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4  Two point charges A and B each have a charge of +6.4 x 10719C. They are separatedina |
vacuum by a distance of 12.0um, as shown in Fig. 4.1. Examiner's
Use
5 12.0um |
e A P B -19
+6.4x10C ' @---------—- e e P - +6.4x107C
r 3.0um t 3.0um
Fig. 4.1

Points P and Q are situated on the line AB. Point P is 3.0um from charge A and point Q is
3.0 wm from charge B.

(a) Calculate the force of repulsion between the charges A and B.

FZ kﬂvlﬂ/,_
' o
£. g44x1p"x (64 x (0" )
(12x107%)*

F-o.exlo™”

(b) Explain why, without any calculation, when a small test charge is moved from point P to
point Q, the net work done is zero.

ot O oand Q. boue e same  elecliic Dotelial ,

AL el OIS B ol 2]

(c) Calculate the work done by an _electron in moving from the midpoint of line AB to
point P. ' it
Workdone = d/mwﬂ& in ErG V— "

= AVx 4V m = ‘%"-r _ﬁ”
\/= kQ/ = \/ & Vi x A YB -14
<% ( d ) 1 _[9.99x10"x 6410 )xz
final LxID7¢
Vp- ke, K Vn= 192x 107V
Ta Ye “1a
=$40le0‘1¥ G-4x1D (_l—)-q_’
; S pm
Vf‘— 2.,xID 3\/ / /'"rlwork AONE = oo, J [4]
© UCLES 2010 9702/42/M/J/10 [Turn over

3 : —19
Work = (z.wlo}— [-22x [0 9) x Lexl0O " o Wok = 1.1xID*T
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4 (a) Define electric potential at a point.

Wovkdone per Yt P_OS(HV& c,[nﬂlV@c; o mae it

...................................................................................................................................... [2]
U=
(b) A charged particle is accelerated from rest in a vacuum through a potential difference V.
Show that the final speed v of the particle is given by the expression AV =V
[
m
where % is the ratio of the charge to the mass (the specific charge) of the particle.
thovge m BPE = thange in KE
AVx g, = .‘Z.m(\/z— w)
2
Vx9q, = Im (\/ - 0)
2
v- |2V4
m
Vi 2

(c) A particle with specific charge +9.58 x 107 Ckg~" is moving in a vacuum towards a fixed
metal sphere, as illustrated in Fig. 4.1.

| metal sphere
2.5x10°ms- v= |2Vg potential +470V

—_—

hn
particle O

specific charge
+9.58x 107 Ckg™!

Fig. 4.1 REPPREPY
infinity (V:=0)

The initial speed of the particle is 2.5 x 10°ms~! when it is a long distance from the

sphere.

The sphere is positively charged and has a potential of +470V.

Use the expression in (b) to determine whether the particle will reach the surface of the

sphere. I 104
\/:\/qu-?oxq,fgxl_[):'\' (2.9)([0 ):‘ Q_VXO(~$8X
Y V= 226V
ve 30 ""‘Is will not  veacl.
will w1l yeauw.

[3]

For
Examiner’s
Use
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5 An o-particle is travelling in a vacuum towards the centre of a gold nucleus, as illustrated in
Fig. 5.1.
A_/Uzl« o
\/ = k’V gold nucleus

a-particle
{ m-= 4u

R4 @ PN [ q~— 2e
k:$a1x10" <l

charge 79e energy 7.7x107'3J

-2%
o - e xIDTk
U XID Fig. 5.1 Il‘2= {.&XIO—MC&

A

The gold nucleus has charge 79e.

The gold nucleus and the a-particle may be assumed to behave as point charges.
At a large distance from the gold nucleus, the a-particle has energy 7.7 x10713J.
x5 V=0
(@) The a-particle does not collide with the gold nucleus. Show that the radius of the gold nucleus
must be less than 4.7 x1074m.

-1
loss 1n K.E= ﬁal'n 145 YL,= "1'7)(/[7 wv
’—I,’erlD_‘9= AV x ﬂ\/x o(-rmh'd.b CoM Yeacﬁuw
15[ kg, M [lese on L{.fmlD e
1.7x10 .;q - 0)x2e fwm e Lonlon
A

nuclewr. 9 collision

doesnol occuy, s
% weans Tadivs is N
4 cmallen Hhan s

(b) Determine the acceleration of the o-particle for a separation of 4.7x107'*m between the
centres of the gold nucleus and of the a-particle.

33Ax107% 2 £.99x10"x Mo x 2e

F- k”l/,ﬂ/,_ F-’ ma
gl=] ML = 4y x o

Y
F- 349ax10'x 2ex e
(Utxl0”")*

F = lbue N

az 2.3 xlo> ms*

27
acceleration = 2.5x |O

(c) In an a-particle scattering experiment, the beam of a-particles is incident on a very thin gold
foil.

Suggest why the gold foil must be very thin.

o Al Ko palices  tan.. s, Iongh

[Total: 7]
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6 Two solid metal spheres A and B, each of radius 1.5¢cm, are situated in a vacuum. Their centres
are separated by a distance of 20.0cm, as shown in Fig. 6.1.

1|.5cm| 20.0cm 1|.50m

(]

sphere A sphere B

A
\J

Fig. 6.1 (not to scale)
Both spheres are positively charged.

Point P lies on the line joining the centres of the two spheres, at a distance x from the centre of
sphere A.

The variation with distance x of the electric field strength E at point P is shown in Fig. 6.2.

Ak e Nudl Poimt 50
Ea = Ep 40 Ty
\
\
K”VA = @9 30
2 - _ \
iyt Yg EINC 5 \
\
\ o 1y
NiAl \
tatthenat
.q/A ) % 10 . i
3 = =" N v
A Te e s ot ~~6 1 18[1 20
An NS |
4/ Y L -10 Lo A x/cm
A [ Ta \
p‘/ Y@ -20 \
B
2 -30
Vo "
A | A]
®
50
% = l'S
Fig. 6.2
B
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(a) Use Fig. 6.2 to determine the ratio

magnitude of charge on sphere A
magnitude of charge on sphere B °

Explain your working.

(b) The variation with distance x of the electric potential V at point P is shown in Fig. 6.3.

0.8
0FV —
0.7
\
\
0.6
VIV \
0.5
\ |
\ /
0.4 /
0.3 N "
0.18V°2 Eiiss =
0.1
0
0 2 4 6 8 10 12 14 16 18 20
/’\\ 3 ) " 1 - §~" /
(losshin. BPE = gain in K. 257 Alph packicle
-AVxq, = Um(viu?) Fig. 6.3 m= 4
_(Vf-Vi)"ﬁf L""(VL"’&) POSAT
2 -19
a )/) le = (-éXlD C’q
~(0-M-0T)x 2e = '3/%4“"(" -0 tu = 1.66x107kq

Ve ULDY = 4upxl0Pms
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u=0 '
An a-particle is initially at rest on the surface of sphere A.
The a-particle moves along the line joining the centres of the two spheres.

Determine, for the a-particle as it moves between the two spheres,

(i) its mQ(imum speed,
lossiin GPE = gatn ju K.E
~AVxq = Um(viu®)
2

(Ve Ni) g - Ln{v=w)
~(018-00)x 2e. - Lxhux (v=0)

% =
V= 410817 =~ 1.5xI0° ms

MAaXimUM SPEEA = ......cceevveeeiiecreiteeieeieeeeeeeereereeneas ms~ [3]
(ii) its speed on reaching the surface of sphere B.
Lot in BPE = gatn (n K.E
-AVxg, = Lm(viu?)
Vi) o m (v m’)
Hemifdrsinid
(N 2
(050 1e - Lkl
2
V= ULoy = 4.4xI0 m[s
SPEEA = ottt ms~![2]
[Total: 8]
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