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172. 9702 _s17_qp 41 Q:'5
An a-particle is travelling in a vacuum towards the centre of a gold nucleus, as illustrated in

Fig. 5.1.
gold nucleus a-particle
O —
charge 79e energy 7.7x 10713
Fig. 5.1

The gold nucleus has charge 79e.
The gold nucleus and the o-particle may be assumed to behave as point charges.
At a large distance from the gold nucleus, the a-particle has energy 7.7 x10~13

(a) The a-particle does not collide with the gold nucleus. Show that the radi e gold nucleus
must be less than 4.7 x107"4m.

L/

©
(b) Determine the acceleration @u-particle for a separation of 4.7x10-1*m between the

centres of the gold nucl e o-particle.

¥,

*

acceleration = ..........cocoooeeieeeeeeee ms= [3]

(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.

[Total: 7]
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173.9702_s20 qp 41 Q: 5

(a) State one similarity and one difference between the fields of force produced by an isolated
point charge and by an isolated point mass.

L] 10 0T =T 1 SRR

sphere A

charge +Q %
Fig. 5.1@
A point P is distance 2R from the surfac@ phere.

Determine an expression that inclu terms R and Q for the electric field strength E at

point P. 0Q
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CHAPTER 8. ELECTRIC FIELDS

(c) A second identical solid metal sphere B is now placed near sphere A. The centres of the
spheres are separated by a distance 6R, as shown in Fig. 5.2.

P
L ]
sphere A : | sphere B
charge +Q . 6R . charge -Q
Fig. 5.2

Point P lies midway between spheres A and B.

Sphere B has charge —Q.

Explain why:

the field strengths due to each sphere

<

L/

(i) the magnitude of the electric field strength at P is gh@ sum of the magnitudes of

N

he charged metal spheres is not, in practice,

(ii) the electric field strength at poi @
equal to 2E, where E is the electric fi

trength determined in (b).

[Total: 7]
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174. 9702_s20 qp_42 Q: 7

A metal sphere of radius R is isolated in space.

Point P is a distance x from the centre of the sphere, as illustrated in Fig. 7.1.

Fig. 7.1

The variation with distance x of the electric field strength E due to the char, @w sphere is
shown in Fig. 7.2.

20
15 \
E/105Vm™!
10 HH
5 )
0_::
0 4 6 8 10 12
* x/cm
o
A g

Fig. 7.2
(a) State what is meant by electric field strength.
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(b) (i) Use Fig. 7.2 to determine the radius R of the sphere. Explain your working.

(ii) Use Fig. 7.2 to determine the charge Q on the sphere.

0= ..................................................... C [3]
(c) An a-particle is situated a distance 8. Qﬁ the centre of the sphere.

Calculate the acceleration of th le.

Q’é

&

acceleration = .....c.ccoceeeeeeeee e ms~2 [3]

[Total: 10]
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175. 9702_s20 qp_43 Q: 5

(a) State one similarity and one difference between the fields of force produced by an isolated
point charge and by an isolated point mass.

L] 10 0T =T 1 SRR

sphere A

charge +Q %
Fig. 5.1@
A point P is distance 2R from the surfac@ phere.

Determine an expression that inclu terms R and Q for the electric field strength E at

point P. 0Q
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(c) A second identical solid metal sphere B is now placed near sphere A. The centres of the
spheres are separated by a distance 6R, as shown in Fig. 5.2.

P
L]
sphere A : : sphere B
charge +Q : 6R . charge -Q
Fig. 5.2

Point P lies midway between spheres A and B.

Sphere B has charge —Q.

Explain why:

the field strengths due to each sphere

<

L/

(i) the magnitude of the electric field strength at P is gh@ sum of the magnitudes of

o

(ii) the electric field strength at poi @he charged metal spheres is not, in practice,
equal to 2E, where E is the electric fi trength determined in (b).

[Total: 7]
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176. 9702_m19 qp 42 Q:5
(@) State what is meant by an electric field.

(b) Anisolated solid metal sphere has radius R. The charge on the sphere is +Q and the electric
field strength at its surface is E.

On Fig. 5.1, draw a line to show the variation of the electric field strength with distance x from
the centre of the solid sphere for values of x from x = 01to x = 3R.

1.00E
0.75E
electric ]
field =
strength ¢
0.50E
|
0.25E
0
0 2R 3R

Q distance x
0 Fig. 5.1

park) occurs when the electric field strength at the surface of the
Svm.

Elecw‘&I

®
Determine th

Occurs.

imum charge that can be stored on the sphere before electrical breakdown

[Total: 8]
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(a) State what is meant by electric field strength.

............................................................................................................................................. [2]
(b) Two point charges A and B are situated a distance 15cm apart in a vacuum, as illustrated in
Fig. 5.1.
A P B
— — :
I X -
15¢m EQ
®
Fig. 5.1 \
Point P lies on the line joining the charges and is a di om charge A.
The variation with distance x of the electric field s at point P is shown in Fig. 5.2.
10 =
|
8 e
E/103NC
N\
\\‘
\‘\
-6 18 [10N\J2 | 14
x/cm
|
\
\
|
-6 X
Fig. 5.2
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(i) By reference to the direction of the electric field, state and explain whether the charges
A and B have the same, or opposite, signs.

(i) State why, although charge A is a point charge, the electric field strength between
x=3cm and x = 7cm does not obey an inverse-square law.

..................................................................................................................................... [1]
(iif) Use Fig. 5.2 to determine the ratio o
magnitude of charge A _ q
magnitude of charge B Py b
......................................................... [3]
[Total: 8]
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(a) State what is meant by electric field strength.

............................................................................................................................................. [2]
(b) Two point charges A and B are situated a distance 15cm apart in a vacuum, as illustrated in
Fig. 5.1.
A P B
— — :
I X -
15¢m EQ
®
Fig. 5.1 \
Point P lies on the line joining the charges and is a di om charge A.
The variation with distance x of the electric field s at point P is shown in Fig. 5.2.
10 =
|
8 e
E/103NC
N\
\\‘
\‘\
-6 18 [10N\J2 | 14
x/cm
|
\
\
|
-6 X
Fig. 5.2
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(i) By reference to the direction of the electric field, state and explain whether the charges
A and B have the same, or opposite, signs.

(i) State why, although charge A is a point charge, the electric field strength between
x=3cm and x = 7cm does not obey an inverse-square law.

..................................................................................................................................... [1]
(iif) Use Fig. 5.2 to determine the ratio o
magnitude of charge A _ q
magnitude of charge B Py b
......................................................... [3]
[Total: 8]
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(a) State an expression for the electric field strength E at a distance rfrom a point charge Qin a
vacuum.
State the name of any other symbol used.

............................................................................................................................................. 2]
(b) Two point charges A and B are situated a distance 10.0cm apart in a vacuum, as illustrated in
Fig. 6.1.
charge A
\ .
oo L R i)
X
10.0cm
Fig. 6.1

A point P lies on the line joining the charzs@ . Point P is a distance x from A.

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

M| T
I
25 i T
E/102NC-! \ -'
\ /i
\ J
G 4
X4
» \ /
5 T
1.0
0 2 4 6 8 10
x/cm
Fig. 6.2
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State and explain whether the charges A and B:
(i) have the same, or opposite, signs
..................................................................................................................................... 2]
(ii) have the same, or different, magnitudes.
.............................................................................................................. z.............. [2]
(c) An electron is situated at point P.
Without calculation, state and explain the variation in the magnitu celeration of the

electron as it moves from the position where x =3cm to the p ‘ ere x=7cm.

[Total: 10]
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(a) State an expression for the electric field strength E at a distance rfrom a point charge Qin a
vacuum.
State the name of any other symbol used.

............................................................................................................................................. 2]
(b) Two point charges A and B are situated a distance 10.0cm apart in a vacuum, as illustrated in
Fig. 6.1.
charge A
\ .
oo L R i)
X
10.0cm
Fig. 6.1

A point P lies on the line joining the charzs@ . Point P is a distance x from A.

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

M| T
I
25 i T
E/102NC-! \ -'
\ /i
\ J
G 4
X4
» \ /
5 T
1.0
0 2 4 6 8 10
x/cm
Fig. 6.2
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State and explain whether the charges A and B:
(i) have the same, or opposite, signs
..................................................................................................................................... 2]
(ii) have the same, or different, magnitudes.
.............................................................................................................. z.............. [2]
(c) An electron is situated at point P.
Without calculation, state and explain the variation in the magnitu celeration of the

electron as it moves from the position where x =3cm to the p ‘ ere x=7cm.

[Total: 10]
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181. 9702 _s18 qp 41 Q: 6
(a) State what is meant by electric field strength.

CHAPTER 8. ELECTRIC FIELDS

(b) An isolated metal sphere A of radius 26cm is positively charged. Sphere A is shown in

Fig. 6.1.

charged
sphere A

Fig. 6.1

Electrical breakdown (a spark) occurs when the el

sphere exceeds 2.0 x 10*Vm™.

Calculate the maximum charge Q that can be st

additional charge =

G

, 69
*}ength at the surface of the

e sphere.

[Total: 5]
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182. 9702 s18 qp 43 Q: 6
(a) State what is meant by electric field strength.
............................................................................................................................................... [1]
(b) An isolated metal sphere A of radius 26cm is positively charged. Sphere A is shown in
Fig. 6.1.
charged
sphere A

Fig. 6.1 @

Electrical breakdown (a spark) occurs when the electric fi trength at the surface of the
sphere exceeds 2.0 x 10*Vm™.

Calculate the maximum charge Q that can be sto@e sphere.

(c) Ase i phere B, also with charge +Q, has a radius of 52cm.
oo
Calculate the
electrical bre

additional charge = ... [2]

[Total: 5]
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(a) State one similarity and one difference between the electric field lines and the gravitational
field lines around an isolated positively charged metal sphere.

] 00112 T OSSR

(b) A positive point charge +Q is positioned at a fixed point X and an identical positive point
charge is positioned at a fixed point Y, as shown in Fig.6.1.

‘Q‘

The charges are separated in a vacuum by a dista .0cm.
Points A and B are on the line XY. Point Ai i ce of 2.5cm from X and point B is a
distance of 2.5cm from Y. The electric fi at point Ais 4.1 x 107°Vm.

(i) Calculate charge +Q.

?‘]’PapaCambridge
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(ii) On Fig.6.2, sketch the variation of the electric field strength E with distance d from A

to B, along the line AB.

5
E/105Vm!
4

Fig.6.2
'b 2]

(ili) A small positive charge is placed . electric field causes this charge to move from
rest along the line AB.

Describe the acceleratio arge as it moves from Ato B.

[Total: 9]
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(a) State what is meant by electric potential at a point.

(b) Two parallel metal plates A and B are held a distance d apart in a vacuum, as illustrated
in Fig. 6.1.

Fig. 6.1

Plate A is earthed and plate B is at a potenti

Point P is situated in the centre regionbetw e plates at a distance x from plate B.

The potential at point P is V.
a@@ of the potential V for values of x from x = 0 to

On Fig. 6.2, show the vari
x=d.

0 d

distance x

Fig. 6.2
[3]

?‘]'PapaCambridge
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(c) Two isolated solid metal spheres M and N, each of radius R, are situated in a vacuum. Their
centres are a distance D apart, as illustrated in Fig. 6.3.

D

sphere M sphere N
charge +Q charge +@Q

Fig. 6.3 e
Each sphere has charge +Q.

Point P lies on the line joining the centres of the two spheres, aé tance y from the
centre of sphere M.

On Fig. 6.4, show the variation with distance y of the e@&ntial at point P, for values of

yfromy=0toy=D.

+

potential o

Fig. 6.4
[4]

[Total: 9]
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CHAPTER 8. ELECTRIC FIELDS

(a) Define what is meant by electric potential at a point.

(b) In an a-particle scattering experiment, a-particles are directed towards a thin film of gold, as
illustrated in Fig. 9.1.

gold film

vV

beam of
a-particles 0
L/
Fig. 9.1 *\

The apparatus is in a vacuum.

The gold-197 ('9{ Au) nuclei in the film may be consi be fixed point charges.
The a-particles emitted from the source each nergy of 4 8 MeV.
Calculate:

i e initial kinetic energy E,, in J, -particle emitted from the source
(i) the initial kineti E(ind rticl itted from th

Q"’Q
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(ii) the distance d of closest approach of an a-particle to a gold nucleus.

341
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(@) State what is meant by electric potential at a point.

(b) The centres of two charged metal spheres A and B are separated by a distance of 44.0cm, as

shown in Fig. 7.1.

B 44.0cm K
| |
sphere A —sphere B
: <
....... e e m oo

1
:
[}

- - 1/

X , (\
Fig. 7.1 (not to scale)v
A moveable point P lies on the line joining the ¢ fthe two spheres. Point P is a distance

P is shown in Fig.

x from the centre of sphere A. The variation % tance x of the electric potential V at point
7.2.

22 =
V104V
20
] 1
\
\
\
HEEEEEENL EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
0? \
L 24 \
o ;
1.6
1.4 =
1.2
0 10 20 30 40 50
x/cm
Fig. 7.2
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Use Fig. 7.2 to state and explain whether the two spheres have charges of the same, or
opposite, sign.

A positively-charged particle is at rest on the surface of sphere A.
The particle moves freely from the surface of sphere A to the surface of sphere B.

1. Describe qualitatively the variation, if any, with distance x of the speed of the particle
as it

2. The particle has ¢ 10-19C and mass 6.6 x 10~27kg.

Calculate t m speed of the particle.

L 2

0‘,‘

*

[Total: 9]
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187. 9702 w18 qp 41 Q: 6

CHAPTER 8. ELECTRIC FIELDS

(@) (i) Define electric potential at a point.

....................................................................................................................................... 2]
(b) Two parallel metal plates A and B are situated a distance 1.2cm apar&um, as shown
in Fig. 6.1.

o O
plate

helium nucleus

1.2cm

Initially, the Relium nucleus is at rest on plate A where x = 0.

(i) The helium nucleus is free to move between the plates. By considering energy changes

of the helium nucleus, explain why the speed at which it reaches plate B is independent
of the separation of the plates.

T"i'.’PapaCambridge
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(i) As the helium nucleus (gHe) moves from plate A towards plate B, its distance x from
plate A increases.

Calculate the speed of the nucleus after it has moved a distance x = 0.40cm from plate A.

T1f]’Papa(.‘.ambridge
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188. 9702 w18 qp 42 Q: 6

(a) State

(i) whatis meant by the electric potential at a point,

point.

(b) Two similar solid metal spheres A and B, each of radius R, a& in a vacuum such that

the separation of their centres is D, as shown in Fig. 6.1.

sphere A : , sphere B
charge +Q Q ' charge +q

Fig. 6.1

T@e’c?grg re A is larger than the charge +g on sphere B.
Amovable is located on the line joining the centres of the two spheres.

The point P is a distance x from the centre of sphere A.

?‘]’PapaCambridge
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On Fig. 6.2, sketch a graph to show the variation with x of the electric potential V between the
centres of the two spheres.

A

surface of surf
sphere A sp

[4]
[Total: 8]
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189. 9702_w18_qp_43 Q: 6

(@) (i) Define electric potential at a point.

(b) Two parallel metal plates A and B are situated a distance 1.2cm apart. &um, as shown
in Fig. 6.1.
‘ 75V t M

pla

: 4 @ ,,,,,

helium nucleus

1.2cm

Plate A is ate B is at a potential of =75 V.
*

A?]%Ii;h nuc uated between the plates, a distance x from plate A.
®
Initially, the helium nucleus is at rest on plate A where x = 0.
(i) The helium nucleus is free to move between the plates. By considering energy changes

of the helium nucleus, explain why the speed at which it reaches plate B is independent
of the separation of the plates.

T"i'.’PapaCambridge
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(i) As the helium nucleus (3He) moves from plate A towards plate B, its distance x from
plate A increases.

Calculate the speed of the nucleus after it has moved a distance x = 0.40cm from plate A.

T1f]’Papa(.‘.ambridge
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(a) State Coulomb’s law.

CHAPTER 8. ELECTRIC FIELDS

(b) Two charged metal spheres A and B are situated in a vacuum, as illustrated in Fig. 6.1.

6.0cm .
; |
sphere A ! | sphere B

I P |

___________ Sy — -
I

: ; e
| X "
Fig. 6.1 O\b
The shortest distance between the surfaces of the sphe .0cm.

A movable point P lies along the line joining the ce

the surface of sphere A.

e two spheres, a distance x from

The variation with distance x of the electri P@r ngth E at point P is shown in Fig. 6.2.

10
E/103V m-!
54N
- 1 2 3T 5 6
Mot ?,Q P x/cm ]
@
™~
_5 y
\
\
10 \
\
~15
Fig. 6.2
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(i) Use Fig. 6.2 to explain whether the two spheres have charges of the same, or opposite,
sign.

(i) A proton is at point P where x =5.0cm.
Use data from Fig. 6.2 to determine the acceleration of the proton.

(c) Use data from Fig. 6.2 to state the value of x at whi e rate of change of electric potential
hosen.

[Total: 9]
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An a-particle is travelling in a vacuum towards the centre of a gold nucleus, as illustrated in

Fig. 5.1.
gold nucleus a-particle
O —
charge 79e energy 7.7x10713J
Fig. 5.1

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 x10713

(@) The a-particle does not collide with the gold nucleus. Show that the radi e gold nucleus
must be less than 4.7 x 1074 m.

L/

N
0&

°
/ao )

(b) Determine the acceleration -particle for a separation of 4.7 x10~'*m between the
centres of the gold nucleu e a-particle.

¥,

*

ACCElEration = ..o ms=—2 [3]

(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.

[Total: 7]
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192. 9702_ w17 _qp 42 Q: 6

(@) For any point outside a spherical conductor, the charge on the sphere may be considered to
act as a point charge at its centre. By reference to electric field lines, explain this.

............................................................................................................................................... 2]
(b) Anisolated spherical conductor has charge g, as shown in Fig. 6.1.
i x i

sphere, ; 3 0

charge g ' q
P

_____________________ .. - - —

® b

N

Point P is a movable point that, at any one time, is aidistance x from the centre of the sphere.

The variation with distance x of the electric v at point P due to the charge on the
sphere is shown in Fig. 6.2.

14

12
v/i103V
10

pd

l’
/

L <

e

23
‘V

L
=N
]
Ji
f

x/cm

Fig. 6.2
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Use Fig. 6.2 to determine

(i) the electric field strength E at point P where x = 6.0cm,

[Total: 7]
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193. 9702 w16 _qp 41 Q: 5
Two small solid metal spheres A and B have equal radii and are in a vacuum. Their centres are

15cm apart.
Sphere A has charge +3.0pC and sphere B has charge +12pC. The arrangement is illustrated in

Fig. 5.1.
sphere A P sphere B
charge +3.0pC R R charge +12pC

15¢cm

Fig. 5.1

Point P lies on the line joining the centres of the spheres and is a distan cm from the
centre of sphere A.

(@) Suggest why the electric field strength in both spheres is zer

(c) Calculate the electric potential at point P.

electric potential = ... V 2]

E‘,.'PapaCambridge
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(d) Asilver-107 nucleus ('97Ag) has speed v when it is a long distance from point P.

Use your answer in (c) to calculate the minimum value of speed v such that the nucleus can
reach point P.

speed = @0 ...... ms~! [3]
[Total: 10]

T1f]’Papa(.‘.ambridge
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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 1.5¢m
I I | 1
i |
| P I
____________________ .I____________
sphere A | sphere B
I
| |
| !
= X =
Fig. 6.1 (not to scale)
Both spheres are positively charged. 0
Point P lies on the line joining the centres of the two spheres, at a dis m the centre of

sphere A.

®
The variation with distance x of the electric field strength E at poi &hown in Fig. 6.2.

50 T

40

30
E/NC1 20

-

10

pd

18l 20
1 N x/cm

Fig. 6.2
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(@) 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 s

0.8

0.7

——

0.6

ViV

0.5

T
T~

0.4 i

0.3 N /

AN

~ -
0.2 S —

0.1

4 6 8 10 12 14 16 18 20
¢ /
”? x/cm

Fig. 6.3
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An o-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 maximum speed,

maximum speed = ................ éb ............ ms~ [3]

(ii) its speed on reaching the surface of sphere B. ‘\

[Total: 8]
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Two small solid metal spheres A and B have equal radii and are in a vacuum. Their centres are

15cm apart.
Sphere A has charge +3.0pC and sphere B has charge +12pC. The arrangement is illustrated in

Fig. 5.1.
sphere A P sphere B
charge +3.0pC R R charge +12pC

15¢cm

Fig. 5.1

Point P lies on the line joining the centres of the spheres and is a distaa;eo cm from the

centre of sphere A.
(a) Suggest why the electric field strength in both spheres is zero:. 6

............................................................ 2]
P. Explain your working.
[3]
(c) Calculate the electric potential at point P.
electric potential = ... V 2]

E‘,.'PapaCambridge




361

T‘f]’Papac:ambridge

(d) Asilver-107 nucleus ('97Ag) has speed v when it is a long distance from point P.

Use your answer in (c) to calculate the minimum value of speed v such that the nucleus can
reach point P.

SPEEA = oo qems1 [3]
[Total: 10]
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