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In a particular experiment, a high voltage is created by charging an isolated metal sphere, as

illustrated in Fig. 4.1. -
8] </ ‘ -7<,
’

¢ metal sph
phere
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g&,‘fe_£\_¢e_
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insulating
column

Fig. 4.1

The sphere has diameter 42 cm and any charge on its surface may be considered as if it
were concentrated at its centre.

The air surrounding the sphere loses its insulating properties, causing a spark, when the
electric field exceeds 20 kV em'.

(a) By reference to an atom in the a|r suggest the mechanism by which the electric field
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(b) Calculate, for the charged sphere when a spark is about to occur,

zc,x\o&@ .o

(i) the charge on the sphere,

f. %8 o
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con % o TR ):.

{ii} its potential.

\[:‘ﬁ@_ =

potential = ...... L‘2O ORI O V [2]

{c) Under certain conditions, a spark sometimes occurs before the potential reaches that
calculated in (b)(ii). Suggest a reason for this.
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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\r' e a-particle
+2e_ - c‘/\of«ae,
WM ; b Ly = mass
Wixlo .
charge 79e Karedic energy 7.7 x 1073

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 x 10713 4.

(-o()/\(:.o

(a) The a-particle does not collide with the gold nucleus. Show that the radius of the gold nucleus

must be less than 4.7 x 1074 m.

/_NQE = AE.P.Q AN xc\l < Q{,V.S xT/
T7xl" - KQ4

X 13 / ,3 \ & \f‘°\>
77l . (j,\§§(7ou | Lx\s CQ’“‘ wlo

v
[ = L 723 X‘O’H N Wi ><\o’lbl

3]

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

=

KQM o %on
27

<‘ﬂ K ><7°(R | Lxlo S(Zv\lén\o‘ﬁ _ ZSX\O

@.-7‘\5‘“ « (x 166K 95,08

teeleration= .................

.. ms2[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.

So Y e cdeedion o o b pebde conn..

b@S\I\JS‘(& N\y\k o S\v\j 3\9 v\o(&ej\;\:ﬁ S(S g_\Q’D'w\c. (1]

Jedoced

W/
@)




w16 qp41 g5

12
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.
ol Qe

sphere A sphere B
charge +3.0pC e é -------- charge +12pC
. v —
e R '

15cm

Fig. 5.1

Point P lies on the line joining the centres of the spheres and is a distance of 5.0cm from the
centre of sphere A.

(a) Suggest why the electric field strength in both spheres is zero.

(b) Show that the electric field strength is zero at point P. Explain your working.

T.f ;z,yf_@z:
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(c) Calculate the electric potential at point P.

\[: Jég_ﬁc_ & KQ&

O\ e \1
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electric potential = .............. \éz ........................ Vv [2]

(3]

L\

Nzo
(d) Asilver-107 nucleus ('97Ag) has speed v when it is a long distance from point P.
=0
Use your answer in (c) to calculate the minimum value of speed v such that the nucleus can

reacn pol - &Eee AKE

eV - =

24 (16 -9 (1116087 ;F

1}

\

¢ \.C—;@x\o—ﬂ
1.2 x\ct; 3
speed = .. [.X. ﬁ\o ................. ms! [3]

[Total: 10]



(a) Explain what is meant by the potential energy of a body. (ii) Use your answers in (i) to show that the initial kinetic energy E, of each nucleus

is 0.19MeV. ha'!
fmajsf\v\’m%\ac} .......................... \! }!.\.‘:{ﬁ-. ..... 4% ..... X' 55\"&1‘5" ............ ol N = 1 6xlo ) Cle?
AT Eupl = Eoip MoV - 16us™ s 2 (s
....... Ebs\ .
SR Me
.............................................................................................................................. = Db + heepe = DEpe MX \/
M _ c c \,"‘ 3 O’Bx g
(b) Two deuterium (f H) nuclei each have initial kinetic energy E, and are initially separated 26( + 1ay xlo = ©-ob X ) M
by a large distance. v = 0 :f—.o a'z0 ,\u a %x‘ébﬂ M oA - 3o-x%lo
The nuclei may be considered to be spheres of diameter 3.8 x 10-'®m with their masses fl( = é OG \ n 3.,,3 xlo ) l6x\s™
and charges concentrated at their centres. " - &
The nuclei move from their initial positions to their final position of just touching, as l = M J\J[E]
illustrated in Fig. 4.1. Lo A
. : (iii) The two nuclei may rebound from each other. Suggest one other effect that could
L happen to the two nuclei if the initial kinetic energy of each nucleus is greater than
initially @ that calculated in {ll]

kinetic energy E, kinetic energy E.

3.8x107"°m
at rest

(i) Forthe two nuclei approaching each other, calculate the total change in

1. gravitational potential energy,

RATI I 4\@\

_G N
2
e 2
er) (1T
2 3x\s” i
energy = ... \ O\BY\O .............. J[3)]

2. electric potential energy.

A‘E‘Q-e: D\f *'\{ Q(L’\JB
E(c: /‘

p

energy = ... 2.0 e J[3]
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3 Two charged points A and B are separated by a distance of E.%fm, as shown in Fig. 3.1.

A B
: d
Fig. 31
The variation with distance d from A of the electric field strength E along the line AB is shown
in Fig. 3.2.
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Fig. 3.2

An electron is emitted with negligible speed from A and travels along AB.

(a) State the relation between electric field strength E and potential .

(b) The area below the line of the graph of Fig. 3.2 represents the potential difference

between A and B.

Us

ig. 3.2 to determine the potential difference between A and B.

S o

potential difference = ...........070 T V [4]

(c) Use your answer to (b) to calculate the speed of the electron as it reaches point B.

(d) (i)

(ii)

N’f: AE.f.e
GE, KE - A

-
| "o = S3o ﬁ<[~éx|° 5

- D méxlo’ﬁ\ ) llw-@s

J .l x5

speed = l . 57 X\O ms-! [2]

Use Fig. 3.2 to determine the value of d at which the electron has maximum

acceleration.

d= Q cm

(1]

Without any further calculation, describe the wvariation with distance d of the

acceleration of the electron.




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

6.0cm .
1
: sphere B
P
----------- *- - o = .
|
I
i x ;
Fig. 6.1

The shortest distance batweean the surfaces of the spheres is 6.0cm.

A movable point P lies along the line joining the centres of the two spheres, a distance x fror
the surface of sphere A.

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

10

ENM*Vm™

-10

-15

(i) Use Fig. 6.2 to explain whether the two spheres have charges of the same, or opposite,
sign.

....................................................................................................................................... [2]
{ii) A protonis at point P where x = 5.0cm.
Use data from Fig. 6.2 to determine the acceleration of the proton. l S
s lics)
E;—ZS ,(\O o = é&*\o ( XIO
2 :)1)
F .25l O.’(’é ds
- (
4 . a = - 2 A= lo
Ma -25 x\a
6v \ 1\
acceleration = .......... 2%{0 ................. ms—2 [3]

(c) Use data from Fig. 6.2 to state the value of x at which the rate of change of electric potential
is maximum. Give the reason for the value you have chosen.

............................. e%@\’a&s e Jcr-\((\u Y»-e&% Xen

1
o
?
:
i
3
oo
7

[Total: 9]



4  Two small charged metal spheres A and B are situated in a vacuum. The distance between
the centres of the spheres is 12.0cm, as shown in Fig. 4.1.

12.0cm

sphere A : . sphere B
G @ SRR e O

Fig. 4.1 (not to scale)

The charge on each sphere may be assumed to be a point charge at the centre of the
sphere.

Point P is a movable point that lies on the line joining the centres of the spheres and is
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. 4.2.

150
E/108NC
100
50 ¥
. o u \ E;o
07 ) = X
2 4 5] 8 ' =10 12
x,"[cm

=50 A}

1
=100
=150

=200

(a) State the evidence provided by Fig. 4.2 for the statements that

(i) the spheres are conductors,

& < ﬂ\ s o NS YE e .
ke () el i e De.. %J\w ____________________

..... é} Jec9~e<\ ﬂLeQeAchmeQBs w@“\ﬂ it

(ii) Use Fig. 4.2 to state and explain the distance x at which the rate of change of

potential with distance is 6
1. maxlmum
)L( NS E CC&‘\L C&g §(




(ii) A point P is distance x from the a-particle along the line joining the a-particle to the
proton (see Fig. 4.1). The variation with distance x of the electric field strength E_
due to the a-particle alone is shown in Fig. 4.2.

300 “:.-'FD
Mo
200
electric
field strength 3
Nm! ¥
100 -
n ™ -
0 2 4 8 6 AT TG
= ﬁ\um__
1=y
Ep
-100
=200
=300

The variation with distance x of the electric field strength £, due to the proton alone
is also shown in Fig. 4.2.

1. Explain why the separate electrlc fields have opposite signs.

“w@&@n:\*c @fa b e o \lgc)ﬁ w\\\\‘&

2. On Fig. 4.2, sketch the variation with x of the combined electric field due to the
a-particle and the proton for values of x from 4 um to 16 um. [3]
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3 (a) Define electric porenﬁa.' at a point.

{b) Two point charges A and B are separated by a distance of 20nm in a vacuum, as
illustrated in Fig. 3.1.

20nm
:' P i
T — S ERSE B
M
X
Fig. 3.1

A point P is a distance x from A along the line AB.
The variation with distance x of the electric potential V, due to charge A alone is shown

in Fig. 3.2. .
|\Rc_ AVE
0.8
potential
ViV N
Vi VB#E
0.6
Fi
04
03\ = SaNE 4
0.2 TS sas
oA u =
0
2 4 6 8 10 12 14 16 18

x/nm

The variation with distance x of the electric potential V; due to charge B alone is also

shown in Fig. 3.2.

U]

(i)

(i)

(iv)

State and explain whether the charges A and B are of the same, or opposite, sign.

/l\rvd &;6 S’Lz,ém*e s \3\/\ MM@\”@&*’QQ ..........

By reference to Fig. 3.2, state how the combined electric potential due to both
charges may be deter

S el ) emﬂk 3 J& et

Without any calculation, use Fig. 3.2 to estimate the distance x at which the
combined electric potential of the two charges is a minimum.

o2

B = e i nm [1]

The point P is a distance x = 10nm from A. > N"\'C ong NeJoe
An a-particle has kinetic energy E, when at infinity. \/ =
=N =

Use Fig. 3.2 to determine the minimum value of E, such that the a-particle may
travel from infinity to point P.

b @ AR
Ex = DNxq @E‘\m Y o
(g] ,,,,,\"l—c l(léx\o >

= L44 x\o

. W T L\H
1/:1-2@
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(a) 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.

" 44.0cm b
i i
sphere A _— —._sphere B
_______ *F_____________
i
=
1 X |

Fig. 7.1 (not to scale)

A moveable point P lies on the line joining the centres of the two spheres. Point P is a distance
x from the centre of sphere A. The variation with distance x of the electric potential V¥ at point
F is shown in Fig. 7.2

J =2

Z

2.2
2_\’1
vitoty

2.0

1.8

1.6

M3
14

osd
1.2
0

10 20 26~ 30 40 50
xicm

(i) Use Fig. 7.2 to state and explain whether the two spheres have charges of the same, or
opposite, sign.

....................................................................................................................................... [1]
(i) 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. E = g =
1. Describe qualitatively the variation, if any, with distance x of the speed of the particle c‘/

as it

moves from x = 12cm to x = 25¢cm 3\9€€—& ..... -'“C(e"‘)’e}"j_”\ ...............

( N (e
Al o VLT AN, S, WO W a = gf\
passes through x = 26em _._..S! QSIS ...... DA ST A el PN N

reaches x = 32cm .STZZ.& ..... -SS\\\\ &( ‘C°’>.\'\b b\)¥ iy \\

\occoW\Q ...... Cowﬁ\wd' ............................................................................. (4]

2. The particle has charge 3.2 x107'%C and mass 6.6 x 1077 kg.

Calculate the maximum speed of the particle.

NE ;e - DRE

A\-,gov - ,-LN\TL

2 (Q_gx\;”) v
2

[() [ 4.*13}&%* 32 %o
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4 (a) Define electric potential at a point. (ii) Use your answer in (i) to show that the force on particle Q is proportional to the

Tros Yo sl &vf\‘l .e.,.l...um\’ L) %% AT "&EM&M‘JE gradient of the c”“"e\Of Fig. 4.2.

[OOSR P T See. “Vj%“j)“f ------------------------------------------------------------- Ful

...................................................................................................................................... [2]
) . W AR, . EE RN S oSSR MU S —— [2]
(b) Two small spherical charged particles P and Q may be assumed to be point charges
located at their centres. The particles are in a vacuum. (c) The magnitude of the charge on each of the particles P and Qis 1.6 x 107'9C.
Calculate the separation of the particles at the point where particle Q has electric
Particle P is fixed in position. Particle Q is moved along the line joining the two charges, potential energy equal to 5.1 eV. §
as illustrated in Fig. 4.1. -\
. | £ oo, B o (61687 Q)15
particle P particle Q : f =
B O v A Y
- x - (qu)(leds
N y
Fig- 4.1 < l
The variation with separation x of the electric potential energy E, of particle Q is shown \
in Fig. 4.2. 2 & \ -'°
H - R X S
0~ : : : , e - - ¢ separation = ... 2. 0L 9 m [4]
. i i ﬁ ; e ;1;2; dy e (d) By reference to Fig. 4.2, state and explain
x/10"10m
—T 8 o
- -
Ep/eV
-3 1
{
-4

(i) State how the magnitude of the electric field strength is related to potential

mjw bl el Qg@.s}_«_%j ..................... Yo
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29 The diagram shows an electron, with charge e, mass m, and velocity v, entering a uniform

S

electric field of strength E.

©
electron

\y+4

o

.
V=2

o e

: -

-

ECO‘\&\'
£ - FonX
;

F: ma D ’\‘-”“‘J

The direction of the field and the electron’s motion are both horizontal and to the right.

Which expression gives the distance x through which the electron travels before it stops

@\r 0*2"5

momentarily?
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32 The path of an electron with initial speed v in the uniform electric field between two parallel plates
is shown.

The vertical deflection x is measured at the right-hand edge of the plates.

The distance between the plates is halved. The potential difference between the plates remains
the same.

What will be the new deflection of the electron with the same initial speed v?
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An oil droplet has charge —q and is situated between two horizontal metal plates as shown in the
diagram.
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The separation of the plates is d. The droplet is observed to be stationary when the upper plate is

at potential +V and the lower plate is at potential —V. E"\/"‘\ ' é‘;w\
=O
For this to occur, what is the weight of the droplet? F
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6 (a) (i) Define eleciric poren!.i‘.a.‘ at a point.

2

(i) State the relationship between electric pntenlial and electric field slrength at a point.

DA LJS s\'v e is e e o&\\/e, Je ()f\od\
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(b) Two parallel metal plates A and B are situated a distance 1.2cm apart in a vacuum, as shown

in Fig. 6.1.
-75V
/plate B @

helium nucleus 1
< pfa
1.2cm
X = o Hoc
_______ Veoe
RS
oV — \plateA
Fig. 6.1

Plate A is earthed and plate B is at a potential of =75V.

A helium nucleus is situated 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.
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(ii) As the helium nucleus { He) 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.
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speed = P\o\*(ol—\ .......................... ms1[3]
[Total: 9]
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