Electromagnetic induction

1. A Boeing 747 with a wingspan of 60 m flies due south at a constant altitude in the northern hemisphere at 260 ms-1. If the vertical component of the Earth’s magnetic field in that area was 4x10-5 T, calculate the e.m.f. between the wing tips and state which wing tip is positive.

The aircraft now dives at 10o to the horizontal.

Calculate the change in induced e.m.f. Horizontal component of the Earth’s magnetic field at this point = 2x10-5 T.

2. A copper wire 0.5 m long, of resistance 0.001  and with a mass of 0.01 kg, falls through a horizontal magnetic field of flux density 0.2 T with its ends sliding smoothly down two thick vertical rails, the top ends of which are connected by a wire of negligible resistance. Explain why the wire reaches a terminal velocity and calculate its value.

3. A magnetised compass needle is allowed to oscillate first above a sheet of glass and then above a sheet of aluminium. Describe and explain what happens in each case.

4. A circular coil of 100 turns, each of radius 10 cm, is rotated at 10 revs per second about an axis at right angles to a field of flux density 0.1 T. Find the position of the coil when the e.m.f. across its ends is a maximum and calculate this e.m.f.

5. The metal frame of a window in the west wall of a house forms a circuit of total resistance 5x10-3 . The area of the glass is 1.5 m2. How much charge will flow round the frame if the window is opened until it is at right angles to the wall? The horizontal component of the Earth’s field at that point is 2x10-5T.

6. A moving coil galvanometer using electromagnetic damping has a coil of 100 turns with a resistance 0.002 The coil is 10 mm by 10 mm and is suspended in a radial field of flux density 0.3 T. What is the damping torque on the coil when it turns at 1 rad s-1? 

7. A coil of 300 turns and with an area of 0.05 m2 is rotated 20 times per second in a field of flux density 0.2 T. Calculate

(a) the maximum e.m.f. produced across the end of the coil,

(b) the torque required to maintain this rate rotation if the current in the coil is 0.8 A when the

e.m.f. generated is a maximum.

8. Calculate the self-inductance of a solenoid 50 cm long, 4 cm in diameter and of 5000 turns, neglecting end effects.

9. The current in a certain coil rises from zero to 4.0 A in 1.5 s. If the inductance of the coil is 0.20 H, calculate the magnitude of the e.m.f. induced in the coil.

10. A current of 5 A flowing in a flat circular coil of 30 turns is found to produce a magnetic flux through the coil of 4x10-5 Wb. Calculate the inductance of the coil in millihenries.

11. A long solenoid of 2000 turns, cross-sectional area 10 cm2 and length 0.5 m is wound on a plastic tube.

A short coil of 500 turns is then wound tightly round the centre of the solenoid. Calculate

(a) the flux density in the solenoid when it carries a steady current of 4 A,

(b) the flux linked in the solenoid in these conditions,

(c) the self-inductance of the solenoid,

(d) the mutual inductance between the solenoid and the short coil,

12. The mutual inductance of the two coils of an induction coil is 30 H. If a current in the primary of 1.5 A falls to zero in 0.003 s, calculate the e.m.f. induced in the secondary coil.

13. Discuss the following statement. ‘lf a permanent bar magnet is dropped down a vertical copper pipe it will reach a terminal velocity, even if the air resistance is neglected.’

14. A Westland Lynx helicopter has a rotor with four blades each 6.4 m long and hovers in an area where the vertical component of the Earth’s field is 4x10-5 T. If, as the rotor rotates, the tips of the rotor blade move with a speed of 200 m s-1, calculate the induced e.m.f.

(a) between the tip of one blade and the axle,

(b) between the tips of two diametrically opposite blades, and

(c) between the tips of two adjacent blades.

