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

i
newton meter
W insulating thread
T
- F<Q
frame

R

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. F. "X\

B_ 9—»4—A|—‘—\‘-
SCo T
T 4
= Q view from above
i

Fig. 8.2

When side PQ of the frame first enters the magnetic field, the reading on the newton meter
changes by 1.0mN.

JS.

U

(i)

(iii)

Determine the magnetic flux density B, in mT. ],’: &L i e®
C > 2(5) (Ga7) 5inS5
- (\x\onﬁ _ 453 e
S (X% siaS° oy c

mT [2]

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

Osins Lot W) “s wle, Be Jicedien 4 Mo
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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.

e fore. il e ol PR Lecowmen

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

magnetic field
flux density B

£/ /K

I \
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 [ of the force F on the
2 cart

wire. \'e
175 g
A g
3 I'/» 51 &S\t\e
v
—
F 1
‘a ™ %
0
0 I
Fig. 6.2
[2]
(ii) 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. ConS

| /
F F.o R1)ae8
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Fig. 6.3 (3]
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(a) 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.

18

current out of
plane of paper

- / G

H I .u/ wire G
| =
: + 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 wi/é?a/
3]

the plane EFGH.

(b) Two long straight parallel wires P and Q are situated a distance 3.1 cm apart, as illustrated in
Fig. 8.3.

62AT 185A

wire P b 3 wire Q

 ——
v J.1lcm

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

=t

21X

where u, is the permeability of free space.

Calculate:

{i) the magnetic flux density at wire O due to the current in wire P
2
T
[S = k&__ - %){\o % C 2
2T ot (21 A&

= LI.O chgq

Mo densifs ... o0 e T [2]

(i) the force per unit length, in Nm~, acting on wire Q due to the current in wire F.

1{: @’S'O& => _E = %KEQ
& S

OIS PEAS

- Bh et N

Y
3h x)e Nm 2]

forca parunit length =" 0000 L

\

{€) The currents in wires P and O are different in magnitude.
State and explain whether the forces per unit length on the two wires will be differept.

hqw:\\loesw\e o Nastor's 20 1 vabSon / Legasse

[Total: 9]
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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.

A rigid 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.

56cm

s

/ >

.

rigid copper
wire
pivot

sl magnet r/\ . ‘i % _\_&

Fig. 8.1 (not to scale)

The wire is balanced horizontally by means of a small weight W.

The section of the wire between the poles of the magnet is shown in Fig. 8.2

éF: o
éM:o

rigid copper wire

X
”

pale of magnet

pale of magnet
Fig. 8.2 (not to scale)

Explain why:

ec}\Ve vf\owwjLS

Qﬂcdwse&:{reﬂ\ ...... ooAQcﬂWﬁw ...........................

{e) Section QL of the wire has length 0.85cm.
The perpendicular distance of QL from the pivot is 5.6cm.

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 Wis 1.3 x 10~%kg.

(i) Show that the change in moment of W about the pivotis 3.3 = 107N m.

AT 3
NERSEE )
-3 30s° 2]

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

&M aNwW = AMC""

3,’%7<\o—g = AF < LQ
2207 - BxAT) « L3

3500e - BAI2) (2S5 » €.CxlsD)
RB.o.0S8

[Total: 13)



m19 qp42 q

16

8 A horsashoe magnet is placed on a top pan balanca. A rigid copper wire is fixed betwsen the
podas of the magnet, as illustrated in Fig. 8.1.

A

rigid coppear
wira
balanca
pan
harseshos

magnat — ———

Fig. 8.1

The wira is clamped at ends A and B.

(a) Whan a direct current is swilchad on in tha wira, the reading on the balance is s2en o
decrease.

Siate and ewplain the direction of:

(i} the force acting an the wire

/RLWUM)KL CD(CQ erv\‘n"e- \z\l‘é M&'LQ M&& o~
fe et Seg J)&_..__.._. Nem\-wxb 3*&\#*@
("“CE U‘\'“{ Ve _w\u;(' ' be. ejuv& L\J{'

(i} the cwrrent in the wirs.
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8 (a) State whatis 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.B.1.

uniform magnetic field

flux density B
N /} =
‘““'"‘"\ 2 i
£ 7 d
particle
charge +q M Aok TV
e R N\r‘)
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.

(iiiy Show that the diameter d of the semi-circular path is given by the expression

C‘“‘J: G r

B’\)‘: N S5 ) (= LV => &,:—_2,,«\\)‘
Y Bﬂy %cl/ 2]

_ 2mwv
i = By

(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.

,\7—: & - ,)l:- cilcm(‘\ue/we

Ce T a T

[2]
[Total: 9]
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(a) State what is meant by a field of force.

20

(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.

{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 L LA % £ <.
electric fields ;
< 'Y x ~
path of particle
ey / N
2 7
L % x <KX CQ mass m
charge +g
rw F vV “ % velocity v

N
magnetic field ﬂ—"""/'x > A~ W R

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 +g 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
(iy mass m, charge +2q and velocity v (label this path Q), [1]
(ii) mass m, charge +q and velocity slightly larger than v (label this path V). [2]

[Total: 9]



8 An electron is travelling in a vacuum at a speed of 3.4 x 10"ms™'. The electron enters a region of . ) : : :
uniform magnetic field of flux density 3.2mT, as illustrated in Fig. B.1. {e) Use information from (a) and (b) to describe the resultant path of the electron in the magnetic
field.

region of uniform / \ \,, . S
magnetic flux SRR Y2 SV SR A0 of - T R SNowh. _in. 2\ o | B 50 BRORES LR PO
'W /‘Y"ﬂfﬁ density 3.2mT
w
N, ‘

5}“\: cordo ﬂj&,x“’ > / ) ............................................................................................................................................... (1]
- ) [Total: 6]
—

W

electron
speed 3.4 = 107 ms™!

Fig. 8.1
The initial direction of the electron is at an angle of 307 to the direction of the magnetic field.

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

Calculate:

M w = 20560 %sinde

{ii) the radius of this circular path.

. f > G’\.\ X \53\\) 0 .73(\0%
L .’d C’),l x\:% (\.(: » \'5“3

PRSP

radius = .o 5 L 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.
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A particle of charge +g and mass m is travelling with a constant speed of 1.6x10°ms™" in a
vacuum. The particle enters a uniform magnetic field of flux density 9.7x10°T, as shown in

Fig. 9.1.

@7\ uniform magnetic
o /\.F = __— field out of the plane of
particle N the paper
charge +q 1. « |- . flux density 9.7 x 10T
massm = T “2
speed 1.6 x 10°ms™’ . . o - V— ’g__

path of phrticle ' 2\

€

Fig. 9.1

The magnetic field direction is perpendicular to the initial velocity of the particle and perpendicular
to, and out of, the plane of the paper.

A uniform electric field is applied in the same region as the magnetic field so that the particle

passes undeviated through the fields. E\‘z FM\

(a) State and explain the direction of the electric field.

Th s \oe- pget 9 oS> ’(L( w'jM)’“(:‘“‘ce _____ ) 590"“\"“‘”&& .......

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

E{“'ai_” SR S lxle = B

(e} The electric field is now removed so that the positively-charged particle follows a curved path
in the magnetic field. This path is an arc of a circle of radius 4.0cm.

Calculate, for the particle, the ratio i
) \ Q&\o P
ATl ™

b
_l_— | _j,L,.: L\\K\oq

{d) The particle has a charge of 3e where e is the elementary charge.

(i) Use your answer in (c) to determine the mass, in u, of the particle.

jk \ L‘-\X\g '.G(;mlc;ﬂ “\‘Q Y
3 (16dS™) - Aaxle \\7 o ["J

- -26
\\7 xlo 'I\,\) 1 R 7 .............................. u [2]

(ii) The particle is the nucleus of an atom. State the number of protons and the number of
neutrons in this nucleus.

number of protons = 3 ...............................................

PTHEET OF DRI INIE = e eee e e s e e e s e s s s s

[Total: 11]



8 (a) Define magnetic flux densﬂ(%}

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

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

E.P.C: RE
V‘\/ = ’\Z'NFL = V= L\/j‘

™

[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,
- b flux density B
& T
o N
; ‘*,.
!
S* }
\ A
&
kY
Y, Eo

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.

(i) Show that the specific charge qu? of the electrons is given by the expression

2V
Eq{ - BI )
Explain your working. 2
e e - )
=t wﬁ -~ A

2
W o B
v Q}\’ ' 7~ By

o /A
N o
~ 6 “ B 2)

{ii) Electrons are accelerated through a potential difference V of 230V. The electrons are
injected normally into the magnetic field of flux density 0.38mT.
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.
Y. Lxd>=
—3\- =)
v~ G,,%%X\o ) C\)'l*\o>

_ 163 %

specific charge = ... DR Y . Ckg™ [2]

iii) Suggest why the amangement outlined in (ii), using the same values of B and V, is not
a9 Y ge g
practical for the determination of the specific charge of «-particles. A
<

au\r\é"\r\ ..... \00'4\&96 ..... A N\‘(L .......................
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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

movement s N
of electrons

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]

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

’,‘7\:\%% Ho el ~worvbhe wwesmmv?eﬁmoo«v

{c) The Hall voltage V,, developed across the foil in (b) is given by the expression

V:E
n

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.



m18 q p42 qQ (b) The Hall voltage V,, is given by the expression

20
_ B
9 A thin slice of conducting material has its faces PORS and VWXY normal to a uniform magneti A nig

field of flux density B, as shown in Fig. 8.1. (i) Use the letters in Fig. 9.1 to identity the distance

magmﬁc ﬁeld ...................................................................................................................................... I1 ]
flux density B

. L I D A I A AU D AR - ¥ v TS ¥ SRR 5 o, N S R [1]
p—— (iii) State and explain the effect, if any, on the polarity of the Hall voltage when negative
matlan of eleﬁtmns charge camiers (electrons) are replaced with positive charge carriers, moving in the

same direction towards the slice.

P '94.,‘@« /r\w?_ ....... Wil _he nochemme o \‘\\'e ................. e CO‘“%
N A Oefleek Jvﬁuce ______ Ps f/b ___________ el '\3 _________________
- e (’ s iy AT e (2]
(Total: 7]

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.

(a) (i) Use letters from Fig. 9.1 to name the two faces between which the Hall voltage is
developed.







