
TOPIC 19 Electric Field 


1 	 A charge of 3 C is moved from infinity to a point X in an 
electric field. The work done in this process is 15 J. The 
electric potential at Xis 

A 45 V D 5V 
B 22.5 V E 0.2 V 
C 15V N76/lJ122 

2 	 The electric potentials V are measured at distances x from P 
along a line PQ. The results are: 

V/V 13 15 18 21 23 
x/m 0.020 0.030 0.040 0.050 0.060 

The component along PQ of the electric field for x = 0.040 m 

is approximately 


A 75 V m- I towards P. 

B 300 V m- I towards Q. 

C 300 V m- I towards P. 

D 450 V m- I towards Q. 

E 450 V m- I towards P. 178/11/22 


3 	 Which one of the following graphs best indicates the 
relationship between the force F on an electron in the electric 
field between two oppositely charged large, parallel plates 
which are close to each other and the perpendicular distance 
x from the electron to one of the plates? 

F 	 F 
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X 178/11/29 

4 	 When a Van de Graaff generator is running at its maximum 
voltage, charge leaks away from the dome at a rate of 64 ~. 
Charge is carried to the dome by a belt 4 cm wide running at 
a speed of 0.8 m S-I. If all the charge on the belt were 
collected by the dome, the charge density on the belt would 
be 

A 2.0 X 106 C m-2 D 0.5 X 10-3 C m-2 

n 0.5 x 103 C m-2 E 2.0 x 10-6 C m-2 

C 2.0 x 10-3 C m-2 N79/ll/21 

5 	 The diagram below shows an insulating rod with equal and 
opposite charges at its ends, placed in a non-uniform electric 
field for which field lines (lines of force) are shown. 

The rod experiences 

A a resultant force in the plane of the paper but no 
couple. 

B a resultant force in the plane of the paper and a couple. 
C a resultant force normal to the plane of the paper but no 

couple. 
D a resultant force normal to the plane of the paper and a 

couple. 
E a couple but no resultant force. J80/ll/18; N861f118 

6 	 A charge q is placed at a point P in an electric field of 
strength E which acts in the x-direction. At P the electric 
potential is V, the force on q in the x-direction is F and the 
electrostatic potential energy of the charge is U. Which one 
of the following sets of equations correctly expresses the 
relationships between E, F. q. U and V? 

A F=qE; U=qV; V=-dE/dx; U=-dFld" 
B E=qF; V=qU; E=-dUldx; F= dVld" 
C U=qF; V=qE; U=-dVldx; F=-dE/dx 
D V=qE; U=qF; F=dEldx; U=dFld" 
E F=qE; U=qV; E=-dVldx; F=-dUldx 

J8Dnll20 

7 	 A metal sphere of radius 0.1 m was insulated from its 
surroundings and given a large positive charge. A small 
charge was brought from a distant point to a point 0.5 m 
from the sphere's centre. The work done against the electric 
tield was Wand the force on the small charge in its final 
position was F. If the small charge had been moved to only 
I m from the centre of the sphere, what would have been the 
values for the work done and the force? 

work done force 
A WI4 FI4 
B WI4 FI2 
C WI2 FI4 
D WI2 FI2 
E WI2 nfi J82111121 
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char!1e 

8 	 An isolated, solid metal sphere of radius R is given an 
electric charge. Which one of the following best represents 
thc way in which the density of charge varies with distance r 
from the centre of the sphere? 

chcir!1e chcir!1e 

density 
 density 

o B R r 

char(le 

densITY 1--------, density 1-----, 


o eRr o D R r 

char!1e 
density 

o 	 r 
E J83/11/22 

9 	 Fig. I below shows the important components of a large Van 
de Graaff generator operating in air at atmospheric pressure. 
When the electric field strength at the sphere's surface 
exceeds the breakdown field of the air, the sphere discharges 
by sparking. 

-Lr--~~ 
p"" 

T
I 

~~ 
Fig. 1 

Which one of the following determines the maximum 
potential attained by the sphere? 

A the e.m.f. of the battery P 
B the radius of curvature of the point Q 
C the speed of the belt R 
D the distance of the point S from the belt 
E the radius of the sphere T J831I1123 

10 In discussing electric fields, the terms 'electric field 
strength', 'electric potential' and 'potential gradient' are 
used. 

Which statement about these terms is correct? 

A Electric tield strength at a point is the work done in 
bringing unit positive charge from infinity to the point. 

B Electric potential and potential gradient are both scalar 
quantities. 

C The potential gradient at a point is numerically equal to 
the electric field strength at that point. 

D Unit potential gradient exists between any two points, 
if one joule of work is done in transporting one 
coulomb of charge between the points. 

N83/11I19; N99/[/16 

11 Charge is sprayed on to the belt of a Van de Graaff generator 
by a sharp needle P (maintained at +5 kV) and is transferred 
to the dome via a second sharp needle Q, connected to the 
interior of the dome as shown in Fig. 2 below. 

p 
• 

Fig. 2 

Assuming that the insulation is perfect, which one of the 
graphs below shows how the potential V of the dome varies 
with time t when the belt starts to move at a steady speed? 

VI.kV~ V/kVF VlkVk+5 +5 

o tOt 0 t 

-5 
ABC 

+5 	 V/kVkV/kV~ 
o t o t 

-5 
D E N83111120 

12 	In Fig. 3 below, the point charge QI causes an electric 
potential of 60 V and an electric field strength of 30 V m- I 

at P, and the point charge Q2 separately causes a potential 
of 120 V and a field strength of 40 V m- i at P. 

•
p 

Fig. 3 
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charges. 
E 	 Two points in an electric Held are at the same potential 

when a unit positive charge placed anywhere on the :~:~line joined them must remain stationary. o 	 0 x 2 0 E 11x2
N85f[J16 J86/1/17 

Which one of the following gives possible values of 
potential and field strength at P due to the joint action of QI 
and Q2. 

potentia/IV jield/V m-I 

A 180 70 
n 180 50 

C 135 50 
D 60 10 
R 135 10 J84111/21 

13 Two small conducting spheres 51 and 52 hang by light, non­
conducting threads from fixed points, PI and P2, and are at 
the same level. 5 I has mass M and carries charge Q; 52 has 
mass 2M and carries charge 2Q. The repulsion between them 
causes the threads to make small angles 81 and 82 with the 
vertical. What is the approximate value of the ratio 81/82 ? 

A 4.0 D 0.5 
n 2.0 E 0.25 
C 1.0 185/1118 

14 The diagram below shows 
sthree points X, Y and Z 

X~-+--+---+-'Yforming an equilateral 

triangle of side s in a 

uniform electric field of 

strength E. A unit positive 

test charge is moved from 

X to Y, from Y to Z, and 


z Efrom Z back to X. 

Which one of the following correctly gives the work done 
against electrical forces in moving the charge along the 
various parts of this path? 

XtoY YtoZ Zto X 

A +Es + Es cos 60° -Es cos 60° 

n 0 - Es cos 60° +Es cos 60° 

C +Es + Es sin 60° -Es sin 60° 

D 0 + Es sin 60° - Es sin 60° 

E 0 - Es sin 60° + Es sin 60° J85/1/19 

15 Which one of the following statements about the electric 
potential at a point is correct? 

A 	 The potential is given by the rate of change of electric 
field strength with distance. 

B 	 The potential is defined as the work done per unit 
positive charge in moving one electron from the point 
to infinity. 

C Alternative units for electrical potential are the joule 
and the volt. 

D The potential due to a system of point charges is given 
by the sum of the potentials due to the individual 

16 Two charged plates are 0.020 m apart, producing a uniform 
electric Held. The potential energy Ep of an electron in the 
field varies with displacement x from one of the plates as 
shown. 

0.020 x/m 

What is the magnitude of the force on the electron? 

A 3.0 x 10-18 N 
n 7.5xlO-17 N 
C 3.8 x 10-15 N 
D 7.5 x 10-15 N J86/1/5; 120001116 

17 A point charge is placed at Y in front of an earthed metal 
sheet X. P and Q are two points between X and Y as shown 
in the diagram. 

p Q y. . . 

=- X 

If the electric field strengths at P and Q are respectively Ep 
and EQ , which one of the following statements is correct? 

A Ep=EQ 
B Ep=O 
C EQ=O 
D Ep>EQ 
E EQ>Ep 186/11\6 

18 A point charge separated by a distance x in air from another 
point charge experiences a force of repulsion F. Which one 
of the following graphs shows how F and x are related? 

:~:~:~

o A l/x 0 B l1x2 0 C 
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19 In the direction indicated by an electric field line. 

A the electric field strength must increase. 

B the electric field strength must decrease. 


C the potential must remain constant. 

D the potential must increase. 


E the potential must decrease: N87/I119 


20 Which of the following statements about an electric field is 
incorrect? 

A The electric field strength due to a point charge varies 
as IIrwhere r is the distance from the charge. 

B Electric field strength is a vector quantity. 

C The electric tield strength at a point is a measure of the 
force exerted on a unit positive charge at that point. 

D The electric field strength is zero at all points where the 
potential is zero. 

E The electric field strength at a point is a measure of the 
potential gradient at that point. N8811119 

21 The diagram shows two small charged spheres P and Q of 
small mass which are hung by identical fine nylon threads 
from a fixed point X. It is found that, in eqUilibrium, the 
angle a is greater than the angle b. 

Which one of the following statements must be correct? 


A The charge on P is numerically smaller than that on Q. 

B The charge on P is numerically greater than that on Q. 

C The mass of P is less than that of Q. 

D The mass of P is greater than that of Q. 

E The charges on P and Q are both positive. N8811/20 


22 A point charge is surrounded 
symmetrically by six 
identical charges at distance 
r as shown in the diagram. 

o o 
How much work is done by 

the forces of electrostatic 

repulsion when the point 

charge at the centre is 

removed to infinity? 


6Q2~A zero C E 
41tEor 41tEorl 

6Q 6Q
B D J8911116 

41tEor 41tEorl 

23 Point charges, each of magnitude Q, are placed at three 
corners of a square as shown in the diagram. What is the 
direction of the resultant electric field at the fourth corner? 

B 

A~C___ ..,.j.O 

~I
E I D I 

I 1 
I I 
IL I .. 

+0 -0' 
N89/I116 

24 The charge on the uranium nucleus is 1.5 x 10-17 C and the 
charge on the a-particle is 3.2 x 10-19 C. 

. What is the electrostatic force between a uranium nucleus and 
an a-particle when separated by a distance of 1.0 x 10-13 m? 

A 4.3 x 1O-2°N C 4.3N 
B 4.3 x 10-13 N D 4.3 x lOUIN 

J90/1119; J9611116 

*25 What is the magnitude of the electric field strength at a 
distance r from an isolated stationary nucleus of proton 
nUp1ber (atomic number) Z! 

(Ze)2ZeA D 
41tEor 41tEorl 

Ze
B E zero

41tEorl 

Ze2
C N90/I117

41tEor 

*26A gold nucleus (radius r) is represented by the symboll~~u. 

Taking e as the elementary charge and f,,, as the permittivity 
of free space, what is the electric field strength at the surface 
of an isolated gold nucleus? 

7ge2 
A zero D 

41tt''01"2 

7ge I 97e2 
B E 

41t&or 41tt;~01"2 

197eC N931I114
4m-or 

27 The diagram shows electric field lines around two isolated 
point charges P and Q. At X the field strength is zero. 
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Which of the following statements is true? 

A Q is a smaller charge than P because X is closer to P than 
Q. 

n Field strength is always proportional to the distance from 
X. 

C The potential at Q is less than the potcntial at P. 
D The Held lines show that both charges are positive. 

E The potential at X is zero. J9111115 

28 Two parallel plates X and Yare mounted vertically and 
given cqual and opposite charges. A light uncharged 
conducting sphere is suspended by an insulating thread from 
point P vertically above the mid-point 0 of the line joining 
the centre of the plates. 

p 

+ 

Lo 

x y 

battery 

~----ll- -- -11---------' 
If the sphere is initially placed in contact with X as shown in 

the diagram, which statement best describes its subsequent 

motion? 


A It remains in contact with plate X. 

n It moves to plate Y and sticks to it. 


C It moves back and forth continuously, touching each 

plate in turn. 

D It moves to point 0 and quickly comes to rest there. 

E It oscillates as a simple pendulum. J921II I 3 

29 Which diagram best illustrates the electric tield around a 
positive point charge? 

A B c 

D E 

N92/1/15 

30 A positive charge and a negative charge of equal magnitude 
are placed a short distance apart. 

Which diagram best represents the associated elcctric field? 

C D 

~~.~~ 
J93/1/15; J97/1117 

311n an experiment to demonstrate Coulomb's law in 
electrostatics, the force F between two small charged 
spheres is measured for various distances r between their 
centres. 

A graph is plotted of Ig F (y-axis) against Ig r (x-axis). 

What is the slope of this graph? 

A -2 n -'/2 C -Ig 2 D +'/2 E +2 

J93/1116 

32 An oil droplet has a charge -q and is situatcd between two 
parallel horizontal metal plates as shown in the diagram. 

..v 

• -q 

-v 
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 at potential -V. 

For this to occur, the weight of the droplet is equal in 
magnitude to 

Vq 2Vq Vd 2Vq
A n C D 

d q d 
194/1115 

33 Dust particles may be air only 
extracted from air using 
the electric field between 

wire 
a wire and a metal 

cylinder. 
 cylinder 

The electric field 

removes electrons from 

some air molecules, thus 
 air and dust 
forming ions. These ions 
then become attached to dust particles. The charged dust 
particles then move to the inside of the cylinder 
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Which combination of ion charge and potentials must apply? 37 Two horizontal conducting plates Rand S are a fixed 

;011 charge wire potential cylinder potelltial 

A positive +10 kY 0 

n positive 0 +10 kY 

C negative 0 +10 kY 

D negative -10 kY 0 
-

N94/1/13 

34 The potential difference between a pair of similar, parallel, 
conducting plates is known. 

What additional information is needed in order to find the 
electric field strength between the plates? 

A separation of the plates 
n separation and area of the plates 
C permittivity of the medium; separation of the plates 
D permittivity of the medium; separation and area of the 

plates N94/[/l7 

35 A point charge q is situated at X between two parallel plates 
which have a potential difference V and carry charges +Q 
and -Q. 

+0 
+ + + + + + 

8 

q 
V 

-0 

What is the electric tield strength at X? 

V Vq Q qQ
A n C Dd d 41tEoa2 41tEoa2 

J95/1/16 

36 The diagram shows a uniform electric field in which the 
lines of equal potential are spaced 2.0 cm apart. 

l00V 40V -20 V -nov, 
I 
I i 

I .. .. 
.. 

electric field.. 
.. 

I I , I 

What is the value of the electric force that is exerted on a 
charge of +5.0 J.lC when placed in the field? 

A 6.0x 10-6 N 
n 1.5 x 10-2 N 

3.0x 103 N 
D 6.0x 108 N N95/1/17; N2000/l/16 

distance apart. Plate S is at potential +V with respect to plate 
R. MN is a line perpendicular to the plates. 

s 
:N 
I 
I 
I 
I 
I

:M 
I=-------~~--------o

R 

Which graph shows how the magnitude E of the electric field 
strength varies along the line MN? 

A n 

ELE~ 
~ N ~ N 

N96/1/15 

38 Two point charges -2Q and +Q are situated as shown. 

At which point could the resultant electric field due to these 
charges be zero? 

-20 .0 
I • 

A n C D 

N96/l/l6 

39 Two large plane parallel conducting plates are situated 
40 mm apart as shown. The potential difference between 
the plates is V. 

40mm 

y 

o +V 

.--.~

15mm 20mm 5 

mm 

What is the potential difference between point X and point 
Y? 

15 40 
A D 40V40 V 

197/1/16 
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40 Charges or +2 flC and -2 fJC arc situated at points P and Q 
respectively. as shown. X is midway between P and Q. 

+2 ~IC 	 -2 ~IC 

e - - - - - - - - - - - - - - -e- - - - - - - - - - - - - - -e 
p X Q 

Which of the following correctly describes the electric field 
and the elcctric potential at point X? 

electric field electric potelltial 

A towards Q zero 

n towards Q negative 

C towards P zero 

D towards P positive N9711/1 6 

41 Two large horizontal metal plates are separated by 4 mm. 
The lower plate is at a potential of -6 V. 

-6V----------------------------------- 14mm 

What potential should be applied to the upper plate to create 
an electric field of strength 4000 V mol upwards in the 
space between the plates? 

A 	 +22 V 
n +IOV 
C -lOY 
D -22 V J98/I116 

42 A constant electric field is to be maintained between two 
large parallel plates for which the separation d can be varied. 

Which graph shows how the potential difference V between 
the plates must be adjusted to keep the field strength at a 
constant value? 

A 	 B 

V 	 V 

00 	 00d 	 d 

C 	 D 

V 	 V 

d 
J99/l/l7 

43 Which graph correctly relates the electric field strength or 
electric potential in the field of a point charge. with distance 

r from the charge? 

A 	 B 

field 	 field 
strength 	 strength 

0 	 0 
0 r2 0 1 

r 

C 	 D 

potential 	 potential 

0 0 
0 r 0 1 

r 
1200011/1 7 

44 Four identical point charges are arranged at the corners of a 
square as shown. 

+QJyI<Q 


+Q~+Q 

Which statement about the values of the electric field 
strength E and the electric potential V at point X in the 
middle of the square is true? 

E V 

A not zero zero 
n not zero not zero 
C zero not zero 
D zero zero N20001l/15 

45 (a) 	 A thundercloud at a potential of 107 V with respect to 
Earth delivers a lightning stroke to Earth of 50 C of 
charge. Calculate the energy dissipated if the p.d. 
remains constant. 

(b) 	 Calculate the speed of an electron accelerated from 
rest ina vacuum by a p.d. of 107 V. assumi ng 
Newtonian mechanics. 

[Specific charge of the electron = -1.76 x 10" C kg-'.] 

(e) 	 Is this result possible? 
J7611n 

46 Write down expressions for the electric field E at the surface 
and the potential V of an isolated spherical conductor of 
radius R carrying a charge q. 

If air ionises in an electric field greater than 3.0 x 106 V m-I. 
what is the maximum operating potential of a Van de Graaff 
generator with a spherical dome of radius 6.0 em? 

J80/117 
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47 A charge Q IS placed ill the centre of a hollow. conducting 
: II 0 .. : 

sphere that is initially uncharged. What is then the net charge 
on (a) the inner surface. (b) the outer surface. of the sphere? 
Explain your reasoning. J811118 

48 A gold nucleus has a radius of about 5 x 10-15 m and 
contains 79 protons. Assuming that the protons are 
uniformly distributed in the nucleus. lind the electric field 
strength at the surface of the nucleus. J821117 

49 The two protons in a helium nucleus are about 1.5 x 10- 15 m 
apart. Find the electrostatic force between them. How much 
work must be done against this force in bringing two protons 
from infinity to this separation? N821117 

50 Write down an expression for the electri(; field E at the 
surface of an isolated spherical conductor of radius r 
carrying a charge Q. 

*Thc 2~~ U nucleus. which may be assumed to be spherical. 

has a radius of about 7 x 10-15 m. What is the electric field at 

the surface of the nucleus? N83/I111 

51 A capacitor is constructed from two concentric spheres. the 
inner sphere being charged positively and the outer being 
earthed as shown in Fig. 4. 

~\ 

() 
+ 

+ : + 
I 	 1 
I + 
I 	 I 
I 	 I 

I 

Fig. 4:..a.... 
I 

:......-b------: 
Draw three sketch graphs, using the same scales, to show 
how the electric t1eld E (r) due to 

(i) 	 the charges on the inner sphere alone. 

(ij) 	 the charges on the outer sphere alone, 

(iii) the combination of all charges. 

varies with distance I' from the centre J85/1II/5 

52 Estimate the ratio of the electrostatic force to the 
gravitational force between the protons in a helium nucleus. 

N85/1II/5 

53 Explain whether it is possible for the electric field strength 
to be zero at a point where the electric potential is /lot zero. 

N861IJ1/6 

54 Two large metal plates are oppositely charged and placed a 
distance D apart. A conductor of thickness d is situated 
centrally between the plates (see Fig. 5). 

I 	 t 

~-+ D~~ 

I I 

~ Fig.S 

Draw sketch graphs, one in each case, to show the variation 
frl1m A to B of 

(a) 	 the electric field strength, 

(b) 	 the electric potential. J87111116 

55 A and B are two identical conducting spheres. each carrying 
a charge +Q. They arc placed in a vacuum with their centres 
distance d apart as shown in Fig. 6. 

I d I 
II 

1.- ••I 

0 
I 

0 
1 

I 	 I 

Fig. 6 

Explain why the force F between them is not given hy the 
expression 

[3] 
N87/I1I14 

56 Write down a general expression relating electric field 
strength to electric potential. Hence. explain why the electric 
potential on the surface of an isolated charged conductor is 
everywhere the same.' [4] J88//1I/5 

57 (a) Two ions A and B are separated by a distance of 
0.72 nm in a vacuum. as shown in Fig. 7. A has 1\ 

charge of +3.2 x 10-19 C and B has a charge of 
-1.6 x 10-19 C. What force does A exert on B? [3] 

(b) 	 Without making detailed calculations. draw labelled 
arrows on Fig. 7 to represent 

(i) 	 the field EA at the pOint X due to the charge at A 
only, 

(ii) 	 the t1eld En at X due to the charge at B only. 

(iii) the resultant tield E at X due to both charges. [4] 

X 

A • • n 
+ 

Fig. 7 
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Ie) 	 Sketch on the diagram. lines representing the electric 
field caused by the two ions in the region within the 
rectangle. Include the field line passing through X. [3J 

N9J/II/6 

57 (iJ) 	 Two small point charges +QI and +Q2 are placed at X 
and Y respectively and are separated by a distance r as 
shown in Fig. 8. 

X 	 Y 

+QI~<----------------~>+Q2 
r 

Fig. 8 

(i) 	 Draw on Fig. 8 the direction of the electric field 
which QI causes at Y. 

(ii) 	 What is the value of the electric Held strength 
which QI causes at Y? 

(iii) 	 What is the force which QI causes on Q2? 

(iv) 	 Sketch on Fig. 8 the pattern of the electric field. 
[51 J9211111 (part) 

58 (a) 	 Distinguish between 

(i) 	 gravitatiollal forI'/' and gravitational field 
strength, 

(ii) 	 electric potential and electric potellfia/ energy. [3] 

* (b) An a-particle approaches a stationary gold nucleus. 

The gold nucleus is represented by l~~Au. 

(i) Calculate the charge on the gold nucleus. 

charge =...............C 

(ii) I. Calculate the electric potential due to the gold 
nucleus at a distance of 2.5 x 10-12 m from its 
centre. Assume that the gold nucleus is a point 
charge. 

putential = ...................... 

2. Hence determine the electric potential energy 
of the a-particle when the separation of the 
gold nucleus and the a-particle is 2.5 x 1O- 12 m 

energy = .................. J [5] 

*(c) (i) Write down the relation between the total 
potential energy ET of the a-particle, its 
gravitational potential energy Eo and its electric 
potential energy EE' 

(ii) Without any calculation, suggest why, in an 
a-particle scattering experiment 

I. gravitational effects are ignored, 

2. when calculating electric potential, the 
direction of approach of the a-particle to the 
nucleus need not be considered. [3] 

N98/I1/2 

19 Electric Field 	 221 

60 ({/) Two isolated metal spheres have chnrges or +Q and 
-Q, as illustrated in Fig. 9. 

Fig. 9 

On Fig. 9, draw lines to represent the electric field in the 
region between the spheres. [3] 

(b) 	 A metal sphere C is attached to an insulating rod ancl 
suspended on a fibre as shown in Fig. 10. 

scale to measure /' 

angle of twist 


___ fibre 

charged 
sphere Csupport rod 

Fig. 10 (side view) 

The support rod can rotate in a horizontal plane about the 
tibre. The fibre is held at its upper end so that the tibre may 
be twisted and the angle of twist measured. Sphere C is 
charged. A second sphere S, carrying the same charge as C, 
is then brought close to C at the same horizontal level. The 
two spheres, which may be assumed to behave as point 
charges at the centres of the spheres, repel each other and the 
support rod rotates as illustrated in Fig. II. 

Fig. 11 (top view) 

The upper end of the fibre is twisted to return the support rod 
to its original position, as illustrated in Fig. 12. When the 
tibre is twisted, it produces a torque on the support rod 
which is proportional to the angle of twist e. 

Fig. 12 (top view) 
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(i) 	 Explain what is meant by a torque. [2] 

(ii) 	 Show that the angle of twist egives a measure of 
the force of repulsion between the two spheres. [3] 

(iii ) 	 In one particular cxperiment, the angle of twist is 
/3 whcn the separation of the centres of the 
spheres is d and the charge on each spherc is +Q. 
State and explain the value, in terms of /3, of the 
new angle of twist when 

I. 	 the separation is increased to 2d and the 
charge on each sphere remains at +Q, 

2. 	 the charge on sphere S is halved (1/2Q), the 
charge on sphere C remains at +Q and the 
separation is returned to d. [4] 

N2000/11l5 

LOllg Questiolls 

61 Define electric field strength E and electric potential V. 
Name suitable SI units for these quantities. 

Deduce the relationship between E and V. N7611l1l6 (part) 

62 State Coulomb's law explaining carefully the meaning of the 
terms in any equation you quote. 

Define electric potential at a point. Hence, deduce a formula 
for Ihe potential at the surface of a charged, isolated 
spherical conductor in free space, in terms of its radius and 
lotal charge. 

resistor 

Fig. 13 

A charged spherical soap bubble on the end of a small metal 
pipe is losing gas through the tap and losing charge through 
the resistor (see Fig. 13). The tap is continuously adjusted so 
that the current in the resistor is kept constant. Show that, 
under these conditions, the radius of the bubble will decrease 
at a constant rate. If the resistor has the value 1012 n, 
calculate how long a bubble of 5 em radius would take to 
collapse, assuming that it did not burst. 

[EO = 8.85 X 10-12 F m- I.] 	 177IH1/4 (part) 

63 Two similar corks, each of mass 5.0 x 10-4 kg, are suspended 
by conducting threads, each 2.0 x 10-1 m long, from a point 
of high potential. The threads separate so that they enclose 
an angle of 30°. Calculate the charge on each cork. 

[Permittivity of free space, Eo = 8.85 X 10-12 F m-I; 

acceleration of free fall, g = 9.8 m S-2.] N78/I11/6 (part) 

64 Define electric potential at {/ point and electric field strength. 
A strip of stiff, conducting papcr, pivoted at its ccntrc of 
gravity, is placed between two large parallel lixcd metal 
plates. The plates arc connccted to a high voltage supply. The 
paper is observed first to oscillate, then comc to rest pointing 
towards the plates. Account for this. 

Values of the high voltage Vand period of oscillation T arc 
as follows: 

VlkV 52 67 98 198 


Tis 1.92 1.49 1.02 0.51 


8y means of an appropriate logarithmic graph, or othcrwise, 
determine the law relating V with T. 

Assuming that induccd charge is proportional to inducing 
field strength, show that the torque for a smal! angular 
displacement of the strip is proportional to V2 and hence that 
the form of the law you have found is to be expected 
theoretical!y. 179/111/4 

65 Electric field strength at a point may be detined as 'force 
. per unit charge' on a charge placed at the point. Show how 
this leads to a general expression relating E., the x-component 
of the field strength, to the potential gradient in the x-direction. 
Explain the significance of the sign in your expression. 

J80/IIl/4 (part) 

66 At two instants, t == 0 sand t = 2.0 X 10-7 s, the velocity of an 
electron moving in a vacuum in the (x, y) plane is as indicated 
by the vectors in Figs. 14 (i) and 14 (ii) respectively. 

"L t~ ~OO -7
v=5.0x106ms-1 t=2.0x10 s 

V= 10.0 x 106 ms-1 
o 

(i) 	 (ii) 

Fig. 14 

(a) 	 By drawing a vector. diagram to scale, find the change 
of velocity which takes place over this lime interval. 

(b) 	 Hence find the magnitude and direction of the 
acceleration of the electron over this interval. 

(c) 	 Assuming that the acceleration of the electron has been 
caused by the application of a uniform electric field of 
intensity E, find the magnitude and direction of E. 
(Neglect the effect of gravity.) 

(d) 	 Describe qualitatively the subsequent motion of the 
electron in this uniform electric field. 

[Specific charge of electron, elllle = 1.76 X 10" C kg-I.] 
N80/I113 (part) 

67 In an early model of the hydrogen atom, an electron of mass 
/lie and charge -e is considered to move in a circular orbit of 
radius r about a stationary proton of charge +e. 

(a) 	 Assuming that the electrostatic attraction between the 
electron and proton provides the centripetal force, tind 
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an expression for the angular velocity w of the electron 
in terms of e, r, me and EO' the relative permittivity of a 
vacuum 

(e) 	 Show that the total energy of the electron (the sum of 
its kinetic energy and its electrostatic potential energy) 
is -L212I11e/2 . N80/J/14 (part) 

68 Write equations tor Coulomb's law in electrostatics and 
Newton's law of gravitation. Identify the symbols in the 
equations. 

Explain what is meant by the electric potential of a 
conductor. Deduce, i'rom first principles, an expression for 
the potential of an isolated, charged conducting sphere. 

Electrons 'leak' easily from the surface of many stars so that 
such stars acquirc a positive charge. This charging stops 
when the charge on the star is so large that protons in the 
surface also begin to be repelled. This occurs when the sum 
of the gravitational potential energy and the electric potential 
energy of a proton near the surface is zero. 

(a) 	 Write down the equation relating these two energies. 

(b) 	 Show that, in the steady state, the maximum charge 
carried by a star of given mass is independent of its 
radius. 

181/11113 

69 A Van de Graaff generator has a spherical dome of radius 
0.20 m. The insulation of the air breaks down when 
the potential gradient ncar the surface of the dome reach 
3.0 x 106 V m-I. The dome sparks into the nearby air at a 
rate of one spark every two seconds and each spark 
completely discharges the dome. Calculate 

(a) 	 the maximum charge on the dome, 

(b) 	 the current carried by the belt. 

(e) 	 the mean power to drive the belt if friction is 
negligible. N81/111/3 (part) 

70 (a) 	 State the relation between the intensity of an electric 
field and the corresponding potential. What is the 
analogous expression for a gravitational field? Write 
down the units of electrostatic field and potential and of 
gra vitational field and potential. 

J~X 

Air r\B 

A. • B 
-0 +0 m m 

(i) 	 In Fig. 15, in which direction relative to the 
x- and y-directions does the resultant electric field at 
C act 

(ii) 	 In Fig. 16, in which direction relative to the x- and 
y-directions docs the resultant gravitational tield at C­
act? 

(iii) .Find the electrostatic and gravitational potential at C. 
J82/1/l5 (part) 

"-"-'''>'\'>t,\\')')'''71 
I 

I 

M'Bi1 
T' 

~ 
, 

A small conducting sphere S is suspended from a very 
long insulating thread T between metal plates MM'. The 
plates are connected to· a battery B and a sensitive 
current-measuring device A. After being given an initial 
displacement, the sphere moves to one of tbe plates, touches 
it, moves rapidly to the other, touches that, and this 
oscillation process repeats itself. Explain, in general terms, 
(a) why this happens, (b) why A registers a current. 


Deduce expressions for 


(i) 	 the charge on the sphere in terms of its radius R and the 
battery p.d. V when in contact with M (assuming that 
the sphere acts as if 'isolated'); 

(ii) 	 the electrostatic force on the sphere in terms of R, V, 
and the distance x between the metal plates (assuming 
that the field is uniform), 

(iii) 	 the acceleration of the sphere in terms of R. V. x and Ill, 

the mass of the sphere (assuming that gravity plays no 
part); 

(iv) 	 the time for the sphere [0 go from M to M' (assuming 
the x» R and that the impacts are totally inelastic). 

Hence show that the frequency of oscillation might be 

expected to be proportional to Vlx and to (R/m) 1/2. 

J82/111/5 (part) 

72 (a) 	 Describe, by means of diagrams and mathematical 
equations the forces due to 

(i) 	 a gravitational field, 

(ii) 	 an electric field, 

*(iii) a magnetic field 

which would act on a stationary electron . 

Show how each of your answers would change, if at 
all, when the electron moves at right angles to each 

Fig. IS Fig. 16 ficld. ~l 

ABC is a triangle in which CA = CB = r. In Fig. 15 charges 
-Q and +Q are placed at A and B respectively and, in 
Fig. 16, equal point masses m are situated at A and B. 

(b) (i) Give an expression for the electric field at a 
distance d from a point charge of magnitude Q, 
defining any other symbols you use. [3] 
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(ii) 	 .Explain to what extent an isolated, positively 
charged conducting sphere may be considered to 
act as a point charge. [3) 

(e) 	 A helium (~He) nucleus travelling at a speed of 

7.0 x 106 m S-I strikes a gold (I~~ Au) film. By 

considering only the electrostatic repulsion, what is 
the closest possible distance of approach between 
the .helium and gold nuclei? Explain your calculation 
carefully. [5] 

Discuss brietly the effect of gravitational attraction on 
your answer. [2] N8811HIl3 

73 (a) 	 By reference to Coulomb's law in electrostatics and 
Newton's law of gravitation, explain what is meant by 
an inverse square law field. [3] 

(b) 	 Define eleclric potellfia[ and distinguish it clearly from 
electric potential energy. [4] 

(c) 	 Explain, with the aid of diagrams illustrating charge 
distributions, how it is possible for a conductor to be 

(i) 	 at earth potential but carry a net positive charge, 

(ii) 	 at a positive potential with respect to earth but 
with no net charge. [6] 

(d) 	 A charged, polished metal sphere has a radius of 
0.20 m. The insulation of the air breaks down when 
the electric field near the surface of the sphere reaches 
3.0 x 106 V m- I , Assuming that the charge on the 
sphere acts as if it were all situated at the centre, 
calculate for this sphere 

(i) 	 the maximum charge, 

(ii) 	 the maximum potential. [5) 

Discuss the effect on the maximum potential of having 
a sphere with the same radius but with a rough surface. 

[4] J89/11I1l2 

74 (a) 	 What is meant by the term electric field sirength? [2) 

(b) 	 Calculate the force exerted on a proton, which has a 
charge of +1.6 x 1O-19 C, when it is in a uniform electric 
field of field strength 2.7 x 105 N C-I• [2] 

(c) 	 A proton is moved in a vacuum by a uniform electric 
field of 2.7 x lOs N C-I from A to B, a distance of 
0.0078 m. (Fig. 17.) 

I 

AllI II I 	 III 

!o.oo78m 
• B 

Fig. 17I 

(i) 	 How much work is done by the field on the 
proton? [2] 

Iii) 	 What is the gain in the kinetic energy of the 
proton? [I] 

(iii) 	 Calculate the difference in potential between A 
and B. 

State whether A or B is at the higher potential. [3] 

(d) 	 In an electron microscope, an electron lens has two 
cylinders which are at potentials of +500 V and -100 V 
respectively. An electron beam passes at high speed 
into the lens from the left. A cross-section of the two 
cylinders is shown full scale in Fig. 18, together with 
dotted lines showing points of the same potential at 
different places within the cylinders. Use the diagram, 
where necessary measuring distances on it with a ruler, 
to 

0) 	 find the potential difference between X and y, [I] 

(ii) 	 find the loss in kinetic energy of an electron 
moving in a vacuum between X and Y, [2] 

(iii) 	 find the approximate value of the electric field 
strength at Z, [3] 

(iv) 	 sketch a graph showing how the potential varies 
along the axis of the lens, [2] 

(v) 	 sketch, on the same x-axis drawn in (iv), a graph 
showing how the speed of the electron varies as it 
passes from X to Y. [2] 

-100V 

X/:: :""'.::':~.),\[? .............,. .'" ~,: 

-IOOV 

Fig. 18 J931111114 

75 (b) 	 (i) State what is meant by 

a gravilatiollal field of force, 

2 	 an electric field of force. 

(ii) 	 For each field in (b) (i), discuss whether or not the 
force produced is in the direction of the field. 

(iii) 	 The Y -plates of a cathode-ray oscilloscope have a 
separation of 0.80 cm and a potential difference 
between them of 120 V. Give a quantitative 
explanation as to why the gravitational force due 
to the Earth is not considered when predicting the 
motion of an electron between the plates. [8] 

(c) 	 (i) Two electrons are situated a certain distance apart 
in space. Calculate the ratio 

electric force between the electrons 

gravitational forcc betwecn the electrons 

(ii) 	 Give a quantitative explanation of the effect on 
this ratio of replacing one of the electrons with a 
proton. [6] 

N95111116 (part) 
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76 Fig. 	 19 illustrates an isolated positively 
conducting sphere which has charged 
heen charged positively. sphere 

Fig. 19 

For points on the surface or outside the sphere. the charge on 
the sphere behaves as if it were concentrated at the centre. 

(a) 	 Copy Fig. 19 and on your diagram draw 

(i) 	 the electric field lines (label these lines E). 

(ii) 	 lines joining points of equal potential (label these 
lines V). [4] 

(b) 	 Measurements of the distance x from the centre of the 
sphere and the corresponding values of the potential V 
are given in Fig. 20. 

xl em VIV 

19 1.50 x 105 

25 1.14 x 105 

32 0.89 x 105 

39 0.73 x 105 

Fig. 20 

(i) 	 Without drawing a graph. use the data to verify 
that the potential V is inversely proportional to the 
distance x. 

(ii) 	 The potential at the surface of the sphere is 
1.9 x 105y. Calculate the radius of the sphere. [4] 

(e) 	 Using your answer to (b)(ii). determine 

(i) 	 the ch~rge on the sphere. 

*(ii) the capacitance of the sphere. [4] 
J98/\11/3 (part) 

77 (d) 	 The potential in the gravitational tield of a point mass 
decreases with decreasing distance from the mass. In 
the electric field of a point charge. electric potential 
may increase or decrease with decreasing distance from 
the charge. Explain this difference. [2] 

*(e) 	 The radius of a lithium (~Li) nucleus is 2.3 x 10-15 m. 

and the radius of a proton is 1.2 x 10-15 m. 

(i) 	 Calculate the electric potential energy of a proton 
when it is just in contact with a lithium nucleus. 
You may assume that the proton and the lithium 
nucleus act as point charges. 

(ii) 	 By reference to your answer to (i), suggest why 
particle accelerators used for research into the 
composition of nuclei are referred to as 'high 
energy' accelerators. [5] 

J99/II1/3 (part) 

78 (aJ 	 Define electric jlelt! strel/gtl! and state an SI unit or 
electric field strength. (2] 

(b) 	 Fig. 21 illustrates two plates A and B. it Jistam:e 
30 mm apart in 1I vllcuum. with A at 1I potential 01 

-4.2V and B at zero potential. Electrons lire emitted 
from B and move directly towards A. 

vacuum 
\ plate A -4.2 V 

t--- electron moving 30mmI t 
\ 

from B towards A 
====~==r=~====== 

plate B 	 zero 
potential 

Fig. 21 


Calculate 


(i) 	 the electric field, assumed uniform. between the 
plates. 

(ii) 	 the velocity with which the electrons need to be 
emitted in order to reach pillte A. [5] 

(e) 	 State, with a reason, what your answer to (b)(ii) would 
have been if the distance between the plates had been 
doubled to 60 mm. while keeping the potentials the 
same. [2] 

*(d) 	 The arrangement described in (b) is made usc of in 
experiments on the photoelectric effect. The kinetic 
energy of the photoelectrons emitted from plate B can 
be determined by measuring the potential required just 
to prevent photoelectrons from reaching plate A. the 
stopping potential. 

Describe 

(i) 	 the conditions necessary for the photoelectric 
effect to be observed. 

(ii) 	 how the stopping potential varies with the 
frequency of the electromagnetic radiation. 

(iii) 	 how the stopping potential varies with the 
intensity of the electromagnetic radiation. 

(iv) 	 the conclusions drawn from photoelectric 
experiments about the nature of electromagnetic 
radiation. [8] 

*(e) 	 Describe experimental evidence for the wave nature of 
particles. [3] 
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