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= MBsin90
°

= 0.33 J 

For case(ii): 0 = 02 = 180
° 

:. Torque, T = MBsin0 

= MBsin180
° 

=OJ 

Q 5.8) A closely wound solenoid of 2000 turns and area of cross-section 1.6 x 10-4 m2, carrying 4.0 A current, is suspended through 

its centre, thereby allowing it to turn in a horizontal plane. 

(a) What is the magnetic moment associated with the solenoid?

(b) What is the force and torque on the solenoid if a uniform the horizontal magnetic field of 7.5 x 10-2 Tis set up at an angle of 30° with

the axis of the solenoid?

Answers.a: 

Number of turns on the solenoid, n = 2000 

Area of cross-section of the solenoid, A= 1.6 x 10-4 m2 

Current in the solenoid, I = 4.0 A 

(a) The magnetic moment along the axis of the solenoid is calculated as:

M = nAI 

= 2000 X 4 X 1.6 X 10-4

= 1.28 Am2 

(b) Magnetic field, B = 7.5 x 10-2 T

Angle between the magnetic field and the axis of the solenoid, 0 = 30 ° 

Torque, T = M Bsin0 

= 1.28 x 7.5 x 10-2 sin30
° 

= 0.048J 

Since the magnetic field is uniform, the force on the solenoid is zero. The torque on the solenoid is 0.048J. 

Q 5.9) A circular coil of 16 turns and radius 1 O cm carrying a current of O. 75 A rests with its plane normal to an external field of magnitude 
5.0 x 10-2 T. The coil is free to turn about an axis in its plane perpendicular to the field direction. When the coil is turned slightly and
released, it oscillates about its stable equilibrium with a frequency of 2.0 s-1• What is the moment of inertia of the coil about its axis of 
rotation? 

Answer5.9: 

Number of turns in the circular coil, N = 16 



Cross-section of the coil, A= 7rr2 
= n x (0.1 )2 m2 

Current in the coil, I = 0.75 A 

Magnetic field strength, B = 5.0 x 10- 2 T

Frequency of oscillations of the coil, v = 2.0 s-1 . ·• Magnetic moment, M =NIA= NI 7rr2 

= 16 X 0.75 X n X (0.1)2

= o.377 J r-1 

Frequency is given by the relation: 

2iv=.1_fimr V ----Y-

Where, 

I = Moment of inertia of the coil 

. I- MB . . - 4ir2v2

0.377x5x10-2
4ir2 x(2)2 

= 1.19 x 10-4 kg m2 

Hence, the moment of inertia of the coi I about its axis of rotation is 1.19 x 10-4 kg m 
2 .

Q 5.1 0) A magnetic needle free to rotate in a vertical plane parallel to the magnetic meridian has its north tip pointing down at 22° with the 

horizontal. The horizontal component of the earth's magnetic field 

at the place is known to be 0.35 G. Determine the magnitude of the earth's magnetic field at the place. 

Answer 5.1 O: 

Horizontal component of earth's magnetic field, B H = 0.35 G

Angle made by the needle with the horizontal plane = Angle of dip= 8 = 22 ° 

Earth's magnetic field strength = B 

We can relate B and B H as: 

BH = Bcos8 

co�
3

252° = 0.377 G

B= 

Hence, the strength of earth's magnetic field at the given location is 0.377 G. 







= 14 X 0.794 = 11.1cm

The new null points will be locked 11.1 cm on the normal bisector. 

Q 5.15) A short bar magnet of magnetic moment 5.25 x 10-2 J r1 is placed with its axis perpendicular to the earth's field direction. At

what distance from the centre of the magnet, the resultant field is inclined at 45° with earth's field on (a) its normal bisector and (b) its 

axis. The magnitude of the earth's field at the place is given to be 0.42 G. Ignore the length of the magnet in comparison to the distances 

involved. 

Answer 5.15: 

Magnetic moment of the bar magnet, M = 5.25 x 10-2 J T-1

Magnitude of earth's magnetic field at a place, H = 0.42 G = 0.42 x 10-4 T

(a) The magnetic field at a distance R from the centre of the magnet on the ordinary bisector is given by:

Where, 

µ0 = Permeability of free space= 4-rr x 10-7TmA-1

When the resultant field is inclined at 45 ° with earth's field, B = H 

H = 0.42 X 10-4 R3 
= 0.42x10-4 x4,r 

= R3 
= 

4,r x 10-7 x6.45x 10-2
4,r x0.42x 10-4 

= 12.5 X 10-5 R = 0.05 m = 5 c:m

(b) The magnetic field at a distanced 'R' from the centre of the magnet on its axis is given as:

The resultant field is inclined at 45 ° with the earth's field. 

B' = H 
µo2M 

4,r{R'P 

4,r X 10-7 X 2 X 5.25 X 10-z
4,rx0.42x 10-4 

H (R')3 = 

25 X 10-5

µo 2i\l 
41rxH 

R = 0.063 m = 6.3 c:m
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