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(a) State Faraday’s law of electromagnetic induction.

(b) Fig. 5.1 shows a magnet being moved towards the centre of a flat coil.

flat coil
moving magnet
B ————

Fig. 5.1

A current is induced in the coil. Use ideas about energy conservation to state and explain the
polarity of the face of the coil nearer the magnet.

(c) Fig. 5.2 shows the magnetic field from the north pole of a vertically held bar magnet.

VA A

vertical
bar magnet —__

N
coil at position A
X--=-==-==<S4+rH1x--"-=-=-=--- Y
coil at position B
Fig.5.2

(i) A small flat coil is placed at A. The coil is moved downwards from position A to position
B. The plane of the coil remains horizontal between these two positions. Explain why
there is no induced e.m.f. across the ends of the coil.

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

...........................................................................................................................................
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(ii) Fig. 5.3 is a graph showing how the magnetic flux density B varies along the horizontal
line XY in Fig. 5.2.

B

0 — :
0 2 4 6 8 10 12
distance from X/cm
Fig.5.3
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Fig.5.4

The same small flat coil from (i) is moved at a constant speed from X to Y. The plane of
the coil remains horizontal between X and Y.

On the axis provided in Fig. 5.4, sketch a graph to show the variation of the induced
e.m.f. E across the ends of the coil with distance from X. [3]
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2)

(a) Define magnetic flux.

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

(b) Fig. 4.1 shows a solenoid connected to a battery and the magnetic field through it when the
switch S is closed.

magnetic field

solenoid
Fig. 4.1

(i) The battery has an e.m.f. of 24V and negligible internal resistance. The solenoid is made
from copper wire. The wire has radius 4.6 x 10~*m and total length 130m. The resistivity
of copper is 1.7 x 1078 Qm. Calculate the current in the solenoid.

CUITENE = oo e ee e A [3]
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(ii) A tiny electrical spark is created between the contacts of the switch S as it is opened.
The spark is produced because an e.m.f. is induced across the ends of the solenoid by
the collapse of the magnetic flux linked with the solenoid.

The initial magnetic flux density within the solenoid is 0.090T and may be assumed to be
uniform. The solenoid has 1100 turns and cross-sectional area 1.3 x 103 mZ.

The average e.m.f. induced across the ends of the solenoid is 150V. Estimate the time
taken for the magnetic flux to collapse to zero.

M = e s [3]
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3)
Fig. 3.1 shows the variation of the magnetic flux linkage with time tfor a small generator.
2 ~C P
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flux linkage/ 0 -+————N] A N
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Fig. 3.1

The generator has a flat coil of negligible resistance that is rotated at a steady frequency in a
uniform magnetic field. The coil has 400 turns and cross-sectional area 1.6 x 10-3m?2. The output
from the generator is connected to a resistor of resistance 150 Q.

(a) UseFig.3.1to

(i) calculate the frequency of rotation of the coil

freQUENCY = ..ot Hz [1]

(ii) calculate the magnetic flux density B of the magnetic field

B= T [3]
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(iii) show that the maximum electromotive force (e.m.f.) induced in the coil is about 12V.

[3]

(b) Hence calculate the maximum power dissipated in the resistor.
POWET = ..evevveeienenrenrenrnrensensensnrensnnsnrensnnsnnns W [2]
[Total: 9]
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(a) Define magnetic flux.

(b) Fig. 4.1 shows a generator coil of 500 turns and cross-sectional area 2.5 x 10°m? placed in
a magnetic field of magnetic flux density 0.035T. The plane of the coil is perpendicular to the
magnetic field.
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Fig. 4.1

Calculate the magnetic flux linkage for the coil in this position. Give a unit for your answer.

magnetic flux linkage = .......c.ccccoeeeeeee V] 01 SR [3]
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(c) The coil is rotated about the axis in the direction shown in Fig. 4.1.

Fig. 4.2 shows the variation of the magnetic flux ¢ against time t as the coil is rotated.
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Fig. 4.2

(i) Explain why the magnitude of the magnetic flux through the coil varies as the coil
rotates.

...........................................................................................................................................
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(ii) State Faraday’s law of electromagnetic induction.

(iii) Use Fig. 4.2 to describe and explain the variation with time of the induced e.m.f. across
the ends of the coil.

-------------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------------

(iv) Use Fig. 4.2 to determine the magnitude of the average induced e.m.f. for the coil between
the times Os and 0.005s.

average e.m.f. = . V [2]

(v) State and explain the effect on the magnitude of the maximum induced e.m.f. across the
ends of the coil when the coil is rotated at twice the frequency.

-------------------------------------------------------------------------------------------------------------------------------------------

[Total: 14]

For additional Induction questions go to theonlinephysicstutor.com and look for question by topic.

Also see question on transformers.
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