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

direction of
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Fig. 5.1
B

The uniform magnetic flux density between the poles of the magnet is 89mT. Outside the
ragion of the poles, the magnetic flux density is zero.

A stiff copper wire is connected to a sensitive ammeter of resistance 0.12£2. A student moves
the wire at a constant speed of 1.8ms™' betwaen the poles in a direction parallel to the faces
of the poles.

(a) Calculate the magnack: fiux between the poles of the magnet.
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Use your answer in (a) to determine, for the wire moving between the poles of the

magnet, the e.m.f. induced in the wire.
-
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magnetic flux = ... Wb [2]
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(ii) Show that the reading on the ammeter is approximately 70mA.
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[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

falt this force.
Explain guantitatively a reason for this claim.
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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
Hall probe
|#
-

Fig.7.1

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 W,

Vi k : -
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Fig.7.2

[3]

(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, sketch 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.
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Fig.7.3
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5 (a) Aconstantcurrentis maintained in a long straight wartical wira. A Hall probe is positionad
a distance rfrom tha cantre of tha wire, as shown in Fig. 5.1.

current-camying

wirg

<~
ot
X

\]\.] - &32:\8 1

(i)

(i)

0

Eﬂ:j .................... Y
2N

. terminals io
N : Hall probe circuitry
] and voltmater

M—ﬂ/ Fig. 5.1
Explain why, when the Hall probe is rotated abouwt the horizontal axis XY, the Hall
woltage varies betwean a maximum positive value and a maximum negative valusa.
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The maximum Hall voltage V, is measured at different distances r.
Data for V¥, and the corresponding values of r are shown in Fig. 5.2

L"H v ricm
0290 1.0
0190 1.5
i0.140 2.0
0.097 3.0
i0.073 4.0
i0.0&0 5.0
Fig. 5.2

It is thought that 1, and rare related by an expression of the form

'|.|"|_I y
whare k is a constant.
oMo = K
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1. Withouwt drawing a graph, use data from Fg. 5.2 to suggest whaether the
expression is valid.

Vs

2]
2. A graph showing the wariation with 1— of ¥, is plotted.

State the features of the graph that suggest that the expression is 1.-E|I|-|:|
Ty vo\\\ be 0\6\’(0“& \AQ, (;«seu\& “"1
)(\\L ol 'k o ]

() Ths Hall probe in (&) is now replaced with a small coil of wire connected to a sansitive
voltmetar. The coil is arrangad so that #s plane is nomal to the magnetc fisld of the
wire.

(i} State Faradays law of electromagnetic induction and henca axplain why the

wvoltmeter indicates a zero rE.al:Ilng
@\A;e ﬁw l““’x A
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(i} State thres different ways in '|I'|I‘|"|II::|1 Eln &.m.i. may be induced in tha coil.
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(a) State the relation between magnetic flux density B and magnetic flux 4, explaining any
other symbols you use.
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(b) A large horseshoe 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 5
probe
\ \r (OT\S)(

pole of
magnet

pole of
magnet

Fig. 5.1

An a.m.f. is produced by the Hall proba when it is in the magnatic field.
The angle between the plane of the probe and the direction of the magnetic field is not
varied.

On the axes of Fig. 5.2, sketch a graph to show the variation with time t of the e.m.f. V,
produced by the Hall probe.
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field field

Fig. 5.2
[2]

(e) (i) State Faraday's law of electromagnetic induction.
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(il) The Hall probe in (b) iz 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 t of the
e.m.f. E induced in the coil.
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10 (a) A coil of insulated wire is wound on a copper core, as illustrated in Fig. 10.1. The magnets do not touch the sides of the tubes.
Explain why magnet B takes much longer than magnet A to fall through the tube.

insulated copper

i ST 3 o A&X)}ﬁ_u\o@g\g&( w&,"]’ ...... ) A&Uceb ..... oA\ e ~/"\~Q AN tha

Fig. 10.1
An alternating current is passed through the coil.
The heating effect of the current in the coil is negligible.

Explain why the temperature of the core rises.

/WLN] T L‘%\Wﬁe\ﬁs,\;_f% _____________ )

() Two hollow tubes of equal length hang vertically as shewn in Fig. 10.2.

mﬂgnet A \I ITIElQrIE’[ B
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Fig. 10.2



10 Two coils P and Q are placed close to one ancther, as shown in Fig. 10.1.

coil P
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(a) The current in coil P is constant.

An iron rod is inserted into coil P

Explain why, during the time that the rod is moving, there is a reading on the voltmeter

connected to coil 0.

®

(b) The current in coil P is now varied as shown in Fig. 10.2.

curmeant
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Fig. 10.2

On Fig. 10.3, show the variation with time of the reading of the voltmeter connected to coil Q

fortime f=0totme f= L,.

voltmeter
reading

A
! T S
0 t L time
Fig. 10.3 [4]

[Total: 6]
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10 (a) (i) Define magnetic flux.

Tyrs ),/L\‘Q ______________________ ek ' Calculate the average electromotive force (e.m.1.) induced in coil C when a current of 3.5Ais AT T 1‘
% Yo on ‘,%9.@\04 . . reversed in the solenoid in a time of 2.4ms. = -+
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(ii) State Faraday's law of electromagnetic induction. & ‘I’ AY -/
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(b) A solencid has a caoil C of wire wound tightly about its centre, as shown in Fig. 10.1.

W

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

coil G
o " __/ Describe qualitatively the e.m_f. that is now induced in coil C.
4]
™
ptbead \suIEnnid
+ -
O o
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

DP=BB=x10% =T

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




(a) State what is meant by the magnetic flux anage of a coil.

{b) A coil of wire has 160 turmns 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 ; A\ ;
flux density > | | o
7.5mT o | [2.4cm =

i
l

1
i
1
1
WY

coil :L c!'r

160 turns

Y

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. (&( =0 %; =

Show that the average e.m.f. induced in the coil is 3.6 m\.
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(c) The magnetic flux density B in the coil in (b) is now varied with time t as shown in Fig. 9.2.
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Fig. 9.2

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

8

EimV &

D : ] | ] i’'s . L\M/

£ .
e %
At ). @:L

3Cs” . K,

-1s X(;g 14 x\c;s -0
0-\§ o.L‘Z -o.gg
- _ =)
E)_ = éé\doi K (". 7___S7<\°
oN)-o35
e E N e
o \S

7% «lo”

T\
-
\



9

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

/
]\‘ce«\f ........ Qu««% ..... moé‘ej&—@“»s ........... (»w"gf}"( ..... \““Q ......... (iiy Complete Fig. 9.2 for the voltmeter readings for the times befare, during and after the
N m,ﬂmw _____ o ed on gwuwxé ______________ diection of the curent s reversed.
C\'\o"'\ 266 ........... JNC’C\*’*&“\Lﬂelf“ ..... \N'\' ............................................. 2] befare current during current after current
changes change when changes

(b) A solenoid S is wound on a soft-iron core, as shown in Fig. 9.1. current is 2ero

i el »J) reading on voltmeter
{ij = E - - connected tocail C/V - | ... O : 0625-3 0T A0) [ el
~ &\— reading on voltmeter )
solenoid S f —— _-:-_ connected to Hall probe /V D2 @ |...... Q ........... S o (51 © S
1, I|
: T Fig. 9.2
-"-\___\\ﬁﬂ [4]
ft-iron core

®_F ot

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 ié D.mﬁ 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. Bi = o-\c\ %Q: o\

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

- - Ad) L o —,>E=Eﬂ MRS PO
JU At Af

F. []g x( >} o -0 { 1)o = 0.053N
o-1%




10 (a) A cross-section through a current-carrying solenoid is shown in Fig. 10.1. T, _ i _ _
Use laws of electromagnetic induction to explain why, when the switch is closed, the current

current increases gradually to its maximum value.
into page
/ e s e e Por lolbme. i
¢'-‘.rﬁﬁﬂaﬁﬂﬂﬁﬂﬁﬁﬂlﬂﬁﬂﬂﬂﬂﬂﬁﬂﬂﬁ o j_>'\\ ' ) .
2 eexan e Mo ciar. e b W
N < S «9
< mcsmﬂz “Q) RS J(f&

N

g . e et s anik ‘A&d&/ .....................
\ (No&cze oNDél

amentout ©  J 0 . W\ L SR TSR L O O e L e U L A L LI
of page quz, c\wmwa Q,u(/vj M@ [ \— G eone)> BJ\)J\H [Total: 8]
Fig. 10.1
On Fig. 10.1, draw field lines to represent the magnetic field inside the solenaid. [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 T /-" core
[l -

—
o

Fig. 10.2




8 Asolenoid is connected in series with a battery and a switch, as illustrated in Fig. 8.1.

N :
. small coil
{: : 5 -
s SH S
= -
solenoid « __B S
=3 L
= | - o i =
o
= ; I
o R
EEDE. i |
: = 4
axis of |
mlenmd"_'—‘—'—-—-—-—._.,_ N
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

A m«\wSQo\caJ‘“?-o\fme\wc\M ___________ ¢ o-«“:]w\a _________

(i) On Fig. 8.1, draw an arrow on the axis of the solencid 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 nse to a magnetic field in the small coil.

(i) State Lenz's law.

T‘LQW‘K’ ]JM W o~

(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.
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[Total: 10]



(a) A coil of wire is situated in a uniform magnetic field of flux density B.

The coil has diameter 3.6 cm and consists of 350 turns of wire, as illustrated in Fig. 9.1.

uniform
magnetic field
flux density B

WOWS N N WY

Jll

Fig. 9.1

e

coil, 350 turns

The variation with time ¢ of B is shown ins ig. 8.2
(o.2,"S+\o

g

5{' | P o _d

)‘g 'AP\ \

40

BimT

AL
Ex-d o B (R

30 FHEPRHE

_ent &
20

105

Rttt

Cor 0.2 0.4

Fig. 9.2
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(i) Show that, for the tima ¢ = 0 fo time § = 0.20s, the electromotive forca (e.m.f.) induced in

the coil is 0.080V.
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2]

{iif) On tha axes of Fig. 9.3, show tha vanation with time ¢ of the inducad e.m.f. E for ime

t=10to time ¢ = 0.805.

0.2
E
01
e e
0
i 02 0.4 0.8 0.8
fis
—01
-0.2
Fig. 8.3

[4]



