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(a) Define magnetic flux linkage.

............................................................................................................................................. [2]
(b) Asolenoid of diameter 6.0cm and 540 turns is placed in a uniform magnetic field as shown in
Fig. 9.1.
solenoid
540 turns
> diametee
. 6.0
magnetic field d J I
‘ ®

\
B,

The variation with time t of the magnetic flux density'is shown in Fig. 9.2.

250 -
] \
200
flux density \
/mT 1504 \
1
\
\
0 \
&2 0 1 2 3 4 5 6 71 8
A g t/s
Fig. 9.2

Calculate the maximum magnitude of the induced electromotive force (e.m.f.) in the solenoid.
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(c) A thin copper sheet X is supported on a rigid rod so that it hangs between the poles of a
magnet as shown in Fig. 9.3.

g o
A
.

e

7

poles of magnet

<

®
Sheet X is displaced to one side and then released so that i es. A motion sensor is
used to record the displacement of X.

Fig. 9.3

A second thin copper sheet Y replaces sheet X. She e same overall dimensions as
X but is cut into the shape shown in Fig. 9.4.

The rpotion in used to record the displacement.

o . - _ .
The g@ﬁ in hows the variation with time t of the displacement s of each copper
sheet.

Fig. 9.5
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(i) State the name of the phenomenon illustrated by the gradual reduction in the amplitude
of the dashed line.

(ii) Deduce which copper sheet is represented by the dashed line. Explain your answer
using the principles of electromagnetic induction.

................................................................................................. q [4]
® b [Total: 10]
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(a) State Lenz's law.

............................................................................................................................................. [2]
(b) A metal ring is suspended from a fixed point P by means of a thread, as shown in Fig. 10.1.
LLLé.LLLA L/_Lé.LLLA
|
metal :
ring |
Fig. 10.1
The ring is displaced a distance d and then r he ring completes many oscillations

before coming to rest.

The poles of a magnet are now placed ring so that the ring hangs midway between
the poles of the magnet, as shown i 2.

and then released.
oscillations before coming to rest.

The ring is again displaced a di
Explain why the ring compl
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(c) Theringin (b) is now cut so that it has the shape shown in Fig. 10.3.

=

Fig. 10.3

Explain why, when the procedure in (b) is repeated, the cut ring completes more oscillations
than the complete ring when oscillating between the poles of the magnet.

[Total: 9]
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(a) State two situations in which a charged particle in a magnetic field does not experience a
force.

(b) Aloosely coiled metal spring is suspended from a fixed point, as shown in Fig. 9.1.

bt <
A )
N

—— ¢

\\

spring
[
small
mass
flexible
lead

Fig. 9.1

Electrical conne ade to the ends of the spring by means of a flexible lead.

The 1&gth o

switch is@Glose

s measured before the switch is closed and then again after the

?‘]'PapaCambridge



"
] o
_]’ngp aCambrldge CHAPTER 13. ELECTROMAGNETIC INDUCTION

When the switch is closed, a magnetic field is set up around each coil of the spring.

By reference to these magnetic fields, explain why there is a change in length of the spring.
State whether the spring extends or contracts.

(c) With the switch in (b) closed, the small mass on the free end of the spring i made to
oscillate vertically. @

Use the principles of electromagnetic induction to explain why small f n the current
in the spring are found to occur.

[Total: 9]
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(a) State Lenz's law.

............................................................................................................................................. [2]
(b) A metal ring is suspended from a fixed point P by means of a thread, as shown in Fig. 10.1.
LLLé.LLLA L/_Lé.LLLA
|
metal :
ring |
Fig. 10.1
The ring is displaced a distance d and then r he ring completes many oscillations

before coming to rest.

The poles of a magnet are now placed ring so that the ring hangs midway between
the poles of the magnet, as shown i 2.

and then released.
oscillations before coming to rest.

The ring is again displaced a di
Explain why the ring compl
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(c) Theringin (b) is now cut so that it has the shape shown in Fig. 10.3.

=

Fig. 10.3

Explain why, when the procedure in (b) is repeated, the cut ring completes more oscillations
than the complete ring when oscillating between the poles of the magnet.

[Total: 9]
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(a) A body undergoes simple harmonic motion.

The variation with displacement x of its velocity v is shown in Fig. 3.1.

DTl NIl lol =T NI wllr

N
P

ol o {o

o
o
o
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o
o
e
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4o ol o

(i) State the amplitude x,, of the o

(ii) Calculate the eer@ OECI”atIOHS

&

*

(iii) On Fig. 3.1, label with a P a point where the body has maximum potential energy.  [1]
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(b) A bar magnet is suspended from the free end of a spring, as shown in Fig. 3.2.

spring

mag net\
coil \

|

One pole of the magnet is situated in a coil of wire. The coil is conn Q series with a
switch and a resistor. The switch is open.

Fig. 3.2

The magnet is displaced vertically and then released. The oscillates with simple
harmonic motion.

(i) State Faraday's law of electromagnetic inductio@ >

(ii) The switch is now clos

[Total: 10]
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(a) A coil of wire is situated in a uniform magnetic field of flux density B.
The coil has diameter 3.6 cm and consists of 350 turns of wire, as illustrated in Fig. 9.1.

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

I -

||||||||||||||||||||||

uniform >
magnetic field
flux density B

coil, 350 turns

Fig. 9.1
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The variation with time f of B is shown in Fig. 9.2.

50
N
40 >
B/mT
30 / N
Vi N
N
20
/ N
10 AY
A
0
0 0.2 0.4 0.6 0.8
t/'s
Fig. 9.2 e
(i) Show that, for the time ¢ = 0 to time t = 0.20s, the electromotive fi .m.f.) induced in
the coil is 0.080 V.
0\
0 (2]
(ii) On the axes of Fig. 9.3 e variation with time t of the induced e.m.f. E for time
t=0totimet=

-0.2

Fig. 9.3
[4]
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(b) A bar magnet is held a small distance above the surface of an aluminium disc by means of a
rod, as illustrated in Fig. 9.4.

565

Q—lj rotating

fixed maghnet
aluminium <
disc
“1
Fig. 9.4
The aluminium disc is supported horizontally and held stationary. 0

The magnet is rotated about a vertical axis at constant speed.

Use laws of electromagnetic induction to explain why there is a cting on the aluminium
disc.

S S

[Total: 10]
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(a) A coil of wire is situated in a uniform magnetic field of flux density B.
The coil has diameter 3.6 cm and consists of 350 turns of wire, as illustrated in Fig. 9.1.

uniform >
magnetic field 3.6cm
flux density B

coil, 350 turns

Fig. 9.1
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The variation with time t of B is shown in Fig. 9.2.

50

40

B/mT

30 / NG

20

l'

0 0.2 04 06 0.8
t's

Fig. 9.2

(i) Show that, for the time t = 0 to time t = 0.20s, the electromotivesfo @:A .f.) induced in
the coil is 0.080 V.
@

0 (2]
% variation with time t of the induced e.m.f. E for time

(ii) On the axes of Fig. 9.3
t=0totimet=0.80

Fig. 9.3
(4]
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(b) A bar magnet is held a small distance above the surface of an aluminium disc by means of a
rod, as illustrated in Fig. 9.4.

Q—b rotating

fixed magnet
aluminium <
disc
“1
Fig. 9.4
The aluminium disc is supported horizontally and held stationary. 0

The magnet is rotated about a vertical axis at constant speed.

Use laws of electromagnetic induction to explain why there is acting on the aluminium
disc.

[Total: 10]

?‘]'PapaCambridge



569

T‘:_']’PapaCambridge

300. 9702_m19_qp_42 Q: 10

(@) A cross-section through a current-carrying solenoid is shown in Fig. 10.1.

current

/ into page
0000000000000 000000000000T0

WM
current out 0
of page Q
Fig. 10.1 PN 6

On Fig. 10.1, draw field lines to represent the magnetic fieldﬂ he solenoid. [3]

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

(c) A coil of insulated wire is wound oft-iron core.

The coil is connected in seri battery, a switch and an ammeter, as shown in Fig. 10.2.

COi soft-iron

/ core
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Use laws of electromagnetic induction to explain why, when the switch is closed, the current
increases gradually to its maximum value.

T1f]’Papa(.‘.ambridge
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A solenoid is connected in series with a battery and a switch, as illustrated in Fig. 8.1.

4
4
<
4
<
9
3

—%F/ small coil

! S
solenoid ! P —1
i > L
. L !
| > N
| =
| >
! >
| - |
axis of : 0
solenoid ~ — ——
Fig. 8.1

A small coil, connected to a sensitive ammeter, is situated near end of the solenoid.
As the current in the solenoid is switched on, there is a chan@gnetic field inside the solenoid.

(a) (i) State whatis meant by a magnetic field.

axis of the solenoid to show the direction of the
. Label this arrow P. [1]

(i) On Fig. 8.1, draw an arro
magnetic field inside the s

@v ched on, there is a current induced in the small coil. This
a magnetic field in the small coil.

(b) Asthe currentin the s i
induced current gi

?"t.’PapaCambridge
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(i) Use Lenz's law to state and explain the direction of the magnetic field due to the induced
current in the small coil. On Fig. 8.1, mark this direction with an arrow inside the small
coil.

(c) The small coil has an area of cross-section 7.0 x 10~*m? and contains 75 turns of wire.

A constant current in the solenoid produces a uniform magnetic flux of flux density 1.4mT
throughout the small coil.

The direction of the current in the solenoid is reversed in a time of 0.12 0

Calculate the average e.m.f. induced in the small coil.
@ ii }

[Total: 10]
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A solenoid is connected in series with a battery and a switch, as illustrated in Fig. 8.1.

4
4
<
4
<
9
3

—%F/ small coil

! S
solenoid ! P —1
i > L
. L !
| > N
| >
| >
! >
| - |
axis of : 0
solenoid ~ — ——
Fig. 8.1

A small coil, connected to a sensitive ammeter, is situated near end of the solenoid.
As the current in the solenoid is switched on, there is a chan@gnetic field inside the solenoid.

(a) (i) State whatis meant by a magnetic field.

axis of the solenoid to show the direction of the
. Label this arrow P. [1]

(i) On Fig. 8.1, draw an arro
magnetic field inside the s

@v ched on, there is a current induced in the small coil. This
a magnetic field in the small coil.

(b) Asthe currentin the s i
induced current gi
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(i) Use Lenz's law to state and explain the direction of the magnetic field due to the induced
current in the small coil. On Fig. 8.1, mark this direction with an arrow inside the small
coil.

(c) The small coil has an area of cross-section 7.0 x 10~*m? and contains 75 turns of wire.

A constant current in the solenoid produces a uniform magnetic flux of flux density 1.4mT
throughout the small coil.

The direction of the current in the solenoid is reversed in a time of 0.12 0

Calculate the average e.m.f. induced in the small coil.
@ ii }

[Total: 10]
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(@) (i) Define magnetic flux.

: N
©

OO A solenoid

Fig. 10.1

The coihC
oo
The uniform m flux @ (in weber) in the solenoid is given by the expression
®=68x1008x1TI

where I is the current (in amperes) in the solenoid.

?‘]’PapaCambridge
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Calculate the average electromotive force (e.m.f.) induced in coil C when a current of 3.5A is
reversed in the solenoid in a time of 2.4ms.

(c) The d.c. supply in Fig. 10.1 is now replaced with a sinusoidal alternating supply.

Describe qualitatively the e.m.f. that is now induced in coil C.

?‘Q'PapaCambridge
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(a) State Faraday’s law of electromagnetic induction.

(b) A coil of insulated wire is wound on to one end of a ferrous core and connected to a battery,
as shown in Fig. 10.1.

ferrous core

aluminium
ring

coil of
insulated
wire

An aluminium ring isb@h core. The ring can move freely along the length of the
core.

enz’s law to explain why the aluminium ring jumps upwards when

[Total: 6]
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(a) State what is meant by the magnetic flux linkage of a coil.

(b) A coil of wire has 160 turns and diameter 2.4cm. The coil is situated in a uniform magnetic
field of flux density 7.5mT, as shown in Fig. 9.1.

Y
I
I
|
I
I

magnetic field S S 0
flux density > >
7.5mT >

coil g $ J)

160 turns

Fig. 9.1 &
The direction of the magnetic field is along t is of the coill.
The magnetic flux density is reduced l&n a time of 0.15s.

Show that the average e.m.f. in he coil is 3.6 mV.

?‘]’PapaCambridge
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The magnetic flux density B in the coil in (b) is now varied with time ¢ as shown in Fig. 9.2.

10

B/mT

-10 'y

Fig. 9.2

Use data in (b) to show, on Fig. 9.3, the variation with he e.m.f. Einduced in the coil.

E/mV

-2 t/'s

Fig. 9.3
[4]

[Total: 9]
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(a) State Faraday’s law of electromagnetic induction.

(b) A coil of insulated wire is wound on to one end of a ferrous core and connected to a battery,
as shown in Fig. 10.1.

ferrous core

aluminium
ring \
_/
coll of |
insulated \ —_
wire N :
N —

Qa.g. 10.1
An aluminium ring IQ@ core. The ring can move freely along the length of the
core.

Lenz’s law to explain why the aluminium ring jumps upwards when

[Total: 6]
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(a) State Faraday’s law of electromagnetic induction.

(b) A solenoid S is wound on a soft-iron core, as shown in Fig. 9.1.

coil C

T ‘6@0

&J\ncore

solenoid S

—

- .
Fig. 9.1

A coil C having 120 turns of wire is waund 0 one end of the core. The area of cross-
section of coil C is 1.5cm?.

A Hall probe is close to the oth(&e core.

When there is a consta solenoid S, the flux density in the core is 0.19T. The
reading on the volt ed to the Hall probe is 0.20 V.

The current in s now reversed in a time of 0.13s at a constant rate.

on the voltmeter connected to coil C during the time that the current

reading = ..o V[2]

?‘]'PapaCambridge
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(ii) Complete Fig. 9.2 for the voltmeter readings for the times before, during and after the
direction of the current is reversed.

?’Q'PapaCambridge

before current during current after current
changes change when changes
current is zero
reading on voltmeter
connected to COIl C/V | i | s | e
reading on voltmeter
connected to Hall probe/V 0.20 | s | e
Fig. 9.2
[4]
[Total: 8]
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(@) AHall probe is placed near one end of a solenoid that has been wound on a soft-iron core, as

shown in Fig. 9.1.

+ - soft-iron
—0 o0— core
solenoid n Hall probe
N
D,

Fig. 9.1 0
The current in the solenoid is switched on. @‘
m.

The Hall probe is rotated until the reading V|, on the voltmete\

. flux density to change.
all probe is shown in Fig. 9.2.

The current in the solenoid is then varied, causing the magne
The variation with time ¢ of the magnetic flux density B

2 TTT
B/mT 3
’
SEm
0 . -
0 b ks ty t

1
-2 \

Fig. 9.2

ageis V.
to show the variation with time ¢ of the Hall voltage V,, for time t=0 to

At ti =
Orﬁ -31
time t= -

Fig. 9.3
[2]
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(b) The Hall probe in (a) is now replaced by a small coil of wire connected to a sensitive voltmeter,
as shown in Fig. 9.4.

+ - soft-iron
—0 0— core
solenoid~_ | __ _ _ _ _ _ _ small coll
of wire
T
D,
Fig. 9.4 0

The magnetic flux density, normal to the plane of the small coll, @ried as shown in
Fig.9.2. P

On Fig. 9.5, draw a line to show the variation with time to% .f. E'induced in the small

coil for time t=0 to time t = t,. 0
A

~V

[3]

[Total: 5]
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(a) State Faraday’s law of electromagnetic induction.

(b) A solenoid S is wound on a soft-iron core, as shown in Fig. 9.1.

coil C

T ‘6@0

&J\ncore

solenoid S

—

- .
Fig. 9.1

A coil C having 120 turns of wire is waund 0 one end of the core. The area of cross-
section of coil C is 1.5cm?.

A Hall probe is close to the oth(&e core.

When there is a consta solenoid S, the flux density in the core is 0.19T. The
reading on the volt ed to the Hall probe is 0.20 V.

The current in s now reversed in a time of 0.13s at a constant rate.

on the voltmeter connected to coil C during the time that the current

reading = ..o V[2]

?‘]'PapaCambridge
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(ii) Complete Fig. 9.2 for the voltmeter readings for the times before, during and after the
direction of the current is reversed.

before current during current after current
changes change when changes
current is zero

reading on voltmeter
connected to COIl C/V | i | s | e

reading on voltmeter
connected to Hall probe/V 0.20 | s | e

Fig. 9.2

[Total: 8]

310. 9702_s17_qp_42 Q: 3
A bar magnet of mass 250 is suspended from the free end of a’ﬂ\ illustrated in Fig. 3.1.

. 0(

spring

°

magnet

PAvaAvAvavavavav v

.0
o4 :‘

*

Fig. 3.1

The magnet hangs so that one pole is near the centre of a coll of wire.
The coil is connected in series with a resistor and a switch. The switch is open.

The magnet is displaced vertically and then allowed to oscillate with one pole remaining inside the
coil. The other pole remains outside the coil.

At time t = 0, the magnet is oscillating freely as it passes through its equilibrium position. At time
t=6.0s, the switch in the circuit is closed.

T"i'.’PapaCambridge
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The variation with time t of the vertical displacement y of the magnet is shown in Fig. 3.2.

2.0

1.5
y/cm f

1.0

—
—

0.5

——
—

0

0 2 4 d 8 0 6

-0.5

-
I ———
——

—

=

-1.0

Fig. 3.2 \

(@) For the oscillating magnet, use data from Fig. 3.2 to c to two significant figures,

(i) the frequency f,
9 F o e Hz [2]
(i) the energy of t eQ@d ring the time ¢= 0 to time t=6.0s.

&

*

BNEIGY = e e e e J [3]

?‘]'PapaCambridge
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(b) (i) State Faraday's law of electromagnetic induction.

(i) Use Faraday’s law and energy conservation to explain why the amplitude of the
oscillations of the magnet reduces after time t = 6.0s.

........................................................................... 0‘[3]
[Total: 10]
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(@) (i) State Coulomb’s law for the force between two point charges.

(i) Two point charges are situated in a vacuum and separated by a distance R. The force
between the charges is F..

On Fig. 5.1, sketch a graph to show the variation of the force F between the charges with
separation x for values of x from x= Rto x=4R.

1.0F

[T

0.8F;

0.6 Fg

0.4 Fg

0.2F,

Fig. 5.1

°
P

(b) TwocoilsC a placed close to one another, as shown in Fig. 5.2.

coil C coil D
ANWANAY ANAY Ay AWAN AW AN AN AT AWANAY
\V ARV ARV, A A" AR
I Y emf E
Fig. 5.2

?‘]’PapaCambridge
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The variation with time ¢ of the current I in coil C is shown in Fig. 5.3.

On Fig. 5.4, show the variation with time ¢ of the e.m.f. E induced in coil D for time ¢t = 0 to
time t=t..
5

—

——

Fig. 5.4
[4]

[Total: 8]

?‘]'PapaCambridge



T"’_']’PapaCambridge

591

312. 9702 wl7 qp 43 Q: 5
(@) (i) State Coulomb’s law for the force between two point charges.

(i) Two point charges are situated in a vacuum and separated by a distance R. The force
between the charges is F..

On Fig. 5.1, sketch a graph to show the variation of the force F between the charges with
separation x for values of x from x= Rto x=4R.

1.0F

[T

0.8F;

0.6 Fg

0.4 Fg

0.2F,

Fig. 5.1

°
P

(b) TwocoilsC a placed close to one another, as shown in Fig. 5.2.

coil C coil D
ANWANAY ANAY Ay AWAN AW AN AN AT AWANAY
\V ARV ARV, A A" AR
I Y emf E
Fig. 5.2
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The variation with time ¢ of the current I in coil C is shown in Fig. 5.3.

On Fig. 5.4, show the variation with time ¢ of the e.m.f. E induced in coil D for time ¢t = 0 to
time t=t..
5

—

——

Fig. 5.4
[4]

[Total: 8]
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A small coil of wire is situated in a non-uniform magnetic field, as shown in Fig. 10.1.
coil, tant
40 turns Cv(:arl]gc?tr;r non-uniform
magnetic
_b
— field
P
,— __________________
|
|
|
|
| X
| |
Fig.10.1
The coil consists of 40 turns of wire and moves with a constant speed in a strai ine.
The coil has displacement x from a fixed point P.
The variation with x of the magnetic flux @ in the coil is shown in Fig. 1
@
8 1]
I
7 7
@ /1078 Wb /
6 /
Yy
54 A
~ |
[ A
4
N /
3_:_ EREANEEENEEEEEEEEN
|
1 2 3 4 5 6
x/cm
Fig.10.2
+9
(a) Thecojé m stant speed between point P and the point where x = 3.0cm.
®
(i) Calculat change in magnetic flux linkage of the coil.
change in flux liNkage = ..o e, Wb [1]

T"i'.’PapaCambridge
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(i) The e.m.f. induced in the coil is 5.0 x 10~*V. Determine the speed of the coil.

(b) On Fig. 10.3, sketch the variation with x of the e.m.f. E induced in the coil for values of x from
x=0tox=6.0cm.

[2]

[Total: 5]
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(a) State Faraday’s law of electromagnetic induction.

(b) The diameter of the cross-section of a long solenoid is 3.2cm, as shown in Fig. 9.1.

coil C
long solenoid 85 turns

Fig. 9.1
A coil C, with 85 turns of wire, is wound tightly ar: e centre region of the solenoid.

The magnetic flux density B, in tesla, at G of the solenoid is given by the expression
xT

o
where I is the current in the sol mpere.

Show that, for a curre the solenoid, the magnetic flux linkage of the coil C is
6.0x 10~ Wh.

&

*

?‘]'PapaCambridge



“ jPPapaCambridge

(c) The current I in the solenoid in (b) is reversed in 0.30s.

CHAPTER 13. ELECTROMAGNETIC INDUCTION

Calculate the mean e.m.f. induced in coil C.

emMf = mV [2]

(d) The current I in the solenoid in (b) is now varied with time ¢ as shown in Fig. 9.2.
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Fig. 9.2

Use your answer to @0 Fig. 9.3, the variation with time t of the e.m.f. Einduced in
coil C.
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[Total: 9]
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(a) State Faraday’s law of electromagnetic induction.

(b) The diameter of the cross-section of a long solenoid is 3.2cm, as shown in Fig. 9.1.

coil C
long solenoid 85 turns

Fig. 9.1
A coil C, with 85 turns of wire, is wound tightly ar: e centre region of the solenoid.

The magnetic flux density B, in tesla, at G of the solenoid is given by the expression
xT

o
where I is the current in the sol mpere.

Show that, for a curre the solenoid, the magnetic flux linkage of the coil C is
6.0x 10~ Wh.
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(c) The current I in the solenoid in (b) is reversed in 0.30s.

CHAPTER 13. ELECTROMAGNETIC INDUCTION

Calculate the mean e.m.f. induced in coil C.

emMf = mV [2]

(d) The current I in the solenoid in (b) is now varied with time ¢ as shown in Fig. 9.2.
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Fig. 9.2

Use your answer to @0 Fig. 9.3, the variation with time t of the e.m.f. Einduced in
coil C.
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