MOVING CHARGES AND MAGNETISM

CBSE NCERT Solutions for Class 12 Physics Chapter 4
Back of Chapter Questions

4.1.

4.2.

A circular coil of wire consisting of 100 turns, each of radius 8.0 cm carries a
current of 0.40 A. What is the magnitude of the magnetic field B at the centre of the
coil?

Solution:

Given that number of turns on the circular coil, n = 100

Radius of each turn, r = 8.0cm = 0.08 m

Current flowing in the coil, I = 0.4 A

The magnitude of the magnetic field at the centre of the coil is given by the relation,

Ho 1l
B =
2r
Where, u, = Permeability of free space = 4 x 1077 TmA™!
_ 4 x 1077 x 100 x 0.4
B 2 x 0.08

Hence, the magnitude of the magnetic field at the centre of the coil is
3.14 x 107*T

=3.14 X 107*T

A long straight wire carries a current of 35 A. What is the magnitude of the field B
at a point 20 cm from the wire?

Solution:

Given that Current in the wire, I = 35 A

Distance of a point from the wire,r = 20cm = 0.2 m
The magnitude of the magnetic field at this point is given as:

o I

2nr
Where, i, = Permeability of free space = 4w X 1077 Tm A™?
_ 4mx 1077 X2 x 35
a 41 % 0.2

Hence, the magnitude of the magnetic field at a point of 20 cm from the wire is
3.5 x 107°T

=35 x 107°T
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4.3.

4.4.

A long straight wire in the horizontal plane carries a current of 50 A in the north to
south direction. Give the magnitude and direction of B at a point 2.5 m east of the
wire.

Solution:

Given that,

Point is 2.5 m away from the East of the wire.

The distance of the point from the wire, r = 2.5 m.

Current in the wire is 50 A

The magnitude of the magnetic field at this point is given as:

o 21

IBI =
4mtr

Where, u, = Permeability of free space = 47 X 1077 Tm A™?

_ Am X 1077 x2 x50
B 4 X 2.5

=4x 107°T
Given that point is at a distance of 2.5 m normal to the wire length and the direction
of the current in the wire is vertically downward.

Hence, according to Maxwell's right-hand thumb rule, the direction of the magnetic
field at the given point is vertically upward.

A horizontal overhead power line carries a current of 90 A in the east to west
direction. What is the magnitude and direction of the magnetic field due to the
current 1.5 m below the line?

Solution:
Given that current in the power line, I = 90 A
Location of the point below the power line, 7 = 1.5m

Hence, the magnetic field at a point is given by the relation,

IBI =

4nr
Where, uy = Permeability of free space = 4m X 1077 TmA™?!
_ 4mx 1077 X2 x90
B 4w X 1.5

The current is flowing from East to West. The point is below the power line. Hence,
according to Maxwell's right-hand thumb rule, the direction of the magnetic field
is towards the South.

=12%x 1075T
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4.5.

4.6.

4.7.

What is the magnitude of magnetic force per unit length on a wire carrying a current
of 8 A and making an angle of 30° with the direction of a uniform magnetic field
of 0.15 T?

Solution:

Given that current in the wire, | = 8 A

The magnitude of the uniform magnetic field, B = 0.15T

The angle between the wire and magnetic field, 8 = 30°

We know that magnetic force per unit length on the wire is given as:
f =BIsin® =0.15 x8 X sin30°=0.6 Nm™!

1

Hence, the magnetic force per unit length on the wire is 0.6 N m™

A 3.0 cm wire carrying a current of 10 A is placed inside a solenoid perpendicular
to its axis. The magnetic field inside the solenoid is given to be 0.27 T. What is the
magnetic force on the wire?

Solution:

Given that,

Length of the wire,] = 3cm = 0.03 m

Current flowing in the wire, I = 10 A

The magnetic field inside the solenoid, B = 0.27 T

The angle between the current and magnetic field, 8 = 90°
The magnetic force exerted on the wire is given as

f =BIlsin©

f =0.27 x10 x0.03 X sin90°=8.1 X 102N

Hence, the magnetic force on the wire is 8.1 X 1072 N

Two long and parallel straight wires A and B carrying currents of 8.0 A and 5.0 A
in the same direction are separated by a distance of 4.0 cm. Estimate the force on a
10 cm section of wire A.

Solution:

Given that,

The magnitude of the current flowing in wire A, [, = 8.0 A
The magnitude of the current flowing in wire B, Ig = 5.0 A
Distance between the two wires, r = 4.0cm = 0.04 m

Length of a section of wire A, L = 10cm = 0.1 m
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4.8.

4.9.

We know that force exerted on length L due to the magnetic field is given as.

[AIgL
F:HOAB
2Tr

Where, i, = Permeability of free space = 41 X 1077 Tm A™?

_4n><10‘7><8><5><0.1
B 27t X 0.04

The magnitude of the force is 2 X 107> N.

=2%x10"°N

Here the direction of the currents in the wires is the same; therefore, the force
between them is attractive in nature.

A closely wound solenoid 80 cm long has 5 layers of windings of 400 turns each.
The diameter of the solenoid is 1.8 cm. If the current carried is 8.0 A, estimate the
magnitude of B inside the solenoid near its centre.

Solution:
Given that,
Length of the solenoid, 1 =80 cm = 0.8 m

There are five layers of windings of 400 turns each on the solenoid, so we need to
calculate a total number of turns.

Total number of turns on the solenoid, N =5 X 400 = 2000
Diameter of the solenoid, D=1.8 cm =0.018 m
The current carried by the solenoid, [ = 8.0 A

The magnitude of the magnetic field inside the solenoid near its centre is given by
the relation,

po NI
[

Where, u, = Permeability of free space = 47 X 1077 TmA™!

5 4 x 1077 %x 2000 X 8
B 0.8

Hence, the magnitude of the magnetic field inside the solenoid near its centre is

25%x 1072 T

IBI =

=25x%x 1072 T

A square coil of side 10 cm consists of 20 turns and carries a current of 12 A. The
coil is suspended vertically, and the normal to the plane of the coil makes an angle
of 30° with the direction of a uniform horizontal magnetic field of magnitude
0.80 T. What is the magnitude of torque experienced by the coil.

Solution:
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4.10.

Given that,

Length of a side of the square coil, | = 10 cm = 0.1 m

The magnitude of the current flowing in the coil, [ = 12 A

Number of turns on the coil, n = 20

Angle made by the plane of the coil with the magnetic field, 6 = 30°
Strength of magnetic field, B =0.80 T

The magnitude of the magnetic torque experienced by the coil in the magnetic field
is given by the relation,

T = n BIAsinf

Where, A = Area of the square coil

=.1x.1

= 0.01m?

So,

T=20X0.8x%12 % 0.01 X sin30°

=0.96 Nm

Hence, the magnitude of the torque experienced by the coil is = 0.96 N m

Two moving coil meters, M; and M, have the following particulars: R; = 10 (,
N, =30, A, =3.6x10"3m? B, =025TR, =140, N, =42, A, = 18X
103 m?, B, =050T

(The spring constants are identical for the two meters).
Determine the ratio of

(a) current sensitivity and

(b) voltage sensitivity of M, and M;.
Solution:

Given that for moving coil meter M;:
Resistance, R; = 10 ()

Number of turns, N; = 30

Area of cross-section A; = 3.6 X 1073 m?
Magnetic field strength, By = 0.25T
Spring constant K; = K
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For moving coil meter M,:

Resistance, R, = 14 ()

Number of turns, N, = 42

Area of cross-section, A, = 1.8 X 1073 m?
Magnetic field strength, B, = 0.50 T
Spring constant, K, = K

(a) Current sensitivity of M;is given as:

N;B;A,
ISl = K
1
And, current sensitivity of M, is given as:
_ N3BiA;
s2 — Kz

I,  N;B,A,  42x05x18x107% v
I, N;B;A; 30x025x3.6x103

Hence, the ratio of current sensitivity of M, to M; is 1.4.

(b) Voltage sensitivity for M, given as:

N;B,A;
V., =
And, voltage sensitivity of M; is given as:
N;B;A,
Vo, =
Vsz  NpByAK4R; 42X 05X 1.8X 1073 xK

Vg, N;B;A;K,R, K x 14 x30x0.25 X 3.6 X 1073
Hence, the ratio of voltage sensitivity of M, to M; is 1.

4.11. In a chamber, a uniform magnetic field of 6.5 G (1 G = 10~* T) is maintained. An
electron is shot into the field with a speed of 4.8 X 10°® m s~! normal to the field.
Explain why the path of the electron is a circle. Determine the radius of the circular
orbit. (e = 1.6 X 1071°C, m, = 9.1 x 10731 kg)

Solution:

Given that,

Magnetic field strength, B = 6.5G = 6.5 X 107*T
Speed of the electron, v = 4.8 X 10° m/s
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4.12.

Charge on the electron, e = 1.6 x 1071°C

Mass of the electron, m, = 9.1 x 1073 kg

The angle between the shot electron and magnetic field, 6 = 90°

The magnetic force exerted on the electron in the magnetic field is given as:
F = evB sinf

Electron is moving around a circular path. To rotate in a circular path, electron
needs a centripetal force. Centripetal force is provided by the magnetic force.

Hence, the centripetal force exerted on the electron,

l’l’le

T
For equilibrium, the centripetal force exerted on the electron is equal to the
magnetic force, i.e.,

F.=F
)
= — = evB sind
mv
>r= -
eB sinb
So,

9.1x 10731 x 4.8 x 10°

_ = 42%102m = 4.2
P 65 x10~% x 1.6 X 10-1° X 5in 90° m om

Hence, the radius of the circuit orbit of the electron is 4.2 cm

In Exercise 4.11 obtain the frequency of revolution of the electron in its circular
orbit. Does the answer depend on the speed of the electron? Explain.

Solution:

Given that,

Magnetic field strength, B = 6.5 x 107* T

Charge of the electron, e = 1.6 x 1071°C

Mass of the electron, m = 9.1 X 107 31kg

The velocity of the electron, v = 4.8 X 10® m/s

The radius of the orbit,r = 4.2 cm = 0.042 m

Assume that the frequency of revolution of the electron is v

Angular frequency of the electron = w = 2mv
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4.13.

The relation between the velocity of the electron and angular frequency is v = rw

In the circular orbit, the centripetal force is balanced by the magnetic force of the
electron.

Hence, we can write:

2

——=-¢evB
r
mv m(rw) m(r.2mv)
>eB=—= =
r r r
eB
= =
M 2mm

Here we can see that expression for frequency is independent of the speed of the
electron.

6.5X107%x 1.6 x1071° 182 % 107H 18MH
= = 1. X ~
VT X314 %91 % 10-31 z z

Hence, the frequency of the electron is around 18 MHz and is independent of the
speed of the electron.

(a) A circular coil of 30 turns and radius 8.0 cm carrying a current of 6.0 A is
suspended vertically in a uniform horizontal magnetic field of magnitude
1.0 T. The field lines make an angle of 60° with the normal of the coil.
Calculate the magnitude of the counter-torque that must be applied to
prevent the coil from turning.

(b) Would your answer change, if the circular coil in (a) were replaced by a
planar coil of some irregular shape that encloses the same area? (All other
particulars are also unaltered.)

Solution:
(a) Given that,
Number of turns in circular coil = 30
Radius of the coil, r=8.0 cm = 0.08 m
Area of the coil= m 7?2 = m X 0.08% = 0.0201 m?
The magnitude of the current flowing in the coil, I = 6.0 A
Magnetic field strength, B = 1T
The angle between the field lines and normal with the coil surface, 8 = 60°

In this case, the coil is experiencing a torque in the magnetic field, and due
to this, it will turn.

To oppose turning of the coil, we must apply the counter torque.
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Torque, T = n BIA sin®
T =30 XxX6X%x1x0.0201 X sin60° = 3.1333 Nm

(b) From the formula of torque T = n BIA sin0, we can say that the magnitude
of the applied torque is independent on the shape of the coil. It depends on
the area of the coil. Hence, Magnitude of torque would not change if the
circular coil in the above case is replaced by a planar coil of some irregular

shape that encloses the same area.

Additional Exercises

4.14.

Two concentric circular coils X and Y of radii 16 cm and 10 cm, respectively, lie
in the same vertical plane containing the north to south direction. Coil X has 20
turns and carries a current of 16 A; coil Y has 25 turns and carries a current of 18 A.
The sense of the current in X is anticlockwise, and clockwise in Y, for an observer
looking at the coils facing west. Give the magnitude and direction of the net

magnetic field due to the coils at their centre.

Solution:

Given that,

The radius of X,r; = 16 cm = 0.16 m

The radius of coil Y,r, = 10 cm = 0.1 m

Number of turns on coil X, N; = 20

Number of turns on coil Y,N, = 25

Current in coil X,I; = 16 A

Currentin coil Y, I, = 18 A

Magnetic field due to coil X at their centre is given by the expression,

HoN1ly
Bl = 2
ry

Where, p, = permeability of free space = 4m X 1077 Tm A™!

4mx1077x20%16
B, = % = 41 X 107*T (Towards east)

Magnetic field due to coil Y at their centre is given by the expression.

_ HoN2 I,

2 21,

Where, p, = permeability of free space = 4w X 1077 Tm A™?
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4.15.

4.16.

41mXx1077x25%X18 _
B, = % =91 X 10™* T (Towards west)

Hence, the net magnetic field can be obtained as the difference of magnitude of the
magnetic field in coil X and coil Y

B=B,—B, =9mx 10~*T — 41t x 10~* T
=5mtx1074T
=5x%3.14%x107*T = 1.57 X 1073 T (Towards West)

A magnetic field of 100 G (1 G = 10™* T) is required which is uniform in a region
of linear dimension about 10 ¢cm and area of cross-section about 1073 m? . The

maximum current-carrying capacity of a given coil of wire is 15 A, and the number

of turns per unit length that can be wound round a core is at most 1000 turns m™1,

Suggest some appropriate design particulars of a solenoid for the required purpose.
Assume the core is not ferromagnetic.

Solution:
Given that,
Strength of magnetic field, B= 100G = 100 X 10™* T

Number of turns per unit length, n = 1000 turns m~!

Current flowing in the coil, ] = 15 A

Permeability of free space, g = 4m X 1077 TmA™!
Magnetic field is given by the relation,

B = ponl

B 100 x 10~

S x0T = 7957.74 ~ 8000 A m~1
0

=>nl =
If the length of the coil is taken as 50 cm, radius 4 cm, number of turns 400, and
current 10 A, then these values are not unique for the given purpose. There is
always a possibility of some changes with limits.

For a circular coil of radius R and N turns carrying current I; the magnitude of the
magnetic field at a point on its axis at a distance x from its centre is given by,
uol RN

= —3
2(X2 + R2)2

(a) Show that this reduces to the familiar result for the field at the centre of the
coil.

(b) Consider two parallel co-axial circular coils of equal radius R, and number
of turns N, carrying equal currents in the same direction, and separated by
a distance R. Show that the field on the axis around the mid-point between

10
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the coils is uniform over a distance that is small as compared to R, and is

given by,
NI
B = 07222
Solution:
Given that,

The radius of circular coil = R

Number of turns on the coil = N

Current in the coil = I

The magnetic field at a point on its axis at distance x is given by the relation,
uoIRZN

2(x2 + R?) 2

Where, o, = permeability of free space = 4w X 1077 Tm A™?

(a) If the magnetic field at the centre of the coil is considered, the x = 0.

B HolRZN _ NI
" 2R3 2R

This is the expression for the magnetic field at the centre of the coil.

(b) Assume radii of two parallel co-axial circular coils is R
Assume the number of turns on each coil =N
Current in both coils =1
Distance between both the coils = R

Let us consider point Q at distance d from the centre.

. . R .
Then, one coil is at a distance of St d from point Q.
) . . HoNIR
The magnetic field at point Q is given as. +. By = ———
R 2 2
2[(5+d) +R2]
Also, the other coil is at a distance of % — d from point Q.

1o NIR?

2[(§—d)2+R2]

Magnetic field due to this coil is given as. . B, =

N W

Total magnetic field
B = Bl + Bz

11
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12

r 3
IRZ | (/R 2 R 2 2
=”°2 {(5_(1) +R2}+{(§+d> +R2}

3

3
IRz | /5rR 2 5R2 2
_ Mo (——dZ—Rd) n +{(—+d2+Rd>}

2 4 4

3 3 3
_ HpIR? (5R*\2 1+4d2 4d 7+ 1+4d2+4d?
2 4 5R2 5R 5R2 5R

. d?
For d << R, neglecting the factor —,
R

We get:
3 3 3
HoIR? y 5R?%\2 y <1 4d>2 N (1 N 4d)2
T2 4 5R 5R
3
HoIR2N (4)5 [1 6d . 6d]
~ 2R3 5 5R 5R

3
B=|= = 0.72
6 =02 (%)

Hence, it is proved that the field on the axis around the mid-[point between
the coils is uniform

4.17. A toroid has a core (non-ferromagnetic) of inner radius 25 cm and outer radius
26 cm, around which 3500 turns of a wire are wound. If the current in the wire is
11 A, what is the magnetic field

(a) outside the toroid

(b) inside the core of the toroid, and

(c) in the empty space surrounded by the toroid?
Solution:

Given that,

The inner radius of the toroid, r; = 25 cm = 0.25m
The outer radius of the toroid, r, = 26 cm = 0.26 m
Number of turns on the coil, N = 3500

Current in the coil, /=11 A
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(a)

(b)

13

We know that Magnetic field outside a toroid is zero but for inside the core
of a toroid magnetic field will be nonzero.

The magnetic field inside the core of a toroid is given by the expression,

o NI
l

l = length of toroid

IBI =

I'i + ro
2
= (0.26 + 0.25) = 0.51 T
B 4 X 1077 x 3500 x 11
B 0.51T

Hence inside the core of toroid magnetic fieldis 3 X 1072 T

=27

=3 x1072T

4.18. Answer the following questions:

(a)

(b)

(c)

A magnetic field that varies in magnitude from point to point but has a
constant direction (east to west) is set up in a chamber. A charged particle
enters the chamber and travels undeflected along a straight path with
constant speed. What can you say about the initial velocity of the particle?

A charged particle enters an environment of a strong and non-uniform
magnetic field varying from point to point both in magnitude and direction
and comes out of it following a complicated trajectory. Would its final speed
equal the initial speed if it suffered no collisions with the environment?

An electron is moving west to east enters a chamber having a uniform
electrostatic field in the north to south direction. Specify the direction in
which a uniform magnetic field should be set up to prevent the electron from
deflecting from its straight-line path.

Solution:

(a)

in the given question, the magnetic field is in the constant direction from
East to West.

According to the question, a charged particle travels undeflected along a
straight path with constant speed. It is only possible if the magnetic force
experienced by the charged particle is zero.

The magnitude of the magnetic force on a moving charged particle in a
magnetic field is given by F = q v B sin 0. (where 0 is the angle between
v and B).

Here Force will be zero if sinf = 0(asv # 0,q # 0,B # 0). This
shows that the angle between the velocity and magnetic field is 0° or 180°.
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4.19.

Thus, the charged particle moves parallel or anti-parallel to the magnetic
field B.

(b) Yes, we can say that the final speed of the charged particle will be equal to
its initial speed. This is because magnetic force can change the direction of
velocity, but not its magnitude.

(©) As the direction of the electric field is from North to South, that means the
plate in North is positive and in the South is negative. Thus, the electrons
(negatively charged) attract towards the positive plate that means it moves
towards North. If we want that there should be no deflection in the path of
an electron, then the magnetic force should be in South direction. This
moving electron will be undeflected if the electric force acting on it is equal
and opposite of magnetic field. Magnetic force is directed towards the
South. According to Fleming's left-hand rule, the magnetic field should be
applied in a vertically downward direction.

An electron emitted by a heated cathode and accelerated through a potential
difference of 2.0 kV, enters a region with the uniform magnetic field of 0.15T.
Determine the trajectory of the electron if the field

(a) is transverse to its initial velocity

(b) makes an angle of 30° with the initial velocity.
Solution:

Given that,

Magnetic field strength, B = 0.15T

Charge on the electron, e = 1.6 X 1071°C

Mass of the electron, m = 9.1 x 10731 kg

The potential difference, V' = 2.0kV =2 x 103V

We know that the kinetic energy of the electron = eV
1 2
=>eV==
e > mv

2eV

v= [—....(1)

m
Where v = velocity of the electron

(a) Here electron is doing circular motion, and for circular motion, we need
centripetal force. Magnetic force on the electron provides the required
centripetal force of the electron.

Assume that electron is moving in a circular path of radius r.

Magnetic force on the electron = Bev

14
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2
Centripetal force = %

2

mv
~Bev=
r
mv
r = e (2)

From equations (1) and (2), we get

1
m [ZeV 2
r —

“Belm

1
_ 91x1073% y 2x1.6%x10719 x 2 x 103\2
"~ 0.15%x 1.6 X 10-19 9.1 x 1031

=1.01x103m
= 1 mm

Hence, the electron has a circular trajectory of radius 1.0 mm normal to the
magnetic field.

(b) When the magnetic field makes an angle 8 of 30° with an initial velocity,
the initial velocity will be,

v, = v sinf
From equation (2), we can write the expression for a new radius as:
mv,
rn = E
m v sinf
~ Be

1
9.1x 1071 2X1.6%x10717x 2 x 1032

= X . o
0.15 x 1.6 x 1019 9 x 1031 sin 30

=0.5%x103m
= 0.5 mm

Hence, the electron will move in a helical path of radius 0.5 mm along the
magnetic field direction.

4.20. A magnetic field set up using Helmholtz coils (described in Exercise 4.16) is
uniform in a small region and has a magnitude of 0.75 T. In the same region, a
uniform electrostatic field is maintained in a direction normal to the common axis
of the coils. A narrow beam of single species) charged particles all accelerated
through 15 kV enters this region in a direction perpendicular to both the axis of the
coils and the electrostatic field. If the beam remains undeflected when the

15
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4.21.

electrostatic field is 9 X 107>V m™1, make a simple guess as to what the beam
contains. Why is the answer not unique?

Solution:

Given that,

A magnetic field, B=0.75T

Accelerating voltage, V= 15kV = 15 x 103 V
Electrostatic field, E =9 x 107>V m™?!

Mass of the electron = m,

Charge of the electron = e,

The velocity of the electron = v

The kinetic energy of the electron = eV

1 ) v
= — =
sz e
e v2
si= )

It is given in the question that the particle remains un-deflected by electric and
magnetic fields, we can say that the electric field is balanced by the magnetic field.

~eE=evB
E
V—E ....... (2)

Put the value of v from equation (2) in equation (1), we get

E

e 1 (§) B E2

m 2V 2VB2
(9.0 X 1075)2

= 4.8x 10713 C/kg

~ 2% 15000 x (0.75)2

This value of specific charge e/m is equal to the value of deuteron or deuterium
ions. This is not a unique answer. Other possible answers are He™, Li' .etc.

A straight horizontal conducting rod of length 0.45 m and mass 60 g is suspended
by two vertical wires at its ends. A current of 5.0 A is set up in the rod through the
wires.

(a) What magnetic field should be set up normal to the conductor in order that
the tension in the wires is zero?

(b) What will be the total tension in the wires if the direction of current is
reversed, keeping the magnetic field the same as before?

16
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4.22.

(Ignore the mass of the wires.) g = 9.8 ms~2,

Solution:

Given that length of the rod, | = 0.45 m

The magnitude of mass suspended by the wires, m = 60 g = 60 x 1073 kg
Acceleration due to gravity, g = 9.8 ms™2,

The magnitude of the current in the rod flowing through the wire, [=5 A

(a) tension in the wire will be zero if the magnetic field (B) is equal and
opposite to the weight of the wire

ie,BIl =mg
myg
B=—
11
_ 60 x9.8 x 10_3—026T
B 5x045

A horizontal magnetic field of 0.26 T, which is normal to the length of the
conductor is required to get zero tension in the wire.

According to Fleming's left-hand rule, the direction of magnetic force will
be in an upward direction.

(b) Now If the direction of the current is reversed, then the force due to the
magnetic field and the weight of the wire act in a vertically downward
direction.

Total tension in the wire
=BIl+ mg = 0.26 x5 X 0.45 + (60 X 1073) x 9.8 =1.176 N

The wires which connect the battery of an automobile to its starting motor carry a
current of 300 A (for a short time). What is the force per unit length between the
wires if they are 70 cm long and 1.5 cm apart? Is the force attractive or repulsive?

Solution:

Given that,

Current in both wires, I = 300 A

Distance between the wires,r = 1.5cm = 0.015m
Length of the two wires, ] = 70cm = 0.7 m

Force per unit length between the two wires is given by the relation,

Mol?
2nr
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4.23.

_ 41 x 1077 x 300 x 300
N 21 X 0.015

=1.2N/m
Since the direction of the current in the wires is opposite so repulsive force will be

generated between them.

A uniform magnetic field of 1.5 T exists in a cylindrical region of radius 10.0 cm,
its direction parallel to the axis along east to west. A wire carrying current of 7.0 A
in the north to south direction passes through this region. What is the magnitude
and direction of the force on the wire if,

(a) the wire intersects the axis,
(b) the wire is turned from N-S to northeast-northwest direction,

(©) the wire in the N-S direction is lowered from the axis by a distance of
6.0 cm?

Solution:

Given that,

Strength of the magnetic field is, B=1.5T

Radius of the cylindrical region, r = 10 cm = 0.1 m

Current in the wire passing through the cylindrical region, I = 7 A

(a) Here the wire is intersecting the axis, so the length of the wire is the diameter
of the cylindrical region. Thus, [ = 2r = 0.2 m

The angle between the magnetic field and current, 8 = 90°
We know that expression for magnetic force acting on the wire is,
F=BIlsin® =15x%x7x0.2Xsin90°=2.1N

Hence, a force of magnitude 2.1 N acts on the wire in a vertically downward
direction.

(b) The new length of the wire after turning it to the Northeast-Northwest
direction can be written as:

ol
sin®
Now angle between the magnetic field and current, 8 = 45°
Force on the wire,
= BIl;sin 0
=15x7x0.2

=2.1N

18
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(c)

Hence, a force of 2.1 N acts vertically downward on the wire and force is
independent of angle 6 because [ sin is fixed.

The wire is lowered from the axis by distance, d = 6.0 cm

Assume that [, be the new length of the wire.

(1_2)2 = 4(d +1)

2

=4(10+ 6) = 4(16)

~l, =8Xx2=16cm =0.16 m

The magnetic force exerted on the wire,
f, = BIl,

=15%x7x0.16

=1.68N

Hence, a force of magnitude 1.68 N acts a vertically downward direction on
the wire.

A uniform magnetic field of 3000 G is established along the positive z-direction.
A rectangular loop of sides 10 cm and 5 cm carries a current of 12 A. What is the
torque on the loop in the different cases shown in Fig. 4.28? What is the force on
each case? Which case corresponds to a stable equilibrium?

VA
ZI
T B
BT S
& > > y
Yy
(b) * ©

x 0

Solution:
Given that magnetic field strength, B = 3000 G = 3000 X 107*T = 0.3 T

Length of the rectangular loop, [ = 10 cm

19
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Width of the rectangular loop, b = 5 cm

Area of the loop, A=1xb x5 =50cm? =50 X 107* m?

Current in the loop, 1 = 12 A

Assume that the anti-clockwise direction of the current is positive and vice-versa:

(a)

(b)

(c)

(d)

(e)

We know that expression of torque, 7 = [ AxB

From the given figure, we can say that A is normal to the y-z plane and B
is directed along the z-axis.

B= 03k A= 50x10"%4
~T=12% (50 x 1071 x 0.3k
=—-1.8x1072jNm

The torque is 1.8 X 1072 Nm along the negative y-direction and angle
between A and B is zero; hence, the force on the loop will be zero.

In this case, the direction of the current is the same as in case (a)
Hence answer is the same as a case (a).
Expression of torque is T = | AxB

From the given figure, we can say that area vector A is normal to the x-z
plane and B is directed along the z-axis.

~t=12x(50x 107 jx 0.3k
= -1.8x10721Nm

The torque is 1.8 X 1072 Nm along the negative x-direction and the force
is zero. on Magnitude of torque is given as:

Torque |[t| =1 XA XB
=12 x50 x 107* x 0.3
=1.8x 1072 Nm

The torque is1.8 X 1072 Nm at an angle of 240° with positive x-direction.
The force is zero.

Torque T = IA x B
= (50 x107*x 12) kx 0.3k
=0

Hence, the torque is zero. The force is also zero.
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Expression of torque T = IAx B

= (50 x107*x 12) kx 0.3k

=0

Hence, the torque is zero. The force is also zero.

In case (e), the direction of IA and B is the same, and the angle between
them is zero. If displaced, they come back to an equilibrium. Hence, it is in
a stable equilibrium.

Whereas, in case (f), the direction of IA and B is the opposite. The angle
between them is 180°. If disturbed, it does not come back to its original
position. Hence, its equilibrium is unstable.

4.25. A circular coil of 20 turns and radius 10 cm is placed in a uniform magnetic field
of 0.10 T normal to the plane of the coil. If the current in the coil is 5.0 A, what is

the

(a) total torque on the coil,

(b) the total force on the coil,

(©) average force on each electron in the coil due to the magnetic field?
(The coil is made of copper wire of cross-sectional area 10~°m?, and
the free electron density in copper is given to be about 102m~3)

Solution:

Given that,

Radius of the coil, r = 10cm = 0.1m

Strength of the magnetic field, B =0.10 T

Number of turns on the circular coil, n=20

Current in the coil, = 5.0 A

(a)

(b)

(c)

Because of the uniform magnetic field, The total torque on the coil will be
Zero.

Because of the uniform magnetic field, The total force on the coil will be
Zero.

The cross-sectional area of copper coil, A = 107> m?
Number of free electrons per cubic metre in copper, N = 102° /m3
Charge on the electron, e = 1.6 X 1071° C

Magnetic force, F = Bev,; where, v; =Drift velocity of electrons
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I
Va = NeA
Fo Bel
" NeA

010X50 _ _ . hy
= = X
102° x 10-°

Hence, the average force on each electron is 5 X 1072 N,

A solenoid 60 cm long and of radius 4.0 cm has 3 layers of windings of 300 turns
each. A 2.0 cm long wire of mass 2.5 g lies inside the solenoid (near its centre)
normal to its axis; both the wire and the axis of the solenoid are in the horizontal
plane. The wire is connected through two leads parallel to the axis of the solenoid
to an external battery which supplies a current of 6.0 A in the wire. What value of
current (with an appropriate sense of circulation) in the windings of the solenoid
can support the weight of the wire? g =9.8 m s™2)

Solution:

Given that ,

Radius of the solenoid, r = 4.0 cm = 0.04 m

Length of the solenoid, L = 60 cm = 0.6 m

It is given that there are 3 layers of windings of 300 turns each.
~ Total number of turns, n = 3 X 300 = 900,

Length of the wire, [ = 2 cm = 0.02 m

Mass of the wire, m = 2.5g = 2.5 x 1073 kg

Current flowing through the wire, i = 6 A

Acceleration due to gravity, g = 9.8 m/s?

Honl

The magnetic field produced inside the solenoid, B = L

Where,

P= Permeability of free space = 41t X 107/ Tm A™?

I = Current is flowing through the windings of the solenoid
Magnetic force is given by the relation,

F = Bil

_ pond
L

il

22
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4.28.

Also, the force on the wire is equal to the weight of the wire.

uonlil
L

oo mg =

mgL

Honil
_ 25x107°x9.8x06
41 x 1077 X 900 X 0.02 X 6
Hence, the current flowing through the solenoid is 108 A.

=108A

A galvanometer coil has a resistance of 12 Q) and the metre shows full-scale
deflection for a current of 3 mA. How will you convert the metre into a voltmeter
of range 0 to 18 V?

Solution:
Given that resistance of the galvanometer coil, G = 12 ()

Current for which there is a full-scale deflection, [; =3 mA = 3 X 1073A

The initial reading of the voltmeter is 0; we have to convert to 18 V.
V =18V

We know that to convert a galvanometer into a voltmeter, we need to connect a
resistor of resistance R in series with the galvanometer.

. . L 14
This resistance is given as R = T G
g

18

= W—12=59889

Hence, a resistor of resistance 5988 () is to be connected in series with the
galvanometer.

A galvanometer coil has a resistance of 15 (), and the metre shows full-scale
deflection for a current of 4 mA. How will you convert the metre into an ammeter
of range 0 to 6 A?

Solution:

Given that,

The resistance of the galvanometer coil, G = 15 Q

Current for which the galvanometer shows full-scale deflection,
Ig=4mA= 4x107°A

Range of the ammeter is 0; we have to change it to 6 A.

23
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Current,] = 6 A

We know that a shunt resistor of resistance S is to be connected in parallel with the
galvanometer to convert it into an ammeter.

The value of S is given as § = Ilg—f
g

4 ><15><10‘3_001Q

 6—-4x103

Hence, a shunt resistor of 0.01Q is to be connected in parallel with the
galvanometer.

(XX}
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