T"j:‘-PapaCambridge

Cambridge International AS & A Level

PHYSICS - - -

Topical Past Paper Questions
+ Answer Scheme

2016 - 2021

T1'j:l’PapaCambridge



T‘f]’PapaCambridge

Chapter 12

Magnetic fields

o
X

W

475

T1f]’Papa(.‘.ambridge



"
] o
-"Pgep aCam brldge CHAPTER 12. MAGNETIC FIELDS

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.

newton meter

<

insulating threa

N

8.0cm

XS

The open ends of the fra nnected to a power supply so that there is a current of
5.0Ain the frame in thedi icated in Fig. 8.1.

The frame is sl
PQ is in the fi

shown in Fi
B
P / / / Q view from above
50°

@
Fig. 8.2

ed into a uniform magnetic field of flux density B so that all of side
agnetic field lines are horizontal and at an angle of 50° to PQ, as

o
@

*

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.

B = e mT [2]

(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 sta he magnetic field.

Suggest what effect this will have on the frame. 0‘

[Total: 6]

?’Q'PapaCambridge



"
] o
-"Pgsp aCam brldge CHAPTER 12. MAGNETIC FIELDS

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.

newton meter

<

insulating thread

N

8.0cm

X

The open ends of the fra nnected to a power supply so that there is a current of
5.0Ain the frame in the.di icated in Fig. 8.1.

The frame is sl
PQ is in the fi

shown in Fi
B
P / / / Q view from above
50°

*
Fig. 8.2

ed into a uniform magnetic field of flux density B so that all of side
agnetic field lines are horizontal and at an angle of 50° to PQ, as

o
@

*

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.

B = e mT [2]

(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 sta he magnetic field.

Suggest what effect this will have on the frame. 0‘

[Total: 6]
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(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.

-7

P . -

. | I// X &0 weight W

rigid copper

wire
pivot
magnet

Q Fig. 8.1 (not to scale)

The wire is b zontally by means of a small weight W.

S 4
o {‘
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The section of the wire between the poles of the magnet is shown in Fig. 8.2.

rigid copper wire

M
P
L
Q
pole of magnet pole @
@
Fig. 8.2 (not to scale) *\
Explain why:
(i) section QL of the wire gives rise to a moment a the pivot

?‘]’PapaCambridge
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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]

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

[Total: 13]
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(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 ' 0
M :/

1. . &

/ weight W
N |/ S & 3

Q rigid copper

wire
pivot

magnet

Q Fig. 8.1 (not to scale)

ontally by means of a small weight W.

The wire is bal
e 4

o
@
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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 poIeE @

Fig. 8.2 (not to scale) (\

Explain why: 9
(i) section QL of the wire gives rise to a moment pivot

?‘]’PapaCambridge
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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 be the poles of
the magnet.

[Total: 13]
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A rigid copper wire is held horizontally between the pole pieces of two magnets, as shown in

of current —>

Y

Fig. 9.1.
/:/ 8.5cm o | |
copper i P : 8.5cm |
wire | |
S
direction S

side view b a

g0 (s

The width of each pole piece is 8.5¢cm.

The uniform magnetic flux density B in the region be poles of the magnets is 3.7mT and
is zero outside this region.
The angle between the wire and the direction f netlc field is 6.

The current in the wire is in the direction s

(@) By reference to the side view of F
magnets.

, State and explain the direction of the force on the

(b) The constant 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 6[)‘,)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 equency 20Hz
and root-mean-square (r.m.s.) value 5.1A.

The angle between the wire and the direction of the magnetic fieldi @

On Fig. 9.2, sketch a graph to show the variation with time ¢ ce Fon the wire for two
cycles of the alternating current.
A
[
1
F/N
0 -
o ts
e o
Fig. 9.2 [3]
[Total: 8]

?‘]'PapaCambridge



T"’_'"PapaCambridge

489

256. 9702_s18 qp 43 Q: 9
A rigid copper wire is held horizontally between the pole pieces of two magnets, as shown in

of current —>

7

Fig. 9.1.
/:/ 8.5cm /,’ | |
copper i P : 8.5cm |
wire | |
S
direction S

side view Py i
Fig. 9.1 (\
The width of each pole piece is 8.5¢cm. 0

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

The angle between the wire and the direction of t etic 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 Fi%

te and explain the direction of the force on the

magnets. :

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

(i) For angle #equal to 90°, calculate the force on the wire.

?"t.’PapaCambridge
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(i) The angle @is changed to 60°.
- e 8.5
The length of wire in the magnetic field is (sin 6[)‘,)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 offrequency 20Hz
and root-mean-square (r.m.s.) value 5.1A.

The angle between the wire and the direction of the magnetic field

®

On Fig. 9.2, sketch a graph to show the variation with time to?
cycles of the alternating current.

A

e Fon the wire for two

FIN

Fig. 9.2 [3]

[Total: 8]
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(a) Define magnetic flux density.

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

7.5cm S

=
) ]\
N
N

Fig. 8.1

Sections PQ, QR and RS of the wire @j in a uniform magnetic field of flux density B
produced between the poles of a permane agnet.
The perpendicular distance of PQR e pivotis 7.5cm.

When a current of 2.7 A is passed
8.8cm from the pivot in orde @

°

gh the wire, a small mass of 45mg is placed a distance
tore the balance of the wire, as shown in Fig. 8.2.

small mass
.5¢cm 8.8cm N
AN 2.7A [

\\ (
\}\ 27A
pivot stiff wire

pole pieces
of 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.

(ii) The length of section QR of the wire is 1.2cm.
Calculate the magnetic flux density B.

[Total: 8]
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A stiff wire is held horizontally between the poles of a magnet, as illustrated in Fig. 9.1.

A
\ stiff
wire

e
~ &9

When a constant current of 6.0A is passed through th vere is an additional downwards

force on the magnet of 0.080N.

(@) On Fig. 9.1, draw an arrow on the wire to s irection of the current in the wire.

Explain your answer. (

(b) The constan .0Ais now replaced by a low-frequency sinusoidal current.
r.m.s.) value of this current is 2.5A.

Calculate th
magnet.

ce between the maximum and the minimum forces now acting on the

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

[Total: 7]
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259. 9702 s21 qp 41 Q: 9

(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

Q

T
movement
of electrons

?‘]'PapaCambridge
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(c) The Hall voltage V|, developed across the foil in (b) is given by the expression

_8I
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, rial rather
than a metal.

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

497

(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.

(c) The accelerated electrons in (b) are injected at point
of flux density B, as illustrated in Fig. 8.1.

—_———
e~ o

N
0&

egion of uniform magnetic field

<

(2]

region of uniform
magnetic field,
flux density B

path of electrons,
radius r

The electrons move at right angles to the direction of the magnetic field. The path of the

electrons is a circle of radius r.

?‘]’PapaCambridge
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i ow that the specific ¢ arge—clo the electrons is given by the expression
(i) Sh hat th ific ch mfhl is gi by th i
q _ 2V
m ~ B2r%

Explain your working.

injected normally into the magnetic field of flux density 0.38 mT.
The radius r of the circular orbit of the electrons is 14cm.

(ii) Electrons are accelerated through a potential difference V of 230V. Q&rons are

Use this information to calculate a value for the specific cha(xm electron.

\

harge = oo Ckg™ [2]

(iii) Suggest why the arr. @ ned in (ii), using the same values of B and V, is not
practical for the ti f 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

Q

T
movement
of electrons

The magnetic field is normal to the S of the foil.

Electrons, each of charge -q foil at right angles to the face PQTV.
() On Fig. 9.1, sh ce of the foil on which electrons initially accumulate. [1]

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

?‘]'PapaCambridge
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(c) The Hall voltage V|, developed across the foil in (b) is given by the expression

_8I
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, rial rather
than a metal.

[Total: 9]
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(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.

metal rod

balance pan

s

The rigid metal rod of lengt is fixed in position perpendicular to the direction of the

magnetic field. The p gnet are both 45mm long. There is a current in the rod
that causes a forc . The balance is used to determine the magnitude of the force.
The variation wi of the force F on the rod is shown in Fig. 8.2.

S 4
o {‘

?"t.’PapaCambridge
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10.0

8.0 A

F/mN

AN

6.0 y.&i

AN
N\

4.0

20

N\
N
~
1

Fig. 82

Calculate the magnetic flux density B. o
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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.

(ii) State the measurements needed in order to d ;he charge to mass ratio, e/m,, of
an electron.

[Total: 8]
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(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(& radius 6.4cm.

(i) State and explain the direction of the magnetic fw

(ii) Show that the speed v ofb@n is 9.0 x 108 ms.

(3]

?‘]'PapaCambridge
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(b) A uniform electric field is now applied in the same region as the magnetic field.

505

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 - - -
Fig. 9.2
(i) On Fig. 9.2, mark with an arrow the direction of the uniform electric fi 0 [11

(ii) Use data from (a) to calculate the magnitude of the electric fie

L/

@trength e NC- [2]

an a-particle travelling at the same speed v along the

(c) The electron in (b) is now rep
same initial path as the ele

Describe and exp ape of the path in the region of the magnetic and electric fields.

[Total: 10]
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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

v

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 dlrt?u@e agnetic field.

(@) When the electron enters the magnetic field, the compon s velocity vy, normal to the
direction of the magnetic field causes the electron to llow a circular path.
Calculate:

M w

(if) the radius of this ¢i

FAAIUS = oo, m [3]

(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.

E‘,.’PapaCambridge
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(c) Use information from (a) and (b) to describe the resultant path of the electron in the magnetic
field.

507
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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

F

direction of \
incident electrons

R )

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 —g and s;@in the slice.

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

(b) The force o

slice*diven
LA
BI
¢ - Bl
H™ ntg

where [ is the current in the slice.

(i) State the two faces between which the voltage V|, is established.

?"t.’PapaCambridge
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c) Aluminium (24Al) has a density of 2.7 gcm™. Assume that there is one free electron available
13 y g
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 fi i@

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

L/

[Total: 8]
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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
flux density B

R
\ % _
|
............. X
/ direction of
il __motion of electrons
e o~ 0
P o S Q
""’ ‘ b
vl Y \

A

Electrons enter the slice at right-angles to face SRX

A potential difference, the Hall voltage V,,, is etween two faces of the slice.
(@) (i) Use letters from Fig. 9.1 to na two faces between which the Hall voltage is
developed.

?"t.’PapaCambridge
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(b) The Hall voltage V,, is given by the expression
_Bl
H™ nig
(i) Use the letters in Fig. 9.1 to identify the distance t.
....................................................................................................................................... [1]
(i) State the meaning of the symbol n.
....................................................................................................................................... [1]

(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. e

267. 9702_s18_qp_42 Q: 8

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

?‘]'PapaCambridge
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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

uniform
magnetic field
into page

Q
o O

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

The particles are moving in a vacuum in a lar arc of diameter 15.0cm.

Show that the mass of one of th@ esis 20u.

[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]

?‘]’PapaCambridge
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(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 0

mass m
_

charge +q
speed v o@
region of /0
magnetic field 0

the magnetic field is perpendicular to, and into, the plane of the paper.

L 2

0‘,‘

*

Fig. 8.1
The direction

(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.

?‘]’PapaCambridge
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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 0

mass m
charge +q ®

speed v /000

region of

magnetic field QQ

the magnetic field is perpendicular to, and into, the plane of the paper.

L 2

0‘,‘

*

Fig. 8.1

The direction

(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.

?‘]’PapaCambridge
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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]

T1f]’Papa(.‘.ambridge



T‘f.’Papa(.‘.ambridge

270. 9702_m17 qp_42 Q:8

517

(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 ular path of diameter d.

(i) State the direction of the magnetic field.

(i) Explain why the speed icle is not affected by the magnetic field.

”.? ............................................................................................................. 2]

(iii) ShoW tha

meter d of the semi-circular path is given by the expression

_2mv
d= “Bg -

T1f]’PapaCambridge
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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.

T1f]’Papa(.‘.ambridge
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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 7

éq"’

The direction of the uniform magnetic field is into the plane of the ¢ ;
The velocity of the electron as it enters the magnetic field is nor to magnetic field.

The radius of the circular path of the electron in the magne

(@) Explain why the path of the electron in the magneti he arc of a circle.

(b) Show that the ma
given by

momentum of the electron as it enters the magnetic field is

p = y(2mqV).

[2]

T1f]’Papa(.‘.ambridge



"
] o
-"Pgop aCambrldge CHAPTER 12. MAGNETIC FIELDS

(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 crease on the
radius r of the path of the electron in the magnetic field. e

[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
VAV AV J :
<
vz

<
-~ O

The probe is rotated about the axis XY and is then held in a pos’ at the Hall voltage is
maximum.

(@) Explain why 0

(i) a Hall probe is made from a thin slice of materia

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

(if) in order for consistent ents of magnetic flux density to be made, the current in
the probe must b

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

i L/
Fig. 9.2 \
‘ 5

[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 7

éq"’

The direction of the uniform magnetic field is into the plane of the ¢ ;
The velocity of the electron as it enters the magnetic field is nor to magnetic field.

The radius of the circular path of the electron in the magne

(@) Explain why the path of the electron in the magneti he arc of a circle.

(b) Show that the ma
given by

momentum of the electron as it enters the magnetic field is

p = y(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 crease on the
radius r of the path of the electron in the magnetic field. e

[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

CL - D 0
i / Q
SO
current (\
Fig. 8.1 0

The magnetic field is normal to face CDEF and to fac

OE:a® aces CDQP and FERS.

ped across the slice.

A current I passes through the slice and is n

A potential difference, the Hall voltage V,,, is

(a) State the faces between which t @
..................................................... AN e [1]

(b) The current I'is p %rge carriers, each of charge +g moving at speed v in the
direction of the ¢ number density of the charge cartiers is n.

tage V|, is developed.

(i) Derive relating the Hall voltage V|, to v, B and d, where d is one of the

ice.

[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
W, = niq
Explain your working.
z [2]
(c) Suggest why the Hall voltage is difficult to detect in a thin slicg §
___________________________________________________________________________ S —
0 [Total: 8]
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275. 9702 w17 qp 42 Q: 8

527

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

Fig. 8.1.

C

magnetic
field
F E
S *
I N " R

, <
T .\bq

Fig. 8.1

The magnetic field is normal to face CDEF and to fac

The current I in the slice is normal to the faceCl@nd FERS.

A potential difference, the Hall voltage V., |

(a) (i) State the faces between whij

ped across the slice.

all voltage V|, is developed.
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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.

276. 9702_w17_qp_42 Q: 9

(a) State what is meant by a field of force. Qz

rm electric field for the selection of the

(b) Explain the use of a uniform magnetic field and
i m if you wish.

velocity of charged particles. You may draw

Q°Q0

?‘]'PapaCambridge
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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

N e e e e e e e e e e e e e e e e e e e e e e e e e e e m e, —,
-
mass m
charge +q
velocity v
magnetic field /
into plane of
paper 0

Fig. 9.1

The direction of the magnetic field is into the plane of the pape
particles is normal to the magnetic field as the particles enteraf

A particle in the beam has mass m, charge +g and ve
through the region of the two fields.

On Fig. 9.1, sketch the path of a particle that ha

velocity of the charged

e particle passes undeviated

(i) mass m, charge +2g and velocity el path Q), [1]
(i) mass m, charge +g and velocitysli arger than v (label this path V). 2]
[Total: 9]

?‘]’PapaCambridge



"
] o
-.’Pgop aCambri dg e CHAPTER 12. MAGNETIC FIELDS

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

T e
i o
P Q
current I ‘\
The magnetic field is normal to face CDEF and to fa 4

A current I passes through the slice and is nx@ faces CDQP and FERS.

A potential difference, the Hall voltage V,,, | oped across the slice.

Fig. 8.1

(a) State the faces between which oltage V|, is developed.

.................................................... AN oo neneeeeees [ 1]
(b) The current I is by charge carriers, each of charge +gq moving at speed v in the
direction of the e number density of the charge carriers is n.

[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

531

BI

Vy :TI‘Q'

Explain your working.

*

Qz §
(c) Suggest why the Hall voltage is difficult to detect in a thin slice,of é

[Total: 8]
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278. 9702 w16 qp 41 Q: 7

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

(b) State the type of field, or fields, that will give rise to a force acting on

(i) a moving uncharged particle,

(c) An electron, mass m and charge —q, is moving at sp@ a vacuum. It enters a region of
uniform magnetic field of flux density B, as shown i

uniform magnetic field
0 flux density B

path of electron
mass m, charge —q

Fig. 7.1

e 1

Initially, the e s 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.

T1f]’Papa(.‘.ambridge



T‘f]’PapaCambridge

(i) Derive an expression, in terms of the radius r of the path, for the linear momentum of the
electron. Show your working.

533

2]

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

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

(b) State the type of field, or fields, that will give rise to a force acting on

(i) a moving uncharged particle,

(c) An electron, mass m and charge —q, is moving at sp@ a vacuum. It enters a region of
uniform magnetic field of flux density B, as shown i

uniform magnetic field
0 flux density B

path of electron
mass m, charge —q

Fig. 7.1

e 1

Initially, the e s 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.

T1f]’Papa(.‘.ambridge



T‘f]’PapaCambridge

(i) Derive an expression, in terms of the radius r of the path, for the linear momentum of the
electron. Show your working.

535

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
& &
current I current 21
Fig. 8.1
The current in P is I and the current in Q is 21. 0

the current in wire P. Label this arrow B. [1]

®
(ii) OnFig. 8.1, draw another arrow to show the directio @rce acting on wire Q due to
the current in wire P. Label this arrow F. [1]

(@) (i) On Fig. 8.1, draw an arrow to show the direction of the m:—:wd at wire Q due to

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

(ii) State how on of the force on wire P compares with the direction of the force on
wire Q.
D2 S NSOV
oo
,Q‘ ........................................................................................................................ [1]

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

(@) 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

I /\/wire
H G
@
E F
* . ':b
E F

the plane EFGH. [3]

Fig. 8.1 Fi@ew from above)
On Fig. 8.2, draw the pattern of the magnetic fie&ed by the current-carrying wire on

(b) Two long straight parallel wires P and re situated a distance 3.1 cm apart, as illustrated in

Fig. 8.3.
18.5A
/wireQ
S 4
L o4 i :
"‘ ' 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

where u, is the permeability of free space.

?‘]’PapaCambridge
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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.

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

(@) 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

I /\/wire
H G
@
E F
* . ':b
E F

the plane EFGH. [3]

Fig. 8.1 Fi@ew from above)
On Fig. 8.2, draw the pattern of the magnetic fie&ed by the current-carrying wire on

(b) Two long straight parallel wires P and re situated a distance 3.1 cm apart, as illustrated in

Fig. 8.3.
18.5A
/wireQ
S 4
L o4 i :
"‘ ' 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

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.

[Total: 9]
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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
— <

O

magnetic field

pattern
rop1

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

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

(iii) The currentin ess than the current in wire P.

ther the magnitude of the force on wire P is less than, equal to, or
nitude of the force on wire Q.
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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

?‘j_']'PapaCambridge
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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

?‘j_']'PapaCambridge
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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

?‘j_']'PapaCambridge
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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.

.............................................................................. 0 ST RUURRNRRRSR | - |
[Total: 8]

291. 9702_w16_qp_42 Q: 10

Explain the function of the non-uni
magnetic field in diagnosis usin

agnetic field that is superimposed on a large uniform
agnetic 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.

0 [Total: 8]
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