Moving Charges and Magnetism

4.2 Magnetic Force
(1 mark)
1.

Write the expression, in a vector form, for
the Lorentz magnetic force - due to a charge
moving with velocity v ina magnetic field 3,
What is the direction of the magnetic force?
(Delhi 2014)
Define one tesla using the expression for the
magnetic force acting ona particle of charge ‘q’
moving with velocity y in a magnetic field B.
(Foreign 2014)

3. Use the expression : F = g (¥ x B), to define
the ST unit of magnetic field. (AI2010C)

4.3 Motion in a Magnetic Field
BTN (1 mark).

4. A proton and an electron travelling along
parallel paths enter a region of uniform
magnetic field, acting perpendicular to their
paths. Which of them will move in a circular
path with higher frequency? (2018)

!J

5. A particle of mass ‘m’ and charge ‘g moving
with velocity ‘v’ enters the region of uniform
magnetic field at right angle to the direction
of its motion. How does its kinetic energy get
affected? (Delhi 2015C)

6. A long straight wire carries a steady current I
along the positive y-axis in a coordinate
system. A particle of charge + Q is moving
with a velocity v along the x-axis. In which
direction will the particle experience a force?

(Foreign 2013)

7. Depict the trajectory of a charged particle
moving with velocityv as it enters in a
uniform magnetic field perpendicular to the
direction of its motion. (Al2012C)

8. A narrow beam of protons and deuterons,
each having the same momentum, enters a
region of uniform magnetic field directed
perpendicular to their direction of momentum.
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What would be the ratio of the circular paths
described by them? (Foreign 2011)
9. Two particles A and B of masses m and 2m
have charges g and 24 respectively. Both these
particles moving with velocities v, and v,
respectively in the same direction enter the
same magnetic field B acting normally to
their direction of motion. If the two forces F,
and Fyacting on them are in the ratio of 1 : 2,
find the ratio of their velocities.(Delhi 2011C)

10. A beam of a-particles projected along
+ x-axis, experiences a force due to a magnetic

field along the + y-axis. What is the direction
of the magnetic field?

¢

. aparticle (AI 2010)

Y

BTN 2marks)

11. A charged particle q is moving in the presence
of a magnetic field B which is inclined to an
angle 30° with the direction of the motion of
the particle. Draw the trajectory followed by
the particle in the presence of the field and
explain how the particle describes this path.

(Delhi 2019)

12. A particle of charge ‘q" and mass ‘m’ is moving
with velocity v . It is subjected to a uniform
magnetic field B directed perpendicular to
its velocity. Show that it describes a circular
path. Write the expression for its radius.

(Foreign 2012)

13. A proton and a deuteron, each moving with
velocity v enter simultaneously in the region
of magnetic field B acting normal to the
direction of velocity. Trace their trajectories
establishing the relationship between the two.

(Delhi 2012C)

14. Write the expression for Lorentz magnetic

force on a particle of charge ‘g’ moving with
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velocity v in a magnetic field B. Show that
no work is done by this force on the charged

particle. (Al2011)
15. An a-particle and a X X X X
proton moving with X X X X
the same speed enter Pe—®x x X X
the same magnetic field s x> X
region at right angles to By B W -
the direction of the b B o

field. Show the

trajectories followed by the two particles in
the region of the magnetic field. Find the ratio
of the radii of the circular paths which the
two particles may describe.  (Foreign 2010)

YN IM (3 marks) foaii

16. A proton, a deuteron and an alpha particle,
are accelerated through the same potential
difference and then subjected to a uniform

magnetic field B,perpendicular to the direction
of their motions. Compare

(i) their kinetic energies, and

(ii) if the radius of the circular path described
by proton is 5 c¢m, determine the radii of
the path described by deuteron and alpha
particle. (AI 2019)

17. (a) Write the expression for the magnetic
force acting on a charged particle moving

with velocity v in the presence of magnetic
field B.

(b) A neutron, an electron and an alpha
particle moving with equal velocities, enter a
uniform  magnetic X HHEE % H
field going into the **—*
plane of the paper as n+—»
shown. Trace their SR L
paths in the field and X Ko XXX

justify your answer.

X

(Delhi 2016)

18. A uniform magnetic field B is set up along
the positive x-axis. A particle of charge ‘g’
and mass ‘m’ moving with a velocity ¥ enters
the field at the origin in X-Y plane such
that it has velocity components both along
and perpendicular to the magnetic field B.
Trace, giving reason, the trajectory followed
by the particle. Find out the expression for
the distance moved by the particle along the
magnetic field in one rotation, (Al 2015)

J 23
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19. An electron moving horizontally i s
with a velocity of 4 x 10" m/s el ¥
region of uniform o
magnetic field of 10 " T acting
vertically upward as shown in the figure.

Draw its trajectory and find out the time it

X X X X X

enters a

takes to come out of the region of magnetic
field. (Foreign 2015)

(5 marks)

20. A proton and a deuteron having equal
momenta enter in a region of a uniform
magnetic field at right angle to the direction
of the field. Depict their trajectories in the
field. (2/5, Delhi 2013, AI 2010)

21. Deduce the expression for the frequency of
revolution of a charged particle in a magnetic
field and show that this is independent of the
velocity or energy of the particle. (AI2010C)

4.4 Motion in Combined Electric
and Magnetic Fields

BE (1 mark) -

22. Find the condition under which the charged
particles moving with different speeds in
the presence of electric and magnetic field
vectors can be used to select charged particles
of a particular speed. (AI2017)

. Write the condition under which an electron
will move undeflected in the presence of
crossed electric and magnetic fields.

(AI2014C)

B (2 marks)

24, State the underlying principle of a cyclotron.
Write briefly how this machine is used to
accelerate charged particles to high energies.

(Delhi 2014)

BEIXTE 3 marks)

25. State the underlying principle of a cyclotron.
Explain its working with the help of a
schematic diagram. Obtain the expression for
cyclotron frequency. (Delhi 2019)

26. (i) Obtain the expression for the cyclotron

frequency.
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27.

28.

29.

(i) A deuteron and a proton are accelerated
by the cyclotron. Can both be accelerated
with the same oscillator frequency? Give
reason to justity your answer,

(Delhi 2017)

(@) Write the expression for the force F

acting on a particle of mass m and charge

q moving with velocity v in a magnetic

field B. Under what conditions will

it move in (i) a circular path and (ii) a

helical path?

(b) Show that the kinetic energy of the

particle moving in magnetic field remains

constant. (AI 2017)
(a) A point charge g % "
moving with speed v enters ® B

a uniform magnetic field B V"‘a

that is acting into the plane
of paper as shown. What
is the path followed by
the charge g and in which
plane does it move?

(b) How does the path followed by the charge -

get affected if its velocity has a component
parallel to B?

(c) If an electric field E is also applied such
that the particle continues moving along the
original straight line path, what should be the
magnitude and direction of the electric field E?

(Foreign 2016)

Draw a schematic sketch of the cyclotron.
State its working principle. Show that the
cyclotron frequency is independent of the
velocity of the charged particles.

(Delhi 2011C)

(5 marks)

30.

(a) Deduce an expression for the frequency
of revolution of a charged particle in a
magnetic field and show that it is independent
of velocity or energy of the particle.

(b) Draw a schematic sketch of a cyclotron,
Explain, giving the essential details of its
construction, how it is used to accelerate the
charged particles. (AI2014)

3l.

32.

33.

34.

35.

36.
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(a) Draw a schematic sketch of a cyclotron.

Explain clearly the role of crossed electric

and magnetic field in accelerating the charge.

Hence derive the expression for the kinetic

energy acquired by the particles.

(b) Anu-particle and a proton are released from

the centre of the cyclotron and made to

accelerate.

(i) Can both be accelerated at the same
cyclotron frequency? Give reason to justify
your answer.

(i) When they are accelerated in turn, which
of the two will have higher velocity at the
exit slit of the dees? (Al 2013)

Write the expression for the F, force, acting
on a charged particle of charge ‘g, moving
with a velocity v in the presence of both
electric field £ and magnetic field B. Obtain
the condition under which the particle moves
undeflected through the fields.

(2/5, AI 2012)

With the help of a labelled diagram, state the
underlying principle of a cyclotron. Explain
clearly how it works to accelerate the charged
particles. '

Show that cyclotron frequency is independent
of energy of the particle. Is there an upper
limit on the energy acquired by the particle?
Give reason. (Delhi 2011)
Draw a schematic sketch of a cyclotron,
explain its working principle and deduce the
expression for the kinetic energy of the ions
accelerated. (3/5, Foreign 2011)

Draw a schematic sketch of a cyclotron. State
its working principle. Describe briefly how it
is used to accelerate charged particles. Show
that the period of a revolution of an ion is
independent of its speed or radius of the orbit.
Write two important uses of a cyclotron.
(A12011C)
Draw a schematic sketch of a cyclotron.
Explain, giving the essential details of its
construction, how it is used to accelerate the
charged particles. (3/5, A1 2010C)
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4.5 MagneticField Duetoa Current

Element, Biot-Savart Law

(2 marks)

37.

38.

39.

A long straight wire AB B
carries a current of
4 A. A proton P travels at
4 x 10° m s parallel [¢F P
to the wire 0.2 m from
it and in a direction
opposite to the current ,
as shown in the figure.

Calculate the force which the magnetic field
due to the current carrying wire exerts on the

proton. Also specify its direction.

4%x10°ms!

(AI2019)
State Biot - Savart law in vector form
expressing the magnetic field due to an
element d] carrying current I at a distance 7

from the element. (1/2, AI 2014C)
A long straight wire B

AB carries a current I.

A proton Ptravels with 14 P

a speed v, parallel to (> Proton

the wire, at a distance i M

d from it in a direction
opposite to the current
as shown in the figure.

What is the force experienced by the proton
and what is its direction? (AI 2010)

A

V.MM (3marks)

40.

(a) State Biot - Savart’s law and express this
law in the vector form.

(b) Two identical circular coils, P and Q each
of radius R, carrying currents 1 A and
J3A respectively,  are  placed
concentrically and perpendicular to each
other lying in the XY and YZ planes. Find
the magnitude and direction of the net
magnetic field at the centre of the coils.

(Al 2017)
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(5 marks)

41.

State Biot-Savart law, giving the mathematical
expression for it.

Use this law to derive the expression for the
magnetic field due to a circular coil carrying
current at a point along its axis.  (Delhi 2011)

4.6 Magnetic field on the Axis of

a Circular Current Loop

(1 mark)

42.

Depict the direction of the magnetic field
lines due to a circular current carrying loop.

(Delhi 2012C)

BINE 2 marks)

43.

45.

Two very small @M (1)
identical circular 1
loops, (1) and (2),
carrying equal
currents [ are placed
vertically (with
respect to the plane
of the paper) with

Lo

their geometrical
axes perpendicular
to each other as shown in the figure. Find the
magnitude and direction of the net magnetic
field produced at the point O.
(AI 2017C, Foreign 2014)
Twoidentical circular 2r
loops, Pand Q, each of
radius r and carrying U 0
equal currentsarekept 'y ]
in the parallel planes
having a common axis passing through O. The
direction of current in P is clockwise and in Qis
anti-clockwise as seen from O which is
equidistant from the loops P and Q. Find the
magnitude of the net magnetic field at O.
(Delhi 2012)
Two identical coils, each of radius ‘R* and
number of turns ‘N are lying in perpendicular
planes such that their centres coincide. Find
the magnitude and direction of the resultant
magnetic field at the centre of the coils, if they
are carrying currents I and /3] respectively.
(Delhi 2012C)
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46. A straight wire of length L is bent into a semi
circular loop. Use Biot-Savart law to deduce
an expression for the magnetic field at its
centre due to the current I passing through it.

(Delhi 20110)
!ﬂII (3 marks)

47. Two identical loops P and Q each of radius
> ¢mare lying in perpendicular planes such
that they have a common centre as shown in
the figure. Find the magnitude and direction
of the net magnetic field at the common
centre of the two coils, if they carry currents
equalto3 Aand 4 AQrespectively.

il A B

(AI 2017)

48. Use Biot-Savart law to derive the expression
for the magnetic field on the axis of a current
carrying circular loop of radius R.

Draw the magnetic field lines due to circular
wire carrying current I. (AI 2016)

49. Two identical coils P and Q Q
each of radius R are lying in
perpendicular planes such
that they have a common
centre. Find the magnitude
and direction of the magnetic
field at the common centre of the two coils, if

PC‘ p? T8

they carry currents equal to I and NEY§
respectively. (Foreign 2016)

50. A straight wire of mass 200 g and length 1.5m
carries a current of 2 A. It is suspended in mid
air by a uniform magnetic field B. What is the
magnitude of the magnetic field?

(2/3, Foreign 2015)
(5 marks)

51. Write, using Biot-Savart law, the expression
for the magnetic field B due to an element

dl carrying current I at a distance 7 from it
in a vector form.

83,

54.

55.
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Hence derive the expression for the magnetic
field due to a current carrying loop of radius
R at a point P distant x from its centre along
the axis of the loop. (AI2015)

. Write any two important points of similarities

and differences each between Coulomb’s law
for the electrostatic field and Biot-Savart’s law
of the magnetic field. Use Biot-Savart’s law to
find the expression for the magnetic field due
to a circular loop of radius ‘7’ carrying current
‘T, at its centre. (Foreign 2015)

Using Biot-Savart law, derive the expression

for the magnetic field in the vector form at a

point on the axis of a circular current loop.
(3/5, A1 2013)

State Biot-Savart law, expressing it in the
vector form. Use it to obtain the expression
for the magnetic field at an axial point,
distance ‘d’ from the centre of a circular coil
of radius ‘@’ carrying current T. Also find the
ratio of the magnitudes of the magnetic field
of this coil at the centre and at an axial point
for which d = a+/3. (Delhi 2013C)

(a) Using Biot-Savarts law, deduce an
expression for the magnetic field on the axis
of a circular current loop.

(b) Draw the magnetic field lines due to a
current carrying loop.

(c) A straight wire carrying a current of 12
A is bent into a semi-circular arc of radius 2.0
cm as shown. What is the magnetic field B at
O due to (i) straight segments (ii) the semi-
circular arc?

N

(Foreign 2010)

4.7 Ampere's Circuital Law

YN (3 marks)

56.

37,

State Ampere’s circuital law, expressing it in
the integral form. (1/3, Delhi 2014)
Along straight wire of a circular cross section
of radius @ carries a steady current ‘I. The
current is uniformly distributed across the
cross-section. Apply Ampere’s circuital law
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to calculate the magnetic field at a point 1

in the region for (i) r < aand (i) r > a.

(Delhi 2010)

(5 marks)

58.

59.

Explain how Biot-Savarts law enables one
to express the Ampere’s circuital law in the
integral form, viz.

§B-dl =p,l
where I is the total current passing through
the surface. (2/5, AI 2015)
Figure shows a long straight wire of a
circular cross-section of radius ‘a’ carrying
steady current I. The current I is uniformly
distributed across this cross-section. Derive

the expressions for the magnetic field in the
regionr<aandr>a.

(3/5, AI 2011C)

4.8 The Solenoid and the Toroid
(2 marks)

60. Draw the magnetic field lines due to a current

61.

passing through along solenoid. Use Ampere’s
circuital law, to obtain the expression for the
magnetic field due to the current I in a long
solenoid having n number of turns per unit
length. (Delhi 2014C)
A long solenoid of length ‘7 having N turns
carries a current I. Deduce the expression
for the magnetic field in the interior of the
solenoid. (AI2011C)

. N1H (3 marks)

62. Two long coaxial insulated solenoids, S,

and S, of equal lengths are wound one over
the other as shown in the figure. A steady
current “I” flow through the inner solenoid
S, to the other end B, which is connected to
the outer solenoid S, through which the same
current “I” flows in the opposite direction
so as to come out at end A, If n, and n, are
the number of turns per unit length, find the
magnitude and direction of the net magnetic

63.
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field at a point (i) inside on the axis and (ii)
outside the combined system.

n, turns

(2/3, Delhi 2014)
(a) How isatoroid different from a solenoid ?
(b) Use Ampere’s circuital law to obtain the

magnetic field inside a toroid.

(c) Show that in an ideal toroid, the magnetic
field (i) inside the toroid and (ii) outside
the toroid at any point in the open space
is zero. (Al 2014C)

BN (5 marks)

64.

65.

66.

(a) State ampere’s circuital law. Use this law
to obtain the expression for the magnetic field
inside an air cored toroid of average radius ‘7’
having ‘n’ turns per unit length and carrying
steady current I.

(b) An observer to the left of a solenoid
of N turns each of cross section area ‘A’
observes that a steady current I in it flows in
the clockwise direction. Depict the magnetic
field lines due to the solenoid specifying its
polarity and show that it acts as a bar magnet
of magnetic moment m = NIA.

A~
S

I\} (Delhi 2015)
(a) Derive an expression for magnetic field
inside, along the axis of an air cored solenoid.
(b) Sketch the magnetic field lines for a
finite solenoid. How are these field lines
different from the electric field lines for
an electric dipole? (4/5, Foreign 2010)
What does a toroid consist of ? Show that for
an ideal toroid of closely wound turns, the
magnetic field (i) inside the toroid is constant,
and (ii) in the open space inside and exterior
to the toroid is zero. (3/5, AI 2010C)



Moving Charges and Magnetism

4.9 Force between two Parallel
Currents, the Ampere

(1 mark)

67. Using the concept of force between two
infinitely long parallel current carrying
conductors, define one ampere of current.

(Al2014)
(2 marks)

68. A square loop of side 20 cm carrying current
of 1 A is kept near an infinite long straight
wire carrying a current of 2 A in the same
plane as shown in the figure.

2A

>

10 ch

olA
?

L v20 cm

20<cm
Calculate the magnitude and direction of
the net force exerted on the loop due to the
current carrying conductor. (AI2015C)

LYW (3 marks)

69. Two infinitely long straight wires A, and
A, carrying currents I and 2 I flowing in
the same directions are kept ‘d’ distance
apart. Where should a third straight wire A3
carrying current 1.5 I be placed between A,
and A, so that it experiences no net force due
to A, and A,? Does the net force acting on A,
depend on the current flowing through it ?

(Delhi 2019)

70. Two long straight parallel conductors carry
steady current I; and I, separated by a
distance d. If the currents are flowing in the
same direction, show how the magnetic field
set up in one produces an attractive force on
the other. Obtain the expression for this force.
Hence define one ampere. (Delhi 2016)

71. (a) Two long straight parallel conductors
‘@ and ‘b’ carrying steady currents I, and
I, are separated by a distance d. Write the
magnitude and direction of the magnetic
field produced by the conductor ‘a’ at the
points along the conductor ‘b’ If the currents
are flowing in the same direction, what is the
nature and magnitude of the force between
the two conductors?
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(b) Show with the help of a diagram how
the force between the two conductors would
change when the currents in them flow in the
opposite directions. (Foreign 2014)
72. A wire AB is carrying a steady current of 12 A
and is lying on the table. Another wire CD
carrying 5 A is held directly above AB at a
height of 1 mm. Find the mass per unit length
of the wire CD so that it remains suspended at
its position when left free. Give the direction
of the current flowing in CD with respect to
that in AB. [Take the value of g= 10 m s™°]

(AI 2013)
(5 marks)

73. Two long straight parallel conductors carrying
steady currents I, and I, are separated by a
distance ‘d’. Explain briefly with the help of a
suitable diagram, how the magnetic field due
to one conductor acts on the other. Hence
deduce the expression for the force acting
between the two conductors. Mention the
nature of this force. (3/5, AI 2012)

74. Two long and parallel straight wires carrying
currents of 2 A and 5 A in the opposite
directions are separated by a distance of 1 cm.
Find the nature and magnitude of the
magnetic force between them.

(2/5, Foreign 2011)

410 Torque on Current Loop,
Magnetic Dipole

(2 marks)

75. A square shaped plane coil of area 100 cm’
of 200 turns carries a steady current of 5 A.
If it is placed in a uniform magnetic field of
0.2 T acting perpendicular to the plane of the
coil. Calculate the torque on the coil when its
plane makes an angle of 60° with the direction
of the field. In which orientation will the coil
be in stable equilibrium? (AI 20150)

76. Circular coil of N turns and radius R carries
a current I. It is unwound and rewound to
make another coil of radius R/2. Current I
remaining the same. Calculate the ratio of the
magnetic moments of the new coil and the
original coil. (AI 2012)
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77.

79.

A short bar magnet of magnetic moment

0.9 J/T is placed with its axis at 30° to a

uniform magnetic field. 1t experiences a

torque of 0.063 ].

(1) Calculate the magnitude of the magnetic
field.

(i1) In which orientation will the bar magnet
be in stable equilibrium in the magnetic
field? (Foreign 2012)

. Deduce the expression for the magnetic

dipole moment of an electron orbiting around
the central nucleus. (AI 2010)

A square coil of side 10 cm has 20 turns and
carries a current of 12 A. The coil is suspended
vertically; the normal to the plane of the coil
makes an angle of 30° with the direction
of a uniform horizontal magnetic field. If
the torque experienced by the coil equal
0.96 N m, find the magnitude of the magnetic
field. (Delhi 2010C)

.91 (3 marks)

80.

81.

82.

An electron of mass m, revolves around a
nucleus of charge +Ze. Show that it behaves
like a tiny magnetic dipole. Hence prove that
the magnetic moment associated with it is

expressed as [i=-— ° I, where L is the

me
orbital angular momentum of the electron.
Give the significance of negative sign.
(Delhi 2017)
A closely wound solenoid of 2000 turns and
cross sectional area 1.6 x 107" m® carrying
a current of 4.0 A is suspended through its
centre allowing it to turn in a horizontal plane.
Find (i) the magnetic moment associated with
the solenoid, (ii) the torque on the solenoid if
a horizontal magnetic field of 7.5 x 107 T is
set up at an angle of 30° with the axis of the
solenoid. (AI2015C)
A rectangular loop of
wireof size2.5cmx4cm 494 -
carries a steady current >
of 1 A. A straight wire
carrying 2 A current is
kept near the loop as
shown. If the loop and
the wire are coplanar,

1A% Y4cem

» &

2 cm

find the (i) torque

83.
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acting on the loop and (ii) the magnitude and
direction of the force on the loop due to the
current carrying wire. (Delhi 2012)
Write the expression for I
the magnetic
(n;) due to a planar
square loop of side I
carrying a steady current
[ in a vector form. In the
given figure this loop is placed in a horizontal
plane near a long straight conductor carrying
a steady current I, at a distance [ as shown.
Give reasons to explain that the loop will
experience a net force but no torque. Write the
expression for this force acting on the loop.
(Delhi 2010)

-
»

moment

|

t
[
t
[ 4
V

>
-

(5 marks)

84.

85.

86.

Derive the expression for the torque on a
rectangular current carrying loop suspended
in a uniform magnetic field. (2/5, Delhi 2013)
A rectangular loop of size | x b carrying
a steady current I is placed in a uniform
magnetic field B. Prove that the torque acting
on the loop is given by T=mx B, where m is
the magnetic moment of the loop.

(2/5, AI 2012)
(a) Show thata planarloop carryinga current
I, having N closely wound turns and area of
cross-section A, possesses a magnetic moment
m=NI A.
(b) When this loop is placed in a magnetic
field B, find out the expression for the torque
acting on it. (3/5, Foreign 2011)

4.11 The Moving Coil Galvanometer
(1 mark)

87.

Write the underlying principle of a moving
coil galvanometer. (Delhi 2016)

m (3 marks)

88,

(a) Briefly explain how a galvanometer is
converted into an ammeter.

(b) A galvanometer coil has a resistance of
15 Q and it shows full scale deflection
for a current of 4 mA. Convert it into an
ammeter of range 0 to 6 A. (AI2019)
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89.

90.

91.

92.

93,

(a) Briefly explain how a galvanometer is
converted into a voltmeter,
(b) A voltmeter of a certain range is
constructed by connecting a resistance of
980 Q in series with a galvanometer.
When the resistance of 470 Q is connected
in series, the range gets halved. Find the
resistance of the galvanometer. (A 2019)
Describe the working principle of a moving
coil galvanometer. Why is it necessary to use
(i) a radial magnetic field and (ii) a cylindrical
soft iron core in a galvanometer? Write the
expression for current sensitivity of the
galvanometer.
Can a galvanometer as such be used for
measuring the current? Explain. (Delhi 2017)

State the principle of working of a
galvanometer.

A galvanometer of resistance G is converted
into a voltmeter to measure upto V volts
by connecting a resistance R; in series with
the coil. If a resistance R, is connected in
series with it, then it can measure upto
V/2 volts. Find the resistance, in terms of R,
and R,, required to be connected to convert it
into a voltmeter that can read upto 2 V. Also
find the resistance G of the galvanometer in
terms of R, and R,. (Delhi 2015)

(a) Why is the magnetic field radial in a
moving coil galvanometer ? Explain how it is
achieved.
(b) A galvanometer of resistance ‘G’ can be
converted into a voltmeter of range (0-V)
volts by connecting a resistance ‘R’ in series
with it. How much resistance will be required
to change its range from 0 to V/2? '
(AI2015C)

(a) Define the current sensitivity of a
galvanometer.
(b) Thecoilareaofagalvanometeris16x 10" m?.
It consists of 200 turns of a wire and is in a
magnetic field of 0.2 T. The restoring torque
constant of the suspension fibre is 10° N m
per degree. Assuming the magnetic field to be
radial, calculate the maximum current that
can be measured by the galvanometer if the
scale can accommodate 30° deflection.

(AI 2013C)

94,

96.

101

Draw a labelled diagram of a moving coil
galvanometer and explain its working. What
is the function of radial magnetic field inside
the coil? (Foreign 2012)

. State the underlying principle of working of a

moving coil galvanometer. Write two reasons
why a galvanometer can not be used as such to
measure current in a given circuit. Name any
two factors on which the current sensitivity of
a galvanometer depends. (Delhi 2010)

A moving coil galvanometer of resistance G,
gives its full scale deflection when a current I;
flows through its coil. It can be converted into
an ammeter of range (0 to I) (I > I;) when a
shunt of resistance S is connected across its
coil. If this galvanometer is converted into an
ammeter of range 0 to 2, find the expression
for the shunt required in terms of S and G.
(Delhi 2010C)

BN (5 marks)

a7.

98.

99.

(i) With the help of a neat and labelled
diagram. explain the principle and working
of a moving coil galvanometer.

(ii) What is the function of uniform radial
field and how is it produced?

(iii) Define  current sensitivity of a
galvanometer. How is current sensitivity
increased? (Foreign 2016)

(a) Explain using a labelled diagram, the
principle and working of a moving coil
galvanometer. What is the function of (i)
uniform radial magnetic field, (ii) soft iron
core?
(b) Define the terms (i) current sensitivity
and (ii) voltage sensitivity of a galvanometer.
Why does increasing the current sensitivity
not necessarily increase voltage sensitivity?
(AI2015)
(a) Draw a labelled diagram of a moving coil
galvanometer. Describe briefly its principle
and working,.
(b) Answer the following :
(i) Why is it necessary to introduce a
cylindrical soft iron core inside the coil of a
galvanometer? -
(i) Increasing the current sensitivity of a
galvanometer may not necessarily increase its
voltage sensitivity. Explain, giving reason.
(AI 2014)
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100. (a) State using a suitable diagram, the working
principle of a moving coil galvanometer.
What is the function of a radial magnetic field
and the soft iron core used in it?

(b) For converting a galvanometer into an
ammeter, a shunt resistance of small value
is used in parallel, whereas in the case of a
voltmeter a resistance of large value is used in
series. Explain why. (4/5, Delhi 2013C)

101. (a) Explain briefly with the help of a labelled
diagram, the principle and working of a
moving coil galvanometer.

(b) Define the term ‘current sensitivity’ of a
galvanometer. How is it that increasing current
sensitivity may not necessarily increase its
voltage sensitivity? Explain. (A12012C)
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102. A galvanometer coil of 50 € resistance shows
full scale deflection for a current of 5 mA.
How will you convert this galvanometer into
a voltmeter of range 0 to 15 V?

(2/5, Foreign 2011)

103.(a) With the help of a diagram, explain
the principle and working of a moving coil
galvanometer.

(b) What is the importance of a radial
magnetic field and how is it produced?

(c) Why is it that while using a moving coil
galvanometer as a voltmeter a high resistance
in series is required whereas in an ammeter a
shunt is used?

(AI 2010)

1. The magneti& force experienced by the charge
q moving with velocity ¥ in magnetic field B is
given by Lorentz force, F = g(# x B)

The direction of the Lorentz force is perpendicular
to the plane containing ¥ and B. Its direction is
given by right-handed screw rule.

2. One tesla is defined as the magnitude of
magnetic field which produces a force of 1
newton when a charge of 1 coulomb moves

perpendicularly in the region of the magnetic field
at a velocity of 1 m/s.

F=qvB= B= £ or 1T=_iN.—
qv (1C)(1 m/s)
3. Given, F=q(7 x B)
= F=qvBsin®
where, 0 is the angle between ¥ and B.
F

qvsin®

= B=

ie.ifg=1C,v=1m/s,0 =90° then B=F
The magpnetic field at any point is given by

~qvsin®  ((1C)(Im/s)sin90°)
=IN/Am=1T

-, S1unit of magnetic field = tesla (T)

Thus, the magnetic field induction at a point is
said to be one tesla if a charge of one coulomb

while moving at right angle to a magnetic field

with a velocity of 1 m/s experiences a force of 1 N
at that point.

4. In a uniform magnetic field, frequency of a
charge particle moving in a circle is given by

B
y=—»0
21m
For given B, v o 4
m
Yp o M

Ve 4, m

As g, =g, but m, < m,,
Hem:f, Vp <V,

5. Fyis always perpendicular to ¥ and B,
and cannot change the speed of particle. In other

words, magnetic force cannot speed up or slow

down a charged particle. Hence, kinetic energy
remains unaffected.

6. From relation F = qu[; o (—4;')] = +qu(_;')
Magnetic force F will be along + y axis.

—
* B
X
— v
X N
x U
I A ¥
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7. The charged particle will move along a
circular path.

X X X X X
8. Chargeondeuteron (q,) = charge on proton (g »)

Radius of circular path (r B . _ mv’
C l’ ( ) B(] (. qu — - ]

s [for constant momentum (p)]

Hence,r,:r;=1:1
Es_ 4 |7, Bl)l
Fy 4|7, X By)
1 qvBsin90°

2 (29)v,Bsin90°

9. .

[~ B, = B,; magnetic field

is same]

vitvy=1:1
10. From Lorentz force, F =q(v X B)
= Fj=qwixB)
It is clear that B is along - z axis, as { x (=k) = j
11. When a charged particle moving in a uniform
magnetic field has two concurrent motions.
A linear motion in the direction of B (along z-axis)
as shown in figure (a) and a circular motion in a
plane perpendicular to B (in xy-plane). Hence the
resultant path of the charged particle will be a helix,

with its axis along the direction of B, as shown in
figure (b). .

ha

I Pitch

v

(b)
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12. When a particle of charge ‘q" and mass ‘m’ is
directed to move perpendicular to the uniform
magnetic field ‘B with velocity ‘v,
the force on the charge

F = q(v % B)
This magnetic force always acts perpendicular to
the velocity of charged particle. Hence magnitude
of velocity remains constant but direction
changes continuously. Consequently the path of
the charged particle in a perpendicular magnetic
field becomes circular. The magnetic force (qvB)
provides the necessary centripetal force to move
along a circular path.

x x X bd x
x _.V‘f(
x P x
X x
X X v x
q
2

myvy my

Then, qVB=—" =r=—1

r qB

Here r = radius of the circular path followed by
the charge.

13. Charge on deuteron (g,) = charge on proton (g,)

2
Radius of circular path r o m[ qvB= il }
-

(For constant velocity v)

r m 3¢ X b X
i — —d Proton
TP m P X b % b

Deuteron
_ X X X X
my=2m,
X X P X

= rg=2rp, or rygir,=2:1
14. Magnetic Lorentz force, F,, = q(¥ x B)
W=Fdcos90°=0 [ Fand displacement are
perpendicular to each other]

No work is done by magnetic Lorentz force on the
charged particle.

15. Radius of charged particle in magnetic field

my m .

r=——,r o« — for same v and B.
qB q

ff___ (m/q)p g (mple) L

£, N (mlq), ¥ (4mP/Ze) 2



104

¢ XFX X
X X X X X X X
X X X X X X X
X x X X X X X
X X X X X X X

16. When a proton, a deuteron and an alpha

particle are accelerated through
difference V, then their energies are
E,=eV,E,=eV, By = 2¢V

() KE,:KE;:KE;=1:1:2

mv N2mKE

p()tcnlial

(i1) r=q_B_ 4B
' _,fmp ‘.IZmP. /4mP _ \/_
Tpifgify = : - 1:v2:1
e e

Asrp,=5cm .. ry=5J2 cm, rg=5cm

17. (a) Magnetic force acting on a charged
particle g moving with a velocity v in a uniform
magnetic field B is given by
F=q(#xB)

(b) Magnetic force on ot-particle

F,=qvxB=2evB upward
So, curve will bend upwards as force is
perpendicular to the velocity.
Magnetic force on neutron, F = 0 (as g = 0)
So, neutron will move along straight line.
Magnetic force on electron

F,=qVx B=|-evB|downwards
So, curve will bend downwards as force is
perpendicular to the velocity,
For a charged particle moving in a uniform
magnetic field B perpendicular to velocity,

yB=" ==
Vo= " gB
r is the radius of curved path.

Herevy=v,=v,=v

Radius ofpath tracedby iy

; idmy 2my R T
a-parl:lcle, To, = ZeeB =ﬁ— 11 @lesssiporinncsess »

Radius of path ngrz:/ced by “F I“x"* gt

electron, r, = eeB Ny

18. Magnetic force on a charged particle
F=q(#xB) - |F| =qvBsin®

Time period,
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Thus radius of circular path

mvsin®
qB

T - 21{;:1
Bq

Horizontal distance moved by the particle in one
rotation,

Pitch=vcosOx T = 2;[;” vcosO
Path of the charged particle will be helical.
19. —4—><,€, % % %
X XB X X
_:‘_X X X X
X X X X

Trajectory of electron
Let the time taken by the electron to come out of
the region of magnetic field be ¢.
Velocity of the electron, v = 4 x 10* m/s
Magnetic field, B=107T
Mass of the electron, m = 9 x 107" kg

We know
Tr

I =— where r= my
1% qB

mm  3.14x9%x107!
Now, t=—=

Bqg 10 x1.6x107%°
= t=17.66%x 107 s=1.77 us

Thus, the time taken by the electron to come out
of the region of magnetic field is 1.77 us.

20. We know, Lorentz force, F = Bqv sin 0

where 6 = angle between velocity of particle and
magnetic field = 90°

So, Lorentz force, F = Bgv

Thus the particles will move in circular path.

my? my
Bgv=— = 55—

r Bq

Let m, = mass of proton, m; = mass of deuteron,

vp = velocity of proton and v, = velocity of
deuteron

The charge of proton and deuteron are equal.
Given that my, v, = m, v

m. v
o 00

P g ()

d
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m
r, =
d

v
d’d

Bg (i1)

As (1) and (ii) are equal, so ry=rg=1

Thus, the trajectory of both the particles will be same.

X X X X X

21. The charged particle moves in a circular path
with a constant speed and is acted upon only by
the magnetic field. The radius of the circular path
is given by

qvB = mv/r
or r=mv/qB
Period of revolution,

2rr 2w mv _ 21m

T == — = —

v v gB qB
qB
2nm

Clearly, frequency fis independent of both v and r
and is also independent of energy.

1
Frequency of revolution, f = — =

22. Magnetic force = Electrostatic force

E
VvB=gE = v=—
q q B

23. The charged particle goes undeflected in the -

presence of crossed electric and magnetic fields
only when both these fields are perpendicular to
velocity of charged particle. In that case, gE = qvB.

24. Cyclotron : It is a device by which positively
charged particles like protons, deuterons, etc. can
be accelerated.

Principle : A positively charged particle can be
accelerated by making it to cross the same electric
field repeatedly with the help of a magnetic field.

l TS
HE

Oscillator
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Working and theory : At a certain instant, let [,
be positive and D, be negative, The radius of the
circular path is given by

qvB mv' /1

orr = mv/gB

Period of revolution,

T 2nr 21 omyv 21tm

v v 'qlf qB

- A _ _ 1 gB
Frequency of revolution, f T =

Clearly, frequency f is independent of both v
and r and is called cyclotron frequency. If the
frequency of applied a.c. is equal to f, then every
time the proton reaches the gap between the
dees, the direction of electric field is reversed and
proton receives a push and finally it gains very
high kinetic energy. The accelerated protons are
deflected towards the target.

25. Refer to answer 24.

26. (i) Refer to answer 24.

(ii) No, they do not accelerate with the same
frequency as they have different mass.

27. (a) When a charged particle having a charge
q moving with velocity v enters a magnetic field
B, then it experiences a force,

F=q(¥xB); F=vgBsin0

Here, 0 is angle between B and 7.

Condition for circular path, 8 = 90°, i.e., velocity
of the particle is perpendicular to the magnetic field.
Magnetic force provides the necessary centripetal
force i.e., '

5 X X
F=qvBsin90°=""— % -
r X X

AL X X
qB X X

X X

Condition for helical
path, 8 < 90°, i.e., angle
between the velocity
of charged particle and magnetic field is acute.
mvsin®

Circular

Radius of helical path, r =

(b) The magnetic force F=q(vx B) always acts
perpendicular to the velocity y or the direction
of motion of charge q. Therefore,
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F-v =q(vx B) v =0
According to Newton's second law,

. . dv
F=ma=m—

dt
] mldv . dv
m‘-{‘—r-\‘--O or —| =P+ J-()
dt 21 dt dt
.
or Ef"-'(\“l')‘—“-‘-o
2 dt
) 1 a2
or -‘i —nz\'J]:O [V-v:v2
dt\2
or dTP‘zo or K = constant
dat

28. (a) When a charged particle having charge
q moves inside a magnetic field B with velocity
V, it experiences a force

F= q(v x B)

When ¥ is perpendicular to B, the force F on the
charged particle provides the centripetal force and
makes it move along a circular path.

The point charge travels in the plane perpendicular
to both v and B.

(b) Ifacomponentof velocity of the charge particle
is parallel to the direction of the magnetic field,

then the force experienced due to that component
will be zero, because F = qvB sin 0° = 0 and
particle will move in straight line. Also, the force
experienced by the component perpendicular
to B moves the particle in a circular path. The
combined effect of both the components will
move the particle in a helical path.

(c) The direction of the magnetic force is along
negative Y-axis and so, the direction of electric
force should be along the positive Y-axis to
counter balance the magnetic force and than the
charge particle will move in the straight line path.
Therefore, the direction of electric field is along
the positive Y-axis and its magnitude is given by
E=vB,

29. Refer to answer 24,

30. (a) Refer to answer 21.

(b) Refer to answer 24,

Construction : It consists of two semi-cylindrical
boxes D, and D,, called dees enclosed in an
evacuated chamber. The chamber is kept between
the poles of a powerful magnet so that uniform
magnetic field acts perpendicular to the plane
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of the dees. An alternating voltage is applied in
the gap between the two dees by using a high
frequency oscillator, ‘The electric field is zero
inside the dees,

31, ”IL N J

Oscillator e

(a) Electric field accelerates the particle when
it passes through the gap and imparts energy
to charged particle. Magnetic field makes the
charged particle to move in semi circular paths.
Velocity of particle

B
y=24"
m
g3 3
Kz—l—mvzzB - &

2m

(b) (i) No. The cyclotron frequency depends on
the mass of the particle.

(i) Proton.

32. In presence of electric field and magnetic
field, the net force on a moving charged particle is

called Lorentz force given by F= gE +q(% x B).

If a charged particle passes through a region of

uniform mutually perpendicular electric and
magnetic fields undeflected, then

+ +++++++ 1+

q

force due to magnetic field = force due to electric field

or qvB=gqE or e

that gives the velocity of charged particle,
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33. Refer to answer 23
When charged particle reaches near the periphery
of dee, it is moving in a circular path of maximum
radius equal to radius R of dee and posses
maximum Kinetic energy
18inl dnipi
KE,., * “m\'\m“ l‘mq 2 "‘ q i{ .
2 2 m 2m

when it is extracted from dees at point N,

34. Principle : The positive ions produced from

a source are accelerated. Due to the presence of

perpendicular magnetic field, the ion will move in
a circular path. The phenomenon is continued till
the ion reaches at the periphery where an auxiliary
negative electrode (deflecting plate) deflects the
accelerated ion on the target to be bombarded.

~—~—| R.F. oscillator

Expression for kinetic energy attained:

If R be the radius of the path and v, the velocity
of the ion when it leaves the periphery, then

, & gBR

max

m
The kinetic energy of the ion when it leaves the
apparatus is,

1., _TBF
K.E. - mv,,,. -
When charged particle crosses the gap between
dees it gains KE = gV
In one revolution, it crosses the gap twice, therefore
if it completes n-revolutions before emerging the
dees, the kinetic energy gained = 2nqV

2p2p?

Thus, kg = T8 R _ 2nqV
2m

35. Refer to answer 24.

Uses :

(i) The cyclotron is used in hospitals to produce
radioactive substances which can be used in
diagnosis and for treatment purposes,

(ii) It is used to implant ions into solids and
modify their properties or even synthesise new
materials.

36. Refer to answer 30 (b).
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37. Magnetic field due to B
urrent carrying wire AB,
( € I( ) g / 4 A

|
B l ! 0.2m 6")

DX nd PP

2% 10 7 % 4210 °T
0.2

Inside the plane of paper
required force on proton, A #2106 m s

F = qvB sin90°

16X 10" x 4% 10°x4%10°=25610""N
Force on the proton will be away from the wire AB.
38. A current carrying wire produces a magnetic
field around it. Biot-Savart law states that
magnitude of intensity of small magnetic field dB

due to current I carrying element dl at any point
P at distance r from it is given by
|dB|=ﬁIdlsin9

47 rz

where 0 is the angle between 7 and dl and
U = 47 x 107 T m A™' is called permittivity of
free space.

In vectorial form,

i I1dl %7
de_u'Ldl xXr
47T r3

So, the direction of dB is perpendicular to the
plane containing 7 and dl.
S.I. unit of magnetic field strength is tesla denoted

by “T” and cgs unit is gauss denoted by ‘G, where
1T=10'G

39, B
¥
d P
‘_'—‘»I Proton
A 5
A

Magnetic field due to [ at P

Mol .
B =—— into the pl:
o o the plane of the paper.
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Expression for Lorentz magnetic force

x iw B A
F=g(VxB) Pl

=e| VX Mol n] .
2nd

(4]
2 Hnll‘l.
Fa
nd
40. (a) Refer to answer 38.

(b) Field due to current in coil P is

-

>l

away trom the wire

5 _Moly ¢

B=rr

”012,,“-
2R

Current in coil Qis B, =

Net field, I§=Bl+1§2
1‘3:(“0_’1),2 +(&)_I;)?
2R 2R
{&);ﬁ(@)g
2R 2R
5 2
1=y (20
2R 2R
=&\/1+ :ﬁxz |1§| :ﬁ
2R 2R R

The resultant magnetic field is directed in XZ plane.
41. Refer to answer 38.
Magnetic field on the axis of circular coil

(- I;=1A;

Small magnetic field due to current element of
circular coil of radius r at point P at distance x
from its centre is

W, 1dlsin90° o 1dl

an § e (r* +x%)

Component dBcosd due to current elementat point
P is cancelled by equal and opposite component
dBcos¢ of another diametrically opposite current

dB =
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element, whereas the sine components dBsind
add up to give net magnetic field along the axis.
So, net magnetic field at point P due to entire loop is
2

g, qdi r

B=@dBsing = , it it
J. AN+ x7) (7 + )

2mr
Holr
e An(r® +x—2_)3_/"2_ ‘[ 4
0
I
or B= Ko r2 =7 27
4n(r? + x*)
s

or B= directed along the axis,

2r? + 52y
(a) towards the coil if current in it is in clockwise
direction

(b) away from the coil if current in it is in
anticlockwise direction.

42. Magnetic field lines due to circular wire carrying
current [ :

&

43. The magnetic field at an axial point due to a
circular loop is given by

B= Mo 2mla’

AT (aZ +r2)3/2

where

I'= current through the loop

a = radius of the loop

r = distance of O from the centre of the loop.
Since I, a and r = x are the same for both the loops,
the magnitude of B will be the same and is given by
B, =B, _Ho 2nla?

4T (g2 4 42y

The direction of magnetic field due to loop (1) will
be away from O and that due to loop (2) will be

towards O as shown. The direction of the net
magnetic field will be as shown in the figure:
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I
The magnitude of the net magnetic field is given by

Bret = \]Biz +B§

= “.0 2\/5751612
t =7
ne 4n (az +x2 )3/2

44, The magnetic field at a point on the axis of a
circular current carrying loop is

30 g IRF
A REP/Z
where R is the radius of the loop, x is the distance

of the point on the axis from the centre of the loop.
2r

N

I

r Q

r T
Magnetic field at O due to the loop P is
uOIrZ o Hob’z

Bp= = ..
P72 42302 2202302 2(2)32,
By the right hand thumb'’s rule, the direction of

the magnetic field will be towards left.
Magnetic field at O due to the loop Q is

BQ - uob’z B I.L011’2 _ |J.0.I

2% +12)%2  2(92BR  o(0)32y
By the right hand thumb’s rule, the direction of the
magnetic field will be towards left.

Since Bp and B, are equal in magnitude and in same
direction. Therefore net magnetic field at O is

B=B,+B 0k ds left
*=Bp+Bo= 35 towards left.

45. Magnetic field at the centre of the coils due to
coil P, having current I is
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And magnetic field due to coil Q having current
\/3! is
_Ho V3l
% 2R
Since both coils are inclined to each other at an

angle of 90°, the magnitude of their resultant
magnetic field at the common centre will be

I Wol
B=,/B2+B% =t iz -Ho
PTPR79R R

AB

s~}
=51

OCUIV

j\
The directions of Bp and B, are as indicated in the

figure. The direction of the resultant field is at an
angle O given by

0=tan"! B—P =tan ! (—1—): 30°
B, 3

Hence, the direction of the magnetic field will be
at an angle 30° to the plane of loop P.

46. Let length L is bent into semi-circular loop.
Length of wire = Circumference of semi circular
wire

= L=mr
=L (i)
T

Considering a small element dl on current loop.
The magnetic field dB due to small current
element Id] at centre C,

_Ho Idlsin90°

dB ~ Idl r... = °
T [ 1dl L7,..0=90°]
ap=bo 1
4n 2
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Netmagneticfieldat Cduetosemi-circularloop,
W Idl

semicircle 47 )2

Mo I il
e 4m 2 J.somicirclc(
B= B& . —IT L
4 -
L
But, r=—
T
B= }l(-)— . IL = l“l_O X E X EZ
An (L/m)?* 4m 2
= B= _Llofn
4L
47. Magnetic field Q
induction due to vertical B
loop at the centre O is,
Holi _ Mo ‘
B=—r—=—-_ ‘
BT L >
(% R=5¢m)
Magnetic field

induction due to
horizontal loop at the
centre O is,
B. = Moz _ 3o
b = -
2R 107!
B, and B, are perpendicular to each other,

therefore the resultant magnetic field induction at
the centre O is,

2 2
’ 4
Bper = BIZ+B% =\/( bo ) +(3I—L0 )

107! 107!

=Ho fore=2to

107! e

=50x4n X107 =62.8x 10°T = 62.8 uT
Direction of resultant magnetic field,

B, 3pyx107!
B 4p,x107!

tanf =

tan 6=Z—0r 0=37°

Resultant magnetic field B making an angle 37°
with B.

48. Refer to answers 38 and 42,

49. Refer to answer 45.

50. Mass of wire, m = 200 g = 0.2 kg, length of
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wire [ = 1.5 m, current in the wire [ = 2 A

In the equilibrium position, the net force on the
wire will be zero.,

'Thus, mg = Bl
o C
= p=""8 _, B:().Zx).S

I 2%1.5
= B=065T

51. Refer to answer 41.

52. Similarities between Coulomb’s law and Biot-
Savart’s law :

1. The principle of superposition is applicable to
both magnetic field B as well as electric field E.
2. Both depend inversely on the square of the
distance from the source to the point of interest.
Differences between Coulomb’s law and Biot-
Savart’s law :

1. There is an angle dependence in Biot-Savart’s
law, which is not present in the electrostatic case.
2. 'The electrostatic field is produced by a scalar
source, the charge q. However the magnetic field
is produced by a vector source I,
AccordingtoBiot—Savar_t)’slaw,themagneticﬁeld due

to a current element dl at the observation point

whose position vector is 7 s
75 < Mol dixr

4r 1’3
where i, is the permeability of free space.
Consider a circular loop of wire of radius r
carrying a current I. Consider a current element
dl of the loop.

given by

The direction of d! is along the tangent, so dl Lr.
From Biot Savart’s law, magnetic field at the centre
O due to this current element is

g Mol dlsin90° 1 dl

4T r 41 1

The magnetic field due to all such current elements
will point into the plane of paper at the centre O.
Hence the total magnetic field at the centre O is

4wy’ atr
1 I 0o
= b0 (=Sl
4rtr 4nr-
I
= 0 2.ZTl',rorB——}'lo—
nr 2r




Moving Charges and Magnetism

53. Refer to answer 41.

54. Refer to answer 41,

Magnetic field induction at the centre of the
circular coil carrying current is

Iy 2nl
B, = g &M
it a
Magnetic field at an axial point at a distance d,
“n 2“1(‘3
TR T
(@ +d7)
Then
B, (a®+d?)*?
B: a‘
B (12 +3(I2 3/2 402 3/2
"El‘:( : ) =( 3) ['.‘d=a\/§]
2 a a
B, _8
B, 1

55. (a) Refer to answer 41.
(b) Refer to answer 42.
(c) Magnetic field due to a current carrying
element,

a—’ _ _l"t_O Idix7

4T r3

(i) For straight segments, 8 =0 or 7

= dixr=dlrsin0n=0

Bl = 0

T

(ii) For semicircular arc, Zdl=7r,9=—
2

IEdlsin—T—t—
0 2.C

e g Eldlxr . [ _ Mo Imr~
e R e e
r T r
_ Bol -
4r

directed perpendicular to plane of paper
downward.

56. Ampere’s circuital law
states that line integral of
magnetic field over a closed
loop or circuit is p, times the
total current I threading

through the loop i.e., § B.dl = oI

57. (i) Let us consider a circular loop L; of

ST

radius r, (r, < a) inside the current carrying wire.
The current enclosed by this loop L, is

11

2 ]rl

2
Tt o

weel)

L L
So by equations (i) and (ii)
In? I
a 2na

(ii) Let us consider a solid metallic wire of
cross-section radius ‘a’ carrying current I. Let us
consider a circular loop L of radius r outside the
wire, representing a magnetic field line. So, at any
point on it magnetic field B is along the tangent to
field line at that point.

9S]§-d_i=qSBdlc030°=B(ﬁdlzB.Z‘itr (1)
L L L
But, by Ampere’s circuital law
$B-dl=p,l (i)
L
By equations (i) and (ii), we get

Mol
or B, = B ...(1i1)
whereas on the surface of current carrying wire

_ Mol ,

Byurface = E w(iv)

58. Ampere’s circuital law states that line integral
of magnetic field over a closed loop or circuit is
Mo times the total current I threading through the
loopi.e, §B-dl =p,l
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Proof : + I
For the small element, ¢ - i
] o dl
B-dl = Bdl cos0° ‘
& o Wy 21 \
dl =|Bdl = ~dl _ ‘
|B-dl [ | Y ( i i
- !,lﬂ,” [dl = Mo ‘”. % 27Ur
n r 4 r
[B-dl =pyl

59. Refer to answer 57.

Consider a rectangular amperian loop abcd near

the middle of solenoid as shown in figure where
PQ=1

d < C
A A
Jelefelwe[e[e]e[o[ea0]e]e
s 7N
- \
P L b as P b — .
—
A

] ]Q
X 7
N XXX T X XX X[ X XX XI XX

Let the magnetic field along the path ab be
B and is zero along cd. As the paths bc and da
are perpendicular to the axis of solenoid, the
magnetic field component along these paths
is zero. Therefore, the path bc and da will not
contribute to the line integral of magnetic field B.
Total number of turns in length [ = nl

The line integral of magnetic field induction B
over the closed path abcd is

b b
J'B-;{l= jB dlcos0° = Bl
a a

and jB-Ei:de! cos90°:0=}l_§-cﬁ
b b d
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o
Also Ili-:” = ()

( (** Outside the solenoid, B = 0)
j Boddl=BI+O+0+0= Bl (i)

ubed

Using Ampere's circuital law

J B-di = I, % total current in rectangle abcd
abed
= Wy ¥ number of turns in rectangle « current
=Poxnlxl=p,nll (i)
From (i) and (ii), we have
Bl =pgnl I

B = ].LOHI

It gives magnetic field strength inside straight

current carrying solenoid, directed along the axis
of solenoid.

61. Refer to answer 60.

62. (i) Magnetic ﬁéld due to a current carrying
solenoid,

B =puynI

where, n = number of turns per unit length
I = current flowing in the solenoid
By=B,-B,

= By=Uonyl - puon|I

= By =Wpl(n, - ny).

(i) Magnetic field at point outside the combined

system is zero.

63. (a) A solenoid bent into
the form of closed loop is
called toroid. The magnetic
fild B has a constant

magnitude everywhere inside
the toroid.

(b) Let magnetic field inside
the toroid is B along the
considered loop (1) as shown
in figure.

Applying Ampere’s circuital
law,

(ﬁluop] B ' (” = ”0 (Nl)

Since, toroid of N turns, threads the loop 1, N

times, each carrying current I inside the

loop.
Therefore, tot

al current threading the loop 1 is NI.
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- *Im\m B-dim “()(N”

B Yﬁl dl =y (NI)

oop
Mo NI
2nr
(¢) (i) Magnetic field inside the open space
interior the toroid. Let the loop (2) as shown in
figure experience magnetic field B.
No current threads the loop 2 which lies in the
open space inside the toroid.

Amperes circuital law

\})loop 2B.dI= “0(0) =0=B=0

Bx2nr= WNIlor B=

(ii) Magnetic field in the space exterior of toroid.
Let us consider a coplanar loop (3) in the open
space of exterior of toroid. Here, each turn of
toroid threads the loop two times in opposite
directions.
Therefore, net current threading the loop
= NI-NI=0

By Ampere’s circuital law

¢ B-dl=py(NI-NI)=0= B=0
. ¥ loop 3

Thus, there is no magnetic field in the open space
interior and exterior the toroid.

64. (a) Ampere’s circuital law
states that the line integral of
magnetic field induction B
around a closed path in vacuum is
equal to W, times the total current
I passing through the surface, i.e,

$B-di=p,1I

A toroid is a hollow circular ring on which a large
number of turns of a wire are closely wound.
Consider an air-cored toroid with centre O.
Given

r = Average radius of the toroid

I = Current through the solenoid

n = Number of turns per unit length

To determine the
magnetic field
inside the toroid,
we consider three
amperian  loops
(loop 1, loop 2 and
loop 3) as shown
in the figure :

For loop 1
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According to Ampere’s circuital law, we have
(IJH-:II M (Total current)
Total current for loop 1 is zero because no current

passes through this loop.
So, for loop |

$B-di=0
For loop 3
According to Ampere’s circuital law, we have

(j-)ﬁ dl = U, (Total current)

Total current for loop 3 is zero because net current
coming out of this loop is equal to the net current
going inside the loop.

For loop 2

The total current flowing through the toroid is NI,
where N is the total number of turns.

cﬁB’ -dl =y (NI) ()
Now, B and dI are in the same direction
$B-di =Bl

= gSE .dl=B(nr)

Comparing (i) and (ii), we get

B(2mr) = uoNI

Lo NI

2Tr

Number of turns per unit length is given by
N

Tt
2mr
B =pgnl
This is the expression for magnetic field inside
air-cored toroid.
(b) Given that the current flows in the clockwise
direction for an observer on the left side of the
solenoid. This means that left face of the solenoid
acts as south pole and right face acts as north pole.
Inside a bar magnet, the magnetic field lines
are directed from south to north. Therefore, the
magnetic field lines are directed from left to right
in the solenoid.

Magnetic moment of single current loop is given by
m'=IA

where

I'= Current flowing through the loop

A = area of the loop

So, magnetic moment of the whole solenoid is
given by

m=Nm' = N(IA)

65. (a) Refer to answer 60.

..(ii)

= B=
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(b)

The magnetic field lines of magnet (or current
carrying solenoid) form continuous closed loops
and are directed from N to S pole outside the
magnet and S to N pole inside the magnet and
forms closed loops while in the case of an electric
dipole, the field lines begin from positive charge
and end on negative charge or escape to infinity.

66. A solenoid bent into the
form of closed loop is called
toroid. The magnetic field
B has a constant magnitude
everywhere inside the toroid.
Refer to answer 63 (b, c).

67. One ampere is the value of steady current
which when maintained in each of the two very
long, straight, parallel conductors of negligible
crosssectionand placed onemetreapartinvacuum,
would produce on each of these conductors a force
of attractive or repulsive nature of magnitude
2% 107 N m™" on their unit length.

Force between two straight parallel current

carrying conductors, F = Ho Iy when
2n

Ii=I,=1A,7r=1m, then

F=2x10" Nm™

pd

F=2x107N F=2x10"7N
—> < —>
1A
N N IA/\ v
1A 1A
€— Im —> F— Im —

68. Forcebetween two parallel current carrying wires,

10 cmi
A
A

! §  J

b sam
=

D

F \
o
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Holy 1!
21y
Force on arm AB,
Mo X 2X1%20%10

'/\ B e ——

2T x10% 102

- _2_@ N (Attractive, towards the wire)
T

Force on arm CD,

Ho X2X1X20% 1072
Fep =

2% 30%x10 2

=il N (Repulsive, away from the wire)

n
Force on arms BC and DA are equal and opposite.
So, they cancel out each other.

Net force on the loop is F = F,5 - Fop,

Mg [2 2}_4;10 _4x4nx107
T n 3 n n

=5.33 x 1077 N (Attractive, towards the wire)

69. Forceon A;dueto A, 4, 4,
4mx 1077 X I x 1.5
1 = AL5]
2Tx o
2
Force on A, due to A, 4 T A
4T x 1077 x 21 x 1.5]

o 2m(d — x) e
When there is no net force +——F—
on A,
fi=h
AT X107 X IX15] 4mx1077 x 21 X 1.5

27x B 2n(d — x)

d—x=2x = x:ﬁj_

d
Hence, from A, at g there is no net force on b1

Also from the above result we can say that net
force is independent of current flowing on A,

70. When two parallel
infinite straight wires

. —® R
carrying currents I F, F

2 21
and I, are placed at o B®
distance d from each ﬁ ) 1

other, then current I,
produces  magnetic 4 h he
field, which at any
point on the second
current carrying wire is
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Moly : .
B, = "%l directed inwards perpendicular to
2nd
plane of wires,
So, this current (,) carrying wire then experiences
a force due to this magnetic field which on its
length [ is given by

Ey=L(IxB)

1
Fy = Fi, = LIB, sin 90° = Ll x ©0°L
or Fy = F N = —11
" - 2nd

The vector product (fxEl) has a direction

towards the wire carrying current I;. Hence, both
the wires attract each other.

So, force per unit length that each wire exerts on
the other is

_MohhI,
i 2nd
If,=ILb=1Aandd=1mand/=1m

Mo _ 7 -1
then f= ¥ =2X10 " Nm
Thus, electric current through each of two parallel
long wires placed at distance of 1m from each
other is said to be 1 ampere, if they exert a force of
2% 107 N'm™ on each other.

71. (a) Refer to answer 70.

(b) Bil, B,
® ®
IaA Y Ib
F,+—1Q P¥——PF,
a b

Now, let the direction of current b be reversed.
The magnetic field B, at point P due to current I,
flowing through a will be downwards. Similarly,
the magnetic field B, at point Q due to current
I, passing through b will also, be downwards as
shown. The force on a will be, therefore, towards
the left. Also, the force on b will be towards the
right. Hence, the two conductors will repel each
other as shown.

72. The magnetic force of repulsion on the upper
wire should be balancing its weight.
For wire CD to remain suspended at its position
in equilibrium, magnetic force on CD due to AB
= Weight of CD
Holy I filles
2mr
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m=2x10"7 ﬂilﬁ
g
=1.2% 10" kg/m
Current in CD should be in opposite direction to
that in AB.
73. Refer to answer 70.

74. ,=2A,L,=5A,a=1cm=1%x10"m
Force between two parallel wires per unit length
is given by

(for[=1m)

L1

p=fo 2

2T a
2%5

1x1072
75. N=200,B=02T,I=5A
Area, A=100cm® =102 m?% 0 =30°, 7=
T=mB sin 0 = NIAB sin 6
=200x5x 107 x 0.2 x sin 30°= 1 Nm
Coil will be in stable equilibrium if torque on it is
zero i.e., 0 = 0°,
It means plane of the coil should be perpendicular
to the direction of magnetic field.

76. We have :
N,-2nR = N,-2n(R/2)
.~ N,=2N,
Magnetic moment of a coil, M = NAI
For the coil of radius R
M, = N,IA, = N,InR?
For the coil of radius R/2
M, = N,IA, = 2N,InR*/4 = N, InR*/2
= My:M;=1:2

77. (i) Weknow, T=MxB

or T=M BsinB; 0.063 =0.9 x B x sin30°

or B=0.14T

(i) The position of minimum energy corresponds
to position of stable equilibrium.

Energy (U) = - MB cosB

When 0 = 0°= U= - MB = Minimum energy
Hence, when the bar magnet is placed parallel

to the magnetic field, it is the state of stable
equilibrium.

=2x107" x =20%10°Nm™! (Repulsive)

78. A revolving electron in an orbit of radius r
moving with velocity v behaves as a current loop
of effective current

I=ve (vis frequency of revolution)
ve

2
Hence it acts like a magnetic dipole, thus

Mells— xwea T
2nr 2
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79. Here side of coil = 10 cm = 0.10 m,
n=20,1=12 A, a=230°%1t=096 Nm
Area of coil, A = (side)” = (0.1)° = 0.01 m’
Torque T = nlBA sin

|
0.96=20x%x12 x Bx0.01 x :
096

096=12xXx8B= B=——

1.2
Magnetic field, B=08 T

80. The electron of charge (-¢) performs uniform
circular motion around a stationary heavy nucleus
of charge +Ze. This constitutes a current I and
forms a loop which behaves like a tiny magnetic
dipole.

I =% (T = time peroid) ..(1)

Let r be the orbital radius E-

of the electron and v the
orbital speed. Then, .

27r

e ] ...(ii)
v

From eqn (i) and (ii),
I=ev2mr

Magnetic moment p = Inr? = evr/2
The direction of magnetic moment is into the
plane of paper.

e

Now, j,l:ze (mevr) = L

m, 2m,

Where L is the magnitude of angular momentum
of the electron.

_e -

Vetorially, i = L

2m,

The negative sign indicates that the angular

momentum of the electron is opposite in direction

to the magnetic moment,

81. Given N = 2000

A=16x10"m?

I1=40A

(i) Magnetic moment of solenoid,

m=NIA =2000 x 4.0 x 1.6 x 107" = 1,28 A m?

(ii) Torque T = mB sin6

B =7.5x 10T

0 =30°

7=1.28x7.5x 107 x sin 30°
=128%x75x10%x05=48x 102N m

»
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82.

2cm A D
Force between two current carrying wires,
_ Holyll
2mr
Force on arm AB,
r u0><2x]x4><10_2
AB=— —
21 % 2x 1072

F

= 2o N (Attractive, towards the wire)
T
Force on arm CD,
My X2x1x4x1072

E
b 2T x 4.5%x 1072

— S_;Q N (Repulsive, away from the wire)
T

Force on arms BC and DA are equal and opposite.
So, they cancel out each other.
Net force on the loop is F= F 5 - Fp

=u_o[2_§]=m _10x4nx1077
T 9 o 9

=444 x 107 N (Attractive, towards the wire)

83. The magnetic moment (m) due to a planar
square loop of side / carrying a steady current I is

m=1n
% A B
I I 4
¥ DEC

The currents in AB and EF
direction. So AB will be
a force, say F,.

are flowing in the same
attracted towards EF with
11 .
R = Mg +4y X length of AB
2nt |
The currents in CD and EF are flowing in Oopposite
directions. So CD would experience a repulsive
force, say F,.
11
Y B = Po 2t x length of CD
2n 21

The forces on the portions BC and DA will cancel
out each other’s effect.
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Net torce = F, - F,

o 11 y 11
=t (X length of AB- Ho ot
2 | are 2l

1y L4
= t_\‘ 'WIJ [length of AB - 1/2 length of CD]

-

xlengthol CD

84. When a rectangular loop PQRS of sides “a’
and ‘0’ carrying current [ is placed in uniform
magnetic field B, such that area vector A makes
an angle © with A
directionof magnetic q 0

field, then forces ‘Td

on the arms QR bl

and SP of loop are > B
equal, opposite and
collinear, thereby
perfectly cancel each
other, whereas forces
on the arms PQ and
RS of loop are equal

and opposite but not collinear, so they give rise to
torque on the loop.

Force on side PQ or RS of loop is

F=IbBsin 90°=1b B F

and  perpendicular
distance between two
non-collinear forces is
r,=asin®

So, torque on the loop is
T=Fr, =1IbBasin 6 =
I ba B sin 6

or T=IABsin©

and if loop has N turns, then T = NIAB sin 0

In vector form, T= M X B

where M = NIA is called magnetic dipole

moment of current loop and is directed in

direction of area vector A i.e., normal to the
plane of loop.

(a) If the plane of loop is normal to the direction
of magnetic field i.e., 0 = 0° between B and 4,
then the loop does not experience any torque i.e.,
Tmin="0
(b) If the plane of loop is parallel to the direction
of magnetic field i.c., © = 90° between B and 7|
then the loop experiences maximum torque /..,
- 1,..=NIAB
85. Refer to answer 84.

17

86. Refer to answer 84,

87. When a current carrying coil is suspended
in a uniform magnetic field, a torque acts on it,
magnitude of which depends on the strength of
current, ‘This torque tends to rotate the coil about
the axis of suspension, so that the magnetic flux
passing through the coil is maximum.

88. (a) A galvanometer can be converted into
an ammeter of given range by connecting
a suitable low resistance S called shunt in parallel
to the given galvanometer, whose value is given by

I
s=[—-|c
L—Q)

where I, is the current for full scale deflection
of galvanometer, I is the current to be measured
by the galvanometer and G is the resistance of
galvanometer.

A Ammeter

Q)

1

oY

1

In order to increase the range of an ammeter
n times, the value of shunt resistance to be
connected in parallel is S = G/(n - 1).

(b) ForI=6 A

Ig . 4)(10—3

S= = X
I—Ig 6—0.004

5Q

2 _
z§x15xu)39=0019

89. (a) A galvanometer can be converted into
voltmeter of given range by connecting a suitable
resistance R in series with the galvanometer,

whose value is given by

Ray .G
IS
where V' is the voltage to be measured, [, is the
current for full scale deflection of galvanometer

and G is the resistance of galvanometer.

1 Voltmeter
*———D— !

I, R

.......................................

& r b
< ¥

Voltmeter is a high resistance instrument and it
is always connected in parallel with the circuit
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element across which potential difference is to be
measured. An ideal voltmeter has infinite resistance.
In order to increase the range of voltmeter i times
the value of resistance to be connected in series
with galvanometeris R = (n - 1)(.

) V,= IS(R + 980) and V, = I,:(l\‘ 1 470)

Also, V, = V,/2
2(R+470) =R +980;2

R=40Q

90. Working  principle  of  moving  coil
galvanometer : It works on the principle that a
current-carrying coil placed in a magnetic field
experiences a torque, the magnitude of which
depends on the strength of current.

(1) Radial magnetic field : To maintain the plane
of the coil always remains parallel to the field B
and to have maximum torque.

(ii) A cylindrical soft iron core : This has high
permeability and it intensifies the magnetic

field and hence increases the sensitivity of the
galvanometer.

- R =980 - 940

- o NBA
Current sensitivity, [(= —=—"—

I k

Yes, a galvanometer can be used for measuring the
current. By measuring the deflection produced in

the galvanometer coil one can obtain the current
in the galvanometer.

91. Principle : A current carrying coil placed in a
magnetic field experiences a torque, the magnitude
of which depends on the strength of current,
Galvanometer as a voltmeter :

Case (i)
B L ia, .0 _Igc Bty lim
Ig [ S ) — Y
Case (ii)
1% —>(G)————ww—i—
R,= — -G ...(ii) I R,
21
g Il Vi2 5|
Case (iii)
4 —>(C)————W—i—
Ryw 7}— -G (i) |l Ry
g R Y VA—

I, = current through galvanometer which is fixed,
From eqns. (i) and (i), we get

V.-
R -R,=—,G=R -2R,

ZIg
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Put these values in eqn. (iii), we get

Ry=4(R, - R;) - (R, - 2R,) = 3R, - 2R,

92. (a) Magnetic field is radial in moving coil
galvanometer so that the plane of the coil always
lies in the direction of the magnetic field. A radial
magnetic field is produced by (i) properly cutting
the magnetic pole pieces in the shape of concave
faces and (ii) using a soft iron core within the coil.
(b)y V=(R+ G, wikl)

V' =(R + G)Ig wikil)
From equations (i) and (ii)
L’_R’+G_l R,_R G
V. R+G 2 g3

93. (a) Current sensitivity : It is defined as the
deflection of coil per unit current flowing in it, i.e.,
58 _NAB
3 B

(b) A=16x10*m?* N=200,B=02T,
k =107° Nm/degree, 6 = 30°,

_k

~ NBA
_ 10%x30

200x0.2x16x10™%

=4.69%x107%A.

94. A galvanometer is used to detect current in a
Circuit.
H

Suspension wire
M coil NIBI
e N
Coiled strip i\ﬁIBl
(b) (©

(a) Magnetic lines of force

of radial magnetic field
Principle and working : When current (I) is passed
in the coil, torque T acts on the coil, given by

T = NIAB sin 6

where 6 is the angle between the normal to plane
of coil and the magnetic field of strength B, N is
the number of turns in a coil,
When the magnetic field is radial, as in the case of
cylindrical pole pieces and soft iron core, then in
every position of coil the plane of the coil, is parallel
to the magnetic field lines, so that © = 90° and
sin 90° = 1
Deflecting torque, T = NIAB
If C is the torsional rigidity of the wire and @ ig

the twist of suspension strip, then restoring torque
=C0




Moving Charges and Magnetism

For equilibrium, deflecting torque = restoring

torque
i.e. NJAB=C0
NAB
0= "(‘ [ ie, Qo]

Deflection of coil is directly proportional to
current tlowing in the coil and hence we can
construct a linear scale.

The uniform radial magnetic field keeps the plane
of the coil always parallel to the direction of the
magnetic field, i.e., the angle between the plane of
the coil and the magnetic field is zero for all the
orientations of the coil.

95. Principle of working of a moving coil
galvanometer : The working is based on the fact
that current carrying coil suspended in a magnetic
field experiences a torque.

The galvanometer cannot be used to measure
~ the value of the current in a given circuit due to
following two reasons :

(a) Galvanometer is a very sensitive device,
it gives a full scale deflection for a current of the
order of pA.

(b) For measuring currents, the galvanometer
has to be connected in series, and as it has a large
resistance, this will change the value of the current
in the circuit.

The current sensitivity of the galvanometer (9)
is given by c
0 _NAB
Ik

The current sensitivity of the galvanometer
depends upon the number of turns N and cross
section area of the coil A.

96. Let I be the total current and I should pass
through the galvanometer and the remaining part
(I - I;) flows through the shunt S.
s V,-Vy=I G

= (I-1)S o3

S=( Ig ]G e
I=lg T, O B I

Here the range of an ammeter is 0 to 21

I
L =[G
20~ 1

97. (i) Refer to answer 94.
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(i) ‘The cylindrical soft iron core, when placed
inside the coil of a galvanometer, makes the magnetic
field stronger and radial in the space between it
and pole pieces, such
that whatever the
position of the coil,
the magnetic field is

always parallel to its N
plane.
(iii) The current _
i g Coil Softiron
sensitivity  of a . core

moving coil galvano-
meter is defined as deflection of coil per
unit current passed through it. It is given by,

gFe
k

where N is the number of turns, A is the area of the
coil, B is the magnetic field strength of the poles
and k is the spring’s constant of the suspension wire.

98. (a) Refer to answer 94.
NBA

(b) Voltage sensitivity is given by, V.S.=——
where R is the resistance of the wire. kR
Voltage sensitivity = Current sensitivity/R

Thus, on increasing the current sensitivity, voltage
sensitivity may or may not increase because of
similar changes in the resistance of the coil, which
may also increase due to increase in temperature.

99. Refer to answers 98.

100. (a) Refer to answer 94.

(b) A galvanometer can be converted into a
voltmeter by connecting a high resistance in series
with galvanometer to draw a very small current. A
galvanometer can be converted into an ammeter
by connecting a low resistance shunt in parallel
with galvanometer to draw large value of current.

101. Refer to answer 98.

102. G=50Q

,=5mA=5x10"A

V=15V

The galvanometer canbe convertedintoavoltmeter

when a high resistance R is connected in series
with it.

Value of R is given by :
V 15
R=——G=——‘—50:29SOQ= 295 kQ
I, 5x10°

103. (a) and (b) Refer to answer 94.
(c) Refer to answer 100 (b).

(U@




