ©
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14.

15.

16.

17.

18.

19.

20.

A bar magnet of moment 10 Am? is cut into two equal halves perpendicular to its length. The
magnetic moment of each half in Am?® will be

(a) 20 ®) 5 (c) 10 (d) 25

The fig. shows certain wire segments joined together to form a

coplanar loop. The loop is placed on a perpendicular magnetic x |x x x x x| x
field in the direction going into the plane of the figure. The a b

. . e x [x x | x
magnitude of the field increases with time. I} and I, are currents
in the segments ab and cd. Then x [x x | x
(@) I, > I x |x x x x x| x

) Iy <1
(¢) I, in the direction ba and I, is in the direction cd

(d) I is in the direction ab and I, is in the direction cd.

A coil having an area 4 is placed in a magnetic field which changes from B, to 4B in a time
interval f. The emf induced in the coil will be

34,8, , 44,8, 3B, ; 4B,
@ — ) — @ a7 @ St

Mutual inductance between two circuits does not depend on

(@) number of turns in both the coils.

(b) area of both the coils.

(c) permeability of the cores of the coils and permeability of the separating medium.

(d) permittivity of the cores of the coils and permittivity of the separating medium.

The r.m.s. voltage of the wave form shown is

\
A
+10
0 >t
~10 L
(a) 6.7 V () 12V () 10V ) 7V

: . . 0 .
Reactance of a capacitor of capacitance C for an alternating current of frequency —— Hz is
25 Q. The value of C is

(a) 25 uF (b) 50 pF () 75 uF (d) 100 pF

Which are of the following plots may represent the reactance (X) = X, — X; of a series LC
combination?

X - X
@ /\ )

0 fr > o f ing

) ()

fr

o f—»
° ine \
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Case-based Question—I : FRICTIONAL ELECTRICITY: INDUCTION

The easiest way to experience electric charge is to rub certain solid bodies against each other. Long
ago, around 600 BC, the Greeks knew that when amber is rubbed with wool, it acquires the property of
attracting light objects such as small pieces of paper. This is because amber becomes electrically charged.
If we pass a comb through dry hair, the comb becomes electrically charged and can attract small pieces of
paper. An automobile becomes charged when it travels through the air. A paper sheet becomes charged
when it passes through a printing machine. A gramophone record becomes charged when cleaned with
a dry cloth.

The explanation of appearance of electric charge on rubbing is simple. All material bodies contain
large number of electrons and equal number of protons in their normal state. When rubbed against
each other, some electrons from one body may pass on to the other body. The body that receives the
extra electrons becomes negatively charged and the body that donates the electrons becomes positively
charged because it has more protons than electrons. Thus, when a glass rod is rubbed with a silk cloth,
electrons are transferred from the glass rod to the silk cloth. The glass rod becomes positively charged
and the silk cloth becomes negatively charged.

Glass

Ebonite
Two charged rods Two charged rods
of same sign of opposite sign

21. Charge 0 is distributed to two different metallic spheres having radii R and 2R such that both
spheres have equal surface charge density. Then charge on larger sphere is

19 59

(@) — ®) =
5
o =2 (@) %

22, A large non-conducting sheet § is given a uniform charge density. Two uncharged small metal
rods A and B are kept near the sheet as shown in figure. Which of the following is true?

A B
+
+
S + - + - +

+

+

+
(a) S attract 4 (b) § attracts B
(¢) A attracts B (d) All of the above

23. Charge on a body which carries 300 excess electrons is

(@) -4.8 x 10718 C (b) 4.8 x 1078 C
(€) 4.8 x 1077 C d) 4.8 x 10777 C
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24. Which of the following cannot be true about properties of charge?

(a) Charges can be created or destroyed in equal and unlike pairs only.
(b) Proper sign have to be used while adding the charges in a system.
©)

(d) It is not possible to create or destroy net charge carried by an isolated system.

Excess of electrons over protons in a body is responsible for positive charge of the body.

Case-based Question—II : MAGNETIC MOMENT

25.

26.

217.

28.

such as electrons, various molecules

. . . (2]
The magnetic moment is the magnetic %
strength and orientation ofa magnet or
other object that produces a magnetic 1
field. They include; loops of electric 1
current, moving elementary particles N s
Sasniires,

and many astronomical objects such

as many planets, some moons, star
etc. More precisely the term magnetic

moment normally refers to a system’s

magnetic  dipole moment, the

component of the magnetic dipole;
a magnetic north and south pole

X & Emmmms
h
The magnetic dipole components is \\

separated by a very small distance.
sufficient for small enough magnets or

) Magnetic field lines of a solenoid
for large enough distances.

A current carrying loop suspended to move freely, always stays along a fixed direction, the plane
of loop staying perpendicular to north-south direction just like a bar magnet. Moreover the two
current loops when brought close together attract or repel each other depending on the direction
of current just as two bar magnets when brought close together repel when their north poles face
each other and attract when north pole of one magnet faces the south pole of the other magnet.

The bar magnet is replaced by a solenoid of cross sectional area 2 X 10! m? and 1000 turns,
but same magnetic moment (0.4 Am?®) then current through the solenoid is

(@) 1A (b) 2A
(¢) 3A (d) 4 A
The magnetic moment of a current (I) carrying circular coil of radius (r) varies as
1 1
@ 5 &) =
) r () r*
The ratio of magnetic length to the geometrical length of a bar magnet is
5 6
@ & &) 5
7 6
© & @) =

A current carrying conductor of length 44 cm turns into circular loop. It carries 1 A current

22}

around circular path. The dipole moment generated in the loop is [take T=
(@) 150 Acm? (b) 152 Acm?
(¢) 154 Acm? (d) 156 Acm®
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For question numbers 29 to 35, two statements are given-one labelled Assertion (A) and the other
labelled Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d)
as given below.

Both A and R are true and R is the correct explanation of A.
Both A and R are true but R is not the correct explanation of A.
(c) Aistrue but R is false.

(d) A is false and R is also false.

(@)
(b)

29.

30.

31.

32.

33.

34.

35.
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Assertion (A) :

Reason

(R)

Assertion (A) :
(R) =
Assertion (A) :

Reason

Reason

Assertion (A)

Reason

Assertion (A)

Reason

(R)

Assertion (A) :

Reason

Assertion (A)

Reason (R)

(R) =

(R) =

(R) =

If a proton and an electron a replaced in the same uniform electric field, they
experience different acceleration.

: Electric force on a test charge is independent of its mass.

The potential of earth is assumed zero.
Earth is insulator and so earth can not hold any charge.

The resistance of a given mass of copper wire is inversely proportional to the
square of length.

When a copper wire of given mass is stretched to increase its length, its cross-
sectional area also increases.

: An electron moving along the direction of magnetic field experiences no force.

The force on electron moving along the direction of magnetic field is
F = quBsin(° =

: A current carrying coil is equivalent to a magnetic dipole having dipole moment

NIA.

: A current carrying loop is equivalent to a bar magnet.

If current changes through a circuit, eddy currents are induced in nearby iron
piece.

Due to change of current, the magnetic flux through iron piece changes, so
eddy currents are induced in iron piece.

: An inductance and a resistance are connected in series with an AC circuit. In this

circuit the current and the potential difference across the resistance lags behind
potential difference across the inductance by an angle n/2.

: In LR circuit voltage leads the current by phase angle which depends on the

value of inductance and resistance both.
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()X 3 PRACTICE PAPER

Time: 90 Minutes Max. Marks: 35

General Instructions: Same as Practice Paper—01.

Questions 1 to 20 are multiple choice questions. Choose the correct option.

1. Four charges + 8Q, - 30Q + 5Q and -10Q are kept inside a closed surface. What will be the
outgoing flux through the surface?
(@) 26 V-m () 0 V-m (¢) 10 V-m (d) 8 V-m

2. Due to the presence of a point charge at the centre of a spherical Gaussian surface of diameter
a, 10° Nm*/C amount of electric flux passes through it. Keeping the point charge at the centre,
the Gaussian surface is changed to a cubical Gaussian surface of side a. The flux through the
new Gaussian surface will be

6
(@) y2 x 10°Nm%C (b) 10 N /e (¢) 10° Nm? /C d) 24/2 x 10°Nm?*/C

/2

3. The figure shows the electric lines of force emerging from a charged body. If the electric fields
atA4 and B are E, and Ey respectively and if the distance between 4 and B is r, then

A ....................................... B
/’%‘
(@) E4 < Eg (b) E4 > Eg
E E
() E,==F () EA=TQB

4. An electric dipole is situated in an electric field as shown in Fig. (a). The dipole and the
electric field are both in the plane of the paper. The dipole is rotated anticlockwise about an
axis perpendicular to the plane of the paper at the point A. If the angle of rotation is measured
with respect to the direction of the electric field, then the torque experienced by the dipole for
different values of the angle of rotation 6 will be represented in the Fig. (b) by

ha @ @ .

v

v

Py )
>
2e
v
—

v

v

(a) (b)

(a) curve 1 (b) curve 2 (¢) curve 3 (d) curve 4
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5. Three charges - ¢, + ¢, and — g; are placed as shown in figure. The x component of the force

on - g, is proportional to
g1 1s prop —q, Y

X
4 | 4 I 95 .
(@) b—; + a—‘;c()s 0 ®) b—z—a—'z sin 0
92 4 9o | 45 .
(c) b—Q—a—?zcose (d) b—2+a—;sm9
6. The shape of equipotential surface in uniform electric field will be
(a) spherical normal to electric field (b) random.
(¢) circular normal to electric field (d) equidistant planes normal to electric field

7. The potential at a point x (measured in pm) due to some charges situated on the x-axis is given by
20

xz—

Vix)= volt

The electric field E at x = 4 pm is given by

(a) %V/y,m and is in positive x-direction. ®) % V/pum and is in negative x-axis.
10 - .. o 5 . . L
(¢) o V/um and is in positive x-direction. (d) 3 V/um and is in negative x-direction.

8. Three point charges - O, — ¢ and 20 are placed, one at each corner of the equilateral triangle.
The relation between Q and ¢ for which the potential at the centre of the triangle is zero is

1 1
@ Q=39 ®) Q=~¢ © Q=-519¢ @) Q=q
9. The equivalent capacitance of two capacitors when joined in parallel is 16 uF and when joined
in series is 3 pF. The capacitances of the capacitors are

(a) 8 uF and 8 uF (b) 4 uF and 12 pF
(¢) 6 uFand 10 uF (d) 2 pF and 14 pF
10. In the circuit shown in the figure, the potential difference across the 4.5 uF capacitor is
1l
— oW
4.5 uF ”
6 uF
N
Il
12V
48
(a) 8V b 6V (c) EV (d) 8/3V

11. In the given current distribution what is the value of I ?

4A
; 2A
3A
5A
@) 3A ) 8 A (©) 2A @) 5 A
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12.

13.

14.

15.

16.

17.

18.

19.

20.

A group of n cells whose emf varies directly with the internal resistance as per equation
E, = 1.5 r, are connected as shown in fig. The current / in the circuit is

r

]

(@) 1.BA (6) 0.15 A (¢) 5.1 A (d) 0.51 A

Assume that each atom of copper contributes one free electron. If the current flowing through
a copper wire of 1 mm diameter is 1.1 A, the drift velocity of electrons will be

(Density of Cu = 9 X 10° kg /mg, At. wt. of Cu = 63, Avogadro number = 6.02 X 1026/kg-at0m).
(@) 0.3 mm/s (b) 0.5 mmys (¢) 0.1 mmy/s (d) 0.2 mm/s

3

‘Two identical batteries each of emf 2 V and internal resistance 1 € are available to produce
heat in a resistance R = 0.5 Q, by passing current through it. The maximum Joulean power
that can be developed across R using these batteries is

@ % W (b) 1.28 W (©) 2.0 W @) 3.2 W

The magnetic force acting on a charged particle of charge -3uC moving with velocity
(2i +4j) x10° ms™ in a magnetic field of 6 T directed in y-direction is

(@) 44 N in z-direction (b) 36 N in y-direction

(¢) 48 N in z-direction (d) 36 N in negative z-direction

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 () 0.12 Nm (¢) 0.15 Nm (d) 0.20 Nm

Currents of 10 A and 2 A are flowing in opposite directions through two parallel wires A and B
respectively. If the wire A is infinitely long and wire B is 2 m long, then force on wire B which
is situated at 10 cm from A, is

(@) 4 Xx 10° N (b) 8 x 10° N (¢) 6 x 10°N d) 2 x10°N

The vertical component of earth’s magnetic field is zero at

(@) magnetic poles (b) geographical poles

(c) every place (d) magnetic equator

A bar magnet of magnetic moment m is cut into two parts of equal length. The magnetic
moment of either part is

(a) m (b) 2m (¢) m/2 (d) zero

As shown in figure, P and Q are two co-axial conducting P Q E
loops separated by some distance. When switch S is closed, .../ \..... @ -~
a clockwise current I, flows in P (as seen by eye E) and an Q “Eye

induced current J 0, flows in Q. The switch S remains closed
for a long time. When § is opened, a current IQ2 flows in Q.
Then the directions of (as seen by eye L) are:

(a) respectively clockwise and anticlockwise

(b) both clockwise

©)

(d) respectively anticlockwise and clockwise
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Case-based Question—l : MOTIONAL EMF FROM FARADAY’S LAW

The Faraday’s law of induction is basic law of electromagnetism predicting how a magnetic field will
interact with an electric circuit to produce an electromotive force (emf). Emf is induced by change of
area of the coil linked with the magnetic field. The emf induced across the ends of a conductor due to its
motion in a magnetic field is called motional emf. As shown in figure, consider a conductor PQ of length
[ free to move on U-shaped conducting rails situated in a uniform and time independent magnetic
field B, directed normally into the plane of paper. The conductor PQ is moved inwards with a speed v.
As the conductor slides towards left, the area of the rectangular loop PORS decreases. This decreases
the magnetic flux linked with the closed loop. Hence an emf is set up across the ends of conductor PQ
because of which an induced current flows in the circuit along the path PORS. The direction of induced
current can be determined by using Fleming’s right hand rule.

S X X X X X X %X %x X X X
T— ]
x| Ix x x x x x x x||Px x
x| |x x x x x x x x X X

{ U —
x[|x x x x x x x x X X
x[Ix x x x x x x x| x
— ] |
R X x x x x x x x xk x x

|
I X \

21. The current passing through a choke of self inductance 5 H is decreased at the rate of 2 A/s.
The induced emf developed across the coil is
(@) 10V (b) =10V
() 25V d) 2.5V

22. A 50 cm long bar PQ is moved with a speed of 4 m/s in a uniform magnetic field
B = 0.01 T as shown in fig., the emf generated is

P
|
®B
|
_Ja
(a) 0.04 V () 0.03 V
(c) 0.02V (d) 0.01V

23. A copper rod of length (J) is rotated about the end perpendicular to the uniform magnetic field
(B) with constant angular velocity (®). The induced emf between the two ends is

1, e 1, o
(@) Bl () 5 Bwl
() Bwl* d) 2Bwl*

24, The magnetic flux linked with a coil (in Wb) is given by the equation, ¢ = 5t* + 3¢ + 16.

The induced emf in the coil in the fourth second will be
(a) 10V (& =10V
(c) 43V (d) -43 V
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Case-based Question—II : TRANSFORMER

Electromagnetic induction, the principle of the operation
of the transformer, was discovered independently by Michael
Faraday in 1831 and Joseph Henry in 1832. Only Faraday
furthered his experiments to the point of working out the
equation describing the relationship between emf and magnetic
flux now known as Faraday’s law of induction.

d

i.e., e=-N—; |le|=N I

where |e]| is the magnitude of emf in volts and ¢ is the

magnetic flux through the circuit in webers. A transformer is a
static passive electrical device that transfers electrical energy from
one electrical circuit to another, or multiple circuits. A varying

current in any one coil of the transformer produces a varying
magnetic flux in transformers core, which induces a varying emf
across any other coils wound around the same core.

25. A transformer is an electrical device used for

(a) producing alternate current (&) producing direct current
(¢) changing ac voltages (d) changing dc into ac

26. For step down transformer, conditions are
(a)ig > ipand Ny < Np ) ig < ipand Ny > Np
(¢)ig =ipand Ny = Np (d) none of these

27. A transformer has 20 turns of primary and 100 turns of secondary coil. If the two ends of the

primary are connected to a 220 V dc supply the voltage across the secondary will be
(@) OV (b)) 11V
(¢) 220V (d) 1100 V

28. A step up transformer is used in a 120 V line to provide a potential difference of 2400 V. If the

primary coil has 75 turns, the number of turns in the secondary coil is
(a) 150 (h) 1200
(¢) 1500 (d) 1575

For question numbers 29 to 35, two statements are given-one labelled Assertion (4) and the other
labelled Reason (R). Select the correct answer to these questions from the codes (a), (b), (c) and (d)

as given below.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(¢) A istrue but R is false.
(d) Ais false and R is also false.

29. Assertion (A) : Coulomb force and gravitational force follow the same inverse-square law.

Reason (R) : Both laws are same in all aspects.

30. Assertion (A) : The surface of a conductor is always an equipotential surface.

Reason (R) : A conductor contains free electrons which can move freely to equalise the

potential.
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31.

32.

33.

34.

35.

Answers of Practice Paper-01

Assertion (A) :

Reason (R)

Assertion (A) :
Reason (R) :
Assertion (A) :

Reason (R) :

Assertion (A) :
Reason (R) :

Assertion (A) :

Reason (R)

1. () 2. (a)
9. (c) 10. ()
17. (b) 18. (d)
25. (b) 26. (d)
33. (a) 34. (a)

Answers of Practice Paper-02

1. (b) 2. (b)
9. (b) 10. ()
17. (d) 18. (¢)
25. (b) 26. (d)
33. (b) 34. (a)

Answers of Practice Paper-03

1. (b) 2. (¢)
9. (d) 10. (b)
17. (b) 18. (d)
25. (c) 26. (1)
33. (a) 34. (¢)

Material used in construction of a standard resistance 1s constantan.

: The temperature coefficient of resistance of constantan is negligible.

Two parallel conducting wires carrying currents in same direction, come close to

each other.

Parallel currents attract and anti parallel currents repel.

The magnetic field lines do not intersect.

The tangent to the magnetic field line at a given point represents the direction

of the net magnetic field B at the point.

Only a change of magnetic flux will maintain an induced current in the coil.

The presence of a large magnetic flux will maintain an induced current in the

coil.

In series LCR resonance circuit, the impedance is equal to the ohmic resistance.

3. (d)
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4. (a
12.(d
20. (a
28. (c

— o

4.()
12. ()
20. (d)
28.(¢)

4. (b)
12. (a)
20. (d)
28. (¢)

5. (d)
13. (b)
21. (d)
29. (¢)

5. (d)
13. ()
21. (b)
29. (¢)

6.(a)
14. (b)
22. (b)
30. ()

WWW.JEEBOOKS.IN

7. (@
15. (d)
23. (b);
31. (a)

—

: At resonance, the inductive reactance exceeds the capacitive reactance.

8. (c)
16. (d)
24, (b)
32. (a)
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PRACTICE PAPER-1 SIDE-1

GENERAL INSTRUCTIONS FOR CANDIDATES

1.
2.

Use Blue/Black Ball Point only to write on this Answer Sheet. Use of Pencil is strictly prohibited.

The candidate should check carefully that the Test Booklet Code on SIDE-2 of the ANSWER SHEET is the same
as printed on Test Booklet. In case of discrepancy, the candidate should immediately report the matter to the
invigilator for replacement of both the Test Booklet and the Answer Sheet.

Do not use white/correction fluid on this Answer Sheet.

Overwriting, Cutting and Erasing on the Answer Sheet is not allowed. Do not make any stray mark on the Answer
Sheet.

Rough work must not be done on this Answer Sheet. Use last page of the Test Booklet for rough work.
Use English Numbers/letters only to write on SIDE-2 of the Answer Sheet

Write Centre Number, Roll Number, Test Booklet Number (as given on top left hand side comer of the Test
Booklet) on the Answer Sheet as shown in the example.

Candidates should write his/her name in CAPITAL LETTERS as given in Admit Card in the space earmarked
for Candidate’'s Name. Each letter should be written in one box as shown below. One box should be left blank
between each part of the name.

Candidate’s Name : RAJ KUMAR SHARMA

RIA ] KU M A R S HAIR M A

(i) Darken the complete circle. A light or faintly darkened circle is liable to be rejected by the optical scanner.

(i) Darken only one circle for response against each question. The response once marked is not liable to be
changed. More than one response indicated against a question will be deemed as incorrect response.

(iii) If the candidate does not want to attempt any question, he/she should not darken the circle against that
question.

(iv) For the purpose of evaluation, the Test Booklet Code as printed in the Answer Sheet on SIDE-2 will be
accepted as final.

(v) Way of marking: If your response for question number 3 is @, darken as shown in correct method:

EXAMPLE-HOW TO FILL SIDE-2 CORRECT METHOD

If your Centre Number is 2009, If your Te?(t Booklet Q.No. a b ¢ d
write as Number is 056789 03 . @ @
write as

Centre Number 210|019 Test Booklet Number WRONG METHOD

olslel7ls]o Q. No. a b ¢ d

If your Roll Number is 6101234, B3 @ O @™

write as <
Roll Numb o . . @
o umber
in figures 6|10/ 1({2]3|4 B @ O @
03

Roll Number SIXTY ONE LAKH ONE THOUSAND TWO . @ @
inwords  HUNDRED THIRTY FOUR B @ O @
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PRACTICE PAPER-1 l soe2 |

ANSWER SHEET NUMBER
ANSWER SHEET

Use English Numbers/letters only. Use Blue/Black Ball Point Pen to write in box.

Test Booklet Code Centre Number Test Booklet Number

Roll Number
in figures

Roll Number
in words

IMPORTANT

The Candidate should check that the Test Booklet Code printed on the Answer Sheet is the same as
printed on the Test Booklet. In case of discrepancy, the candidate should immediately report the matter
to the invigilator for replacement of both the Test Booklet and the Answer Sheet.

Candidate's Name in CAPITAL letters as given in Admit Card

Darken only one circle for each question.

Q. No. Response Q. No. Response Q. No. Response

a b c d a b c d a b c d
n @ ® O | @ 60 0 || @ ® 0 @
2 @ ©®© 0 ||t @ O® © @||x @ ©® © @
3 @ ® © @5 @ O 0 ||z @ ® 0 O
u @ ® © @t @ ® 0 @l @ ® O @
5 @ ® © @||7" @ ®©® O @||» @ ® © O
6 @ ©® O @t @B O || @ ® O O
7 @ ®@ © @||r @ ® 0 @[ @ ® © O
B @ ©® © @||o @ O O @2 @ ©® © O
v @ ©®  @||l2n @ ® 0 @z @ ® © O
0 @ ® 0 @z @O 0 || @ ® © @
Mm@ 0 0 ||z @ ® 0 || @ ® © O
2 @ ©® 0 @||lxr @ ® 0 @
Signature of Candidate (in running hand) Signature of Invigilator

Before handing over the Answer Sheet to the invigilator, the candidate should check that Centre Number,

Roll Number, Test Booklet Number and Candidate’s Name have been filled in correctly.

] [] ]
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PRACTICE PAPER-2 SIDE-1

GENERAL INSTRUCTIONS FOR CANDIDATES

1.
2.

Use Blue/Black Ball Point only to write on this Answer Sheet. Use of Pencil is strictly prohibited.

The candidate should check carefully that the Test Booklet Code on SIDE-2 of the ANSWER SHEET is the same
as printed on Test Booklet. In case of discrepancy, the candidate should immediately report the matter to the
invigilator for replacement of both the Test Booklet and the Answer Sheet.

Do not use white/correction fluid on this Answer Sheet.

Overwriting, Cutting and Erasing on the Answer Sheet is not allowed. Do not make any stray mark on the Answer
Sheet.

Rough work must not be done on this Answer Sheet. Use last page of the Test Booklet for rough work.
Use English Numbers/letters only to write on SIDE-2 of the Answer Sheet

Write Centre Number, Roll Number, Test Booklet Number (as given on top left hand side comer of the Test
Booklet) on the Answer Sheet as shown in the example.

Candidates should write his/her name in CAPITAL LETTERS as given in Admit Card in the space earmarked
for Candidate’'s Name. Each letter should be written in one box as shown below. One box should be left blank
between each part of the name.

Candidate’s Name : RAJ KUMAR SHARMA

RIA ] KU M A R S HAIR M A

(i) Darken the complete circle. A light or faintly darkened circle is liable to be rejected by the optical scanner.

(i) Darken only one circle for response against each question. The response once marked is not liable to be
changed. More than one response indicated against a question will be deemed as incorrect response.

(iii) If the candidate does not want to attempt any question, he/she should not darken the circle against that
question.

(iv) For the purpose of evaluation, the Test Booklet Code as printed in the Answer Sheet on SIDE-2 will be
accepted as final.

(v) Way of marking: If your response for question number 3 is @, darken as shown in correct method:

EXAMPLE-HOW TO FILL SIDE-2 CORRECT METHOD

If your Centre Number is 2009, If your Te?(t Booklet Q.No. a b ¢ d
write as Number is 056789 03 . @ @
write as

Centre Number 210|019 Test Booklet Number WRONG METHOD

olslel7ls]o Q. No. a b ¢ d

If your Roll Number is 6101234, B3 @ O @™

write as <
Roll Numb o . . @
o umber
in figures 6|10/ 1({2]3|4 B @ O @
03

Roll Number SIXTY ONE LAKH ONE THOUSAND TWO . @ @
inwords  HUNDRED THIRTY FOUR B @ O @
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PRACTICE PAPER-2 l soe2 |

ANSWER SHEET NUMBER
ANSWER SHEET

Use English Numbers/letters only. Use Blue/Black Ball Point Pen to write in box.

Test Booklet Code Centre Number Test Booklet Number

Roll Number
in figures

Roll Number
in words

IMPORTANT

The Candidate should check that the Test Booklet Code printed on the Answer Sheet is the same as
printed on the Test Booklet. In case of discrepancy, the candidate should immediately report the matter
to the invigilator for replacement of both the Test Booklet and the Answer Sheet.

Candidate's Name in CAPITAL letters as given in Admit Card

Darken only one circle for each question.

Q. No. Response Q. No. Response Q. No. Response

a b c d a b c d a b c d
n @ ® O | @ 60 0 || @ ® 0 @
2 @ ©®© 0 ||t @ O® © @||x @ ©® © @
3 @ ® © @5 @ O 0 ||z @ ® 0 O
u @ ® © @t @ ® 0 @l @ ® O @
5 @ ® © @||7" @ ®©® O @||» @ ® © O
6 @ ©® O @t @B O || @ ® O O
7 @ ®@ © @||r @ ® 0 @[ @ ® © O
B @ ©® © @||o @ O O @2 @ ©® © O
v @ ©®  @||l2n @ ® 0 @z @ ® © O
0 @ ® 0 @z @O 0 || @ ® © @
Mm@ 0 0 ||z @ ® 0 || @ ® © O
2 @ ©® 0 @||lxr @ ® 0 @
Signature of Candidate (in running hand) Signature of Invigilator

Before handing over the Answer Sheet to the invigilator, the candidate should check that Centre Number,

Roll Number, Test Booklet Number and Candidate’s Name have been filled in correctly.

] [] ]
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PRACTICE PAPER-3 SIDE-1

GENERAL INSTRUCTIONS FOR CANDIDATES

1.
2.

Use Blue/Black Ball Point only to write on this Answer Sheet. Use of Pencil is strictly prohibited.

The candidate should check carefully that the Test Booklet Code on SIDE-2 of the ANSWER SHEET is the same
as printed on Test Booklet. In case of discrepancy, the candidate should immediately report the matter to the
invigilator for replacement of both the Test Booklet and the Answer Sheet.

Do not use white/correction fluid on this Answer Sheet.

Overwriting, Cutting and Erasing on the Answer Sheet is not allowed. Do not make any stray mark on the Answer
Sheet.

Rough work must not be done on this Answer Sheet. Use last page of the Test Booklet for rough work.
Use English Numbers/letters only to write on SIDE-2 of the Answer Sheet

Write Centre Number, Roll Number, Test Booklet Number (as given on top left hand side comer of the Test
Booklet) on the Answer Sheet as shown in the example.

Candidates should write his/her name in CAPITAL LETTERS as given in Admit Card in the space earmarked
for Candidate’'s Name. Each letter should be written in one box as shown below. One box should be left blank
between each part of the name.

Candidate’s Name : RAJ KUMAR SHARMA

RIA ] KU M A R S HAIR M A

(i) Darken the complete circle. A light or faintly darkened circle is liable to be rejected by the optical scanner.

(i) Darken only one circle for response against each question. The response once marked is not liable to be
changed. More than one response indicated against a question will be deemed as incorrect response.

(iii) If the candidate does not want to attempt any question, he/she should not darken the circle against that
question.

(iv) For the purpose of evaluation, the Test Booklet Code as printed in the Answer Sheet on SIDE-2 will be
accepted as final.

(v) Way of marking: If your response for question number 3 is @, darken as shown in correct method:

EXAMPLE-HOW TO FILL SIDE-2 CORRECT METHOD

If your Centre Number is 2009, If your Te?(t Booklet Q.No. a b ¢ d
write as Number is 056789 03 . @ @
write as

Centre Number 210|019 Test Booklet Number WRONG METHOD

olslel7ls]o Q. No. a b ¢ d

If your Roll Number is 6101234, B3 @ O @™

write as <
Roll Numb o . . @
o umber
in figures 6|10/ 1({2]3|4 B @ O @
03

Roll Number SIXTY ONE LAKH ONE THOUSAND TWO . @ @
inwords  HUNDRED THIRTY FOUR B @ O @
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PRACTICE PAPER-3 l soe2 |

ANSWER SHEET NUMBER
ANSWER SHEET

Use English Numbers/letters only. Use Blue/Black Ball Point Pen to write in box.

Test Booklet Code Centre Number Test Booklet Number

Roll Number
in figures

Roll Number
in words

IMPORTANT

The Candidate should check that the Test Booklet Code printed on the Answer Sheet is the same as
printed on the Test Booklet. In case of discrepancy, the candidate should immediately report the matter
to the invigilator for replacement of both the Test Booklet and the Answer Sheet.

Candidate's Name in CAPITAL letters as given in Admit Card

Darken only one circle for each question.

Q. No. Response Q. No. Response Q. No. Response

a b c d a b c d a b c d
n @ ® O | @ 60 0 || @ ® 0 @
2 @ ©®© 0 ||t @ O® © @||x @ ©® © @
3 @ ® © @5 @ O 0 ||z @ ® 0 O
u @ ® © @t @ ® 0 @l @ ® O @
5 @ ® © @||7" @ ®©® O @||» @ ® © O
6 @ ©® O @t @B O || @ ® O O
7 @ ®@ © @||r @ ® 0 @[ @ ® © O
B @ ©® © @||o @ O O @2 @ ©® © O
v @ ©®  @||l2n @ ® 0 @z @ ® © O
0 @ ® 0 @z @O 0 || @ ® © @
Mm@ 0 0 ||z @ ® 0 || @ ® © O
2 @ ©® 0 @||lxr @ ® 0 @
Signature of Candidate (in running hand) Signature of Invigilator

Before handing over the Answer Sheet to the invigilator, the candidate should check that Centre Number,

Roll Number, Test Booklet Number and Candidate’s Name have been filled in correctly.

] [] ]
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