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552 CHAPTER 13. ELECTROMAGNETIC INDUCTION

293.9702_m21 qgp_ 42 Q: 9

(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
- diameter
- 6.0cm
magnetic field o o .
Fig. 9.1

The variation with time t of the magnetic flux density is shown in Fig. 9.2.
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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

Fig. 9.3

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

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

0o

| copper sheet
Y

Fig. 9.4
The motion sensor is again used to record the displacement.

The graph in Fig. 9.5 shows the variation with time t of the displacement s of each copper
sheet.

Fig. 9.5

STEMUP.CO.UK


https://stemup.co.uk

554 CHAPTER 13. ELECTROMAGNETIC INDUCTION

(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.

[Total: 10]
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294.9702_s21 _qgp_41 Q:10

(a) State Lenz's law.

(b) A metal ring is suspended from a fixed point P by means of a thread, as shown in Fig. 10.1.

LLLé..LLLA AL%.LLL&
] metal .
\ fing | magnet
I I i
metal ] ' pole piece
ring | |

Fig. 10.1 Fig. 10.2

The ring is displaced a distance d and then released. The ring completes many oscillations
before coming to rest.

The poles of a magnet are now placed near to the ring so that the ring hangs midway between
the poles of the magnet, as shown in Fig. 10.2.

The ring is again displaced a distance d and then released.
Explain why the ring completes fewer oscillations befare coming to rest.
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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.

fixed
point
spring

small
mass\
flexible
lead

Fig. 9.1
Electrical connections are made to the ends of the spring by means of a flexible lead.

The length of the spring is measured before the switch is closed and then again after the
switch is closed.
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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 is now made to
oscillate vertically.

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

[Total: 9]
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206. 9702 s21 qp_ 43 Q: 10

(a) State Lenz's law.

(b) A metal ring is suspended from a fixed point P by means of a thread, as shown in Fig. 10.1.

LLLé..LLLA AL%.LLL&
] metal .
\ fing | magnet
I I i
metal ] ' pole piece
ring | |

Fig. 10.1 Fig. 10.2

The ring is displaced a distance d and then released. The ring completes many oscillations
before coming to rest.

The poles of a magnet are now placed near to the ring so that the ring hangs midway between
the poles of the magnet, as shown in Fig. 10.2.

The ring is again displaced a distance d and then released.
Explain why the ring completes fewer oscillations befare coming to rest.
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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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297.9702_m20 qp_42 Q:3

(a) A body undergoes simple harmonic motion.

The variation with displacement x of its velocity v is shown in Fig. 3.1.
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Fig. 3.1
(i) State the amplitude x of the oscillations.
Xg = ereeeinenieee e m [1]
(if) Calculate the period T of the oscillations.
TS s [3]

(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

magnet\
coil \
=

Fig. 3.2

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

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

(i) State Faraday's law of electromagnetic induction.

[Total: 10]
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208. 9702 s20 qp 41 Q: 9

(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.

AMAAAAANAAAAAAAAAANA

i -

||||||||||

uniform
magnetic field
flux density B

coil, 350 turns

Fig. 9.1
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564 CHAPTER 13. ELECTROMAGNETIC INDUCTION

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

(i) Show that, for the time ¢ = 0 to time t = 0.20s, the electromotive force (e.m.f.) induced in
the coil is 0.080 V.

[2]

(ii) On the axes of Fig. 9.3, show the variation with time ¢t of the induced e.m.f. E for time
t=0totime t = 0.80s.

0.2

EIV

0.1

-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.

¢|) rotating

fixed magnet
alum_inium -
disc
-1
Fig. 9.4

The aluminium disc is supported horizontally and held stationary.
The magnet is rotated about a vertical axis at constant speed.

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

[Total: 10]
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299. 9702_s20 _qp_43 Q: 9

(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

3.6cm

coil, 350 turns
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The variation with time t of B is shown in Fig. 9.2.
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Fig. 9.2

(i) Show that, for the time t = 0 to time t = 0.20s, the electromotive force (e.m.f.) induced in
the coil is 0.080 V.

[2]

(ii) On the axes of Fig. 9.3, show the variation with time t of the induced e.m.f. E for time
t=0totime t=0.80s.

0.2
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0.1

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.

¢|) rotating

fixed magnet
alum_inium -
disc
-1
Fig. 9.4

The aluminium disc is supported horizontally and held stationary.
The magnet is rotated about a vertical axis at constant speed.

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

[Total: 10]
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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 0000000000000O0
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Fig. 10.1

current out
of page

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

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

(c) A coil of insulated wire is wound on to a soft-iron core.
The coil is connected in series with a battery, a switch and an ammeter, as shown in Fig. 10.2.

coil of soft-iron

wire / core
T
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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.

[Total: 8]
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301. 9702 _s19 qp_41 Q: 8

A solenoid is connected in series with a battery and a switch, as illustrated in Fig. 8.1.

small coil

AANDAN

—— —
—

! S
solenoid ! P —1
i > L
I > :
| > N
I »]
| >
! >
: > |
axis of :
solenoid ~ — ——
Fig. 8.1

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

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

..................................................................................................................................... [1]
(i) On Fig. 8.1, draw an arrow on the axis of the solenoid to show the direction of the
magnetic field inside the solenoid. Label this arrow P. [1]

(b) As the current in the solenoid is switched on, there is a current induced in the small coil. This
induced current gives rise to a magnetic field in the small coil.

(i) State Lenz’s law.

STEMUP.CO.UK


https://stemup.co.uk

o972 CHAPTER 13. ELECTROMAGNETIC INDUCTION
(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 0.12s.

Calculate the average e.m.f. induced in the small coil.

[Total: 10]
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302. 9702_s19_qp_43 Q: 8

A solenoid is connected in series with a battery and a switch, as illustrated in Fig. 8.1.

small coil

AANDAN

—— —
—

! S
solenoid ! P —1
i > L
I > :
| > N
I »]
| >
! >
: > |
axis of :
solenoid ~ — ——
Fig. 8.1

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

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

..................................................................................................................................... [1]
(i) On Fig. 8.1, draw an arrow on the axis of the solenoid to show the direction of the
magnetic field inside the solenoid. Label this arrow P. [1]

(b) As the current in the solenoid is switched on, there is a current induced in the small coil. This
induced current gives rise to a magnetic field in the small coil.

(i) State Lenz’s law.
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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 0.12s.

Calculate the average e.m.f. induced in the small coil.

[Total: 10]
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303. 9702_mi18 qp_42 Q: 10

(@) (i) Define magnetic flux.

....................................................................................................................................... 2]
(i) State Faraday’s law of electromagnetic induction.
....................................................................................................................................... 2]
(b) A solenoid has a coil C of wire wound tightly about its centre, as shown in Fig. 10.1.
9 coil C
Too TO IO solenoid
+ —
Q e,

d.c. supply

Fig. 10.1
The coil C has 96 turns.
The uniform magnetic flux @ (in weber) in the solenoid is given by the expression
®=68x1008x]

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

[Total: 8]
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304. 9702 s18 qp 41 Q: 10
(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 !
[ —

Fig. 10.1

An aluminium ring is placed on the core. The ring can move freely along the length of the
core.

The switch is initially open.

Use Faraday’s law and Lenz’s law to explain why the aluminium ring jumps upwards when
the switch is closed.

[Total: 6]
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305. 9702_s18_qp_42 Q: 9

(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.

magnetic field S \ 5
flux density > \ >
7.5mT > } 24 Cm>

coil g cL cl>

160 turns

Fig. 9.1
The direction of the magnetic field is along the axis of the coil.
The magnetic flux density is reduced to zero in a time of 0.15s.

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

[2]
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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

t/'s

-10

Fig. 9.2

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

8

E/mV 6

-2 t/'s

Fig. 9.3
[4]

[Total: 9]
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306. 9702 s18 qp 43 Q: 10
(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 !
[ —

Fig. 10.1

An aluminium ring is placed on the core. The ring can move freely along the length of the
core.

The switch is initially open.

Use Faraday’s law and Lenz’s law to explain why the aluminium ring jumps upwards when
the switch is closed.

[Total: 6]
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307. 9702_ w18 qp 41 Q: 9

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

—— |
) (_____.—-

solenoid S — T
'______-— ]
4 ]
9 I _I_
f —
= |

\soﬂ-iron core

—

Hall probe

Fig. 9.1

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

A Hall probe is close to the other end of the core.

When there is a constant current in solenoid S, the flux density in the core is 0.19T. The
reading on the voltmeter connected to the Hall probe is 0.20V.

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

(i) Calculate the reading on the voltmeter connected to coil C during the time that the current
is changing.

reading = ..o V[2]
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CHAPTER 13. ELECTROMAGNETIC INDUCTION

(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
[4]
[Total: 8]
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308. 9702 wi8 qp 42 Q: 9
(@) 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

The current in the solenoid is switched on.
The Hall probe is rotated until the reading V|, on the voltmeter is maximum.

The current in the solenoid is then varied, causing the magnetic flux density to change.
The variation with time t of the magnetic flux density B at the Hall probe is shown in Fig. 9.2.

2
B/mT
1
0 . -
0 Lt t t t
—1
—2

Fig. 9.2

At time t= 0, the Hall voltage is V.
On Fig. 9.3, draw a line to show the variation with time ¢ of the Hall voltage V|, for time {=0to

time t= by

Fig. 9.3
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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
o oO— core
solenoid small coil
of wire
)
V)
Fig. 9.4

The magnetic flux density, normal to the plane of the small coil, is again varied as shown in
Fig.9.2.

On Fig. 9.5, draw a line to show the variation with time t of the e.m.f. E induced in the small
coil for time t= 0 to time t=t,.

A

Fig. 9.5
3]

[Total: 5]
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309. 9702_ w18 qp 43 Q: 9

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

—— |
) (_____.—-

solenoid S — T
'______-— ]
4 ]
9 I _I_
f —
= |

\soﬂ-iron core

—

Hall probe

Fig. 9.1

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

A Hall probe is close to the other end of the core.

When there is a constant current in solenoid S, the flux density in the core is 0.19T. The
reading on the voltmeter connected to the Hall probe is 0.20V.

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

(i) Calculate the reading on the voltmeter connected to coil C during the time that the current
is changing.

reading = ..o V[2]

STEMUP.CO.UK
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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
[4]

[Total: 8]

310. 9702_s17_qp_42 Q: 3
A bar magnet of mass 250( is suspended from the free end of a spring, as illustrated in Fig. 3.1.

7

spring

magnet \

coil

0|
PAvaAvAvavavav ey

fa

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.
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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 6 8 0 16
| t's

-0.5

———
——
—

-1.0

-1.5

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

(i) the frequency f,

(ii) the energy of the oscillations during the time t =0 to time {=6.0s.

BNEIGY = e e e e J [3]
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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.

[Total: 10]
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311.9702_wl7 qp_41 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

0.8F;

0.6 Fo |

0.4 Fg

0.2F:1

Fig. 5.1
(b) Two coils C and D are placed close to one another, as shown in Fig. 5.2.

coil C coil D

AWANAWAW AW AW AWA) al aWal

AWAW A alal

\V ARV ARV, ~
I Y emf E
N
oo ®
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

A
|
T |
|
|
\
|
|
\ /|
0 >
0 ASA S A t [t it
\
]
\ |
Fig. 5.3
A
E
ot
0 0 Lt Bty ts 1
Fig. 5.4

[4]
[Total: 8]
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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

0.8F;

0.6 Fo |

0.4 Fg

0.2F:1

Fig. 5.1
(b) Two coils C and D are placed close to one another, as shown in Fig. 5.2.

coil C coil D

AWANAWAW AW AW AWA) al aWal

AWAW A alal

\V ARV ARV, ~
I Y emf E
N
oo ®
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

A
|
T |
|
|
\
|
|
\ /|
0 >
0 ASA S A t [t it
\
]
\ |
Fig. 5.3
A
E
ot
0 0 Lt Bty ts 1
Fig. 5.4

[4]
[Total: 8]
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313.9702_ml6_qp_42 Q: 10

A small coil of wire is situated in a non-uniform magnetic field, as shown in Fig. 10.1.

coil, tant
40 turns Cv(.)erllgc?tr;f non-uniform
/ magnetlc
field
P
,_ __________________

o
|

Fig. 10.1

The coil consists of 40 turns of wire and moves with a constant speed in a straight line.

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. 10.2.

8

7
@ /108 Wb

6

AN

N

5

N

Fig. 10.2

(a) The coil is moved at constant speed between point P and the point where x=3.0cm.

(i) Calculate the change in magnetic flux linkage of the coil.

change in flux linkage =

593
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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.

x/cm

Fig.10.3
(2]

[Total: 5]
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314.9702_wl6_qp_41 Q: 9

(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 around the centre region of the solenoid.
The magnetic flux density B, in tesla, at the centre of the solenoid is given by the expression
B = ax103xI
where I is the current in the solenoid in ampere.

Show that, for a current I of 2.8A in the solenoid, the magnetic flux linkage of the coil C is
6.0x 10~ Wh.

[1]
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(c) The current I in the solenoid in (b) is reversed in 0.30s.

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.

3.0

2.0 \
ITA /
1.0

00 110.2770.4y70.6770.87 1.0 1 .Q;L

Fig. 9.2

Use your answer to (c) to show, on Fig. 9.3, the variation with time t of the e.m.f. Einduced in
coil C.

E/mV

[4]
[Total: 9]
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315. 9702_ w16 qp 43 Q: 9

(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 around the centre region of the solenoid.
The magnetic flux density B, in tesla, at the centre of the solenoid is given by the expression
B = ax103xI
where I is the current in the solenoid in ampere.

Show that, for a current I of 2.8A in the solenoid, the magnetic flux linkage of the coil C is
6.0x 10~ Wh.

[1]
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598 CHAPTER 13. ELECTROMAGNETIC INDUCTION

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

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.

3.0

2.0 \
ITA /
1.0

00 110.2770.4y70.6770.87 1.0 1 .Q;L

Fig. 9.2

Use your answer to (c) to show, on Fig. 9.3, the variation with time t of the e.m.f. Einduced in
coil C.

E/mV

[4]
[Total: 9]
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292. 9702_w16_MS 43 Q: 8

strong uniform magnetic field

nuclei precess/rotate about field (direction)

radio-frequency pulse (applied)

R.F. or pulse is at Larmor frequency/frequency of precession
causes resonance/excitation (of nuclei)/nuclei absorb energy
on relaxation/de-excitation, nuclei emit r.f./pulse

(emitted) r.f./pulse detected and processed

non-uniform magnetic field

allows position of nuclei to be located

allows for location of detection to be changed/different slices to be studied

any two of the points marked (1)

293. 9702_m21_MS 42 Q: 9

B1
(1)
B1
(1)
B1
B1
1)
B1
B1
(1)
B2

(8]

925

Answer Marks
(a) (magnetic) flux density x area x number of turns M1
area is perpendicular to (magnetic) field A1
(b) useoft=1.2s c1
. _ABAN c1
S At
_ 0.250%7x0.030% x540
1.2

=0.32v A1
(e)() light damping B1
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926 APPENDIX A. ANSWERS
| Answer Marks
(e)(ii) sheet cuts (magnetic) flux and causes induced emf B1
(induced) emf causes (eddy) currents (in sheet) B1
either currents (in sheet) cause resistive force B1
or currents (in sheet) dissipate energy
smaller currents in Y or larger currents in X, so dashed line is X B1
294. 9702 _s21_MS_ 41 Q: 10
Answer Marks
(a) direction of (induced) e.m.f. M1
is such as to oppose the change causing it A1
(b) ring cuts (magnetic) flux and causes induced e.m.f. in ring B1
(induced) e.m.f. causes (eddy/induced) currents (in ring) B1
currents (in ring) cause magnetic field (around ring) M1
two fields interact to cause resistive/opposing force A1
or
current (in ring) is in a magnetic field (M1)
which causes resistive force (A1)
or
currents (in ring) dissipate thermal energy (M1)
(thermal) energy comes from energy of oscillations (A1)
(c) current cannot pass all the way around the ring B1
(induced) currents smaller B1
smaller resistive force (so more oscillations) B1
g:naller rate of dissipation of energy (so more oscillations)
295. 9702_s21 MS 42 Q: 9
Answer Marks
(a) (particle is) stationary/not moving B1
(particle is) moving parallel to the (magnetic) field B1
(b) magnetic field around each coil is circular B1
:;ch coil is normal to magnetic field due to adjacent coils
current in coil interacts with (magnetic) field to exert force (on coil) B1
force is normal to both coil and magnetic field B1
;:)rrce parallel to axis (of cail)
forces between coils are attractive so spring contracts B1
(c) (oscillating) coils cut magnetic flux B1
(a); separation of coils changes, magnetic flux changes
cutting flux causes induced e.m.f. in coils B1
changing (induced) e.m.f. causes changing current (in coil) B1

STEMUP.CO.UK
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927

Answer Marks
(a) direction of (induced) e.m.f. M1
is such as to oppose the change causing it A1
(b) ring cuts (magnetic) flux and causes induced e.m.f. in ring B1
(induced) e.m.f. causes (eddy/induced) currents (in ring) B1
currents (in ring) cause magnetic field (around ring) M1
two fields interact to cause resistive/opposing force A1
or
current (in ring) is in a magnetic field (M1)
which causes resistive force (A1)
or
currents (in ring) dissipate thermal energy (M1)
(thermal) energy comes from energy of oscillations (A1)
(c) current cannot pass all the way around the ring B1
(induced) currents smaller B1
smaller resistive force (so more oscillations) B1
::naller rate of dissipation of energy (so more oscillations)
297.9702_m20 MS_42 Q: 3
Answer Marks
(a)(i) 0.050 m A1
@) | @=vlx c1
T=2nlw c1
0.42 = (2nx0.050)/ T
T=0.75s A1
(a)iii) one point labelled P where ellipse crosses displacement axis marked A1
(b)(i) (induced) e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) A1
(b)(ii) (there is) current in the circuit B1
either
current causes thermal energy (dissipated) in resistor B1
thermal energy comes from energy of magnet B1
or
current causes magnetic field around coil (B1)
two fields cause an opposing force on magnet (B1)

STEMUP.CO.UK
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208. 9702_s20 MS_41 Q: 9

Answer Marks
(a)i) |emf =(A)BxAN/t c1
=45x 103 x % (1.8 x 102)2 x 350/0.20 = 0.080 V A1
(a)(ii) | 0to 0.2s: straight horizontal line at 0.080V or —-0.080 V B1
0.2sto 0.4 s: zero B1
0.4 s to 0.8 s: straight horizontal line at 0.040V or —0.040 V B1
opposite polarity to 0 to 0.2 s line B1
(b) either disc cuts flux lines (of the magnet) B1

:Lrere is a changing flux in the disc
(by Faraday’s law) e.m f. is induced in the disc B1
e.m.f. causes (eddy) currents in the disc B1
current in the magnetic field (of the magnet) causes force on disc B1

299. 9702_s20 MS_43 Q: 9

Answer Marks
(a)i) |emf. =(A)BxAN/t c1
=45x 103 xmx (1.8 x 102)2 x 350/0.20 = 0.080 V A1
(a)(ii) 0 to 0.2 s: straight herizontal line at 0.080V or —0.080 V B1
0.2sto 0.4s: zero B1
0.4 s to 0.8 s: straight horizontal line at 0.040V or -0.040V B1
opposite polarity to 0 to 0.2 s line B1
(b) either disc cuts flux lines (of the magnet) B1

:I)'\rere is a changing flux in the disc
(by Faraday’s law) e.m f. is induced in the disc B1
e.m.f. causes (eddy) currents in the disc B1
current in the magnetic field (of the magnet) causes force on disc B1

300. 9702_m19_MS_42 Q: 10

Answer Marks
(a) single straight line along full length of solenoid B1
at least two more parallel lines along full length of solenoid B1
correct direction — right to left B1
(b) (induced) e.m f. proportional / equal to rate M1
of change of (magnetic) flux (linkage) A1
(c) increasing current causes increasing flux B1
increasing flux induces e.m.f. in coil B1
(induced) e.m.f. opposes growth of current B1

STEMUP.CO.UK


https://stemup.co.uk

301. 9702_s19_MS_41 Q: 8

929

Answer | Marks
(a)(i) region where a force is exerted on: B1
a magnetic pole or a moving charge or a current-carrying wire
(a)(ii) arrow on axis of solenoid pointing downwards labelled P B1
(b)(i) direction of induced e.m.f./current M1
(tends to) oppose the change causing it A1
(b)(ii) magnetic field in solenoid is increasing B1
field in coil in opposite direction to oppose increase B1
arrow inside or just above small coil pointing in opposite direction to P B1
(c) e.m.f. = NAg/ At c1
=(75x1.4x103x2x7.0x10%)/0.12 c1
=12x103V A1
302. 9702 _s19 MS 43 Q:8
Answer | Marks
(@)(i) region where a force is exerted on: B1
a magnetic pole or a moving charge or a current-carrying wire
(a)(ii) arrow on axis of solenoid pointing downwards labelled P B1
(b)(i) direction of induced e.m.f./current M1
(tends to) oppose the change causing it A1
(b)(ii) magnetic field in solencid is increasing B1
field in coil in opposite direction to oppose increase B1
arrow inside or just above small coil pointing in opposite direction to P B1
(c) emf. = NAg/ At c1
=(75x1.4x103x2x7.0x10%)/0.12 c1
=12x102V A1
303.9702_ml18 MS 42 Q: 10
Answer Marks
(a)(i) either product of flux density and area M1
direction of flux normal to area A1
or flux density x area x sin@ (M1)
where @is angle between direction of flux and area (A1)
(@)(ii) | (induced) e.m.f. proportional to rate M1
of change of (magnetic) flux linkage A1
(b) emf.  =A(PN)/At c1
=(6.8x10°%x2x3.5x96)/(2.4 x 107
=19V A1
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APPENDIX A. ANSWERS

Answer Marks
(c) alternating Cc1
with same frequency as supply A1
304. 9702_s18 MS_41 Q: 10
Answer Marks
(@) induced e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) A1l
gertting (magnetic) flux
(b) current in coil produces flux B1
(by Faraday’s law) changing flux induces e.m.f. in ring B1
current in ring causes field (around ring) B1
(by Lenz’s law) field around ring opposes field around coil B1
305. 9702_s18_MS_42 Q: 9
Answer Marks
(a) (magnetic) flux density x area B1
magnetic flux density normal to area B1
l?erference to cross-sectional area
:rsin (angle between B and A)
% humber of turns on coil B1
(b) e.m.f. = BAN/t c1
or
e.m.f =rate of change of flux linkage
=(75x 1073 x 7% {1.2 x 10%? x 160)/0.15 A1
=36x10°V
(c) sketch: zero for 0-0.10s, 0.25-0.35 s, and 0.425-0.55 s, and non-zero outside these ranges B1
two horizontal steps, with zero voltage either side B1
with same polarity B1
correct values (1st step 3.6 mV and 2nd step 7.2 mV) B1
306. 9702_s18_MS_43 Q: 10
Answer Marks
(@) induced e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) A1
gerﬂing (magnetic) flux
(b) current in coil produces flux B1
(by Faraday’s law) changing flux induces e.m.f. in ring B1
current in ring causes field (around ring) B1
(by Lenz’s law) field around ring opposes field around coil B1
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Answer Marks
(@) (induced) e.m.f. proportional/equal to rate M1
of change of (magnetic) flux (linkage) A1
(b)(i) induced e.m.f. = (AB)AN/At c1
=(2x019x1.5x 10 x 120)/0.13
=0.053V A1
(b)(ii) reading on voltmeter connected to coil C/V: 0 0.053 0 A1
(all three values required)
reading on voltmeter connected to Hall probe/V: zero in middle column B1
final column correct sign (negative) B1
final column correct magnitude (0.20) B1
308. 9702_wl18 MS 42 Q: 9
Answer Marks
(a) 0 — t; horizontal straight line at non-zero value of Vy B1
tagni ty horizontal straight line at different non-zero V4
t; — t; straight diagonal line with negative gradient B1
Z:a[:)h line starts at (0, V) and ends at (4, —2V;)
(b) E=0for0—>fiandb > t; B1
E is non-zero at all points between t; — t; M1
E has constant magnitude between t, — t; A1l
309. 9702_wl18 MS_ 43 Q: 9
Answer Marks
(a) (induced) e.m.f. proportional/equal to rate M1
of change of (magnetic) flux (linkage) A1
(b)(i) induced e.m.f. = (AB)AN/At c1
=(2x0.19 % 1.5x 10 x 120)/0.13
=0.053V A1
(b)(ii) reading on voltmeter connected to coil C/V: 0 0.053 0 A1
(all three values required)
reading on voltmeter connected to Hall probe/V: zero in middle column B1
final column correct sign (negative) B1
final column correct magnitude (0.20) B1

STEMUP.CO.UK


https://stemup.co.uk

932

310. 9702 s17_MS_42 Q: 3

APPENDIX A. ANSWERS

‘ Answer Marks
(a)i) ‘ e.g. period =6/2.5 c1
‘ frequency = 0.42 Hz A1
(a)(ii) ‘ energy =% m x 4n’f2y,? c1
‘ =% x 025 x 4n° x 0.42? x (1.5 x 1072%)? c1
‘ =20x10*J Al
(b)(i) ‘ (induced) e.m.f. proportional to rate of M1
change of magnetic flux (linkage) Al

2:tting of magnetic flux
(b)(ii) ‘ coil cuts flux/field (of moving magnet) inducing e.m.f. in coil B1
‘ (induced) current in resistor causes heating (effect) M1
‘ thermal energy/heat derived from energy of oscillations (of magnet) A1
311. 9702_wl7_MS_41 Q: 5
Answer Marks
(@)(i) force proportional to product of charges and inversely proportional to square of separation A1
(a)(ii) curve starting at (R, Fc) B1
passing through (2R, 0.25F) B1
passing through (4R, 0.06F) B1
(b) graph: E = 0 when current constant (Oto t, L to &, #; to &) B1
stepped from {,tot, and s to £, B1
(steps) in opposite directions B1
later one larger in magnitude B1
312.9702_wl7_MS_43 Q: 5

Answer Marks
(a)(i) force proportional to product of charges and inversely proportional to square of separation A1
(a)(ii) curve starting at (R, F¢) B1
passing through (2R, 0.25F¢) B1
passing through (4R, 0.06F¢) B1
(b) graph: E = 0 when current constant (Oto &, L to &, t; to &) B1
stepped from ¢, to t, and £ to {4 B1
(steps) in opposite directions B1
later one larger in magnitude B1
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313.

(a)

(b)

314.

(a)

(b)

(c)

(d)

9702_m16_MS_42 Q: 10

(i) change in flux linkage =40 x (5.0 —3.0) x 10°®
=8(.0) x 10°°Wb

(ii) time taken =8.0 x 10°/5.0 x 107
=0.16(s)
speed =3.0 x 1072/0.16
=0.19(0.188)ms™
or
E = (Ad/Ax) x speed

speed =5.0 x 107/ (8.0 x107°/ 3.0 x107%)
=0.19(0.188)ms™

a constant non-zero value of E from 0 to 3cm and

a different constant non-zero value of E from 3 to 6cm

E from 3—6.cm has the opposite sign to and larger value than E from 0-3cm
9702 _wl16_MS 41 Q: 9

(induced) e.m.f. proportional to rate

of change of (magnetic) flux (linkage)

flux linkage = BAN

=tx107°x28 xnx (1.6 x 107/ x85=6.0 x 107* Wb

e.m.f. = AN®/ At
=(6.0x 10 x 2)/0.30

=4.0mV

sketch: E=0fort=0—0.3s,0.6s — 1.0s, 1.6s — 2.0s
E=4mVfort=0.3s — 0.6s (either polarity)
E=2mVfort=1.0s - 1.6s

with opposite polarity

A1l

C1

A1l

M1
A1

B1

C1

A1

B1

B1

B1

B1

(1]

(2]

(2]

[2]

(1]

[2]

[4]
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315.

(a)

(b)

(c)

(d)

9702_w16_MS 43 Q: 9

(induced) e.m.f. proportional to rate
of change of (magnetic) flux (linkage)
flux linkage = BAN

=1x10°x28 xnx(1.6x 10727 x85=6.0 x 107 Wb

e.m.f. = AN®D/ At
= (6.0 x 10 x 2)/0.30

=4.0mVY

sketch: E=0fort=0—0.3s,0.6s —> 1.0s, 1.6s - 2.0s
E=4mVfort=0.3s — 0.6s (either polarity)
E=2mVfort=1.0s —> 1.6s

with opposite polarity

APPENDIX A. ANSWERS

M1
A1

B1

C1

A1

B1

B1

B1

B1

[2]

(1]

[2]

[4]

316. 9702_s21_MS_42 Q: 10
| Answer Marks
(a) the steady current M1
or
the direct current
that produces the same heating effect (as the alternating current) A1
(b)(i) | peak current=26A and r.m.s. current =1.8A A1
(b)(ii) | peak current=2.0A and r.m.s. current = 2.0 A A1
(©)i) |k =2nf c1
=2n x50 A1
=310rads™’
(c)(ii) | power = Vaus?/ R or power = Vo?/2R c1
R=(240/+2)2/3200 or R =2402/(2x 3200) A1
R=9.0Q
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251. 9702_ w2l qp_41 Q: 8

(a) Define the tesla.

(b) A stiff metal wire is used to form a rectangular frame measuring 8.0cm x 6.0cm. The frame is
open at the top, and is suspended from a sensitive newton meter, as shown in Fig. 8.1.

O
%E newton meter

insulating thread

8.0cm

frame
/

dop la
6.0cm

Fig. 8.1

The open ends of the frame are connected to a power supply so that there is a current of
5.0Ain the frame in the direction indicated in Fig. 8.1.

The frame is slowly lowered into a uniform magnetic field of flux density B so that all of side
PQ is in the field. The magnetic field lines are horizontal and at an angle of 50° to PQ, as
shown in Fig. 8.2.

B
P / / / Q view from above
50°

Fig. 8.2

When side PQ of the frame first enters the magnetic field, the reading on the newton meter
changes by 1.0mN.
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(i) Determine the magnetic flux density B, in mT.

(ii) State, with a reason, whether the change in the reading on the newton meter is an
increase or a decrease.

(iii) The frame is lowered further so that the vertical sides start to enter the magnetic field.

Suggest what effect this will have on the frame.

[Total: 6]
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252. 9702 w2l qp_43 Q: 8

(a) Define the tesla.

(b) A stiff metal wire is used to form a rectangular frame measuring 8.0cm x 6.0cm. The frame is
open at the top, and is suspended from a sensitive newton meter, as shown in Fig. 8.1.

O
% newton meter

insulating thread

8.0cm

frame
/

- P Q
6.0cm

Fig. 8.1

The open ends of the frame are connected to a power supply so that there is a current of
5.0Ain the frame in the direction indicated in Fig. 8.1.

The frame is slowly lowered into a uniform magnetic field of flux density B so that all of side
PQ is in the field. The magnetic field lines are horizontal and at an angle of 50° to PQ, as
shown in Fig. 8.2.

B
P / / / Q view from above
50°

Fig. 8.2

When side PQ of the frame first enters the magnetic field, the reading on the newton meter
changes by 1.0mN.
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(i) Determine the magnetic flux density B, in mT.

(ii) State, with a reason, whether the change in the reading on the newton meter is an
increase or a decrease.

(iii) The frame is lowered further so that the vertical sides start to enter the magnetic field.

Suggest what effect this will have on the frame.

[Total: 6]
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253. 9702 s20 qp_41 Q: 8

(a) Define the tesla.

(b) A magnet produces a uniform magnetic field of flux density B in the space between its poles.

Arigid copper wire carrying a current is balanced on a pivot. Part PQLM of the wire is between
the poles of the magnet, as illustrated in Fig. 8.1.

5.6cm
— >
—1 / L <—f
P L ! l\
/ weight W
N ( S

Q rigid copper
wire

pivot

magnet

Fig. 8.1 (not to scale)

The wire is balanced horizontally by means of a small weight W.
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The section of the wire between the poles of the magnet is shown in Fig. 8.2.

rigid copper wire

N S

pole of magnet pole of magnet

Fig. 8.2 (not to scale)
Explain why:
(i) section QL of the wire gives rise to a moment about the pivot
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(c) Section QL of the wire has length 0.85cm.
The perpendicular distance of QL from the pivot is 5.6 cm.

When the current in the wire is changed by 1.2 A, W is moved a distance of 2.6 cm along the
wire in order to restore equilibrium. The mass of W is 1.3 x 10~%kg.

(i) Show that the change in moment of W about the pivot is 3.3 x 105N m.

(2]

(if) Use the information in (i) to determine the magnetic flux density B between the poles of
the magnet.

[Total: 13]
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254. 9702 s20 qp_ 43 Q: 8

(a) Define the tesla.

(b) A magnet produces a uniform magnetic field of flux density B in the space between its poles.

Arigid copper wire carrying a current is balanced on a pivot. Part PQLM of the wire is between
the poles of the magnet, as illustrated in Fig. 8.1.

5.6cm
— >
—1 / i <—f
P L ! l\
/ weight W
N ( S

Q rigid copper
wire

pivot

magnet

Fig. 8.1 (not to scale)

The wire is balanced horizontally by means of a small weight W.
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The section of the wire between the poles of the magnet is shown in Fig. 8.2.

rigid copper wire

N S

pole of magnet pole of magnet

Fig. 8.2 (not to scale)
Explain why:
(i) section QL of the wire gives rise to a moment about the pivot
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(c) Section QL of the wire has length 0.85¢cm.
The perpendicular distance of QL from the pivot is 5.6 cm.

When the current in the wire is changed by 1.2 A, W is moved a distance of 2.6 cm along the
wire in order to restore equilibrium. The mass of W is 1.3 x 10~%*kg.

(i) Show that the change in moment of W about the pivot is 3.3 x 107°Nm.

(2]

(i) Use the information in (i) to determine the magnetic flux density B between the poles of
the magnet.

[Total: 13]
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255. 9702 _s18 qp 41 Q: 9

A rigid copper wire is held horizontally between the pole pieces of two magnets, as shown in
Fig. 9.1.

copper S e i 8.5cm i
wire | i
S
direction S
of current —> > ~ ]
’ ‘
side view top view
Fig. 9.1

The width of each pole piece is 8.5¢cm.

The uniform magnetic flux density B in the region between the poles of the magnets is 3.7mT and
is zero outside this region.

The angle between the wire and the direction of the magnetic field is 6.

The current in the wire is in the direction shown on Fig. 9.1.

(a) By reference to the side view of Fig. 9.1, state and explain the direction of the force on the
magnets.

(b) The constant current in the wire is 5.1A.

(i) For angle #equal to 90°, calculate the force on the wire.
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(i) The angle @is changed to 60°.

- e 8.5
The length of wire in the magnetic field is (sin 60°)cm'
Calculate the force on the wire.
force = e N [1]

(c) The constant current in the wire is now changed to an alternating current of frequency 20Hz
and root-mean-square (r.m.s.) value 5.1A.

The angle between the wire and the direction of the magnetic field is 90°.

On Fig. 9.2, sketch a graph to show the variation with time ¢ of the force F on the wire for two
cycles of the alternating current.

A

FIN

Fig. 9.2 [3]

[Total: 8]
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256. 9702_s18_qp_43 Q: 9

A rigid copper wire is held horizontally between the pole pieces of two magnets, as shown in
Fig. 9.1.

copper S e i 8.5cm i
wire | i
S
direction S
of current —> > ~ ]
’ ‘
side view top view
Fig. 9.1

The width of each pole piece is 8.5¢cm.

The uniform magnetic flux density B in the region between the poles of the magnets is 3.7mT and
is zero outside this region.

The angle between the wire and the direction of the magnetic field is 6.

The current in the wire is in the direction shown on Fig. 9.1.

(a) By reference to the side view of Fig. 9.1, state and explain the direction of the force on the
magnets.

(b) The constant current in the wire is 5.1A.

(i) For angle #equal to 90°, calculate the force on the wire.
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(i) The angle @is changed to 60°.

- e 8.5
The length of wire in the magnetic field is (sin 60°)cm'
Calculate the force on the wire.
force = e N [1]

(c) The constant current in the wire is now changed to an alternating current of frequency 20Hz
and root-mean-square (r.m.s.) value 5.1A.

The angle between the wire and the direction of the magnetic field is 90°.

On Fig. 9.2, sketch a graph to show the variation with time ¢ of the force Fon the wire for two
cycles of the alternating current.

A

FIN

Fig. 9.2 [3]

[Total: 8]
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257. 9702 _wi18 qp 42 Q: 8

(a) Define magnetic flux density.

(b) A stiff copper wire is balanced horizontally on a pivot, as shown in Fig. 8.1.

7.5cm N

~
~
~

NN
P v\pivot stiff wire

Nk

Fig. 8.1

Sections PQ, QR and RS of the wire are situated in a uniform magnetic field of flux density B
produced between the poles of a permanent magnet.
The perpendicular distance of PQRS from the pivot is 7.5cm.

When a current of 2.7 A is passed through the wire, a small mass of 45mg is placed a distance
8.8cm from the pivot in order to restore the balance of the wire, as shown in Fig. 8.2.

small mass
7.5cm . 8.8cm N

AN 2.7A > I |
L \\\>>\ STAS
P\ pivot stiff wire

Q

\ i
pole pieces

o magnet

Fig. 8.2
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(i) Explain why, when the current is switched on, the current in the sections PQ and RS of
the wire does not affect the balance of the wire.

....................................................................................................................................... [2]
(ii) The length of section QR of the wire is 1.2cm.
Calculate the magnetic flux density B.
B = T[3]
[Total: 8]
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258. 9702 w16 _qp 42 Q: 9
A stiff wire is held horizontally between the poles of a magnet, as illustrated in Fig. 9.1.

stiff
wire

BN

Fig. 9.1

When a constant current of 6.0A is passed through the wire, there is an additional downwards
force on the magnet of 0.080N.

(@) On Fig. 9.1, draw an arrow on the wire to show the direction of the current in the wire.
Explain your answer.

(b) The constant current of 6.0A is now replaced by a low-frequency sinusoidal current.
The root-mean-square (r.m.s.) value of this current is 2.5A.

Calculate the difference between the maximum and the minimum forces now acting on the
magnet.

difference = .......oooiieee e N [4]

[Total: 7]
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(a) State what is meant by a magnetic field.

(b) A rectangular piece of aluminium foil is situated in a uniform magnetic field of flux density B,
as shown in Fig. 9.1.

magnetic field,

flux density B
A\
A4
Q FQ n
Q/
T .
—_— aluminium
movement foil
of electrons
P S
vV W
Fig. 9.1

The magnetic field is normal to the face PQRS of the foil.
Electrons, each of charge —q, enter the foil at right angles to the face PQTV.
() On Fig. 9.1, shade the face of the foil on which electrons initially accumulate. [1]

(i) Explain why electrons do not continuously accumulate on the face you have shaded.

STEMUP.CO.UK
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(c) The Hall voltage V|, developed across the foil in (b) is given by the expression

_BI
Ch ntq

where [ is the current in the foil.

(i) State the meaning of the quantity n.

(d) Suggest why, in practice, Hall probes are usually made using a semiconductor material rather
than a metal.

[Total: 9]
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(a) Define magnetic flux density.

(b) Electrons, each of mass m and charge @, are accelerated from rest in a vacuum through a
potential difference V.

Derive an expression, in terms of m, g and V, for the final speed v of the electrons. Explain
your working.

(2]

(c) The accelerated electrons in (b) are injected at point S into a region of uniform magnetic field
of flux density B, as illustrated in Fig. 8.1.

region of uniform
magnetic field,

P '\\ flux density B
s N|
l \
: \
Sé |
1
\ !
\ /
W F

path of electrons,
radius r

Fig. 8.1

The electrons move at right angles to the direction of the magnetic field. The path of the
electrons is a circle of radius r.

497
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(i) Show that the specific charge ???— of the electrons is given by the expression
q _ 2V
m = B%r#

Explain your working.

(2]
(ii) Electrons are accelerated through a potential difference V of 230V. The electrons are
injected normally into the magnetic field of flux density 0.38 mT.
The radius r of the circular orbit of the electrons is 14cm.

Use this information to calculate a value for the specific charge of an electron.

specific charge = .........ccooooeieee e, Ckg™ [2]

(iii) Suggest why the arrangement outlined in (ii), using the same values of B and V, is not
practical for the determination of the specific charge of a-particles.

[Total: 10]
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(a) State what is meant by a magnetic field.

(b) A rectangular piece of aluminium foil is situated in a uniform magnetic field of flux density B,
as shown in Fig. 9.1.

magnetic field,
flux density B
W
A4
Q FQ h
Y
T .
— aluminium
movement foil
of electrons
P S
\% W
Fig. 9.1

The magnetic field is normal to the face PQRS of the foil.
Electrons, each of charge —g, enter the foil at right angles to the face PQTV.
(i) On Fig. 9.1, shade the face of the foil on which electrons initially accumulate. [1]

(if) Explain why electrons do not continuously accumulate on the face you have shaded.

STEMUP.CO.UK
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(c) The Hall voltage V|, developed across the foil in (b) is given by the expression

_BI
Ch ntq

where [ is the current in the foil.

(i) State the meaning of the quantity n.

(d) Suggest why, in practice, Hall probes are usually made using a semiconductor material rather
than a metal.

[Total: 9]

STEMUP.CO.UK


https://stemup.co.uk

262. 9702_m20 qp_42 Q:8

(a) Explain what is meant by a magnetic field.

501

(b) The apparatus shown in Fig. 8.1 is used in an experiment to find the magnetic flux density B
between the poles of a horseshoe magnet. Assume the magnetic field is uniform between the

poles of the magnet and zero elsewhere.

45 m

\2 horseshoe

-

/ magnet

metal rod

balance pan

N

Fig. 8.1

The rigid metal rod of length 300 mm is fixed in position perpendicular to the direction of the

magnetic field. The poles of the magnet are both 45

mm long. There is a current in the rod

that causes a force on the rod. The balance is used to determine the magnitude of the force.

The variation with current I of the force F on the rod is shown in Fig. 8.2.
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10.0

8.0 Bpa

F/mN

AN

N\

AN

N
AN

20

N\

ITA

Fig. 8.2

Calculate the magnetic flux density B.
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(c) In a different experiment, electrons are accelerated through a potential difference and then
enter a region of magnetic field. The magnetic field is into the plane of the paper and is
perpendicular to the direction of travel of the electrons, as illustrated in Fig. 8.3.

region of magnetic
field into the plane of
the paper

Y

electron beam

Fig. 8.3

(i) Explain why the electrons follow a circular path when inside the region of the magnetic
field.

(i) State the measurements needed in order to determine the charge to mass ratio, e/m,, of
an electron.

[Total: 8]
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263. 9702 s20 qp_ 42 Q: 9

(a) An electron is travelling at speed v in a straight line in a vacuum. It enters a uniform magnetic
field of flux density 8.0 x 10~4T. Initially, the electron is travelling at right angles to the magnetic
field, as illustrated in Fig. 9.1.

region of uniform

/ magnetic field

path of N
electron

Fig. 9.1
The path of the electron in the magnetic field is an arc of a circle of radius 6.4cm.

(i) State and explain the direction of the magnetic field.

(ii) Show that the speed v of the electron is 9.0 x 108 ms".

(3]
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(b) A uniform electric field is now applied in the same region as the magnetic field.

The electron passes undeviated through the region of the two fields, as illustrated in Fig. 9.2.

region of
uniform electric
and magnetic fields
path of - - N
electron d - -
Fig. 9.2
(i) On Fig. 9.2, mark with an arrow the direction of the uniform electric field. [11

(ii) Use data from (a) to calculate the magnitude of the electric field strength.

field strength = ..o NC [2]

(c) The electron in (b) is now replaced by an a-particle travelling at the same speed v along the
same initial path as the electron.

Describe and explain the shape of the path in the region of the magnetic and electric fields.

[Total: 10]
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264. 9702_s19 _qp_42 Q: 8

An electron is travelling in a vacuum at a speed of 3.4 x 107ms~'. The electron enters a region of
uniform magnetic field of flux density 3.2mT, as illustrated in Fig. 8.1.

region of uniform

magnetic flux
/ density 3.2mT

Y

|

|
w |
o |
o
1
v |
AN
N
N
Y

|

electron
speed 3.4 x 107 ms™

Fig. 8.1
The initial direction of the electron is at an angle of 30° to the direction of the magnetic field.

(@) When the electron enters the magnetic field, the component of its velocity vy, normal to the
direction of the magnetic field causes the electron to begin to follow a circular path.

Calculate:

) w

(if) the radius of this circular path.

(b) State the magnitude of the force, if any, on the electron in the magnetic field due to the
component of its velocity along the direction of the field.
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(c) Use information from (a) and (b) to describe the resultant path of the electron in the magnetic
field.

[Total: 6]
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265. 9702 w19 qp 42 Q: 8

Electrons enter a rectangular slice PQRSEFGH of a semiconductor material at right-angles to
face PQFE, as shown in Fig. 8.1.

magnetic field
flux density B

direction of
incident electrons

Fig. 8.1
A uniform magnetic field of flux density B is directed into the slice, at right-angles to face PQRS.
(a) The electrons each have charge —qg and drift speed v in the slice.

State the magnitude and the direction of the force due to the magnetic field on each electron
as it enters the slice.

(b) The force on the electrons causes a voltage V|, to be established across the semiconductor
slice given by the expression

_Bl

H™ ntg

where [ is the current in the slice.

(i) State the two faces between which the voltage V|, is established.
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(c) Aluminium (34A1) has a density of 2.7gcm=2. Assume that there is one free electron available
to carry charge per atom of aluminium.

(i) Show that the number of charge carriers per unit volume in aluminium is 6.0 x 1028 m=3.

(2]
(i) A sample of aluminium foil has a thickness of 0.090 mm. The current in the foil is 4 6A.
A uniform magnetic field of flux density 0.15T acts at right-angles to the foil.

Use the value in (i) to calculate the voltage V|, that is generated.

[Total: 8]

509



https://stemup.co.uk

510 CHAPTER 12. MAGNETIC FIELDS

266. 9702_m18 qp_ 42 Q: 9

A thin slice of conducting material has its faces PQRS and VWXY normal to a uniform magnetic
field of flux density B, as shown in Fig. 9.1.

magnetic field \ 7,
flux density B
Q R
' V

/ direction of

e motion of electrons

N

Fig. 9.1
Electrons enter the slice at right-angles to face SRXY.
A potential difference, the Hall voltage V,,, is developed between two faces of the slice.

(@) (i) Use letters from Fig. 9.1 to name the two faces between which the Hall voltage is
developed.
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(b) The Hall voltage V,, is given by the expression

8
H™ nig

(i) Use the letters in Fig. 9.1 to identify the distance t.

(i) State the meaning of the symbol n.

(ili) State and explain the effect, if any, on the polarity of the Hall voltage when negative
charge carriers (electrons) are replaced with positive charge carriers, moving in the
same direction towards the slice.

[Total: 7]

267. 9702_s18_qp_42 Q: 8

(@) Explain how a uniform magnetic field and a uniform electric field may be used as a velocity
selector for charged particles.

STEMUP.CO.UK
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(b) Particles having mass m and charge +1.6 x 10-1°C pass through a velocity selector.
They then enter a region of uniform magnetic field of magnetic flux density 94 mT with speed
3.4 x 10°ms™", as shown in Fig. 8.1.

+\path of charged particle

velocity
selector

15.0cm !

\ 1
\ (i
\\ ,f

N {
A /
~ /
~ P .
S~ - uniform
o magnetic field
into page
Fig. 8.1

The direction of the uniform magnetic field is into the page and normal to the direction in
which the particles are moving.

The particles are maoving in a vacuum in a circular arc of diameter 15.0cm.

Show that the mass of one of the particles is 20 u.

(4]

(c) On Fig. 8.1, sketch the path in the uniform magnetic field of a particle of mass 22 u having the
same charge and speed as the patrticle in (b). 2]
[Total: 9]
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268. 9702 w18 qp 41 Q: 8

(a) Explain what is meant by a magnetic field.

(b) A particle has mass m, charge +qg and speed v.

The particle enters a uniform magnetic field of flux density B such that, on entry, it is moving
normal to the magnetic field, as shown in Fig. 8.1.

path of particle
mass m
charge +q
speed v

_—

region of /

magnetic field

Fig. 8.1
The direction of the magnetic field is perpendicular to, and into, the plane of the paper.

(i) OnFig. 8.1, draw the path of the particle through, and beyond, the region of the magnetic
field. [3]

(ii) There is a force acting on the particle, causing it to accelerate.
Explain why the speed of the particle on leaving the magnetic field is v.
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(c) The particle in (b) loses an electron so that its charge becomes +2q. Its change in mass is
negligible.

Determine, in terms of v, the initial speed of the particle such that its path through the magnetic
field is unchanged. Explain your working.

[Total: 9]
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269. 9702_wl18 qp_43 Q: 8

(a) Explain what is meant by a magnetic field.

(b) A particle has mass m, charge +g and speed v.

The particle enters a uniform magnetic field of flux density B such that, on entry, it is moving
normal to the magnetic field, as shown in Fig. 8.1.

path of particle
mass m
charge +q
speed v

_

region of /

magnetic field

Fig. 8.1
The direction of the magnetic field is perpendicular to, and into, the plane of the paper.

(i) On Fig. 8.1, draw the path of the particle through, and beyond, the region of the magnetic
field. [3]

(i) There is a force acting on the particle, causing it to accelerate.
Explain why the speed of the particle on leaving the magnetic field is v.
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(c) The particle in (b) loses an electron so that its charge becomes +2q. Its change in mass is
negligible.

Determine, in terms of v, the initial speed of the particle such that its path through the magnetic
field is unchanged. Explain your working.

[Total: 9]
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270. 9702_m17 qp_42 Q:8

(a) State what is meant by a magnetic field.

(b) A particle of charge +g and mass m is travelling in a vacuum with speed v. The particle
enters, at a right angle, a uniform magnetic field of flux density B, as shown in Fig.8.1.

uniform magnetic field
flux density B

particle
charge +q \i‘
mass m

speed v

Fig.8.1
The particle leaves the field after following a semi-circular path of diameter d.

(i) State the direction of the magnetic field.

....................................................................................................................................... [1]
(i) Explain why the speed of the particle is not affected by the magnetic field.
....................................................................................................................................... 2]
(iii) Show that the diameter d of the semi-circular path is given by the expression
_2mv
d= “Bg -
[2]

STEMUP.CO.UK
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(iv) Use the expression in (b)(iii) to show that the time T spent in the field by the particle is
independent of its speed v.

[2]

[Total: 9]
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271. 9702 s17_qp_41 Q: 7

An electron having charge —g and mass m is accelerated from rest in a vacuum through a potential
difference V.

The electron then enters a region of uniform magnetic field of magnetic flux density B, as shown
in Fig. 7.1.

uniform magnetic
field into plane
of paper

path of N
electron

Fig. 7.1

The direction of the uniform magnetic field is into the plane of the paper.
The velocity of the electron as it enters the magnetic field is normal to the magnetic field.
The radius of the circular path of the electron in the magnetic field is r.

(a) Explain why the path of the electron in the magnetic field is the arc of a circle.

............................................................................................................................................... [3]
(b) Show that the magnitude p of the momentum of the electron as it enters the magnetic field is
given by
p = 4[2mqv).
[2]
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(c) The potential difference Vis 120V. The radius r of the circular arc is 7.4cm.

Determine the magnitude B of the magnetic flux density.

(d) The potential difference Vin (c) is increased. The magnetic flux density B remains unchanged.

By reference to the momentum of the electron, explain the effect of this increase on the
radius r of the path of the electron in the magnetic field.

[Total: 10]
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272. 9702 s17_qp_42 Q: 9

A Hall probe is placed near to one end of a current-carrying solenoid, as shown in Fig. 9.1.

X
|
O/
|
|
. |
solenoid : Hall probe
L
J VAV AV J :
<
|
| l Y!

Fig. 9.1

The probe is rotated about the axis XY and is then held in a position so that the Hall voltage is
maximum.

(@) Explain why
(i) a Hall probe is made from a thin slice of material,

(if) in order for consistent measurements of magnetic flux density to be made, the currentin
the probe must be constant.
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(b) The probe is now rotated through an angle of 360° about the axis XY.
At angle 6 =0, the Hall voltage V|, has maximum value V;,.

On Fig. 9.2, sketch the variation with angle 6 of the Hall voltage V,, for one complete revolution
of the probe about axis XY.

VH VMAX

ra/e

Fig. 9.2
[3]

[Total: 6]
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273. 9702_s17_qp_43 Q: 7

An electron having charge —g and mass m is accelerated from rest in a vacuum through a potential
difference V.

The electron then enters a region of uniform magnetic field of magnetic flux density B, as shown
in Fig. 7.1.

uniform magnetic
field into plane
of paper

path of N
electron

Fig. 7.1

The direction of the uniform magnetic field is into the plane of the paper.
The velocity of the electron as it enters the magnetic field is normal to the magnetic field.
The radius of the circular path of the electron in the magnetic field is r.

(a) Explain why the path of the electron in the magnetic field is the arc of a circle.

............................................................................................................................................... [3]
(b) Show that the magnitude p of the momentum of the electron as it enters the magnetic field is
given by
p = 4[2mqv).
[2]
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(c) The potential difference Vis 120V. The radius r of the circular arc is 7.4cm.

Determine the magnitude B of the magnetic flux density.

(d) The potential difference Vin (c) is increased. The magnetic flux density B remains unchanged.

By reference to the momentum of the electron, explain the effect of this increase on the
radius r of the path of the electron in the magnetic field.

[Total: 10]
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274.9702_wl17 _qp 41 Q:8

Athin slice of conducting material is placed normal to a uniform magnetic field of flux density B, as
shown in Fig. 8.1.

magnetic field
flux density B

c/ .- D,
P Q
current I

Fig. 8.1

The magnetic field is normal to face CDEF and to face PQRS.
A current I passes through the slice and is normal to the faces CDQP and FERS.
A potential difference, the Hall voltage V,,, is developed across the slice.

(@) State the faces between which the Hall voltage V,, is developed.

(b) The current I is produced by charge cartiers, each of charge +g moving at speed v in the
direction of the current. The number density of the charge cartiers is n.

(i) Derive an expression relating the Hall voltage V,, to v, B and d, where d is one of the
dimensions of the slice.
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(i) Use your answer in (b)(i) and an expression for the current I in the slice to derive the
expression

BI

Vy :th-

Explain your working.

[2]
(c) Suggest why the Hall voltage is difficult to detect in a thin slice of copper.

[Total: 8]
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275. 9702 w17 qp 42 Q: 8

A thin slice of conducting material is placed normal to a uniform magnetic field, as shown in
Fig. 8.1.

magnetic
field
F E
s
I N " R
C D
P Q
current I
Fig. 8.1

The magnetic field is normal to face CDEF and to face PQRS.
The current I in the slice is normal to the faces CDQP and FERS.
A potential difference, the Hall voltage V,,, is developed across the slice.

(@) (i) State the faces between which the Hall voltage V|, is developed.

in (i).
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(b) Two slices have similar dimensions. One slice is made of a metal and the other slice is made
of a semiconductor material.

For the same values of magnetic flux density and current, state which slice, if either, will give
rise to the larger Hall voltage. Explain your reasoning.

............................................................................................................................................... 2]
[Total: 7]
276. 9702_w17_ qp_ 42 Q: 9
(a) State what is meant by a field of force.
............................................................................................................................................... 2]

(b) Explain the use of a uniform magnetic field and a uniform electric field for the selection of the
velocity of charged particles. You may draw a diagram if you wish.
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(c) A beam of charged particles enters a region of uniform magnetic and electric fields, as
illustrated in Fig. 9.1.

region of uniform
magnetic and

electric fields \
path of particle

mass m
charge +q
velocity v

A4

magnetic field /

into plane of
paper

Fig. 9.1

The direction of the magnetic field is into the plane of the paper. The velocity of the charged
particles is normal to the magnetic field as the particles enter the field.

A particle in the beam has mass m, charge +q and velocity v. The particle passes undeviated
through the region of the two fields.

On Fig. 9.1, sketch the path of a particle that has
(i) mass m, charge +2g and velocity v (label this path Q), [1]
(i) mass m, charge +qg and velocity slightly larger than v (label this path V). 2]

[Total: 9]
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277. 9702_wl7_qp_43 Q: 8

Athin slice of conducting material is placed normal to a uniform magnetic field of flux density B, as
shown in Fig. 8.1.

magnetic field

flux density B
F E
sV
ol R
C D
P Q
current I
Fig. 8.1

The magnetic field is normal to face CDEF and to face PQRS.
A current I passes through the slice and is normal to the faces CDQP and FERS.
A potential difference, the Hall voltage V,,, is developed across the slice.

(@) State the faces between which the Hall voltage V,, is developed.

(b) The current I is produced by charge carriers, each of charge +g moving at speed v in the
direction of the current. The number density of the charge carriers is n.

() Derive an expression relating the Hall voltage V, to v, B and d, where d is one of the
dimensions of the slice.

[3]
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(i) Use your answer in (b)(i) and an expression for the current I in the slice to derive the
expression

BI

Vy :th-

Explain your working.

[2]
(c) Suggest why the Hall voltage is difficult to detect in a thin slice of copper.

[Total: 8]



https://stemup.co.uk

532 CHAPTER 12. MAGNETIC FIELDS

278. 9702 w16 qp 41 Q: 7

(a) Explain what is meant by a field of force.

.............................................................................................................................................. [1]
(b) State the type of field, or fields, that will give rise to a force acting on
(i) a moving uncharged particle,
...................................................................................................................................... [1]
(i) a stationary charged particle,
...................................................................................................................................... [1]
(iii) a charged particle moving at an angle to the field or fields.
...................................................................................................................................... [1]

(c) An electron, mass m and charge —g, is moving at speed v in a vacuum. It enters a region of
uniform magnetic field of flux density B, as shown in Fig. 7.1.

uniform magnetic field
flux density B

path of electron

mass m, charge —q > \\

Fig. 7.1

Initially, the electron is moving at right-angles to the direction of the magnetic field.

(i) Explain why the path of the electron in the magnetic field is the arc of a circle.
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(i) Derive an expression, in terms of the radius r of the path, for the linear momentum of the
electron. Show your working.

2]

[Total: 9]
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279. 9702_wl6_qp_43 Q: 7

(a) Explain what is meant by a field of force.

.............................................................................................................................................. [1]
(b) State the type of field, or fields, that will give rise to a force acting on
(i) a moving uncharged particle,
...................................................................................................................................... [1]
(i) a stationary charged particle,
...................................................................................................................................... [1]
(iii) a charged particle moving at an angle to the field or fields.
...................................................................................................................................... [1]

(c) An electron, mass m and charge —g, is moving at speed v in a vacuum. It enters a region of
uniform magnetic field of flux density B, as shown in Fig. 7.1.

uniform magnetic field
flux density B

path of electron

mass m, charge —q > \\

Fig. 7.1

Initially, the electron is moving at right-angles to the direction of the magnetic field.

(i) Explain why the path of the electron in the magnetic field is the arc of a circle.
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(i) Derive an expression, in terms of the radius r of the path, for the linear momentum of the
electron. Show your working.

2]

[Total: 9]
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280. 9702_w21 _qp 42 Q:8

Two long straight parallel wires P and Q carry currents into the plane of the paper, as shown in
Fig. 8.1.

P Q
02 02

current I current 27

Fig. 8.1
The current in P is I and the current in Q is 21.

(@) (i) On Fig. 8.1, draw an arrow to show the direction of the magnetic field at wire Q due to
the current in wire P. Label this arrow B. [1]

(ii) On Fig. 8.1, draw another arrow to show the direction of the force acting on wire Q due to
the current in wire P. Label this arrow F. [1]

(b) (i) State, with a reason, how the magnitude of the force acting on wire P compares with the
magnitude of the force acting on wire Q.

wire Q.

[Total: 5]
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281.9702_wl19 gp 41 Q:8

(@)

(b)

A long straight vertical wire carries a current I. The wire passes through a horizontal card
EFGH, as shown in Fig. 8.1 and Fig. 8.2.

current out of
plane of paper

H / G

Ip wire
H G
o
* F
E F
Fig. 8.1 Fig. 8.2 (view from above)
On Fig. 8.2, draw the pattern of the magnetic field produced by the current-carrying wire on
the plane EFGH. [3]
Two long straight parallel wires P and Q are situated a distance 3.1cm apart, as illustrated in
Fig. 8.3.
6.2A7T 185A
wire P wire Q
' 34cm
Fig. 8.3

The current in wire P is 6.2 A. The current in wire Q is 8.5 A.

The magnetic flux density B at a distance x from a long straight wire carrying current I is
given by the expression

il

T 2nx

where u, is the permeability of free space.
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Calculate:

(i) the magnetic flux density at wire Q due to the current in wire P

fluX density = ..o T [2]

(ii) the force per unit length, in Nm~1, acting on wire Q due to the current in wire P.

force perunitlength = ..., Nm~1 [2]
(c) The currents in wires P and Q are different in magnitude.

State and explain whether the forces per unit length on the two wires will be different.

[Total: 9]
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282.9702_wl19 gp 43 Q:8

(@)

(b)

A long straight vertical wire carries a current I. The wire passes through a horizontal card
EFGH, as shown in Fig. 8.1 and Fig. 8.2.

current out of
plane of paper

H / G

Ip wire
H G
o
* F
E F
Fig. 8.1 Fig. 8.2 (view from above)
On Fig. 8.2, draw the pattern of the magnetic field produced by the current-carrying wire on
the plane EFGH. [3]
Two long straight parallel wires P and Q are situated a distance 3.1cm apart, as illustrated in
Fig. 8.3.
6.2A7T 185A
wire P wire Q
' 34cm
Fig. 8.3

The current in wire P is 6.2 A. The current in wire Q is 8.5 A.

The magnetic flux density B at a distance x from a long straight wire carrying current I is
given by the expression

il

T 2nx

where u, is the permeability of free space.
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Calculate:

(i) the magnetic flux density at wire Q due to the current in wire P

fluX density = ..o T [2]

(ii) the force per unit length, in Nm~1, acting on wire Q due to the current in wire P.

force perunitlength = ..., Nm~1 [2]
(c) The currents in wires P and Q are different in magnitude.

State and explain whether the forces per unit length on the two wires will be different.

[Total: 9]
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283.9702_m21 qgp_ 42 Q:8

Two long straight wires P and Q are parallel to each other, as shown in Fig. 8.1. There is a
current in each wire in the direction shown.

The pattern of the magnetic field lines in a plane normal to wire P due to the current in the
wire is also shown.

wire P wire Q

plane A \
direction of
current
)

magnetic field
pattern

Fig. 8.1

(i) Draw arrows on the magnetic field lines in Fig. 8.1 around wire P to show the direction of
the field. [1]

(ii) Determine the direction of the force on wire Q due to the magnetic field from wire P.

(iii) The current in wire Q is less than the current in wire P.

State and explain whether the magnitude of the force on wire P is less than, equal to, or
greater than the magnitude of the force on wire Q.

STEMUP.CO.UK
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(b) Nuclear magnetic resonance imaging (NMRI) is used to obtain diagnostic information about
internal structures in the human body.

Radio waves are produced and directed towards the body. The radio waves affect the protons
within the body.

(i) Explain why radio waves are used.

(ii) Explain why the radio waves are applied in pulses.

[Total: 8]
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284. 9702 s19 qp_41 Q: 9

Nuclear magnetic resonance imaging (NMRI) is used to obtain diagnostic information about
internal body structures.

State, during the use of NMRI, the function of:

(a) the large constant magnetic field

[Total: 5]
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285. 9702_s19_qp_43 Q: 9

Nuclear magnetic resonance imaging (NMRI) is used to obtain diagnostic information about
internal body structures.

State, during the use of NMRI, the function of:

(@) the large constant magnetic field

[Total: 5]
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286. 9702 w19 qp 41 Q: 9

Diagnosis using nuclear magnetic resonance imaging (NMRI) requires the use of a non-uniform
magnetic field superimposed on a constant magnetic field of large magnitude.

Explain the purpose of:

(@) the large constant magnetic field

[Total: 4]
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287. 9702_w19_qp_43 Q: 9

Diagnosis using nuclear magnetic resonance imaging (NMRI) requires the use of a non-uniform
magnetic field superimposed on a constant magnetic field of large magnitude.

Explain the purpose of:

(@) the large constant magnetic field

[Total: 4]
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288. 9702 s17 qp_41 Q: 8

Explain the main principles behind the use of nuclear magnetic resonance imaging (NMRI) to
obtain information about internal body structures.

[Total: 8]
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289. 9702_s17_qp_43 Q: 8

Explain the main principles behind the use of nuclear magnetic resonance imaging (NMRI) to
obtain information about internal body structures.

[Total: 8]
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290. 9702 w16 qp 41 Q: 8

Explain the main principles behind the use of nuclear magnetic resonance imaging (NMRI) to
obtain diagnostic information about internal body structures.

[Total: 8]

291. 9702_w16_qp_42 Q: 10

Explain the function of the non-uniform magnetic field that is superimposed on a large uniform
magnetic field in diagnosis using nuclear magnetic resonance imaging (NMRI).

[Total: 4]
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292.9702_wl16_qp 43 Q:8

Explain the main principles behind the use of nuclear magnetic resonance imaging (NMRI) to
obtain diagnostic information about internal body structures.

[Total: 8]
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250. 9702_w16_MS_43 Q: 6

APPENDIX A. ANSWERS

(a) reference to input (voltage) and output (voltage) B1
there is no time delay between change in input and change in output B1 [2]
or
reference to rate at which output voltage changes (B1)
infinite rate of change (of output voltage) (B1)
(b) (i) 2.00/3.00=1.50/R C1
or
V. =(3.00 x4.5)/(2.00 + 3.00) = 2.7
27=45xR/(R+1.50) (C1)
resistance = 2.25kQ Al [2]
(ii) 1. correct symbol for LED M1
two LEDs connected with opposite polarities between Vour and earth Al [2]
2. below 24°C, Rr > 1.5kQ or resistance of thermistor increases/high B1
V_ <V, or V_ decreases/low (must not contradict initial statement) M1

Voour is positive/+5 (V) and LED labelled as ‘pointing’ from Vour to

251. 9702 w21 _MS_41 Q: 8

cath Al [3]

Answer Marks
(a) newton per ampere per metre M1
where current/wire is perpendicular to magnetic field A1
(b)(i) | F=BILsing c1
B =1.0/(5.0 x 0.060 x sin 50°) A1
=44mT
(b)(ii) (from Fleming'’s left-hand rule) force on wire is upwards, so reading decreases B1
(b)(iii) | frame will rotate (so that PQ becomes perpendicular to the field) B1
252. 9702_w21_MS_43 Q: 8
Answer Marks
(a) newton per ampere per metre M1
where current/wire is perpendicular to magnetic field A1
(b)(i) | F=BILsing c1
B =1.0/(5.0 x0.060 x sin 50°) A1
= 44mT
(b)(ii) | (from Fleming’s left-hand rule) force on wire is upwards, so reading decreases B1
(b)(iii) | frame will rotate (so that PQ becomes perpendicular to the field) B1
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911

Answer Marks
(a) magnetic field normal to current B1
newton per ampere B1
newton per metre B1
(b)(i) current in wire QL gives rise to a force B1
;?re QL is perpendicular to the magnetic field
force on wire QL is vertical B1
force does not act through the pivot B1
(b)(ii) | forces act through the same line B1
:::rces are horizontal
forces are equal (in magnitude) and opposite (in direction) B1
(c)(i) | change = mg x (A)L c1
=13x10*x9.81x26x102=33x10°Nm"' A1
(c)(ii) |change=Bx (A xLxx c1
33%x10°=Bx%x1.2x0.85x102x56x 102 c1
B=0.058T A1
254. 9702 _s20 MS 43 Q: 8
Answer Marks
(a) magnetic field normal to current B1
newton per ampere B1
newton per metre B1
(b)(i) current in wire QL gives rise to a force B1
\%re QL is perpendicular to the magnetic field
force on wire QL is vertical B1
force does not act through the pivot B1
(b)(ii) forces act through the same line B1
;::rces are horizontal
forces are equal (in magnitude) and opposite (in direction) B1
(e)(i) | change = mg x (A)L c1
=1.3%x10"%x9.81x26x102=3.3x10°Nm! A1
(c)(ii) |change=Bx (A)IxXLxx c1
33x10°=Bx%12x0.85x102x56x 102 c1
B=0.058T A1

STEMUP.CO.UK
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255. 9702_s18_MS_41 Q: 9

Answer Marks
(a) using Fleming's left-hand rule force on wire is upwards B1
by Newton’s third law, force on magnet is downwards B1
(b)(i) F=BIL c1
=37x107%x51x85x107? A1
=16x10°N
(b)) | F=1.6x10°N A1
(c) sketch: sinusoidal wave with two cycles B1
amplitude 2.3 x 10N B1
period 0.05s B1
256. 9702_s18 MS_43 Q: 9
Answer Marks
(a) using Fleming’s left-hand rule force on wire is upwards B1
by Newton'’s third law, force on magnet is downwards B1
(b)(i) F=BIL c1
=3.7x10°x51x85% 1072 A1
=1.6x10°N
(b)(i) | F=1.6x10"°N A1
(c) sketch: sinusoidal wave with two cycles B1
amplitude 2.3 x 10N B1
period 0.05s B1
257. 9702 w18 MS 42 Q: 8
Answer Marks
(a) force per unit current B1
force per unit length (of wire) B1
current normal to (magnetic) field B1
(b)(i) forces (on PQ and RS) are horizontal B1
(hence they create) no moment about the pivot B1
or
forces (on PQ and RS) are equal and opposite (B1)
(hence there is) no net force (on the two sections) (B1)
(b)(ii) realisation of the need to apply moments Cc1
BILx = mgy Cc1
Bx27x12x102x7.5=45x10%x9.81 x 8.8
B=16x1072T A1

STEMUP.CO.UK
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(a) (by Newton'’s third law) force on wire is up(wards)
by (Fleming's) left-hand rule/right-hand slap rule to give current
in direction left to right shown on diagram

(b) force oc current or F=BIL or B(=0.080/6.0L)=1/75L

maximum current = 2.5 x V2
=3.54A

maximum force in one direction =(3.54/6.0) x 0.080

=0.047N

difference (= 2 x 0.047) = 0.094N

or

force varies from 0.047 N upwards to 0.047 N downwards

259. 9702_s21_MS_41 Q: 9

M1
A1
A1

C1

C1

C1

A1

[3]

[4]

913

| Answer Marks

(a) region where there is a force exerted on M1

a current-carrying conductor A1

:ng charge

:rmagnelic material/magnetic pole

(b)(i) face PSWV shaded B1

(b)(ii) | accumulating electrons cause an electric field (between the faces) B1

force due to electric field opposes force due to magnetic field B1

accumulation stops when magnetic force equals electric force B1

(c)(i) number density of charge carriers B1

(c)(ii) |PVorQTorSW B1

(d) (for semiconductor,) n is (much) smaller so V4 (much) larger B1
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260. 9702 s21 MS_42 Q: 8

| Answer Marks
(@) | force per unit length B2
+ force per unit current
* length/current perpendicular to field
1 mark for any two points, 2 marks for all three points
(b) change in potential energy = change in kinetic energy B1
3:/ = Yamv?
v=1(2qV/m) Al
(c)() magnetic force = centripetal force M1
g:;v= mv2/r
clear substitution of expression for v and correct algebra leading to g/m = 2V/ B~ A1
(c)ii)y | g/m=(2%230)/[(0.38 x 103)2 x 0.14] c1
=1.6x10"Ckg' A1
(c)(iii) | (for a-particle,) g/ m is (much) smaller B1
rwould be much larger B1
261. 9702 _s21_MS 43 Q: 9
| Answer Marks
(a) region where there is a force exerted on M1
a current-carrying conductor A1
:rm_g charge
:rmagnelic material/magnetic pole
(b)(i) face PSWV shaded B1
(b)(ii) | accumulating electrons cause an electric field (between the faces) B1
force due to electric field opposes force due to magnetic field B1
accumulation stops when magnetic force equals electric force B1
(e)(i) number density of charge carriers B1
(c)(ii) | PVorQTor SW B1
(d) (for semiconducter,) n is (much) smaller so V4 (much) larger B1
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915

Answer Marks
(a) a region where a magnet / magnetic material / moving charge / current carrying conductor experiences a force B1
(b) B=F/Il c1
eg. =9x 1072/(5.0 x 0.045)
=0.040T A1
(c)(i) force is (always) perpendicular to the velocity / direction of motion B1
magnetic force provides the centripetal force B1
or force perpendicular to motion causes circular motion
maghnitude of force (due to the magnetic field) is constant B1
ﬁg work done by force
or
the force does not change the speed
(c)(ii) Applying the list rule, any 2 from: B2
accelerating p.d.
radius of path / radius of semicircle
magnetic flux density
263. 9702_s20 MS 42 Q: 9
Answer Marks
(a)(i) force is downwards/down the page B1
gl:l’l’ent is (right) to left
by left-hand rule, field is into plane of paper B1
(a)(ii) | magnetic force provides the centripetal force c1
Bqv=mv/r c1
v =Bgr/m A1
=(8.0x10*x1.60x 10" x 6.4 x 102)/(9.11 x 10731)
=9.0x10°ms™’
9(b)(i) arrow showing field direction down the page B1
(b)ii) |Bgqv=Eq c1
or
v=E/B
E =9.0x105x8.0 x10* A1
=72x103NC1
(c) straight line/undeviated B1
condition for no deflection depends only on v B1
gt:ndition for no deflection does not depend on mor g

STEMUP.CO.UK
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264. 9702_s19 MS_42 Q: 8

APPENDIX A. ANSWERS

Answer Marks
(a)(i) w = 3.4 x 107 x sin 30° A1
=1.7x10"ms™’
(a)(ii) mv/r=Bqv or r=mv/Bg Cc1
r=(9.11x103"x 1.7 x 107) /(3.2 x 10% x 1.60 x 10-19) c1
=0.030m A1
(b) zero B1
(c) helix/coil B1
265. 9702_ w19 MS 42 Q: 8
Answer Marks
(a) magnitude: (force =) Bqv B1
direction: P—Q or E—F or S—R or H-G B1
(b)(i) EHSP and FGRQ B1
(b)(ii) PE or QF or RG or SH B1
(c)(i) any one correct starting point from: c1
s (mass of 1 atom =) 27 x 1.66 x 107
¢ (amount of substance per unit volume =) 2.7/ 27
¢ 27 g (of substance) contains 6.02 x 1023 atoms
s (2.7 g mass contains) 0.1 mol
e (1cm? volume contains) 0.1 mol
¢ (1 m? volume contains) 10° mol
n=(2.7 x10%/(27 x 1.66 x 1027) =6.0 x 10% A1
$r= (2.7/27) x10x6.02x 102 =6.0 x 108
(c)(ii) Vi =(0.15x4.6)/(6.0 x 102 x 0.090 x 102 x 1.60 x 107"%) c1
=8.0x107V A1
266. 9702_m18 MS 42 Q: 9
Answer Marks
(a)() PSYV and QRXW B1
(a)(ii) electron moving in magnetic field deflected towards face QRXW M1
so face PSYV is more positive A1
(b)(i) PV or SY or RX or QW B1
(b)(ii) number of charge carriers per unit volume B1
(b)(iiiy negative and positive charge (carriers) would deflect in opposite directions M1
so no change in polarity A1

STEMUP.CO.UK
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Answer Marks
(a) electric and magnetic fields at right-angles to one another (may be shown on a clearly labelled diagram) B1
particle enters fields (with velocity) normal to the (two) fields (may be shown on a clearly labelled diagram) B1
no deviation for particles with selected velocity B1
(b) magnetic force equals/is the centripetal force c1
Bqv=mVIr c1
M =Bgrlv M1
=(94 x 107 x 1.6 x 107 x 0.075)/ (3.4 x 10%)

division by 1.66 x 10" shown, to give m=20u A1
(c) sketch: semicircle clear (in same direction) B1
with larger radius B1

268. 9702_w18 MS_ 41 Q: 8
Answer Marks
(@) region where there is a force M1
experienced by a current-carrying conductor/moving charge/(permanent) magnet A1
(b)(i) single path, deflection in ‘upward’ direction B1
acceptable circular are in whole field B1
no ‘kinks’ at start or end of curvature, and straight outside region of field B1
(b)(i) force (on particle) is normal to velocity/direction of motion/direction of speed B1
(c) magnetic force provides/is the centripetal force B1
Bqv=mv?ir or r=mv/Bq c1
(if g is doubled), new speed = 2v A1

269. 9702_w18 MS 43 Q: 8
Answer Marks
(@) region where there is a force M1
experienced by a current-carrying conductor/moving charge/(permanent) magnet A1
(b)() single path, deflection in ‘upward’ direction B1
acceptable circular arc in whole field B1
no ‘kinks’ at start or end of curvature, and straight outside region of field B1
(b)(ii) force (on particle) is normal to velocity/direction of motion/direction of speed B1
(c) magnetic force provides/is the centripetal force B1
Bgv=mVvir or r=mv/Bq c1
(if g is doubled), new speed = 2v A1

STEMUP.CO.UK
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270. 9702 _ml17 MS 42 Q: 8

Answer Marks
(a) region (of space) where there is a force M1
produced by/on a magnet/magnetic pole/moving charge/current-carrying conductor A1
(b)(i) out of (the plane of) the paper/page B1
(b)(ii) the force on the particle is (always) perpendicular to the velocity / perpendicular to the direction of travel/towards the B1
centre of path
no work is done by the force on the particle /there is no acceleration in the direction of the velocity /the acceleration is B1
(always) perpendicular to the velocity
(b)(iii) F= BgvorF = mviir c1
mv2/(d/2) = Bqvsod=2mv/Bg A1
(b)(iv) time = distance / speed c1
T =nd/2v
T = (n/2v) x (2mv/ Bq) A1l
Tir = mm/Bg and so T independent of v
271. 9702_s17_MS 41 Q: 7
Answer Marks
(a) (magnetic) force (always) normal to velocity/direction of motion M1
(magnitude of magnetic) force constant M1
ggeed is constant/kinetic energy is constant
so provides the centripetal force A1
(b) increase in KE = loss in PE or ¥amv? = qV M1
p = mv with algebra leading to p = ¥(2mgV) A1
(c) Bgqv=mVZ/r c1
mv = Bgrorp=Bgr
(2x9.11 %10 x 1.60 x 107" x 120)"? = B x 1.60 x 107" x 0.074 c1
B=50x10"*T A1l
(d) greater momentum M1
(p = Bgr and) so r increased A1
272.9702_s17_MS_42 Q: 9
‘ Answer Marks
(a)(i) ‘ Hall voltage depends on thickness of slice c1
‘ thinner slice, larger Hall voltage Al
(a)(ii) ‘ Hall voltage depends on current in slice B1
(b) ‘ sinusoidal wave, one cycle B1
‘at 6=0and at 6= 360°, Vi = Viuax B1
‘ at 6= 180°, Vi = —Viax B1
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273. 9702_s17_MS_43 Q: 7

Answer Marks
(a) (magnetic) force (always) normal to velocity/direction of motion M1
(magnitude of magnetic) force constant M1
:;r)eed is constant/kinetic energy is constant
so provides the centripetal force A1
(b) increase in KE = loss in PE or ¥amv? = qV M1
p = mv with algebra leading to p = V(2mgV) A1
(c) Bgv=mZ/r c1
mv = Bqror p =Bgr
(2% 9.11 % 107 % 1.60 x 107" x 120)2 = B x 1.60 x 1079 x 0.074 c1
B=50x10*T A1
(d) greater momentum M1
(p = Bgr and) so r increased A1
274. 9702 _w17_MS_41 Q: 8
Answer Marks
(a) DERQ and CFSP B1
(b)(i) force (on charge) due to magnetic field = force due to electric field B1
g:;v =Eq
or
v=EIB
E=Vu/d B1
Vi = Bvd B1
(b)) use of I = nAqvand A = dt M1
algebra clear leading to Vi = Bl/ntq A1l
(c) (in metal,) n is very large M1
(therefore) W is small A1
275. 9702 _w17_MS_42 Q: 8
Answer Marks
(@)(i) DERQ and CFSP B1
(a)(ii) charge carriers moving normal to (magnetic) field B1
charge carriers experience a force normal to I (and B) B1
charge build-up sets up electric field across the slice B1
gl.rjild-up of charges results in a p.d. across the slice
charge stops building up/Vy; becomes constant when g = Fg B1
(b) V4 inversely proportional to n/number density of charge carriers B1
number density of charge carriers (n) lower in semiconductors so W larger for semiconductor slice B1
or
V4 proportional to v/drift velocity (B1)
(for same current) drift velocity (v) higher in semiconductors so V4 larger for semiconductor slice (B1)

STEMUP.CO.UK


https://stemup.co.uk

920 APPENDIX A. ANSWERS

276. 9702_wl17_MS_42 Q: 9

Answer Marks
(a) region (of space) B1
where an object/particle experiences a force B1
(b) electric and magnetic fields normal to each other B1
velocity of particle normal to both fields B1
forces (on particle) due to fields are in opposite directions B1
forces are equal for particles with a particular speed/for a selected speed/for speed given by v = E(q)/B(g) B1
(e)(i) path labelled Q shown undeviated B1
(c)(ii) reasonable curve in field and no ‘kink’ on entering, labelled V B1
deviated ‘upwards’ B1
277.9702_wl17_MS 43 Q:8
Answer Marks
(@) DERQ and CFSP B1
(b)(i) force (on charge) due to magnetic field = force due to electric field B1
or
Bgv =Eq
or
v=E/B
E=Wy/d B1
Vu = Bvd B1
(b)(ii) use of I = nAqv and A = dt M1
algebra clear leading to Vy = Bl/ntg A1
(c) (in metal,) n is very large M1
(therefore) V4 is small A1
278.9702_w16_MS_41 Q: 7
(a) region (of space) where a force is experienced by a particle B1 [1]
(b) (i) gravitational B1
(ii) gravitational and electric B1
(iii) gravitational, electric and magnetic B1 [3]
(c) (i) force (always) normal to direction of motion M1
(magnitude of) force constant
or
speed is constant/kinetic energy is constant M1
magnetic force provides/is the centripetal force A1l [3]
(i) mAP/r=Bgv B1

momentum or p or mv = Bqr B1 [2]
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279. 9702_w16_MS_43 Q: 7

(a) region (of space) where a force is experienced by a particle

(b) (i) gravitational
(ii) gravitational and electric

(iii) gravitational, electric and magnetic

(c) (i) force (always) normal to direction of motion
(magnitude of) force constant
or
speed is constant/kinetic energy is constant

magnetic force provides/is the centripetal force

(iiy mA/r=Bqgv

momentum or p or mv = Bqr

280. 9702_w21 MS_42 Q: 8

B1

B1

B1

B1

M1

M1

A1

B1

B1

(1]

[3]

[3]

[2]

921

Answer Marks

(a)(i) arrow from Q pointing downwards, labelled B B1

(a)(ii) arrow from Q pointing towards P, labelled F B1

(b)(i) force is proportional to product of both currents (I and 2I) B1

;rewton’s third law
forces are equal B1
(b)(ii) opposite B1
281. 9702 w19 MS 41 Q: 8

Answer Marks

() concentric circles (around the wire) M1

at least 3 circles shown, all with increasing separation Al

direction anticlockwise B1

(b)(i) B =(4nx10""x6.2)/(2nx3.1x107?) c1

=40x10°T A1

(b)) | F=BIL or F/L=BI c1

F/IL =40x10%x85 A1

=34x10*Nm-!

(c) correct application of Newton’s 3rd law to the forces M1
fc:} L is proportional to the product of the two currents

so same magnitude A1
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282. 9702_w19 MS 43 Q: 8

APPENDIX A. ANSWERS

Answer Marks
(a) concentric circles (around the wire) M1
at least 3 circles shown, all with increasing separation A1
direction anticlockwise B1
(b)(i) B =(4nx107x6.2)/ (2 x3.1x1072) c1
=40x10°T A1
(b)(ii) F=BIL or F/IL=BI C1
FIL =40x10°x85 A1
=34x10*Nm"!
(c) correct application of Newton’s 3rd law to the forces M1
g’ L is proportional to the product of the two currents
so same magnitude A1
283. 9702_m21_MS_42 Q: 8
Answer Marks
(@)(i) at least one anticlockwise arrow and no clockwise arrows B1
(a)(ii) (force is to the) left B1
(a)(iii) force is the same B1
Newton'’s third law (of motion) B1
or force depends on the product of the two currents
Answer Marks
(b)() frequency of radio waves is equal to natural frequency of protons B1
resonance of protons occurs / protons absorb energy B1
(b)(ii) in between pulses / when pulse stops B1
Any 1 from: B1
« protons de-excite
« protons emit r.f. pulses
+ emitted (r.f.) pulse (from proton) detected
284. 9702_s19 MS_41 Q: 9
Answer Marks
(@) nuclei precess B1
precession is about direction of magnetic field B1
frequency of precession depends on field strength B1
g;quency of precession is in radio-frequency range
(b) Any two points from: B2
+ frequency (of precession) depends on position
+ to locate position of (spinning) nuclei
+ to change region where nuclei are detected
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285. 9702_s19 MS_43 Q: 9

923

Answer Marks
(a) nuclei precess B1
precession is about direction of magnetic field B1
frequency of precession depends on field strength B1
;;quency of precession is in radio-frequency range
(b) Any two points from: B2
¢ frequency (of precession) depends on position
* to locate position of (spinning) nuclei
* to change region where nuclei are detected
286. 9702_w19 MS 41 Q: 9
Answer Marks
(a) nuclei precess B1
precession is about (direction of magnetic) field B1
g’;quency of precession is in radio-frequency range
(b) e frequency (of precession) depends on field strength B2
o to locate/find position of (spinning) nuclei
¢ to change region where nuclei are detected
any two points, one mark each
287.9702_w19 MS 43 Q: 9
Answer Marks
(a) nuclei precess B1
precession is about (direction of magnetic) field B1
g;quency of precession is in radio-frequency range
(b) s frequency (of precession) depends on field strength B2
¢ to locate/find position of (spinning) nuclei
» to change region where nuclei are detected
any two points, one mark each
288. 9702_s17_MS_41 Q: 8
Answer Marks
strong (uniform) magnetic field B1
* nuclei precess/rotate about field (direction)
radio frequency pulse/RF pulse (applied) B1
* RF or pulse is at Larmor frequency / frequency of precession
causes resonance / excitation (of nuclei)/nuclei to absorb energy B1
on relaxation/de-excitation, nuclei emit RF/pulse B1
* (emitted) RF/pulse detected and processed
non-uniform field (superposed on uniform field) B1
allows positions of (resonating) nuclei to be determined B1
* allows for position of detection to be changed/different slices to be studied
max. 2 of additional detail points marked * B2
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289. 9702_s17_MS_43 Q: 8

Answer Marks
strong (uniform) magnetic field B1
* nuclei precess/rotate about field (direction)
radio frequency pulse/RF pulse (applied) B1

* RF or pulse is at Larmor frequency / frequency of precession

causes resonance / excitation (of nuclei)/nuclei to absorb energy B1

on relaxation/de-excitation, nuclei emit RF/pulse B1

* (emitted) RF/pulse detected and processed

non-uniform field (superposed on uniform field) B1

allows positions of (resonating) nuclei to be determined B1

* allows for position of detection to be changed/different slices to be studied

max. 2 of additional detail points marked * B2

290. 9702_w16_MS_41 Q: 8

strong uniform magnetic field B1
nuclei precess/rotate about field (direction) (1)
radio-frequency pulse (applied) B1
R.F. or pulse is at Larmor frequency/frequency of precession (1)
causes resonance/excitation (of nuclei)/nuclei absorb energy B1
on relaxation/de-excitation, nuclei emit r.f./pulse B1
(emitted) r.f./pulse detected and processed (1)
non-uniform magnetic field B1
allows position of nuclei to be located B1
allows for location of detection to be changed/different slices to be studied (1)
any two of the points marked (1) B2 [8]

291. 9702 w16 _MS 42 Q: 10
nuclei emitting r.f. (pulse) B1

Larmor frequency/r.f. frequency emitted/detected depends on magnitude of magnetic
field B1

nuclei can be located (within a slice) B1

changing field enables position of detection (slice) to be changed B1 [4]
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292. 9702_w16_MS 43 Q: 8

strong uniform magnetic field

nuclei precess/rotate about field (direction)

radio-frequency pulse (applied)

R.F. or pulse is at Larmor frequency/frequency of precession
causes resonance/excitation (of nuclei)/nuclei absorb energy
on relaxation/de-excitation, nuclei emit r.f./pulse

(emitted) r.f./pulse detected and processed

non-uniform magnetic field

allows position of nuclei to be located

allows for location of detection to be changed/different slices to be studied

any two of the points marked (1)

293. 9702_m21_MS 42 Q: 9

B1
(1)
B1
(1)
B1
B1
1)
B1
B1
(1)
B2

(8]

925

Answer Marks
(a) (magnetic) flux density x area x number of turns M1
area is perpendicular to (magnetic) field A1
(b) useoft=1.2s c1
. _ABAN c1
S At
_ 0.250%7x0.030% x540
1.2

=0.32v A1
(e)() light damping B1
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QL.

5 An o-particle and a P-particle are both travelling along the same path at a speed of
1.5x108ms™".

They then enter a region of uniform magnetic field as shown in Fig. 5.1.

_1.0cm

-

path of w-particle
and of B-particle =

1.0cm

A

Fig. 5.1

region of magnetic field
into plane of paper

The magnetic field is normal to the path of the particles and is into the plane of the paper.

(a) Show that, for a particle of mass m and charge g travelling at speed v normal to a
magnetic field of flux density B, the radius r of its path in the field is given by

mv

Bq

STEMUP.CO.UK
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{b) Calculate the ratio

radius of path of the u-particle

radius of path of the p-particle

ratio = ...cooiieiiiiiiiieiieieeceee. [3]

{c) The magnetic field has flux density 1.2 mT. Calculate the radius of the path of
(i) the a-particle,

L= [ R TS m

(ii} the p-particle.
PRS2 v i chss i s m
(3]

{(d) The magnetic field extends over a region having a square cross-section of side 1.0cm
(see Fig. 5.1). Both particles emerge from the region of the field.

On Fig. 5.1,

(i) mark with the letter A the position where the emergent c-particle may be detected,

(ii) mark with the letter B the position where the emergent B-particle may be detected.

(3]

STEMUP.CO.UK
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Q2.

6  Anideal iron-cored transformer is illustrated in Fig. 6.1.

input

primary
cail

{a) Explain why

"

caore

Fig. 6.1

output

secondary
coil

(i) the supply fo the primary coill must be alternating current, not direct current,

12

(i) for constant input power, the output current must decrease if the output voltage

increases.

STEMUP.CO.UK
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(b} Fig. 62 shows the variation with time { of the current Ip in the pnimary coil. There is no
current in the secondary coil.

Fig. 6.2

Fig. 6.3

STEMUP.CO.UK
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Fig. 6.4

(iy Complete Fig. 6.3 to show the variation with time { of the magnetic flux & in the
core. 1]

(ii) Complete Fig. 6.4 to show the variation with time ¢ of the em.f. E induced in the
secondary coil. [2]

(iii) Hence state the phase difference between the current Ip in the primary coil and the
e.m.f. E induced in the secondary coil.

phasedifference = ... 1]

Q3.

6 Two long, straight, current-carrying conductors, PQ and XY, are held a constant distance
apart, as shown in Fig. 6.1.

s P T

N AN

7 I

p U — X
Fig. 6.1

The conductors each carry the same magnitude current in the same direction.

A plan view from above the conductors is shown in Fig. 6.2

STEMUP.CO.UK
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current out current out
of paper _of paper

~5 0%

Fig. 6.2
(a) On Fig. 6.2 draw arrows, one in each case, to show the direction of

(i) the magnetic field at Q due to the current in wire XY (label this arrow B),

[1]

(ii) the force at Q as a result of the magnetic field due to the current in wire XY (label

this arrow F).

STEMUP.CO.UK
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Q4.

(b) (i) State Newton's third law of motion.

(c)

M

(ii) Use this law and your answer in (a){ii) to state the direction of the force on wire XY

Nl

The magnetic flux density B at a distance d from a long straight wire carrying a current
is given by

I

q-

Use this expression to explain why, under normal circumstances, wires carrying

alternating current are not seen to vibrate. Make reasonable estimates of the
magnitudes of the quantities involved.

B =20x10"7x

L[]

STEMUP.CO.UK
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8 A proton is moving with constant velocity v. It enters a uniform magnetic field that is normal
to the initial direction of motion of the proton, as shown in Fig 8.1.

proton
—-._ ______________________

velocity v

™ uniform magnetic field
into plane of paper

Fig. 8.1

A uniform electric field is applied in the same region as the magnetic field so that the proton
passes undeviated through the fields.

{a) On Fig. 8.1, draw an arrow labelled E to show the direction of the electric field. [1]

{b) The proton is replaced by other particles. The electric and magnetic fields remain
unchanged.

State and explain the deviation, if any, of the following particles in the region of the
fields.

{(b) The proton is replaced by other pariicles. The electric and magnetic fields remain
unchanged.

State and explain the deviation, if any, of the following particles in the region of the
fields.

(i) an c-particle with initial velocity v

K

(ii) an electron with initial velocity 2v

K

STEMUP.CO.UK
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Q5.

6 A small rectangular coil ABCD contains 140 turns of wire. The sides AB and BC of the coil
are of lengths 4 5cm and 2.8 cm respectively, as shown in Fig. 6.1.

pole-piece
of magnet ———__

—— axis of rotation

Fig. 6.1
The coil is held between the poles of a large magnet so that the coil can rotate about an axis
through its centre.
The magnet produces a uniform magnetic field of flux density B between its poles.

When the current in the coil is 170 mA, the maximum torque produced in the coil is
21 x1073Nm.

{a) For the coil in the position for maximum torque, state whether the plane of the coil is
parallel to, or normal to, the direction of the magnetic field.

{b) Forthe coil in the position shown in Fig. 6.1, calculate the magnitude of the force on

(i) side AB of the coil,

STEMUP.CO.UK
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(i) side BC of the coil.

(e) Use your answer to (b)(i) to show that the magnetic flux density B between the poles of
the magnet is 70mT.

[2]

(d) (i) State Faraday's law of electromagnetic induction.

(i) The current in the coil in (a) is switched off and the coil is positioned as shown in
Fig. 6.1.
The coll is then turned through an angle of 90° in a time of 0.14 5.
Calculate the average e.m.f. induced in the coil.

Q6.
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6 (a) Define the tesia.

L3

(b) A large horseshoe magnet produces a uniform magnetic field of flux density B between
its poles. Outside the region of the poles, the flux density is zero.

The magnet is placed on a top-pan balance and a stiff wire XY is situated between its
poles, as shown in Fig. 6.1.

fop-pan
balance

Fig. 6.1

STEMUP.CO.UK
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The wire XY is horizontal and normal to the magnetic field. The length of wire between
the poles is 4. 4cm.

A direct current of magnitude 2.6 A is passed through the wire in the direction from X
toY.

The reading on the top-pan balance increases by 2.39.

(i) State and explain the polarity of the pole P of the magnet.

(ii) Calculate the flux density between the poles.

MASHSIY S comn e o T [3]

{¢) The direct current in (b) is now replaced by a very low frequency sinusoidal current of
rm.s. value 2.6A.
Calculate the variation in the reading of the top-pan balance.

variation inreading = . g [2]

Q7.
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7 You are provided with a coil of wire, a bar magnet and a sensitive ammeter.

Outline an experiment to verify Lenz’s law.

STEMUP.CO.UK
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5

(a) A constant current is maintained in a long straight vertical wire. A Hall probe is positioned
a distance r from the centre of the wire, as shown in Fig. 5.1.

current-carrying

wire
Hall probe
/
Fi
/
RO R— o IO————
'—r” terminals to
; Hall probe circuitry
' and voltmeter
Fig. 5.1

(i) Explain why, when the Hall probe is rotated about the horizontal axis XY, the Hall
voltage varies between a maximum positive value and a maximum negative value.

(i) The maximum Hall voltage V|, is measured at different distances r.
Data for V, and the corresponding values of rare shown in Fig. 5.2

VH (A ricm
0.290 1.0
0.190 1.5
0.140 2.0
0.097 30
0.073 4.0
0.060 50
Fig. 5.2

Itis thought that V}, and r are related by an expression of the form

VH:

==

where k is a constant.

STEMUP.CO.UK
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1. Without drawing a graph, use data from Fig. 5.2 to suggest whether the
expression is valid.

[
2. A graph showing the variation with TI of ¥ is plotted.
State the features of the graph that suggest that the expression is valid.
.......................................................................................................................... [1

(b) The Hall probe in {a) is now replaced with a small coil of wire connected to a sensitive

voltmeter. The coil is aranged so that its plane is normal to the magnetic field of the
wire.

(i) State Faraday’s law of electromagnetic induction and hence explain why the
voltmeter indicates a zero reading.

.............................................................................................................................. [3]
(ii) State three different ways in which an e.m.f. may be induced in the coil.

L SRS

D

X S

(3]

STEMUP.CO.UK
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Qo.

Negatively-charged particles are moving through a vacuum in a parallel beam. The particles

have speed v.
The particles enter a region of uniform magnetic field of flux density 930uT. Initially, the

particles are travelling at right-angles to the magnetic field. The path of a single particle is
shown in Fig. 7.1,

negatively-charged - arc of radius 7.9cm
particles, speedv
\ uniform magnetic field,
flux density 930uT

Fig. 7.1
The negatively-charged particles follow a curved path of radius 7.9cm in the magnetic field.

A uniform electric field is then applied in the same region as the magnetic field. For an electric
field strength of 12 kvm!, the particles are undeviated as they pass through the region of

the fields.

{a) On Fig. 7.1, mark with an arrow the direction of the electric field. [1]

STEMUP.CO.UK
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(b) Calculate, for the negatively-charged particles,

(i) the speed v,

(ii) the ratio Charae
mass

Q10.

6 (a) A uniform magnetic field has constant flux density B. A straight wire of fixed length
carries a current I at an angle 8 to the magnetic field, as shown in Fig. 6.1.

magnetic field
flux density B

L

current-carrying
wire

Fig. 6.1
(i) The current I in the wire is changed, keeping the angle @ constant.

On Fig. 6.2, sketch a graph to show the variation with current I of the force F on the
wire.

STEMUP.CO.UK
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Fig. 6.2
[2]
(i)

The angle & between the wire and the magnetic field is now varied. The current [ is
kept constant.

On Fig. 6.3, sketch a graph to show the variation with angle @ of the force F on the
wire.

a/°
Fig. 6.3 3]

(k) A uniform magnetic field is directed at right-angles to the rectangular surface PQRS of a
slice of a conducting material, as shown in Fig. 6.4.

STEMUP.CO.UK
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uniform magnetic field

B 2 direction of
movement
g S/ « of electrons

Fig. 6.4

Electrons, moving towards the side SR, enter the slice of conducting material. The
electrons enter the slice at right-angles to side SR.

(i) Explain why, inttially, the electrons do not travel in straight lines across the slice
from side SR to side PQ.

(ii) Explain to which side, PS or QR, the electrons tend to move.

Q11.

STEMUP.CO.UK
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5

(a) State what is meant by a magnetic field.

(b) A charged particle of mass m and charge +q is travelling with velocity v in a vacuum.
It enters a region of uniform magnetic field of flux density B, as shown in Fig. 5.1.

region of
magnetic field

path of -
charged particle

Fig. 5.1

STEMUP.CO.UK
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The magnetic field is normal to the direction of motion of the particle. The path of the
particle in the field is the arc of a circle of radius r.

(i) Explain why the path of the particle in the field is the arc of a circle.

______________________________________________________________________________________________________________________________ [2]
(ii) Show that the radius r is given by the expression
i mv
~By
(2]

(c) A thin metal foil is placed in the magnetic field in (b).
A second charged particle enters the region of the magnetic field. It loses kinetic energy
as it passes through the foil. The particle follows the path shown in Fig. 5.2

region of

uniform
magnetic field

foil

Fig. 5.2

(i) On Fig. 5.2, mark with an arrow the direction of travel of the particle. [1]

STEMUP.CO.UK
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(ii) The path of the particle has different radii on each side of the foil.
The radii are 7.4cm and 5.7 cm.
Determine the ratio

final momentum of particle
initial momentum of particle

for the particle as it passes through the foil.

Q12.

5 A bar magnet is suspended vertically from the free end of a helical spring, as shown in
Fig. 5.1.

helical —
spring

magnet

coil —

Fig. 5.1

One pole of the magnet is situated in a coil. The coil is connected in series with a
high-resistance voltmeter.

The magnet is displaced vertically and then released.

The variation with time ¢ of the reading V of the voltmeter is shown in Fig. 5.2.

STEMUP.CO.UK

Exami


https://stemup.co.uk

%
) 3] 3]
i i i
T Il
! ! 1
i I T I
M M I
D hl, - ‘l. ‘t P
0 0.5 1.0 15 2 02 5775
\ \ \
] ]| ]|
L f L f LY f
Fig. 5.2

(a) (i) State Faraday's law of electromagnetic induction.

............................................................................................................................ [2]

(ii) Use Faraday's law to explain why

1. there is a reading on the voltmeter,

____________________________________________________________________________________________________________________________ [1]

2. this reading varies in magnitude,

____________________________________________________________________________________________________________________________ [1]

3. the reading has both positive and negative values.

............................................................................................................................ [1]

(b) Use Fig. 5.2 to determine the frequency f, of the oscillations of the magnet.

Exar
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(e) The magnet is now brought to rest and the voltmeter is replaced by a variable frequency
alternating current supply that produces a constant rm.s. current in the coil.
The frequency of the supply is gradually increased from 0.7, to 1.37,;, where f; is the
frequency calculated in (b).
On the axes of Fig. 5.3, sketch a graph to show the variation with frequency f of the
amplitude A of the new oscillations of the bar magnet.

f |
A
0 T T T =
0.7, fa 1316
f
[2]
Fig. 5.3
(d) (i) MName the phenomenon illustrated on your completed graph of Fig. 5.3.
............................................................................................................................ [1]
(ii) State one situation where the phenomenon named in (i) is useful.
____________________________________________________________________________________________________________________________ [

Q13.
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7 Two long straight parallel copper wires A and B are clamped vertically. The wires pass

through holes in a horizontal sheet of card PQRS, as shown in Fig. 7.1.

wire A

wire B

Fig. 7.1

(a) There is a current in wire A in the direction shown on Fig. 7.1.

On Fig. 7.1, draw four field lines in the plane PQRS to represent the magnetic field due

to the current in wire A.

(b) A direct current is now passed through wire B in the same direction as that in wire A.

The current in wire B is larger than the current in wire A.

(3]

(i) OnFig 7.1, draw an arrow in the plane PQRS to show the direction of the force on

wire B due to the magnetic field produced by the current in wire A.

[1]

(i) Wire A also experiences a force. State and explain which wire, if any, will experience

the larger force.

(c) The direct currents in wires A and B are now replaced by sinusoidal alternating currents

of equal peak values. The currents are in phase.

Describe the variation, if any, of the force experienced by wire B.

STEMUP.CO.UK
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Q14.

(a) Define the tesla.

(b) A horseshoe magnet is placed on a balance. A stiff metal wire is clamped horizontally
between the poles, as illustrated in Fig. 5.1.

horseshoe
magnet

stiff metal
wire

balance pan

Fig. 5.1

The magnetic flux density in the space between the poles of the magnet is uniform and
is zero outside this region.
The length of the metal wire normal to the magnetic field is 6.4 cm.

When a current in the wire is switched on, the reading on the balance increases by 2.4g.
The current in the wire is 5 6 A.

(i) State and explain the direction of the force on the wire due to the current.

STEMUP.CO.UK
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(ii) Calculate the magnitude of the magnetic flux density between the poles of the

magnet.

it density =:cvoumaninrereiisErniegs i

(c) A low frequency alternating current is now passed through the wire in (b).
The root-mean-square (r.m.s.) value of the current is 5.6 A.

Describe quantitatively the variation of the reading seen on the balance.

STEMUP.CO.UK
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5

(a) Define the tesla.

{(b) A long solenoid has an area of cross-section of 28 cmz, as shown in Fig. 5.1,

solenoid
area of cross-section
28cm?2

/

coil C
160 turns

Fig. 5.1

A coil C consisting of 160 turns of insulated wire is wound tightly around the centre of

the solenoid.

The magnetic flux density B at the centre of the solenoid is given by the expression
B=pgnl

where I is the current in the solenoid, n is a constant equal to 1.5 = 10°m~! and Uy is
the permeability of free space.

Calculate, for a current of 3.5A in the solenoid,

(i) the magnetic flux density at the centre of the solenoid,

Hux density' = =ocnvesnennesnrmus e TJ2]

STEMUP.CO.UK
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(ii) the flux linkage in the coil C.

Q16.

Fo
Exami
Usi
flux linkage = ... Wh [2]
(c) (i) State Faraday’s law of electromagnetic induction.
______________________________________________________________________________________________________________________________ 2]
(ii) The current in the solenoid in (b) is reversed in direction in a time of 0.80s.
Calculate the average e.m.f. induced in coil C.
emf = V2]
5 (a) Define the tesla.
!
..................................................................................................................................... [2]

STEMUP.CO.UK
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(b) Two long straight vertical wires X and Y are separated by a distance of 4.5cm, as

llustrated in Fig. 5.1.

1 |

——

: 4 5cm I

wire X \\\ wire Y
Q R
S
6.3A
Fig. 5.1

The wires pass through a horizontal card PORS.

The current in wire X is 6.3 A in the upward direction. Initially, there is no current in wire Y.
(i) OnFig. 5.1, sketch, in the plane PQRS, the magnetic flux pattern due to the current
in wire X. Show at least four flux lines. [3]
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(ii) The magnetic flux density B at a distance x from a long straight current-carrying
wire 1s given by the expression

where I is the current in the wire and g is the permeability of free space.

Calculate the magnetic flux density at wire ¥ due to the current in wire X.

flux density = .. T [2]

(iii) A current of 9.3 A is now switched on in wire Y. Use your answer in (ii) to calculate
the force per unit length on wire Y.

force perunitlength= .. N 2]

(¢) The currents in the two wires in (b)(iii) are not equal.
Explain whether the force per unit length on the two wires will be the same, or different.

Q17.
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6 (a) A charged particle may experience a force in an electric field and in a magnetic field.
State two differences between the forces experienced in the two types of field.

..[4]

(b) A proton, travelling in a vacuum at a speed of 4.5 x108m s, enters a region of uniform
magnetic field of flux density 0.12 T. The path of the proton in the field is a circular arc,
as illustrated in Fig. 6.1.

path of _ —+— region of uniform
proton T magnetic field
path of
proton

(i) State the direction of the magnetic field.

(ii) Calculate the radius of the path of the proton in the magnetic field.

= (0 [| D R

STEMUP.CO.UK
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(c) A uniform electric field is now created in the same region as the magnetic field in
Fig. 6.1, so that the proton passes undeviated through the region of the two fields.

(i) On Fig.6.1 mark, with an arrow labelled E, the direction of the electric field.

(ii) Calculate the magnitude of the electric field strength.

field strength = ........oovoievieeeeeee . V!
(3]

(d) Suggest why gravitational forces on the proton have not been considered in the
calculations in (b) and (c).

Q18.

7 A metal wire is held taut between the poles of a permanent magnet, as illustrated in Fig. 7.1.

@ ere P ] K/% %

9 clamp

Fig.7.1

STEMUP.CO.UK
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A cathode-ray oscilloscope (c.r.0.) is connected between the ends of the wire. The Y-plate
sensitivity is adjusted to 1.0mV cm™ and the time base is 0.5mscm™.

The wire is plucked at its centre. Fig. 7.2 shows the trace seen on the c.r.o.

1.0cm

1.0cm

Fig.7.2

(a) Making reference to the laws of electromagnetic induction, suggest why

(i) ane.m.f isinduced in the wire,

(ii) the e.m.f. is alternating.

STEMUP.CO.UK
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(b) Use Fig.7.2 and the c.r.o. settings to determine the equation representing the induced
alternating e.m.f.

SQUEHONT ... s s i s e s s s [9]

Q19.

5 (a) Define the tesla, the unit of magnetic flux density.

-2

(b) The aluminium frame ABCD of a window measures 85 cmx60cm, as illustrated in
Fig.5.1.

B
aluminium
frame ———_|

magnetic fleld ~

flux densty B5cm
18x10°T -

Fig. 5.1

STEMUP.CO.UK
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The window is hinged along the edge AB.

When the window is closed, the horizontal component of the Earth's magnetic field, of
flux density 1.8 xm“‘T, is normal to the window.

(i) Calculate the magnetic flux through the window.

magnetic flux =

(ii) The window is now opened in a time of 0.20 s. When open, the plane of the
window is parallel to the Earth’'s magnetic field.

Far the opening of the window,

1. state the change in flux through the window,

2. calculate the average e.m.f. induced in side CD of the frame.

(iii) Suggest, with a reason, whether the e.m.f. calculated in (ii)2 gives rise to a current
in the frame ABCD.

STEMUP.CO.UK
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Q20.

4 A small coil is positioned so that its axis lies along the axis of a large bar magnet, as shown

in Fig.4.1.
leads to
coil

o _ _ _ _ _ axisofcoil
and magnet

-

X i

' coil
Fig.4.1

The coil has a cross-sectional area of 0.40 cm? and contains 150 turns of wire.

The average magnetic flux density B through the coil varies with the distance x between the
face of the magnet and the plane of the coil as shown in Fig.4.2.

STEMUP.CO.UK
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80
I
B/mT X
60 i
N
A
A
40
20
= T4
0
0 5 10 15 20 25

x/cm

Fig.4.2

(a) (i) The coil is 5.0cm from the face of the magnet. Use Fig. 4.2 to determine the
magnetic flux density in the coil.

magnetic flux density = . T

(ii) Hence show that the magnetic flux linkage of the coil is 3.0 x 10~4Wh.

[3]
(b) State Faraday's law of electromagnetic induction.
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(c) The coil is moved along the axis of the magnet so that the distance x changes from
x=90cmtox=150cm in a time of 0.30 5. Calculate

(i) the change in flux linkage of the coil,

(ii) the average e.m.f. induced in the coil.

(d) State and explain the variation, if any, of the speed of the coil so that the induced e.m 1.
remains constant during the movement in (¢).

Q21.
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5 A charged particle passes through a region of uniform magnetic field of flux density 0.74 T,
as shown in Fig.5.1.

region of uniform
magnetic field

path of
charged particle

Fig.5.1
The radius r of the path of the particle in the magnetic field is 23 cm.

(@) The particle is positively charged. State the direction of the magnetic field.

(b) (i) Show that the specific charge of the particle (the ratio % of its charge to its mass)
is given by the expression

where v is the speed of the particle and B is the flux density of the field.

[2

STEMUP.CO.UK
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(i) The speed v of the particle is 8.2 x 105ms-1. Calculate the specific charge of the
particle.

specificcharge = ... Ckgl [2]

(¢) (i) The particle in {b) has charge 1.6 x 10~"¥C. Using your answer to (b)(ii), determine
the mass of the particle in terms of the unified atomic mass constant .

Mass= ... U [2]

(ii} The particle is the nucleus of an atom. Suggest the composition of this nucleus.

]

Q22.

5 ({a) An electron is accelerated from rest in a vacuum through a potential difference of
1.2%10%V.
Show that the final speed of the electron is 6.5x 10 ms1.

(2]

STEMUP.CO.UK

T

Use


https://stemup.co.uk

{b) The accelerated electron now enters a region of uniform magnetic field acting into the
plane of the paper, as illustrated in Fig.5.1.

magnetic field into
plane of paper

path of
electron

Y
X
x
x

Fig. 5.1

(iy Describe the path of the electron as it passes through, and beyond, the region of
the magnetic field. You may draw on Fig. 5.1 if you wish.

pathiwithin el o vmrmmernmormerrsi e e o

(ii) State and explain the effect on the magnitude of the deflection of the electron in the
magnetic field if, separately,

1. the potential difference accelerating the electron is reduced,

2. the magnetic field strength is increased.

Q23.
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6

{a) Define magnetic flux density.

(b) A flat coil consists of A turns of wire and has area A. The coil is placed so that its plane
is at an angle @ to a uniform magnetic field of flux density B, as shown in Fig. 6.1.

flat coll area A

Y
Y

magnetic field o
flux density B -

Y

Y

Fig. 6.1

Using the symbols A, B, N and & and making reference to the magnetic flux in the coil,
derive an expression for the magnetic flux linkage through the coil.

STEMUP.CO.UK
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(c) (i) State Faraday’s law of electromagnetic induction.

______________________________________________________________________________________________________________________________ 2]
{ii) The magnetic flux density B in the coil is now made to vary with time t as shown in
Fig.6.2.
B
0 | I I
0 T 2T 3T t
| I |
| I | Fig. 6.2
| I |
| I |
| I |
| I |
£ | | |
| I |
| I |
| I |
| I |
| I |
| I |
0! | | | -
T 2T 3T f
| I |
| I | Fig. 6.3
| I |
| I |
| I |
| I |

On Fig. 6.3, sketch the variation with time t of the em.f. Einduced in the coil.  [3]

Q24.
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5 A metal disc is swinging freely between the poles of an electromagnet, as shown in Fig. 5.1.

metal disc

T pole-piece of
electromagnet

Fig. 5.1

When the electromagnet is switched on, the disc comes to rest after a few oscillations.

(a) (i) State Faraday's law of electromagnetic induction and use the law to explain why an
em.f is induced in the disc.

.............................................................................................................................. 2]
(ii) Explain why eddy currents are induced in the metal disc.
______________________________________________________________________________________________________________________________ [2]
(b) Use energy principles to explain why the disc comes to rest after a few oscillations.
_____________________________________________________________________________________________________________________________________ [3]

Q25.
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6

(b) A coil of wire consisting of two loops is suspended from a fixed point as shown in

(a) A straight conductor carrying a current I is at an angle @ to a uniform magnetic field of
flux density B, as shown in Fig. 6.1.

magnetic field,

flux density B
i) a\ /Ba\ /8 current J

Fig. 6.1

The conductor and the magnetic field are both in the plane of the paper. State

(i) an expression for the force per unit length acting on the conductor due to the
magnetic field,

force pertnitlength = o v pnn s v s s g L] [1]

(ii) the direction of the force on the conductor.

Fig. 6.2.

~$075¢cm

94cm

Fig. 6.2

Each loop of wire has diameter 9.4 cm and the separation of the loops is 0.75cm.
The coil is connected into a circuit such that the lower end of the coil is free to move.

(i) Explain why, when a current is switched on in the coil, the separation of the loops of
the coil decreases.

STEMUP.CO.UK
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(ii) Each loop of the coil may be considered as being a long straight wire.
In S1 units, the magnetic flux density B at a distance x from a long straight wire
carrying a current I'is given by the expression
B=20x107L
X
When the current in the coil is switched on, a mass of 0.26 g is hung from the free

end of the coll in order to return the loops of the coil to their original separation.
Calculate the current in the coil.

CUEFEHE S mn s mas A 4]

Q26.
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8 (a) Describe what is meant by a magnetic field.

(b) A small mass is placed in a field of force that is either electric or magnetic or
gravitational.
State the nature of the field of force when the mass is

(i) charged and the force is opposite to the direction of the field,

.............................................................................................................................. [1

(ii) uncharged and the force is in the direction of the field,
______________________________________________________________________________________________________________________________ [1

(iii) charged and there is a force only when the mass is moving,
______________________________________________________________________________________________________________________________ [1]

(iv) charged and there is no force on the mass when it is stationary or moving in a
particular direction.

Q27.
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6 The current in a long, straight vertical wire is in the direction XY, as shown in Fig. 6.1.
Y
W
D
A B
i
X
Fig. 6.1

(a) On Fig. 6.1, sketch the pattern of the magnetic flux in the horizontal plane ABCD due to
the current-carrying wire. Draw at least four flux lines. [3]

{b) The current-carrying wire is within the Earth’s magnetic field. As a result, the pattern drawn
in Fig. 6.1 is superposed with the horizontal component of the Earth's magnetic field.

Fig. 6.2 shows a plan view of the plane ABCD with the current in the wire coming out of

the plane.
D C
A /| A A
magnetic field current out of
of Earth ————___ _— plane ABCD
— | =
- =
B”d_’-_
A B
Fig. 6.2

The horizontal component of the Earth’s magnetic field 1s also shown.

STEMUP.CO.UK
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(i) On Fig. 6.2, mark with the letter P a point where the magnetic field due to the
current-carrying wire could be equal and opposite to that of the Earth. [

(ii) For along, straight wire carrying current I, the magnetic flux density B at distance r
from the centre of the wire is given by the expression

. I
B=thon

where ug is the permeability of free space.

The paint P in (i) is found to be 1.9cm from the centre of the wire for a cumrent of
1.7A.

Calculate a value for the horizontal component of the Earth’'s magnetic flux density.

i density = wrossamrsssinsnaunsgs T [2]

(c) The current in the wire in (b)(ii) is increased. The point P is now found to be 2 8cm from
the wire.

Determine the new current in the wire.

CURENES covmemren e mmer e o A [2]

Q28.
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5 Two long straight vertical wires X and Y pass through a haorizontal card, as shown in

Fig:5.1.

horizontal
card

L~

\
|

PRt

- wire'Y

Fig. 5.1

The current in each wire is in the upward direction.

The top view of the card, seen by looking vertically downwards at the card, is shown in

Fig. 5.2.

card _
~

current out
of card

wire X

wire Y

current out
of card

Fig. 5.2 (not to scale)
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Q29.

(a)

(b)

(i)

On Fig. 5.2,

(i) draw four field lines to represent the pattern of the magnetic field around wire X due
solely to the current in wire X, 2]

(ii) draw an arrow to show the direction of the force on wire Y due to the magnetic field
of wire X_ [1]

The magnetic flux density B at a distance x from a long straight wire due to a current I'in
the wire is given by the expression

g= Mo

2nx’

where g is the permeability of free space.

The current in wire X is 5.0A and that in wire Y is 7.0A. The separation of the wires is
2.5¢cm.

(i) Calculate the force per unit length on wire Y due to the current in wire X

force perunitlength= Nm~! [4]

The currents in the wires are not equal.

State and explain whether the forces on the two wires are equal in magnitude.

STEMUP.CO.UK
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6  Anideal transformer is illustrated in Fig. 6.1 For

Evaminers
Use
primary coil secondary coil
input ~ e output
= _
— soft-iron core

Fig. 6.1
(a) (i) State Faraday's law of electromagnetic induction.

(ii) Use the law to explain why a transformer will not operate using a direct current
input.

(b) (i) State Lenz's law.

(ii) Use Lenz’s law to explain why the input potential difference and the output e.m.f.
are not in phase.

STEMUP.CO.UK
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(c) Electrical energy is usually transmitted using alternating high voltages.

Suggest one advantage, for the transmission of electrical energy, of using

(1) alternating VoRage,

(i) ION VO aE . e

Q30.

5 Positive ions are travelling through a vacuum in a namrow beam. The ions enter a region of

uniform magnetic field of flux density B and are deflected in a semi-circular arc, as shown in
Fig.5.1.

detector uniform magnetic
L field

//

12.8cm

beam of
positive ions

|

Fig. 5.1

The ions, travelling with speed 1.40 x 10°ms~!, are detected at a fixed detector when the
diameter of the arc in the magnetic field is 12.8cm.

STEMUP.CO.UK
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(a) By reference to Fig. 5.1, state the direction of the magnetic field.

(b) Theions have mass 20u and charge +1.6 x 10-12C_ Show that the magnetic flux density
is 0.454 T. Explain your working.

[3]

(c) lons of mass 22u with the same charge and speed as those in (b) are also present in
the beam.

(i) On Fig. 5.1, sketch the path of these ions in the magnetic field of magnetic flux
density 0.454 T. [1

(ii) In order to detect these ions at the fixed detector, the magnetic flux density is

changed.
Calculate this new magnetic flux density.

magneticfluxdensity = .. ... T [2]

Q31.
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The poles of a horseshoe magnet measure 5.0cm = 2.4cm, as shown in Fig. 5.1. For

- Examiner’s
DO i WA e Use
direction of
movement
of wire '|
copper wire /
/ 50cm
o1 pole piece
of magnet
Fig. 5.1
The uniform magnetic flux density between the poles of the magnet is 89mT. Outside the
region of the poles, the magnetic flux density is zero.
A stiff copper wire is connected to a sensitive ammeter of resistance 0.12 Q. A student moves
the wire at a constant speed of 1.8m 57! between the poles in a direction parallel to the faces
of the poles.
(a) Calculate the magnetic flux between the poles of the magnet.
magneticflux= . Wb [2]

(b) (i) Use your answer in (a) to determineg, for the wire moving between the poles of the
magnet, the e.m f. induced in the wire.

STEMUP.CO.UK
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(ii) Show that the reading on the ammeter is approximately 70 mA.

[1]
(c) By reference to Lenz’s law, a force acts on the wire to oppose the motion of the wire.

The student who moved the wire between the poles of the magnet claims not to have

felt this force.
Explain quantitatively a reason for this claim.

STEMUP.CO.UK
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7  Electrons are moving through a vacuum in a namrow beam. The electrons have speed v. For
The electrons enter a region of uniform magnetic field of flux density B. Initially, the electrons  |examiners
are travelling at a right-angle to the magnetic field. Use
The path of a single electron is shown in Fig. 7.1.

region of magnetic field
_— flux density B

//

electron

—
A i

speed v

Fig. 7.1
The electrons follow a curved path in the magnetic field.

A uniform electric field of field strength E is now applied in the same region as the magnetic
field.

The electrons pass undeviated through the region of the two fields.

Gravitational effects may be neglected.

(a) Derive a relation between v, E and B for the electrons not to be deflected. Explain your
working.

(b) An a-particle has speed v and approaches the region of the two fields along the same
path as the electron. Describe and explain the path of the a-particle as it passes through
the region of the two fields.

Q33.
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3 A bar magnet is suspended from the free end of a helical spring, as illustrated in Fig. 3.1.

Xy
; =
helical —_ __%
spring =
S
-

magnet—_
coil .

! S

Fig. 3.1

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

The magnet is displaced vertically and then released. As the magnet passes through its rest
position, a timer is started. The variation with time t of the vertical displacement y of the
magnet from its rest position is shown in Fig. 3.2

20
y/lcm

1.0

- ——

t/s

————

I
i o

Se==smmd

-1.0

-

Fig. 3.2

At time f = 4.05s, the switch is closed.

Examiner:
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(b) (i) State Faraday's law of electromagnetic induction.

(ii) Explain why, after time t = 4.05, the amplitude of vibration of the magnet is seen to
decrease.

Q34.
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Positively charged particles are travelling in a vacuum through three narrow slits 5, 5, and

5
83, as shown in Fig. 5.1.
5 5, 5,
beam of
charged .__ -: i R - R ]

particles

direction of
electric field

Fig. 5.1

Each particle has speed v and charge ¢.
There is a uniform magnetic field of flux density B and a uniform electric field of field strength

E in the region between the slits 5, and S,

(a) State the expression for the force F acting on a charged particle due to

(i) the magnetic field,

(ii) the electric field.

Exami
Lsi

{b) The eleciric field acts downwards in the plane of the paper, as shown in Fig. 5.1.
State and explain the direction of the magnetic field so that the positively charged

particles may pass undeviated through the region between slits S, and S

Q35.
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6

(a) Define the tesfa.

(b) A charged particle of mass m and charge +q is travelling with velocity v in a vacuum. It
enters a region of uniform magnetic field of flux density B as shown in Fig. 6.1.

particle

mass m, charge +q

A

uniform magnetic field
flux density B

Fig. 6.1

The magnetic field is normal to the direction of motion of the particle. The path of the
particle in the field is the arc of a circle of radius r.

(i) Explain why the path of the particle in the field is the arc of a circle.

_____________________________________________________________________________________________________________________________ 2]
(ii) Show that the radius ris given by the expression
= mv
Bg’
[1]

STEMUP.CO.UK
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(c) A uniform magnetic field is produced in the region PARS, as shown in Fig. 6.2.

P Q

uniform
magnetic field

Fig. 6.2

The magnetic field is normal to the page.
At point X, a gamma-ray photon interaction causes two particles to be formed. The paths
of these particles are shown in Fig. 6.2,

(i) Suggest, with a reason, why each of the paths is a spiral, rather than the arc of a
circle.
............................................................................................................................. [2]
(ii) State and explain what can be deduced from the paths about
1. the charges on the two particles,
2]
2. the initial speeds of the two particles.
----------------------------------------------------------------------------------------------------------------------------- [2]

STEMUP.CO.UK
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Q36.

6 (a) (i) Statethe condition for a charged particle to experience a force in a magnetic field.

(ii) State an expression for the magnetic force F acting on a charged particle in a
magnetic field of flux density B. Explain any other symbols you use.

(b) A sample of a conductor with rectangular faces is situated in a magnetic field, as shown
inFig.6.1.

direction of
magnetic fisld |

B C
1
1
i
1 - ——
= < s direction of
o Sl movement
A .. D of electrons
EX H

Fig. 6.1
The magnetic field is normal to face ABCD in the downward direction.

Electrons enter face CDHG at right-angles to the face. As the electrons pass through
the conductar, they experience a force due to the magnetic field.

(i) On Fig. 6.1, shade the face to which the electrons tend to move as a result of this
force. [

(ii) The movement of the electrons in the magnetic field causes a potential difference
between two faces of the conductor.

Using the lettering from Fig. 6.1, state the faces between which this potential
difference will occur.

STEMUP.CO.UK
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(¢) Explain why the potential difference in (b) causes an additional force on the moving
electrons in the conductor.

Q37.

7 (a) State Lenz's law.

(b) A simple transformer with a soft-iron core is illustrated in Fig. 7.1.

laminated
" soft-iron core

input b output
/./'
primary
coil secondary
coil
Fig. 7.1

STEMUP.CO.UK
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(i) Explain why the core is
1. made of iron,

______________________________________________________________________________________________________________________________ [
2.  laminated.
______________________________________________________________________________________________________________________________ 2]
(ii) Ane.mf is induced in the secondary coil of the transformer.
Explain how a current in the primary coil gives rise to this induced e.m f.
______________________________________________________________________________________________________________________________ [4]

Q38.
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4 A proton of mass m and charge +q is travelling through a vacuum in a straight line with
speed v.
It enters a region of uniform magnetic field of magnetic flux density B, as shown in Fig. 4.1.

region of
uniform
magnetic field

proton
mass m

charge +q

Fig.4.1
The magnetic field is normal to the direction of motion of the proton.

(a) Explain why the path of the proton in the magnetic field is an arc of a circle.

(b) The angular speed of the proton in the magnetic field is w.
Derive an expression for @ in terms of B, g and m.

Q39.
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5 (a) State the relation between magnetic flux density 8 and magnetic flux @, explaining any

other symbaols you use.

(b) A large harseshoe magnet has a uniform magnetic field between its poles. The magnetic
field is zero outside the space between the poles.
A small Hall probe is moved at constant speed along a line XY that is midway between,
and parallel to, the faces of the poles of the magnet, as shown in Fig. 5.1.

Hall
probe

pole of
magnet

Fig. 5.1

STEMUP.CO.UK
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An e.m f is produced by the Hall probe when it is in the magnetic field.
The angle between the plane of the probe and the direction of the magnetic field is nat
varied.

On the axes of Fig. 5.2, sketch a graph to show the variation with time ¢ of the e.m.f. V},
produced by the Hall prabe.

A
Vy

)

probe enters probe leaves
magnetic magnetic
field field
Fig. 5.2
[2]
(e) (i) State Faraday's law of electromagnetic induction.
______________________________________________________________________________________________________________________________ [2]

(ii) The Hall probe in (b} is replaced by a small flat coil of wire. The coil is moved at
constant speed along the line XY. The plane of the coil is parallel to the faces of the
poles of the magnet.

On the axes of Fig. 5.3, sketch a graph to show the variation with time ¢ of the
e.m.f. E induced in the coil.

£ | |
i i
| |
| |
| |
| |
| 1
-
i : : f

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

coll enters coll leaves

magnetic magnetic

field field

Fig. 5.3
[3]
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Q40.

5 (a) An incomplete diagram for the magnetic flux pattern due to a current-carrying solenoid
15 illustrated in Fig. 5.1.

\ /
l,l’ll
\ /
ANA AN Ao A A 1/! fat
Ny —1
S S e 0 N
/”:: - — - — -:: ]
/‘L v k% W k% J k= kS W
{ p direction \
of current

Fig. 5.1

(i) On Fig. 5.1, draw arrows on the field lines to show the direction of the magnetic
field. [n

(ii) State the feature of Fig. 5.1 that indicates that the magnetic field strength at each
end of the solenoid is less than that at the centre.

(b) A Hall probe is placed near one end of the solenoid in (a), as shown in Fig. 5.2.

=<

fa)

>

. . o
to circuit >—1_: __Hall probe
for Hall prc:ube:> g

.|_

al n [a ) [at 0 a [al
)
XI \- W W W W W W
Fig. 5.2

The Hall probe is rotated about the axis XY. State and explain why the magnitude of the
Hall voltage varies.

STEMUP.CO.UK
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(c) (i)

Q41.

(ii)

State Faraday's law of electromagnetic induction.

The Hall probe in (b) is replaced by a small coil of wire connected to a sensitive

voltmeter.
State three different ways in which an e.m.f. may be induced in the coil.

STEMUP.CO.UK
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6 A charged particle of mass m and charge —q is travelling through a vacuum at constant
speed v.

It enters a uniform magnetic field of flux density B. The initial angle between the direction of
motion of the particle and the direction of the magnetic field is 90°.

(a) Explain why the path of the particle in the magnetic field is the arc of a circle.

...................................................................................................................................... [3]
(b) The radius of the arc in (a) is 1.
Show that the ratio % for the particle is given by the expression
o _ X
m_ Br’
[1]

(c) The initial speed v of the particle 15 2.0 x 107ms~!. The magnetic flux density B is
25 %103

The radius r of the arc in the magnetic field is 4 Sem.

(i) Use these data to calculate the ratio r%

STEMUP.CO.UK
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(ii) The path of the negatively-charged particle before it enters the magnetic field is
shown in Fig. 6.1.

magnetic field into
plane of paper

path of
particle

Fig. 6.1

The direction of the magnetic field is into the plane of the paper.

On Fig. 6.1, sketch the path of the particle in the magnetic field and as it emerges
from the field. 2]

Q42.
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5 A uniform magnetic field of flux density B makes an angle & with a flat plane PQRS, as
shown in Fig. 5.1.

Q
P ]
.-~ 4] magnetic field
o flux density B
8]
R
S
Fig. 5.1

The plane PQRS has area A.

(a)

(b)

State

(i) what is meant by a magnetic field,

(ii) an expression, in terms of A, B and &, for the magnetic flux & through the plane
PQRS.

A vertical aluminium window frame DEFG has width 52 cm and length 95 cm, as shown
in Fig. 5.2.

B -
hinge D /
\1 95cm

hinge __

oy
\

Fig.5.2

The frame is hinged along the vertical edge DG.

The horizontal component By, of the Earth’s magnetic field is 1.8 x 107°T. For the closed
window, the frame is normal to the horizontal component By.

The window is opened so that the plane of the window rotates through 90°.

STEMUP.CO.UK
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(i) Explain why, when the window is opened, the change in magnetic flux linkage due
to the vertical component of the Earth’s magnetic field is zero.

(ii) Calculate, for the window opening through an angle of 90°, the change in magnetic
flux linkage.

change influx linkage = ... Wb [2]

(c) (i) State Faraday's law of electromagnetic induction.

(ii) The window in (b) is opened in a time of 0.30s.
Use your answer in (b)(ii) to calculate the average e.m.f. induced in the window

frame.

(iii) State the sides of the window frame between which the e.m.f. is induced.

between side ... andside ... (1

Q43.
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6 A particle has mass m and charge +q and is travelling with speed v through a vacuum.

The initial direction of travel is parallel to the plane of two charged horizontal metal plates, as

shown in Fig. 6.1.

+V

metal plate

path of particle

metal plate

Fig. 6.1

The uniform electric field between the plates has magnitude 2.8 = 104vm! and is zero

outside the plates.

The particle passes between the plates and emerges beyond them, as illustrated in Fig. 6.1.

(a) Explain why the path of the particle in the electric field is not an arc of a circle.

{b) A uniform magnetic field is now formed in the region between the metal plates. The
magnetic field strength is adjusted so that the positively charged particle passes

undeviated between the plates, as shown in Fig. 6.2.

+V

path of particle

region of uniform
electric and magnetic
fields

path of particle

Examiner’s
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(i) State and explain the direction of the magnetic field.

For
Evaminer’s
.................................................................................................................................. LI‘SE

______________________________________________________________________________________________________________________________ 2]
(ii) The particle has speed 4.7 x 10°ms~1.

Calculate the magnitude of the magnetic flux density.

Explain your working.

magnetic A density = e i ms s T 3]

(c) The particle in (b) has mass m, charge +g and speed v.
Without any further calculation, state the effect, if any, on the path of a particle that has

(i) mass m, charge —g and speed v,

.............................................................................................................................. [1]
(ii) mass m, charge +q and speed 2v,
______________________________________________________________________________________________________________________________ 1]
(iii) mass 2m, charge +q and speed v.
______________________________________________________________________________________________________________________________ 1

Q44.
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7

A solenoid is connected in series with a battery and a switch. A Hall probe is placed close to one

end of the solenoid, as illustrated in Fig.7.1.

solenoid
A,

\

frea

2N

[/

%%

v,

-~

Fig.7.1

Hall probe

The current in the solenoid is switched on. The Hall probe is adjusted in position to give the

maximum reading. The current is then switched off.

(a) The current in the solenoid is now switched on again. Several seconds later, it is switched off.

The Hall probe is not moved.

On the axes of Fig. 7.2, sketch a graph to show the variation with time t of the Hall voltage V|,

Y

current
switched on

Fig.7.2

current

switched off
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(b) The Hall probe is now replaced by a small coil. The plane of the coil is parallel to the end of

the solenoid.

(i) State Faraday's law of electromagnetic induction.

(i} On the axes of Fig.7.3, skeich a graph to show the variation with time t of the em.f. E
induced in the coil when the current in the solenoid is switched on and then switched off.

Ek

current
switched on

Q45.

current
switched off
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5 A Hall probe is placed a distance d from a long straight current-carrying wire, as illustrated in
Fig.5.1.

currem—parrying M 4.0A
wire ™
H“‘\-R_ Hall probe

Fig.5.1
The direct current in the wire is 4.0 A. Line XY is normal to the wire.

The Hall probe is rotated about the line XY to the position where the reading Vi, of the Hall probe
is maximum.

(a) The Hall probe is now moved away from the wire, along the line XY.
On the axes of Fig.5.2, sketch a graph to show the variation of the Hall voltage V|, with
distance x of the probe from the wire. Numerical values are not required on your sketch.

Vi

Fig.5.2


https://stemup.co.uk

(b) The Hall probe is now returned to its original position, a distance d from the wire.

(c)

At this point, the magnetic flux density due to the current in the wire is proportional to the
current.

For a direct current of 4.0 A in the wire, the reading of the Hall probe is 3.5mV.
The direct current is now replaced by an alternating current of root-mean-square (r.m.s.)
value 4.0 A. The period of this alternating current is T.

On the axes of Fig.5.3, sketch the variation with time t of the reading of the Hall voltage V,, for
two cycles of the alternating current. Give numerical values for V|, where appropriate.

Fig.5.3
[3]

A student suggests that the Hall probe in (a) is replaced with a small coil connected in series
with a millivoltmeter. The constant current in the wire is 4.0 A.

In order to obtain data to plot a graph showing the variation with distance x of the magnetic
flux density, the student suggests that readings of the millivoltmeter are taken when the coil is
held in position at different values of x.

Comment on this suggestion.


https://stemup.co.uk

6 (a) Explain the use of a uniform electric field and a uniform magnetic field for the selection of the
velocity of a charged particle. You may draw a diagram if you wish.

-3

(b) lons, all of the same isotope, are travelling in a vacuum with a speed of 3.6 x10*ms™".
The ions are incident normally on a uniform magnetic field of flux density 640mT. The ions
follow semicircular paths A and B before reaching a detector, as shown in Fig. 6.1.

PR detector

———Vacuum

“— uniform magnetic
field, flux density
640mT

Fig. 6.1

Data for the diameters of the paths are shown in Fig. 6.2.

path diameter/cm
A 6.2
B 124
Fig.6.2

The ions in path B each have charge +1.6x10~1°C.

STEMUP.CO.UK
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(i) Determine the mass, in u, of the ions in path B.

MASS = .oooieeeeeieeeeeeeeeeeenreeeeeeeeenesnnnnneenens U [4]

(ii) Suggest and explain guantitatively a reason for the difference in radii of the paths A and
B of the ions.

Q47.

6 A stiff straight copper wire XY is held fixed in a uniform magnetic field of flux density 2.6 x107°T,
as shown in Fig. 6.1.

stiff wire

X/
~
\\\ uniform magnetic field
\Q& flux density 2.6 x 103 T
4.7cm \@o

Fig. 6.1

The wire XY has length 4.7 cm and makes an angle of 34* with the magnetic field.

STEMUP.CO.UK
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(a) Calculate the force on the wire due to a constant current of 5.4 A in the wire.

(b) The current in the wire is now changed to an alternating current of r.m.s. value 1.7 A.

Determine the total variation in the force on the wire due to the alternating current.

variation inforce = ... N [3]

STEMUP.CO.UK
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QL.

Q2.

Q3.

6

Q4.

5 (a)

(b)

(c)

(d)

6 (a) (i)

(ii)

(b) (i)
(ii)

cartrinelal Foroe = mWAR oo
magnelic foroe F= B i nni e i i
(hRNCE) IIVTES BOW sttt dsssc s e ot e ssnsins

rofrg = (mufmg) x | t;raf‘q;

=(4x 166 x 102 ftQ 11x 10" xE}

=3.64x 10°.

(i) =f4x1aﬁxm”x1sxmﬁ}:ﬁzxm xzxmxm‘“}

=259m ..

U =S SRR T = T I T A onresschimsrsiiiprns bbbimsn s ot

(i) deflected upwards. ...
but close to original d|rectnn

(if) opposite direction to a-particle and ‘through side’ ...

flux/field in core must be changing
so that an e.m.f./current is induced in the secondary

power = VI
output power is constant so if Vs increases, Is decreases

same shape and phase as Iz graph

same frequency
correct phase w.r.t. Fig. 6.3

(iii) ¥ rad or 90°

(a) (i)
(i)
(b) (i)

(i)

arrow B in correct direction (down the page)
arrow F in correct direction (towards Y)

When two bodies interact, force on one body is equal but opposite in
direction to force on the other body.

direction opposite to that in (a)(ii)

(c) suggested reasonable values of / and d
mention of expression F = BIL
force between wires is small
compared to weight of wire

STEMUP.CO.UK

B1
B1
B1

LG

A2

A2

Al

. |
- B1

B1

M1
A1

M1
A1

B1

M1
A1

B1

B1

B1

B1

B1

B1
B1
M1
Al

(3]

(3]

(3]

[2]

[2]
]

[2]
(1]

[2]

!
1

[4]
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8

Q5.

6

Q6.

(a) arrow labelled E pointing down the page

(b) (i)

(i)

Bqgv = gE
forces are independent of mass and charge ‘cancels’
so no deviation

magnetic force > electric force
so deflects
‘downwards’

(a) parallel (to the field)

(b) (i)

(ii)

(¢) F =

torque = Fxd

21x107° = Fx28x 107

F = 0.075N

(use of 4.5 cm scores no marks)

Zero

BIL N(sing)

0075 = Bx0.170 x 4.5 x 1072 x 140

B =

(d) (i)

7.0x102T = 70 mT

(induced) e.m.f. is proportional to / equal to rate of change of
(magnetic) flux (linkage)

(ii) change in flux linkage = BAN
= 0.070 x4.5x 102 x 2.8 x 1072 x 140
= 0.0123 Wb turns
induced e.m.f = 0.0123/0.14

= 88 mV
(Note: This is a simplified treatment. A full treatment would involve the
averaging of B cosé leading to a 2 factor)

STEMUP.CO.UK

B1
M1
M1
A1

M1
M1

B1

C1
A1l

A1l

C1
M1
AO

M1

C1

C1
A1l

(]

[3]

[3]

(1]

[2]

(1]

[2]

[2]

3]
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Q7.

Q8.

QO.

5

(a) unit of magnetic flux density / magnetic field strength
(uniform) field normal to wire carrying current of 1A
giving force (per unit length) of 1N m™

(b) (i) force on magnet/balance is downwards (so by Newton's third law)
force on wire is upwards
pole P is a north pole

(i) F = BIL and F = mg (g missing, then 0/3 in (ii))
23%x10%%9.8 = Bx26x4.4 %107 (g = 10, loses this mark)
B=020T

(c) reading for maximum current = 2.3 x V2
total variation = 2 x 2.3 x 2
6.54g

coil in series with meter (do not allow inclusion of a cell)

push known pole into coil

observe current direction (not reading)

(induced) field / field from coil repels magnet

either states rule to determine direction of magnetic field in coil

or reversing magnet direction gives opposite deflection on meter
direction of induced current such as to oppose the change producing it

(a) (i) V,dependson angle between (plane of) probe and B-field
either V3 max when plane and B-field are normal to each other
or Vi zero when plane and B-field are parallel
or Vy depends on sine of angle between plane and B-field

(i) 1 calculates Vyr at least three times
to 1 s.f. constant so valid or approx constant so valid
or to 2 s.f., not constant so invalid

2 straight line passes through origin
(b) (i) e.m.f. induced is proportional / equal to
rate of change of (magnetic) flux (linkage)
constant field in coil / flux (linkage) of coil does not change
(ii) e.g. vary current (in wire) / switch current on or off / use a.c. current

rotate coil
move coil towards / away from wire (1 mark each, max 3)

STEMUP.CO.UK

B1
B1

B1

B1
B1

B1
M1
A1

B1
M1

C1
C1
A1

C1

A1

B1

B1

M1

Al

B1

M1

B1

B3

3]

8]

B

[2]

[6]

[2

[2
(1

[3]

[3]
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7 (a) armrow pointing up the page

(b) (i) Eg = Bgv
v = (12x 10 /(930 x 107
=13x10"ms™

(i) Bgv = mve/r
g/m = (1.3 x107)/ (7.9 x 107 x 930 x 107%)
= 1.8 x 10" C kg™

Q10.

6 (a) (i) straight line with positive gradient
through origin

(ii) maximum force shown at &= 90°
zero force shown at #=0°
reasonable curve with F about ¥z max at 30°

(b) (i) force on electron due to magnetic field
force on electron normal to magnetic field and direction of electron

(ii) quote / mention of (Fleming's) left hand rule
electron moves towards QR

Q11.

5 (a) region (of space) where there is a force
either on/ produced by magnetic pole
or on / produced by current carrying conductor / moving charge

(b) (i) force on particle is (always) normal to velocity / direction of travel
speed of particle is constant
(ii) magnetic force provides the centripetal force
mv | r=Bgv
r=mv/Bg
(c) (i) direction from ‘bottom to top’ of diagram
(ii) radius proportional to momentum
ratio=57/74

=0.77
(answer must be consistent with direction given in (c)(i))

Q12.
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M1

Al

B1

B1

B1

A0

B1

C1

Al

B1

(o]
C1
A1

C1
C1
A1l

M1
A1

M1
M1
Al

B1

B1

M1
A1

1

[3]

[3]

[2]

[3]

[2]

[2]

[2]

[2]

[2]

(1]

[2
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5 (a) (i) (induced)e.mf. proportional to
rate of change of (magnetic) flux (linkage) / rate of flux cutting

(i) 1. moving magnet causes change of flux linkage

2. speed of magnet varies so varying rate of change of flux
3. magnet changes direction of motion (so current changes direction)

(b) period = 0.75s
frequency = 1.33Hz

(c) graph: smooth correctly shaped curve with peak at f;
A never zero
(d) (i) resonance

(i) e.g. quartz crystal for timing / production of ultrasound

Q13.

7 (a) sketch: concentric circles (minimum of 3 circles)
separation increasing with distance from wire
correct direction

(b) (i) arrow direction from wire B towards wire A
(ii) either reference to Newton's third law

or force on each wire proportional to product of the two currents
so forces are equal

(c) force always towards wire Alalways in same direction

varies from zero (to a maximum value) (1)
variation is sinusoidal / sin? (1)
(at) twice frequency of current (1)

(any two, one each)

Q14.
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M1
Al
B1

B1

M1
Al

B1

B2

M1

B1
B1
B1

B1

Al

(31

(1]

2]

3]

[2]

]
(1]
(]

2]

[2]

]
(1]
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5

Q15.

5

Q16.

(a) (long) straight conductor carrying current of 1A
current/wire normal to magnetic field
(for flux density 1T,) force per unit length is 1N m™

(b) (i)

(i)

(originally) downward force on magnet (due to current)
by Newton's third law (allow “N3")
upward force on wire

F=BIL

24x10°%x98=Bx56x64x107

B=0.066T (need 2 SF)

(g missing scores 0/2, but g = 10 leading to 0.067T scores 1/2)

(¢) new reading is 2.4V2g
either changes between +3.4g and -3.44g

or

total change is 6.8g

M1

Al

B1

M1
A1l

C1
A1l

C1

Al

(a) (uniform magnetic) flux normal to long gstraight} wire carrying a current of 1 A
(creates) force per unit length of TNm™

(b) (i)

(ii

(c) (i)

(i)

flux density =4z x 107 x 1.5 x 10°x 3.5
=6.6x10°T

flux linkage =6.6 x 107 x 28 x 107 x 160
=3.0x 10°Wb

(induced) e.m.f. proportional to rate of

change of (magnetic) flux (linkage)

emf =(2x3.0x10%1/0.80
=74x10°V

STEMUP.CO.UK

M1

C1
A1l

C1
A1l
M1
A1l

C1
A1l

(31

(3]

(2]

(2]

2]

2]

[2]

2]

2]
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5 (a) (uniform magnetic) flux normal to long (straight) wire carrying a current of 1 A
(creates) force per unit length of 1 N m™'

(b) (i) sketch: concentric circles

increasing separation {must show more than 3 circles)
correct direction (anticlockwise, looking down)

(i) B=(4n x 107 x 6.3)/ (2 x 4.5 x 107?)

=28x10°T

(iiiy F=BIL (sin#)

=28x10°x93 x1

FIL=26x10"Nm"

(c) force per unit length depends on product Ixly / by Newton'’s third law / action and
reaction are equal and opposite
so same for both

Q17.

6_(a)

(®) ®
(iD)

© (@)
(i)
(@)
Q18.

7 (@ @
(i)

(b)

M1
Al

M1

B1

Cc1
Al

Cc1

Al

M1
A1l

e.g. E-field, force independent of speed, B-field, force oc speed ... B2

E-field, force along field direction, B-field, force normal etc ... B2
out of plane of paper (not *upwards®)............ccoveiiiiireriniarannnn. Bl
IV L P = Bl svesnmanes o i « Vo s e C1
r=(1.67x107x45x10%/(0.12x1.6x10") ................Cl
e 11 1 s RO DRSPS A S Al
ATOWPOIMINE UPDAEE  Liviii e e s e Bl
E=012x45x10°

=54x10° Vm' ... P — Al

gravitational force <<Fp or Fg . .ocovviiviiiiniiiiiiiiiieieeeevenen. Bl

the wire cuts magnetic field ... B1
e.m.f. induced when there is a change/cutting of flux.................. B1
(Lenz) e.m.f. ‘opposes’ change causingit ..................c......... Bl
as direction of movement changes, so doese.m.f. .................... Bl
xg=15mV _.(allow20.1).....ooooiiiiii Cl
@= 2mIT = InI 3 x107) ciiiniiiiaiiinmenntiiosbibmsihrennes Cl

= 2090 rads=' .............. o S Cl
FRRRRR0N0E  commovir s R AR AR Al

STEMUP.CO.UK
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(3

2]

[2]

[2]

4]

[4]

B3]

[1]

4]

(4]


https://stemup.co.uk

Q19.

5 (a)
(b)

Q20.
4 (a)
(b)
(c)
(d)

Q21.

field producing force of 1.0 N m™ on wire OR B = F/ILsin2........... M1
carrying current of 1.0 A normal to field OR symbols explained ... A1
(i) ¢ = BA
= TR R AN E QB0 S DG i o S e 4 C1
=918 X 10 WD oo, A1
(i1 AP =918 X 105 W oo A1l
(ii)2 = (NAg)/AL
= IE N 0 WO D0 oo s S G e C1
S 459 X 10V oo A1
(iii)  there is an e.m.f. and a complete circuit
OR no resultant e.m.f. from other three sides
OR no e.m.f. in AB T T B1
(i) 50mT
(i) flux linkage = BAN
=50x10°x 0.4 x 10*x 150 = 3.0 x 10°* Wb
(allow 49 mT=> 2.94 x 10° Wb or 51 mT=> 3.06 x 10 Wh)
e.m.f.finduced voltage (do not allow current)
proportional/equal to
rate of change/cutting of flux (linkage)
(i) newfluxlinkage =8.0x 10°x 0.4 x 10 x 150
=48x10°Wb
change = 2.52 x 10 Wb
(ii) e.m.f. =(2.52x 10°)/0.30
=84x10*V
either for a small change in distance x
(change in) flux linkage decreases as distance increases
so speed must increase to keep rate of change constant
or (change in) flux linkage decreases as distance increases (1
at constant speed, e.m.f/flux linkage decreases as x increases (1
so increase speed to keep rate constant (1

STEMUP.CO.UK

—_ = A

e e

(2]

(2

[3]

(1

[3]

[2]

[2]

[2]

[3]
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into (plane of) paper/downwards

(b) (i) the centripetal force = mv/r

(c)

Q22.

(b)(i)

(ii)1.

2;

Q23.

(b)
(e)(i)

(i)

Q24.

mVilr = Bqgv hence g/m = wr B (some algebra essential)

(i) o/m =(8.2x10%/(23x10?%x0.74)
=4.82x 10" Ckg"

(i) mass=(1.6x10"9)/(4.82x 10" x 1.66 x 10?)
=2u

(ii) proton + neutron

Bmvt = gV ......(or some verbal explanation) ..............c..oooiii. B1
%x9.11x10% x v = 16x 10" x1.2x 10" i B1
VIS BBORI0 ST oo vmesrss s SR SR A0
withinfield:  GICUIAE MG, c.oo i sisosseios sniminins o as s s os srai B1
in ‘downward’ direction ..., B1
beyond field: straight, with no ‘kink’ on leaving field .................... B1
Vissmaller ... M1
deflection IS 1arger: . uuiscimesmmess s i iant s e fe s an b e st Al
(magnetic) force islarger coodiciiaiaisSalnnninaRaG s M1
JerlEction IS Iarger  ..c..cocoverses simmsusnsissmnssissomninsmes sinms vampassnsas sisn Al
(numerically equal to) force per unitlength ... M1
on straight conductor carrying unit current Al
normal to the field Al
TncAnrough 60l = BABIMD oot mem i i s e s s B1
flux linkage = BAN sind B1
(induced) e.m.f. proportional to ... M1
rate.of change of flux (linkage) .........ccoiviim s i s Al
graph: two square sections in correct positions, zero elsewhere ... B1
pulses in opposite directions ..o B1
amplitude of second about twice amplitude of first .............. B1

STEMUP.CO.UK

(]

(2]

(2]

(2]
(1]

2]

[31

2]

[31

[21

[2]

[31
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5 (a)

(b)

Q25.

(i) (induced) e.m.f proportional/equal to rate of change of flux (linkage)
(allow ‘induced voftage, induced p.d.)
flux is cust as the disc moves
hence inducing an e.m.f

(i)  field in disc is not uniform/rate of cutting not same/speed of disc not same (over whole
disc)
so different e.m.f.’s in different parts of disc
lead to eddy currents

eddy currents dissipate thermal energy in disc
energy derived from oscillation of disc
energy of disc depends on amplitude of oscillations

B (@) (1) BISING oo et e

(ii) (downwards) into (the plane of) the paper ... e

(b) (i) magnetic field (due to current) in one loop OR each loop acts as a coil ...............

Q26.

Q27.

cutsfis normal to current in second loop  OR produces magnetic field .......
causing force on second loop OR fields in same direction
either Newton’s 3rd discussed

or vice versa clear gives rise to attraction OR so aftracts .......cccoviiiiiiiniinnnn, A1l

(i) B=2x 107 I075x W2 (S 267 x 100 I cviisivnmininininussiaisivivssisoareinia

force =0.26 x 102 x 9.81 (= 2.55 x 10 N) oo
F=BIL

255 % 10° = 267 % 10° % F 5 20 % 4.7 % 107 oo,
T s s T e e G S

(a) region (of space)/ area where

a force is experienced by
current-carrying conductor / moving charge / permanent magnet

(b) (i) electric

(ii) gravitational
(iii) magnetic

(iv) magnetic

STEMUP.CO.UK

B1
M1
Al
B1
B1
B1

B1

1
1

4]

[4]

[2]

[2

[3

[3]

1]
1l
[l
|
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6 (a) concentric circles ...(afleastthree iNBS) .. et ceeees s eeennes e nmnen M1
with:increasing separaon &l iiaiai i isimiiniiniininii kit Al
correct direChon ClEAT .o ae e aaeanesae e aaeane s sesananeanessesanassasnesnnanees BT [ 3]

(B) (i) comectposSitioN D [efbOf WIRE: ... immiiissnsneiisrsimsvssisrnsmsn s i unsmson s b rains B1 [1]

W STV RIS BORAOTY cemrinsmmss o o s s s c1
1.8 X 105 T e e e AT [2]

(i) B

(C) AistANte: o8 CUITEIE .. aiimimsissesismsios v isesios sk ssesiis soviss siesi6s srimsbsnesias svvi siasss sndor )

current = (2.8/1.9)x 1.7

[Total: 8]
Q28.

5 (a) (i) concentric circles, anticlockwise ...... (minimum 3 circles) ..o M1
separation of lines increases with distance fromwire ..o AT 2]

(i) :directionrfrom Y towanrds: X s iniinsanniisansanssiasas AT ]

(b) (i) fluxdensityatwireY = (4rx 107 x 5.0) /(2 x 2.5 x 102) covevreemreverereserrearenenn. c1
B XATT s

BI

N [ R ) C1

i 1 L il O . |

force per unit length

(ii) either force depends on product of the currents in the two wires  .....................M1
SO SqUAl: oot e e T T T e T S SR AR A1l
or (isolated system so) Newton's 3 law applies  ......ooveevvveenececes e (M1)

50 BGUAL ..o i et e e e st st (AT} [2]

[Total: 9]

Q29.
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6 (a) (i) e.m.f induced proportional / equal to

isgbestin oy sy s (|inkag9)‘

(ii) e.m.f. (induced) only when flux is changing / cut
direct current gives constant flux

(b) (i) (induced)e.m.f./ current acts in such a direction to produce effects

o eppose thechange causing it wocnnaneiainnirsiamireRs s

(ii) (induced) current in secondary produces magnetic field

opposes (changing) field produced in primary
SO NOLIN PRASE oot e ersr s en s sr s en e e

(c) (i) alternating means that voltage / current is easy to change ..............

(ii) high voltage means less power / energy loss (during transmission)

Q30.

5 (a) field into (the plane of) the paper

(b) force due to magnetic field provides the centripetal force

mv [ r= Bqv
B =(20x1.66x 107 % 1.40x 10%)/ (16 *x 107" x6.4 x 1079
=0454T

(e) (i) semicircle with diameter greater than 12.8cm

(ii) new flux density = % x 0454
B=0.499T

Q31.

5 (a) magnetic flux =BA
=89%x10°x50x%x 102 %24 % 1072

= 1.07 x 10 Wb
(b) (i) emf = Ag/At
(forAg =1.07 x 10°Wb), At=24x%102/1.8 = 1.33x 107°s
emf =(1.07 x107)/(1.33 x 102

8.0x 107V

(ii) cument =8.0x103/0.12
= 70 mA

(c) force on wire = BIL
=89 x 10 % 70 x 107 x 5.0 x 1072
=3 x 107 (N)
suitable comment e.q. this force is too / very small (to be felt)
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M
WA 2]

......B1
Bl T2

,,,,,,,,,,,,,,,,, B1
B1 [2]

M1

M1
,,,,,,,,,,,,,,,,,,, A0  [2]
,,,,,,,,,,,,,,,,,, B1 [1]
Bt 1]
[Total: 10]
B1 [1]

B1

C1

B1
A0 [3]
B1 [1]

C1
Al [2]

C1
Al 2]

c1

Cc1
Al [3]

M1
A0 [1]

C1

M1
Al [3]


https://stemup.co.uk

Q32.

7 (a) force due to E-field is equal and opposite to force due to B-field
Eq = Bqv
v=EB

(b) either charge and mass are not involved in the equation in (a)
or Fe and Fg are both doubled
or E. B and v do not change
so no deviation

Q33.

(b) (i) (induced)e.mJf.is proportional to
rate of change/cutting of (magnetic) flux (linkage)

(ii) acurrentis induced in the coil
as magnet moves in coil
current in resistor gives rise to a heating effect
thermal energy is derived from energy of oscillation of the magnet

Q34.

5 (a) (i) Bgv(sind) or Bgv(cost)

(ii) qE

(b) Fg must be opposite in direction to Fg
so magnetic field into plane of paper

Q35.

STEMUP.CO.UK

B1
B1
B1 [3]

M1
Al 2]

M1
Al [2]

M1
Al

M1
Al [4]

B1 [1]

B1 [1]

B1
B1 [2]
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Q36.

6

Q37.

7

(a) unit of magnetic flux density
field normal to (straight) conductor carrying current of 1 A
force per unitlength is 1 Nm™

(b) (i) force on particle always normal to direction of motion
(and speed of particle is constant)
magnetic force provides the centripetal force

(iiy mvir = Bgv
r = mviBg
(c) (i) the momentum/speed is becoming less

so the radius is becoming smaller

(ii) 1. spirals are in opposite directions
so oppositely charged

2. equal initial radii
so equal (initial) speeds

(a) (i) particle must be moving
with component of velocity normal to magnetic field

(i) F=Bgvsin &
g, vand & explained

(b) (i) face BCGF shaded
(ii) between face BCGF and face ADHE
(c) potential difference gives rise to an electric field

either Fe = gE (no need to explain symbols)
or electric field gives rise to force (on an electron)

(a) induced e.m.f./current produces effects/acts in such a direction/tends
to oppose the change causing it

(b) (i) 1. to reduce flux losses/increase flux linkage/easily magnetised and
demagnetised

2. to reduce energy/heat losses (do not allow ‘to prevent energy losses’)
caused by eddy currents
(allow 1 mark for ‘reduce eddy currents’)

(ii) alternating current/voltage
gives rise to (changing) flux in core

flux links the secondary coil
(by Faraday’s law) changing flux induces e.m.f. (in secondary coil)

STEMUP.CO.UK

B1
M1
Al
M1
Al

M1
A0

M1
Al

M1
Al

Al

Al

M1

Al

M1
Al

B1

M1
Al

B1
B1
M1

[2]

2
W
(1l

2

[3]

(2

1

[2

[2

[2

[2]

(1

[2

[4]
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Q38.

4

Q39.

Q40.

5

(a) force on proton is normal to velocity and field
provides centripetal force (for circular motion)

(b) magnetic force = Bgv
centripetal force = mre? or mvAir
V=re
Bqv = Bgre = mre*
@ = Bg/m

(a) either ¢ = BAsing
where A is the area (through which flux passes)
6 is the angle between B and (plane of) A
or
¢=BA
where A is area normal to B

(b) graph: Vy constant and non zero between the poles and zero outside

sharp increase/decrease at ends of magnet

(e) (i) (induced)e.m.f. proportional to
rate of change of (magnetic) flux (linkage)

(i) short pulse on entering and on leaving region between poles
pulses approximately the same shape but opposite polarities
e.m.f. zero between poles and outside

(a) (i) field shown as right to left

(ii) lines are more spaced out at ends

(b) Hall voltage depends on angle
either between field and plane of probe
or maximum when field normal to plane of probe
or zero when field parallel to plane of probe

(c) (i) (induced)e.m.f. proportional to rate
of change of (magnetic) flux (linkage)
(allow rate of cutting of fiux)

(ii) e.g. move coil towards/away from solenoid
rotate coil
vary current in solenoid
insert iron core into solenoid
(any three sensible suggestions, 1 each)
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B1

B1

M1

Al

M1

B3

M1
A1l

B1
B1
B1

Al

M1
Al
(M1)
(A1)

M1
Al

[l
[

2]

[2]

(3]

[2]

[2]

(2

4]

(2

[3
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Q41.

6 (a) force due to magnetic field is constant
force is (always) normal to direction of motion
this force provides the centripetal force

(b) mv?/ r= Bqv
henceq/m=v/ Br

(c) (i)

(ii)

Q42.

5 (a) (i)

(i)

(b) (i)
(i)

(e) (i)

(i)

(i)

Q43.

g/m=(2.0x10")/(25x 107 x 4.5 x 107%)
=1.8x 10" Ckg™

sketch: curved path, constant radius, in direction towards bottom of

page
tangent to curved path on entering and on leaving the field

region (of space)
either where a moving charge (may) experience a force
or around a magnet where another magnet experiences a force

(@=) BAsing

plane of frame is always parallel to By/flux linkage always zero

AD = 1.8x 1070 % 52 x 1072 x 95 x 1072
=8.9x 10¢ Wb

(induced) e.m.f. proportional to rate of
change of (magnetic) flux (linkage)
(allow rate of cutting of fiux)

emf =(8.9x107%)/0.30
=30x10°V

This question part was removed from the assessment. All candidates were

awarded 1 mark.
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B1

Al

M1
AO

C1
Al

M1
Al

B1

Al

B1

Cc1

Al

M1
Al

Al

B1

(1]
(1

(1]

[2]

(2]

(1]

(1

(3]

(1

[2]
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6 (a) either constant speed parallel to plate

or accelerated motion/force nomal to plate/in direction field B1
so not circular A0 [1]
(b) (i) direction of force due to magnetic field opposite to that due to electric field B1
magnetic field into plane of page B1 [2]
(ii) force due to magnetic field = force due to electric field B1
Bqv=qE
B =E/lv C1
= (2.8 x 10%) / (4.7 x 10%)
=6.0x1072T A1 3]
(c) (i) nochange/not deviated B1 [1]
(ii) deviated upwards B1 [1]
(iii) no change/not deviated B1 [1]
Q44.
7 (a) graph: V. increases from zero when current switched on B1
Vy then non-zero constant B1
Vi returns to zero when current switched off B1 [3]
(b) (i) (induced)e.m.f. proportional to rate M1
of change of (magnetic) flux (linkage) Al 2]
(ii) pulse as current is being switched on B1
zero e.m.f. when current in coil B1
pulse in opposite direction when switching off B1 [3]
Q45.
5 (a) only curve with decreasing gradient M1
acceptable value near x= 0 and does not reach zero Al 2]
(if graph line less than 4.0 cm do not allow A1 mark)
(no credit if graph line has positive and negative values of V)
(b) graph: from O to 2T, two cycles of a sinusoidal wave M1
all peaks above 3.5mV Cc1
peaks at 4.95/5.0mV (allow 4.8mV to 5.2mV) Al [3]
(c) e.m.f. induced in coil when magnetic field/flux is changing/cutting B1

either at each position, magnetic field does not vary

so no e.m.f. is induced in the coil/no reading on the millivoltmeter

or ateach position, switch off current and take millivoltmeter reading

or ateach position, rapidly remove coil from field and take meter reading B1 [2]

Q46.
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6 (a) electric and magnetic fields normal to each other B1
either charged particle enters region normal to both fields
or correct B direction w.r.t. E for zero deflection B1
for no deflection, v = E/B B1 [3]

(no credit if magnetic field region clearly not overlapping with electric field region)

© Cambridge International Examinations 2014

WWW.maxpapers.com
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GCE A LEVEL — May/June 2014 9702 42
(b) (i) m = Bgrlv Cc1
=(640x 10 x 1.6 x 107 x 6.2 x 1072)/(9.6 x 10%) C1
= 6.61 x 10" kg c1
= (6.61 x 107°%)/(1.66 x 10%")u
= 40u Al [4]
(iiy g/ime<1/r or mconstantand g « 1/r B1
q/m for Ais twice that for B B1
ions in path A have (same mass but) twice the charge (of ions in path B) B1 [3]
Q47.
6 (a) F =BILsing c1
=26 x107° x 5.4 x 4.7 x 107 x sin 34°
=3.69 x 10*N Al [2]
(allow 1 mark for use of cos 347)
(b) peak current= 1.7 x V2 C1

=24A

max. force =26 x 107 x 2.4 x 4.7 x 102 x sin 34°
=1.64 x 107*N C1

variation =2 x 1.64 x 107
=33x 10N Al [3]
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Electromagnetic Induction - 2020 A2

1. Nov/2020/Paper_41/No.9
(a) Define magnetic flux.

............................................................................................................................................. [2]
(b) A simple transformer consists of two coils of wire wound on a soft-iron core, as illustrated in
Fig. 9.1.
/ soft-iron core
T
o = o
n =
o o
primary coil \ J

secondary coil

Fig. 9.1
There is a sinusoidal current in the primary coil.
Explain:

(i) how this current gives rise to an induced electromotive force (e.m.f.) in the secondary
coil

1
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(ii)) why the e.m.f. induced in the secondary coil is not constant.

(c) Explain why the soft-iron core in (b) is laminated.

2. Nov/2020/Paper_42/No.9

[Total: 9]

(a) Asmall coil is placed close to one end of a solenoid connected to a power supply. The plane
of the small coil is normal to the axis of the solenoid, as illustrated in Fig. 9.1.

solenoid

T~

—o 0—
power supply

Fig. 9.1

2

STEMUP.CO.UK

small coil
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The power supply causes the current I in the solenoid to vary with time t as shown in Fig. 9.2.

A

current I

-

time t

Fig. 9.2
(i) State Faraday’s law of electromagnetic induction.

(ii) On the axes of Fig. 9.3, sketch a graph to show the variation with time t of the
electromotive force (e.m.f.) induced in the small coil.

A

Fig. 9.3
[4]
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(b) The small coil in (a) is now replaced by a Hall probe.
The Hall probe is positioned so that the reading for the probe is a maximum.
The current I in the solenoid varies again as shown in Fig. 9.2.

On the axes of Fig. 9.4, sketch a graph to show the variation with time t of the reading V|, of
the probe.

A

Fig. 9.4
[2]
[Total: 8]

June/2020/Paper_41/No.9

(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.

== -

coil, 350 turns

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

50

4

40

B/mT

30 /

rd

20

o

10

0 0.2 04 0.6 0.8
tis

Fig. 9.2

(i) Show that, for the time t = 0 to time t = 0.20s, the electromotive force (e.m.f.) induced in
the coil is 0.080V.

(2]

(ii) On the axes of Fig. 9.3, show the variation with time { of the induced e.m.f. E for time
t=0totime t=0.80s.

0.2

EIV

01

-01

Fig. 9.3
(4]
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(b) Abar magnet is held a small distance above the surface of an aluminium disc by means of a

rod, as illustrated in Fig. 9.4.

fixed
aluminium
disc

C

Y
~

9

Fig. 9.4

rotating
magnet

The aluminium disc is supported horizontally and held stationary.

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

Use laws of electromagnetic induction to explain why there is a torque acting on the aluminium

disc.

6
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[Total: 10]
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4.

June/2020/Paper_42/No.10
(a) State Faraday’s law of electromagnetic induction.

............................................................................................................................................. [2]
(b) A simple iron-cored transformer is illustrated in Fig. 10.1.
laminated
p / soft-iron core
/
q ; ; P
. 4 O
input a P g D output
d g b @]
T [¢ ; [« :
primary coil
secondary coil
Fig. 10.1
(i) State one function of a transformer.
..................................................................................................................................... [1]

(ii) A sinusoidal alternating current in the primary coil gives rise to a varying magnetic flux
linking the secondary coil.

Use Faraday’s law to explain why the output from the transformer is an electromotive
force (e.m.f.) that is alternating.

7
STEMUP.CO.UK


https://stemup.co.uk

(iii) State why the soft-iron core of the transformer is laminated.

[Total: 7]

8
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Magnetic Fields — 2020 A2

1. Nov/2020/Paper_41/No.8

A slice of a conducting material has its face QRLK normal to a uniform magnetic field of flux
density B, as illustrated in Fig. 8.1.

S R
| <
ST 7L < magnetic flux
P ot 3 / density B
<

direction of
movement of
electrons

Fig. 8.1
Electrons enter the slice travelling perpendicular to face PQKJ.
(a) For the free electrons moving in the slice:

(i) state the direction of the force on an electron due to movement of the electron in the
magnetic field

(ii) identify the faces, using the letters on Fig. 8.1, between which a potential difference is
developed.
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(c) The number of free electrons per unit volume in the slice of material is 1.3 x 1022 m3.
The thickness PQ of the slice is 0.10 mm.
The magnetic flux density B is 4.6 x 107°T.

Calculate the potential difference across the slice for a current of 6.3 x 10~4A.

potential difference = ... V [2]
(d) The slice in (c) is a metal.

By reference to your answer in (c), suggest why Hall probes are usually made using
semiconductors rather than metals.

[Total: 8]

2
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2.

Nov/2020/Paper_42/No.10

(a) Along straight vertical wire A carries a current in an upward direction.
The wire passes through the centre of a horizontal card, as illustrated in Fig. 10.1.

card

current-carrying
wire A

Fig. 10.1

The card is viewed from above. The card is shown from above in Fig. 10.2.

card ——

wire A carrying
current out
of plane of paper

Fig. 10.2
On Fig. 10.2, draw four lines to represent the magnetic field produced by the current-carrying
wire. [3]
3
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(b) Two wires A and B are now placed through a card. The two wires are parallel and carrying
currents in the same direction, as illustrated in Fig. 10.3.

,L wire B

wire A

card

Fig. 10.3

(i) Explain why a magnetic force is exerted on each wire.

. 2]
(if) State the directions of the forces.
- [1]
(c) The currents in the two wires are not equal.
Explain whether the magnetic forces on the two wires are equal in magnitude.
............................................................................................................................................. [1]
[Total: 7]
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3. June/2020/Paper_41/No.8
(a) Define the tesla.

(b) A magnet produces a uniform magnetic field of flux density B in the space between its poles.

Arigid copper wire carrying a current is balanced on a pivot. Part PQLM of the wire is between
the poles of the magnet, as illustrated in Fig. 8.1.

: 5.6cm .

: M :
P L !

weight W
N S .
Q rigid copper
wire
pivot
magnet

Fig. 8.1 (not to scale)

The wire is balanced horizontally by means of a small weight W.

5
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The section of the wire between the poles of the magnet is shown in Fig. 8.2.

rigid copper wire

N S

N\

pole of magnet pole of magnet

Fig. 8.2 (not to scale)
Explain why:

(i) section QL of the wire gives rise to a moment about the pivot

. [3]

(i) sections PQ and LM of the wire do not affect the equilibrium of the wire.

2]

6
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(c) Section QL of the wire has length 0.85cm.
The perpendicular distance of QL from the pivot is 5.6 cm.

When the current in the wire is changed by 1.2 A, W is moved a distance of 2.6cm along the
wire in order to restore equilibrium. The mass of W is 1.3 x 10~4kg.

(i) Show that the change in moment of W about the pivot is 3.3 x 10N m.

[2]

(ii) Use the information in (i) to determine the magnetic flux density B between the poles of
the magnet.

[Total: 13]

7
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4,

June/2020/Paper_42/No.9

(a) An electron is travelling at speed v in a straight line in a vacuum. It enters a uniform magnetic
field of flux density 8.0 x 10~*T. Initially, the electron is travelling at right angles to the magnetic
field, as illustrated in Fig. 9.1.

region of uniform

/ magnetic field

path of -
electron

Fig. 9.1
The path of the electron in the magnetic field is an arc of a circle of radius 6.4 cm.

(i) State and explain the direction of the magnetic field.

(ii) Show that the speed v of the electron is 9.0 x 10°ms™".

[3]

8
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(b) A uniform electric field is now applied in the same region as the magnetic field.

The electron passes undeviated through the region of the two fields, as illustrated in Fig. 9.2.

region of

uniform electric
and magnetic fields

path of ~ “ ~
electron i - -
Fig. 9.2
(i) On Fig. 9.2, mark with an arrow the direction of the uniform electric field. [1]

(i) Use data from (a) to calculate the magnitude of the electric field strength.

field strength = ... NC™' [2]

(c) The electron in (b) is now replaced by an a-particle travelling at the same speed v along the
same initial path as the electron.

Describe and explain the shape of the path in the region of the magnetic and electric fields.

[Total: 10]
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5.

March/2020/Paper_42/No.8
(a) Explain what is meant by a magnetic field.

(b) The apparatus shown in Fig. 8.1 is used in an experiment to find the magnetic flux density B
between the poles of a horseshoe magnet. Assume the magnetic field is uniform between the
poles of the magnet and zero elsewhere.

horseshoe

metal rod

balance pan

Fig. 8.1

The rigid metal rod of length 300mm is fixed in position perpendicular to the direction of the
magnetic field. The poles of the magnet are both 45mm long. There is a current in the rod
that causes a force on the rod. The balance is used to determine the magnitude of the force.

The variation with current I of the force F on the rod is shown in Fig. 8.2.

10
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10.0

T
pd
8.0 "4’
P
F/mN
A
,f
6.0 Pas
'ﬁ'
40 Z8
,1
IJ"'
2.0
0
0 1.0 2.0 3.0 4.0 5.0
I/A
Fig. 8.2
Calculate the magnetic flux density B.
B o=

11
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(c) In a different experiment, electrons are accelerated through a potential difference and then
enter a region of magnetic field. The magnetic field is into the plane of the paper and is
perpendicular to the direction of travel of the electrons, as illustrated in Fig. 8.3.

region of magnetic
field into the plane of
the paper

electron beam

Fig. 8.3

(i) Explain why the electrons follow a circular path when inside the region of the magnetic
field.

(ii) State the measurements needed in order to determine the charge to mass ratio, e/m,, of
an electron.

[Total: 8]
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Electromagnetic Induction - 2021 A2

1. June/2021/Paper_41/No.10
) (a) State Lenz's law.

(b) A metal ring is suspended from a fixed point P by means of a thread, as shown in Fig. 10.1.

P P

magnet
metal

|
: |
nng : pole piece
ring '

Fig. 10.1 Fig. 10.2

The ring is displaced a distance d and then released. The ring completes many oscillations
before coming to rest.

The poles of a magnet are now placed near to the ring so that the ring hangs midway between
the poles of the magnet, as shown in Fig. 10.2.

The ring is again displaced a distance d and then released.
Explain why the ring completes fewer oscillations before coming to rest.

STEMUP.CO.UK
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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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2.

June/2021/Paper_42/No.9

(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.

fixed
point
spring

small

mass \
flexible
lead

Fig. 9.1
Electrical connections are made to the ends of the spring by means of a flexible lead.

The length of the spring is measured before the switch is closed and then again after the
switch is closed.

3
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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 is now made to
oscillate vertically.

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

[Total: 9]
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3.

March/2021/Paper_42/No.9
(a) Define magnetic flux linkage.

(b) A solenoid of diameter 6.0cm and 540 turns is placed in a uniform magnetic field as shown in
Fig. 9.1.

solenoid
/540 turns
> diameter
- 6.0cm
magnetic field I I i I
Fig. 9.1

The variation with time t of the magnetic flux density is shown in Fig. 9.2.

250

-

200
flux density /
ImT 150

-——

T~

100

T

501

| =t

0

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.

coppe;: sheet -
7

AN
/ / \

Fig. 9.3

poles of magnet

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

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

o

[~ copper sheet
Y

Fig. 9.4
The motion sensor is again used to record the displacement.

The graph in Fig. 9.5 shows the variation with time t of the displacement s of each copper
sheet.

Fig. 9.5

6
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(i)

(i)

State the name of the phenomenon illustrated by the gradual reduction in the amplitude
of the dashed line.

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

[Total: 10]
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Magnetic Fields — 2021 A2

1. Nov/2021/Paper_41/No.8
(a) Define the fesla.

(b) A stiff metal wire is used to form a rectangular frame measuring 8.0cm x 6.0cm. The frame is
open at the top, and is suspended from a sensitive newton meter, as shown in Fig. 8.1.

i newton meter

insulating thread

8.0cm

frame
/

mtomo- P 1 Q
6.0cm _E

Fig. 8.1

The open ends of the frame are connected to a power supply so that there is a current of
5.0Ain the frame in the direction indicated in Fig. 8.1.

The frame is slowly lowered into a uniform magnetic field of flux density B so that all of side
PQ is in the field. The magnetic field lines are horizontal and at an angle of 50° to PQ, as
shown in Fig. 8.2.

P Q view from above
50°

Fig. 8.2

1
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When side PQ of the frame first enters the magnetic field, the reading on the newton meter
changes by 1.0mN.

(i) Determine the magnetic flux density B, in mT.

(i) State, with a reason, whether the change in the reading on the newton meter is an
increase or a decrease.

(iii) The frame is lowered further so that the vertical sides start to enter the magnetic field.

Suggest what effect this will have on the frame.

[Total: 6]
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2. Nov/2021/Paper_42/No.8

Two long straight parallel wires P and Q carry currents into the plane of the paper, as shown in
Fig. 8.1.

P Q

X b2y

current I current 27

Fig. 8.1
The current in P is I and the current in Q is 21.

(a) (i) On Fig. 8.1, draw an arrow to show the direction of the magnetic field at wire Q due to
the current in wire P. Label this arrow B. [1]

(i) On Fig. 8.1, draw another arrow to show the direction of the force acting on wire Q due to
the current in wire P. Label this arrow F. [1]

(b) (i) State, with a reason, how the magnitude of the force acting on wire P compares with the
magnitude of the force acting on wire Q.

wire Q.

[Total: 5]
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3. June/2021/Paper_41/No.9
(a) State what is meant by a magnetic field.

(b) A rectangular piece of aluminium folil is situated in a uniform magnetic field of flux density B,
as shown in Fig. 9.1.

magnetic field,
flux density B
A4
W
Q R
Y
N
Q/
S T -
e aluminium
movement \_\ foil
of electrons “ \
> P S
V w
Fig. 9.1

The magnetic field is normal to the face PQRS of the foil.
Electrons, each of charge —q, enter the foil at right angles to the face PQTV.
(i) On Fig. 9.1, shade the face of the foil on which electrons initially accumulate. [1]

(ii) Explain why electrons do not continuously accumulate on the face you have shaded.

4
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(c) The Hall voltage V|, developed across the foil in (b) is given by the expression

Bl
Vh = ntq

where I is the current in the foil.

(i) State the meaning of the quantity n.

(d) Suggest why, in practice, Hall probes are usually made using a semiconductor material rather
than a metal.

[Total: 9]
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4.

June/2021/Paper_42/No.8
(a) Define magnetic flux density.

(b) Electrons, each of mass m and charge g, are accelerated from rest in a vacuum through a
potential difference V.

Derive an expression, in terms of m, g and V, for the final speed v of the electrons. Explain
your working.

(2]

(e) The accelerated electrons in (b) are injected at point S into a region of uniform magnetic field
of flux density B, as illustrated in Fig. 8.1.

region of uniform
magnetic field,

s H“‘\\ flux density B
A N
r \
S { “
¢ |
\ )
\ /
¥ K

path of electrons,
radius r

Fig. 8.1

The electrons move at right angles to the direction of the magnetic field. The path of the
electrons is a circle of radius r.

6
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q

(i) Show that the specific charge m of the electrons is given by the expression

q_ 2v
m ~ B4r¢

Explain your working.

(2]
(ii) Electrons are accelerated through a potential difference V of 230V. The electrons are
injected normally into the magnetic field of flux density 0.38 mT.

The radius r of the circular orbit of the electrons is 14 cm.

Use this information to calculate a value for the specific charge of an electron.

specific charge = ..........ococoooeiieeeeeeeeeen Ckg™ [2]

(ifi) Suggest why the arrangement outlined in (ii), using the same values of B and V, is not
practical for the determination of the specific charge of a-particles.

[Total: 10]
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5.

March/2021/Paper_42/No.8
(a) Two long straight wires P and Q are parallel to each other, as shown in Fig. 8.1. There is a
current in each wire in the direction shown.

The pattern of the magnetic field lines in a plane normal to wire P due to the current in the
wire is also shown.

wire P wire Q

plane A ‘\
direction of
© current

magnetic field
pattern

Fig. 8.1

(i) Draw arrows on the magnetic field lines in Fig. 8.1 around wire P to show the direction of
the field. [1]

(ii) Determine the direction of the force on wire Q due to the magnetic field from wire P.

(iii) The currentin wire Q is less than the current in wire P.

State and explain whether the magnitude of the force on wire P is less than, equal to, or
greater than the magnitude of the force on wire Q.

8
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(b) Nuclear magnetic resonance imaging (NMRI) is used to obtain diagnostic information about
internal structures in the human body.

Radio waves are produced and directed towards the body. The radio waves affect the protons
within the body.

(i) Explain why radio waves are used.

[Total: 8]
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Magnetic Fields — 2023 A2 Physics 9702

1. Nov/2023/Paper_9702/41/No.6
(a) Define magnetic flux density.

(b) Electrons are moving in a vacuum with speed 1.7 x 10’ ms~'. The electrons enter a uniform
magnetic field of flux density 4.8 mT. Fig. 6.1 shows the path of the electrons.

~———— magnetic field,

flux density 4.8 mT
electrons,
speed 1.7 x 10" ms™" X
d
Fig. 6.1
The path of the electrons remains in the plane of the page.
(i) State the direction of the magnetic field.
..................................................................................................................................... [1]
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(ii) Show that the magnitude of the force exerted on each electron by the magnetic field is
1.3 x 10714N.

(2]

(ili) On Fig. 6.1, draw an arrow to indicate the direction of the centripetal acceleration of the
electron where it enters the magnetic field at point X. [1]

(iv) Use the information in (b)(ii) to calculate the distance d between the path of the electrons
entering the magnetic field and the path of the electrons leaving it.

(c) The electrons in (b) are replaced with positrons that are moving with speed 3.4 x 10’ms™"

along the same initial path as the electrons.
The positrons enter the magnetic field at point X on Fig. 6.1.
On Fig. 6.1, draw a line to show the path of the positrons through the magnetic field. [3]

[Total: 12]
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2. Nov/2023/Paper_9702/42/No.7
(a) AHall probe containing a thin slice of semiconducting material is placed in a uniform magnetic
field of flux density B. The largest faces of the slice are perpendicular to the magnetic field, as
shown in Fig. 7.1.

54A
semiconducting slice
X
e
[
[
\ AA_ magnetic field,
/ i flux density B
}
] ___JIT
|
__ P

Fig. 7.1

The thickness x of the slice is 1.8mm. The number density of charge carriers in the
semiconducting material is 1.5 x 10"®m=3,

A constant current of 5.4A is passed through the slice between the shaded faces.

The Hall voltage V|, that is developed between the terminals PQ is recorded.

3
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Fig. 7.2 shows the variation with time ¢ of B.

4
B/10°5T

0 0.02 0.04 0.06 0.08
t/'s

Fig. 7.2

(i) Show that, when B is equal to 4.0 x 107°T, the magnitude of V,is 5.0V.

(1]
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(i) On Fig. 7.3, sketch the variation of V|, with t between t = 0 and t = 0.080s.

Fig. 7.3

3]

(b) The Hall probe in (a) is replaced with a small flat coil that has 3000 turns. The cross-sectional
area of the coil is 3.4 x 10~4m?.
The plane of the coil is perpendicular to the magnetic field. The electromotive force (e.m.f.) E
induced between the terminals of the coil is recorded as B varies as shown in Fig. 7.2.

(i) Show that the magnitude of E at time ¢t = 0.010s is 2.0 x 107*V.

3]

(ii) On Fig. 7.4, sketch the variation of E with ¢ between t = 0 and { = 0.080s.

4
E/M04v

Fig. 7.4

[4]

[Total: 11]
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3.

June/2023/Paper_9702/41/No.6
(a) State what is meant by a magnetic field.

(b) Along, straight wire P carries a current into the page, as shown in Fig. 6.1.

wire P
current into page

Fig. 6.1

On Fig. 6.1, draw four field lines to represent the magnetic field around wire P due to the
current in the wire. [3]

(c) Asecond long, straight wire Q, carrying a current of 5.0A out of the page, is placed parallel to
wire P, as shown in Fig. 6.2.

wire P wire Q
® ®
current current 5.0 A
into page out of page
Fig. 6.2

The flux density of the magnetic field at wire Q due to the current in wire P is 2.6 mT.

(i) Calculate the magnetic force per unit length exerted on wire Q by wire P.

force per unit length = ... Nm~ [2]

6
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(ii) State the direction of the force exerted on wire Q by wire P.

..................................................................................................................................... [1]
(iii) The flux density of the magnetic field at wire P due to the current in wire Q is 1.5mT.
Determine the magnitude of the current in wire P. Explain your reasoning.
CUMMENt = e A [2]

[Total: 10]
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4. March/2023/Paper_9702/42/No.6

(a) A Hall probe is placed in a magnetic field. The Hall voltage is zero. The Hall probe is rotated
to a new position in the magnetic field. The Hall voltage is now maximum.

Explain these observations.

(b) The formula for calculating the Hall voltage V, as measured by a Hall probe is
_BI
V= nig
Table 6.1 shows the value of n for two materials.
Table 6.1
material n/m=3
silicon 9.65 x 105
copper 8.49 x 1028
(i) State the meaning of n.
..................................................................................................................................... [1]
(if) Explain why a Hall probe is made from silicon rather than copper.
..................................................................................................................................... [1]

8
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(c) A Hall probe gives a maximum reading of 24 mV when placed in a uniform magnetic field of
flux density 32mT.

The same Hall probe is then placed in a magnetic field of fixed direction and varying flux
density. The Hall probe is in a fixed position so that the angle between the Hall probe and the
magnetic field is the same as when the Hall voltage was 24 mV.

The variation of the reading V,, on the Hall probe with time t from time t = 0 to time = 8.6s is
shown in Fig. 6.1.

40

30 ;’ LY

N

V,,/mV

20

h,

10 y

Fig. 6.1

A coil with 780 turns and a diameter of 3.6cm is placed in this varying magnetic field. The
plane of the coil is perpendicular to the field lines.

Calculate the magnitude of the maximum electromotive force (e.m.f.) induced in the coil in the
time betweent=0andt=8.6s.

[Total: 8]
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