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Chapter 10

Electric fields

10.1 Concept of an electric field
1008. 9702_m20_qp_12 Q: 30

Two positive charges and one negative charge, all of equal magnitude, are set at the corners of
an equilateral triangle.

Which diagram represents the electric field surrounding the charges?

K &

479
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480 CHAPTER 10. ELECTRIC FIELDS
1009. 9702_s20_gp_11 Q: 31

A small charge q is placed in the electric field of a large charge Q.

Both charges experience a force F.

What is the electric field strength of the charge Q at the position of the charge g?

F F F
A — B — C FoQ D ~
Qg Q 9 q

1010. 9702_s20_qgp_12 Q: 31

A dipole is a pair of charges of equal magnitude, one negative and one positive. The electric field
of a dipole is shown below.

In which direction does the force act on an electron when at point X?

X
A D

|
[
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1011. 9702_s20_qp_13 Q: 31

Which diagram best represents the electric field between two point charges of equal magnitude
and opposite sign?

= Q=

1012. 9702_m19_qp_12 Q: 31

The diagram shows the electric field near a point charge and two electrons X and .

A

i
oY
Xe
y

/

Which row describes the forces acting on X and on Y?

direction of force maghnitude of force on X

A radially inwards less than force on Y
B radially inwards greater than force on Y
C radially outwards less than force on Y
D radially outwards greater than forceon Y
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1013. 9702_s19_qp_11

CHAPTER 10. ELECTRIC FIELDS

Q: 31

Which diagram shows the pattern of the electric field lines due to a negative point charge?

B Cc D

1014. 9702_s19_qp_11

Q: 32

In an electrolyte, the electric current is carried by charged particles (ions) in solution.

What is not a possible value for the charge on an ion in solution?

A

B
c
D

-48x107°C
+1.6 x 107'°C
+3.2x 107°C
+4.0 x 107'°C
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1015. 9702_s19_qp_13 Q: 31

Which diagram represents the electric field line pattern due to a combination of two positive
charges?

A B

AN AN /
@
®

1016. 9702_wi9_gp_12 Q: 29
P is a point near to charge X as shown.
X
O -
[ ]
When a negatively charged test charge is placed at point P, it is found to experience a force of
repulsion from X that is radially away from X.

Which arrow correctly shows the direction of the electric field at point P due to the charge X?

A B Cc D
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1017. 9702_wi9_qp_13 Q: 31

The diagram shows the electric field pattern between two opposite and unequal point charges
P and Q.

7
Which statement about the charges is correct?
A P is negatively charged and has a smaller charge than Q.
P is negatively charged and has a greater charge than Q.

B
C P is positively charged and has a smaller charge than Q.
D

P is positively charged and has a greater charge than Q.

1018. 9702_s18_qp_12 Q: 31

Four diagrams representing the electric field between two oppositely-charged point charges are
shown.

Which diagram correctly shows the electric field lines?
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1019. 9702_wi8_qp_11 Q: 30

Which diagram shows the electric field lines surrounding an isolated negative point charge?

Cc D

i

1020. 9702_wi18_qp_12 Q: 31

A flat plate is positively charged and a curved plate is negatively charged.

Which diagram shows the electric field lines between the two plates?

A B
+ + + + + +
L l L |
7 A
(o D
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1021. 9702_wi8_qp_13 Q: 30

CHAPTER 10. ELECTRIC FIELDS

Two parallel metal plates are at electric potentials of +800V and +1300V.

Which diagram best represents the electric field between the metal plates?

A

~

+1300V

+800V

+1300V

+800V

B

N

| —<——

+800V

+1300V

+800V

+1300V
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1022. 9702_m17_qp_12 Q: 30

Two positive charges and one negative charge, all of equal magnitude, are set at the corners of
an equilateral triangle.

Which diagram best represents the electric field surrounding the charges?

e
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1023. 9702_s17_qp_11 Q: 30

The diagram shows two points P and Q which lie 90° apart on a circle of radius r.

A positive point charge at the centre of the circle creates an electric field of magnitude E at both P
and Q.

Which expression gives the work done in moving a unit positive charge from P to Q?

A O B Exr c Ex(%r] D Ex(ur)

1024. 9702_s17_qgp_12 Q: 30
Which diagram best illustrates the electric field around a positive point charge?

A B

N
Q) Q) X &

™~

e
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1025. 9702_s17_qp_13 Q: 29

A dipole is a pair of charges of equal magnitude, one negative and one positive. The electric field
of a dipole is shown below.

In which direction does the force act on an electron when at point X?

X
A D

A
[
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1026. 9702_s16_qp_11 Q: 29

Which diagram could represent the electric field lines between two oppositely charged conducting
surfaces?

A B
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1027. 9702_s16_qp_12 Q: 29

Which diagram shows the pattern of the electric field between a positively charged metal sphere
and a negatively charged metal plate?

A
AN

1028. 9702_s16_qp_13 Q: 29

Which diagram shows the electric field pattern of an isolated negative point charge?

A B C D

M
© /\ 7

SN
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1029. 9702_s15_qp_12 Q: 29

A positive charge and a negative charge of equal magnitude are placed a short distance apart.
Which diagram best represents the associated electric field?

A B

1030. 9702_s15_qp_13 Q: 31

Which diagram best represents the electric field between two point charges of equal magnitude
and opposite sign?

A B Cc

o
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10.2 Uniform electric fields

1031. 9702_m20_qp_12 Q: 31

493

A negatively charged oil drop is held stationary, equidistant between two plates connected to a
high voltage supply, as shown.

L
-

oil drop—*

Which change would not increase the upward electrical force on the drop?

A

B
c
D

decreasing the distance between the plates whilst keeping the drop equidistant from them
increasing the amount of negative charge on the drop
increasing the supply voltage

moving the drop closer to the positive plate

1032. 9702_s20_qp_11 Q: 32

A charged particle is in a vacuum between two horizontal metal plates as shown.

T charged particle

|
/ 2.0cm

horizontal plate\ +300V

o

/ ov

horizontal plate

The acceleration of the particle is 7.15 x 10""ms™ downwards. The particle has a mass of
3.34 x 107 kg.

What is the charge on the particle?

A

B
c
D

+1.6x107°C
-1.6 x107°C
+1.6x107"C
-1.6x107""C
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1033. 9702_s20_qp_12 Q: 32

A charged oil droplet of mass m is falling, initially freely, in a vacuum between two horizontal
metal plates that are separated by a distance x.

A potential difference (p.d.) V is then applied across the plates. This results in the oil droplet
continuing to accelerate downwards but with a reduced acceleration a.

The polarity of the applied p.d. is then reversed so that the direction of the electric force on the
droplet is reversed. This results in the downwards acceleration of the oil droplet increasing to 3a.

What is the magnitude of the charge on the oil droplet?

A Mmax B oMmax c 3Mmax D 4/Mmax
4 vV 4 4

1034. 9702_s20_qp_13 Q: 32

A negatively charged oil drop of mass m is between two horizontal parallel metal plates a
distance d apart.

oil drop
mass m
; horizontal
+0 / A T metal plates
d

When the potential difference (p.d.) between the plates is V; the oil drop rises at a constant
speed. When the p.d. is decreased to a value V; the oil drop falls at the same constant speed.

Air resistance acts on the drop when it is moving. The upthrust on the drop is negligible.
The acceleration of free fall is g.
What is the charge on the oil drop?

mdg B mdg c 2mdg D 2mdg
V1 - V2 V1 + Vz V1 - V2 V1 +V2

A
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1035. 9702_mi19_qp_12 Q: 30

495

Two horizontal parallel plate conductors are separated by a distance of 5.0 mm in air. The lower

plate is earthed and the potential of the upper plate is +50V.

What is the electric field strength E at a point midway between the plates?

A

B
o]
D

1.0 x 10°Vm™ downwards

1.0 x 10°Vm™ upwards

2.0 x 10°Vm™ downwards

2.0 x 10*Vm™ upwards

1036. 9702_s19_qp_12 Q: 13

A small positive charge can move inside a uniform electric field.

AN

/

NS

X

RN

/

AN

~

uniform
+ electric
field

The charge moves along different straight paths between points P, Q, R and S.

Which row gives two paths that result in the same total work done on the charge?

path 1 path 2
A PtoR Qto S
B PtoR PtoS
C StoQ StoR
D StoQ RtoP
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1037. 9702_s19_qp_12 Q: 32

An electron is situated in a vacuum between two charged plates, as shown.

®— electron

Which statement describes the motion of the electron due to the uniform electric field?
A It moves downwards with a constant acceleration.

B It moves downwards with zero acceleration.

C It moves upwards with a constant acceleration.
D

It moves upwards with a decreasing acceleration.

1038. 9702_wi9_qp_12 Q: 30

A charged oil drop of mass m, with n excess electrons, is held stationary in the uniform electric
field between two horizontal plates separated by a distance d.

V —— om id

The voltage between the plates is V, the elementary charge is e and the acceleration of free fall
isg.
What is the value of n?

mgd eV gd meV
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1039. 9702_wi19_qp_13 Q: 32

A uniform electric field is represented by five horizontal field lines.

=~

Y

P and Q are two points in the field. The field causes a positively charged particle in a vacuum to
move from P to Q.

Which statement must be correct?

A The acceleration of the particle between P and Q is increasing.

B The kinetic energy of the particle at P is the same as the kinetic energy of the particle at Q.
C The force on the particle at Q is greater than the force on the particle at P.
D

Work is done on the particle as it moves from P to Q.

1040. 9702_m18_qp_12 Q: 30

An electron passes into the space between two parallel plates that are 5.0cm apart and which
are maintained at electric potentials of +2000V and —500V, respectively.

- 1 +2000V
50 CmI electron\s
I 1 500V

What is the electric force on the electron?
A 16x10"™N
4.8 x 10N
6.4 x 107°N
8.0 x 107N

o O W
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1041. 9702_m18_qgp_12 Q: 31
Which statement about electric charges in a uniform electric field is not correct?

A Electric charges of the same magnitude, whether positive or negative, experience the same
magnitude of force when placed in the same uniform electric field.

B The direction of the force on a positive charge placed in a uniform electric field is
independent of the magnitude of the charge.

C The magnitude of the force on a positive charge placed in a uniform electric field is
proportional to the magnitude of the electric field strength.

D The work done to move a positive charge a certain distance in a uniform electric field is
independent of the direction of the movement.

1042. 9702_s18_qp_11 Q: 28

A particle has a charge of +2.0mC and is in a vertical uniform electric field. An electric force of
1.0 x 1072N acts upwards on the particle.

What is the electric field strength?

0.20Vm™' downwards

B 0.20Vm™ upwards
C 5.0Vm™ downwards
D 5.0Vm ' upwards

1043. 9702_s18_qp_11 Q: 29

A charged particle is in the electric field between two horizontal metal plates connected to a
battery, as shown. There is a force F on the particle due to the electric field.

charged particle

The separation of the plates is doubled.
What is the new force on the particle?

A E B £ C F D 2F
4 2
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1044. 9702_s18_qp_12 Q: 30

Two large parallel metal plates X and Y are situated in a vacuum as shown.

plate X +
positively
o charged
particle
late Y
p L

Plates X and Y carry equal and opposite charges.

What happens to the force on a positively charged particle as it moves from plate X to plate Y?

A

B

It decreases because the positively charged particle is moving away from the positively
charged plate.

It decreases because the positively charged particle is moving in the direction of the electric
field between the plates.

It increases because the positively charged particle is moving closer to a negatively charged
plate.

It remains constant because the positively charged particle is in the uniform electric field
between the plates.
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1045. 9702_s18_qp_13 Q: 27

Two parallel metal plates are situated 20cm apart in a vacuum. They are connected to two
sources of potential difference as shown.

/proton 20 ¢cm
+ O o+
800V 300V

A proton is released in the space between the plates.

What is the magnitude and direction of the acceleration of the proton?
A 24x10"ms™ downwards

B 24 x10"ms™2 upwards

C 5.3 x10"ms™? downwards
D

5.3 x 10" ms™ upwards
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1046. 9702_s18_qp_13 Q: 28
A particle having mass m and charge +g enters a uniform electric field with speed v.
Initially, the particle is travelling at right-angles to the electric field.

During its movement through the field, the particle is deflected through distance d, as shown.

ok

path of particle

region of uniform/

electric field

A second particle of mass 2m, charge +g and speed v enters the electric field along the same
path.

What is the distance through which this particle is deflected in the electric field?

A 4 B 4 C 2d D 4d
4 2
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1047. 9702_wi8_qp_11 Q: 31

A beam of electrons is directed into an electric field and is deflected by it.

Diagram 1 represents an electric field in the plane of the paper.
Diagram 2 represents an electric field directed perpendicular to the plane of the paper.

The lines A, B, C and D represent possible paths of the electron beam. All paths are in the plane
of the paper.

Which line best represents the path of the electrons inside the field?

diagram 1 diagram 2

A A A
//
|
~—
\

electric field
in the plane
of the paper

electric field into the paper
and perpendicular to the

electrons electrons plane of the paper

1048. 9702_wi8_qp_11 Q: 32

A charged particle of charge ¢ and mass m is initially at rest in a uniform electric field. The field is
produced by parallel metal plates separated by a distance d and having a potential difference V
between them.

What is an expression for the acceleration of the charged particle?

A md B mV c 99 p 4V
qV qd mv md
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1049. 9702_wi8_qp_12 Q: 32

Two parallel metal plates are connected to a d.c. supply, as shown.

S —

_ P

—

The two plates are moved towards each other at constant speed.

It may be assumed that the electric field between the plates is uniform.
Point P is mid-way between the two plates.
Which graph shows the variation with time t of the electric field strength E at point P?

A B C D
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1050. 9702_wi8_qp_13 Q: 31

The diagram shows two metal plates P and Q. There is a potential difference of 700V between
the plates. Plate Q is earthed.

T -700V

plate P

5.0mm oR

plate Q

— 0V

What is the magnitude and direction of the electric field at point R?
A 1.4 x10°NC™ from P towards Q
B 1.4x10°NC™ from Q towards P
C 1.4 x10°NC™ from P towards Q
D 1.4x10°NC™ from Q towards P
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1051. 9702_mi17_qp_12 Q: 31

A constant potential difference is applied between two horizontal metal plates. A charged oil
droplet is held stationary by the electric field between the plates.

horizontal
charged metal plates
oil droplet\.

As some of the oil evaporates, the droplet loses mass and starts to accelerate. Its charge
remains constant.

In which direction does the droplet accelerate, and which change needs to be made to the
separation of the plates in order to stop this acceleration?

direction of separation
acceleration of the plates
A downwards decrease
B downwards increase
C upwards decrease
D upwards increase
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1052. 9702_s17_qp_11 Q: 31

The diagram shows two parallel horizontal metal plates. The top plate is positively charged and
the bottom plate is earthed.

liquid drop

plates < o

1

A small charged liquid drop, midway between the plates, is held in equilibrium by the combination
of its weight and the electric force acting on it.

The acceleration of free fall is g and the electric field strength is E.

What is the polarity of the charge on the drop, and the ratio of charge to mass of the drop?

. charge

polarity “mass
A negative E
g
B ti 9
negative £
Cc positive E
g
D it g
positive 5
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1053. 9702_s17_qp_12 Q: 31

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

N

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?

A x B 2x Cc 2x D 4x

1054. 9702_s17_gp_13 Q: 30
In a uniform electric field, which statement is correct?
A All charged particles experience the same force.
B All charged particles move with the same velocity.
C All electric field lines are directed towards positive charges.
D

All electric field lines are parallel.
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1055. 9702_wi7_qp_11 Q: 31

A small charged sphere of mass 0.80g hangs from a light thread inside a vertical uniform electric
field of strength 2000V m™". The thread passes over two frictionless pulleys and a mass of 2.00g
hangs on the other end.

pulleys
oo+ A+ + O+ 2.00g mass

electric

field of A}"'/! charged sphere

2000V m-" of mass 0.80g
The sphere is in equilibrium.
What is the charge on the sphere?
A -59uC B +0.60uC C +59uC D +9.8uC

1056. 9702_wil7_qp_11 Q: 32

An electron enters a region of space where there is a uniform electric field £ as shown.

path of v
electron -

Y

Initially, the electron is moving parallel to, and in the direction of, the electric field.

What is the subsequent path and change of speed of the electron caused by the electric field?

path of electron speed of electron
A curved decreases
B curved increases
Cc linear decreases
D linear increases



https://stemup.co.uk

10.2. UNIFORM ELECTRIC FIELDS 509

1057. 9702_wi7_qp_12 Q: 31

The diagram shows two metal plates connected to a constant high voltage.

=

1.1

Which graph shows the variation of the electric field strength E midway between the two plates as
the distance d between the two plates is increased?

A B Cc D

1058. 9702_wil7_qp_12 Q: 32

An electron moves between two points X and Y in a uniform electric field, as shown.

\

Ye . o
uniform electric field

¥ ' ¥ ¥ N

Xe

The distance between X and Y is 4.0cm and the line XY is at an angle of 60° to the direction of
the field.

The field exerts the only force on the electron.
The field strength is 100N c.

What is the change in the Kinetic energy of the electron as it moves from X to Y?

A —4eV B -2eV C +2eV D +4eV
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1059. 9702_wi7_qp_13 Q: 31

The diagram shows the electric field near a positively charged sphere and a negatively charged
sphere.

Four electrons A, B, C and D are shown at different positions in the field.

On which electron is the direction of the force on the electron shown correctly?

1060. 9702_wi7_gp_13 Q: 32
Lightning can occur between a charged cloud and the Earth’'s surface when the electric field
strength in the intervening atmosphere reaches 25kNC™". The diagram shows the electric field
between the base of a cloud and the Earth’s surface.

base of cloud

_ * i

+ + + ar +

Earth’s surface

What is the minimum potential difference between the Earth and the base of a cloud, 2.0km high,
for lightning to occur?

A 125MV B 25MV Cc 50MV D 100MV
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1061. 9702_mi6_qp_12 Q: 27

The diagram shows an electron in a uniform electric field.

In which direction will the field accelerate the electron?

electron
AA -
< ™ electric
D=~——B . field
ycC

\

1062. 9702_m16_qp_12 Q: 28
The electric field strength at a certain distance from an isolated alpha particle is 3.0 10'NC™".

What is the force on an electron when at that distance from the alpha particle?
A 48x10"N

B 96x10"N
C 3.0x10’N
D 6.0x10'N
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1063. 9702_mi6_qp_12 Q: 29

Two large parallel plates X and Y are placed a distance of 5.0 mm apart and connected to the
terminals of a 200V d.c. supply, as shown.

X Y

200V
A small oil drop at P carries one excess electron.

What is the magnitude of the electrostatic force acting on the oil drop due to the electric field
between the plates?

A 64x10"N
B 64x10"N
C 16x10"N
D 40x10%#N

1064. 9702_s16_qp_11 Q: 28

A charged particle is moving in a uniform electric field.

For the motion of the particle due to the field, which quantity has a constant non-zero value?
A acceleration

B displacement

C rate of change of acceleration

D

velocity
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1065. 9702_s16_qp_12 Q: 30

Before a thunderstorm, the hairs on your head sometimes stand on end.

A hair with mass 0.50mg and charge 1.0pC is supported by a force due to an electric field.
Ignore any forces other than the weight of the hair and the electric force.

What is the electric field strength?
A 49x10°NC™
B 49x10°NC™
C 4.9x10°NC’
D 49x10°NC™”

1066. 9702_s16_qp_12 Q: 31

Two parallel metal plates, 4.0cm apart, are at electric potentials of 800V and 2000V. Points X, Y
and Z are situated in the space between the plates at distances of 1.0cm, 2.0cm and 3.0cm from
the lower plate.

2000V« T 1
S -7
3.0cm metal
40cm| | p-------- oY plates
2.0cm
---e X
I‘l .0cm
Yy v
800V 1

What is the electric field strength, in Vm™, at X, Y and Z?

X Y Z
A 300 600 900
B 1100 1400 1700
(o 3.0 x 10* 3.0 x 10* 3.0 x 10*
D 5.0 x 10* 5.0 x 10* 5.0 x 10*
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1067. 9702_s16_qp_13 Q: 30

An electron is in an electric field of strength 5 x 10°Vm™". The field is the only influence on the
electron.

The mass and charge of an electron are known.

Which quantity can be calculated without any more information?
A the force on the electron

B the momentum of the electron

C the kinetic energy of the electron
D

the speed of the electron

1068. 9702_wl6_qp_11 Q: 30

Which path shows a possible movement of an electron in the electric field shown?

_~|A __‘_ﬂ________._-a-E

path of electron ]

\
\
\
\

_"V——\»A-__\z________

/

1069. 9702_wi6_qp_11 Q: 32

Two large horizontal metal plates are separated by 4 mm. The lower plate is at a potential
of —80V.

£4mm
—-80V I

Which potential should be applied to the upper plate to create an electric field of strength
60000V m™" upwards in the space between the plates?

A 320V B -160V C +160V D +320V
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1070. 9702_wi6_qp_12 Q: 30

Two parallel circular metal plates X and Y, each of diameter 18cm, have a separation of 9.0cm.
A potential difference of 9.0V is applied between them.

18cm
plate X —__ = >
A A l
6.0cm -
9.0cm P }[ 9.0V
A +
Y v 3.0cm T
plate Y

Point P is 6.0 cm from the surface of plate X and 3.0cm from the surface of plate Y.

What is the electric field strength at P?
A 50NC™’ B 100NC™ C 150NC™’ D 300NC™

1071. 9702_wil6_qp_12 Q: 31

An oil drop has mass m and charge gq. The drop is held stationary in an electric field between two
parallel horizontal plates, distance d apart, as shown.

oil drop

L

The potential difference between the plates is V and the acceleration of free fall is g.

What is the charge-to-mass ratio q of the oil drop?
m
A gd B V c gv p 94
4 dg d Vg

1072. 9702_w16_qp_13 Q: 30

Which path shows a possible movement of an electron in the electric field shown?

””,)"l\ ﬂ~—___~______,__4r-8
path of electron S = ==, oy
T —— I
ﬁr\\"“tr-—-%—-_m_________
\\‘.D —H-_h~“‘**—h-c
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1073. 9702_wi6_qp_13 Q: 32

Two large horizontal metal plates are separated by 4 mm. The lower plate is at a potential
of —80V.

£4mm
—80V I

Which potential should be applied to the upper plate to create an electric field of strength
60000V m™" upwards in the space between the plates?

A 320V B -160V C +160V D +320V

1074. 9702_s15_qp_11 Q: 31

Two parallel metal plates, a distance of 2 mm apart, have a potential difference of 1000V across
them.

What is the electric field strength between the plates?

A 500Vm™’ B 50000Vm~” € 50000NC"' D 500000NC™

1075. 9702_s15_qp_11 Q: 32

An oil droplet has charge —g and is situated between two horizontal metal plates as shown in the
diagram.

I | 1 —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 plate is at potential —V.

For this to occur, what is the weight of the droplet?

vq 5 24 ¢ Vo 2vd
d d q q

A
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1076. 9702_s15_qp_12 Q: 30

A charged oil drop of mass m, with n excess electrons, is held stationary in the uniform electric
field between two horizontal plates separated by a distance d.

V —/— om id

The voltage between the plates is V, the elementary charge is e and the acceleration of free fall
isg.
What is the value of n?

ev. mgd meV. p 9
mgd eV gd meV

1077. 9702_s15_qp_13 Q: 30

A molecule behaves as an electric dipole consisting of two equal point charges, of opposite sign,
separated by a fixed distance. The molecule moves with constant horizontal velocity as it enters a
vertical uniform electric field, as shown.

G—

molecule

electric field

The positive and negative charges of the molecule enter the field at the same time.

Which row describes the velocity of the molecule in the field?

horizontal component | vertical component
of velocity of velocity
A constant increases
B constant zZero
C increases increases
D increases Zero
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10.3 Electric forces between point charges
1078. 9702_wi6_qp_11 Q: 31

The diagram shows an electric field pattern caused by two positive and two negative point
charges of equal magnitude placed at the four corners of a square.

In which direction does the force act on an electron at point X?
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1079. 9702_wi6_qp_13 Q: 31

The diagram shows an electric field pattern caused by two positive and two negative point
charges of equal magnitude placed at the four corners of a square.

In which direction does the force act on an electron at point X?
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Paper 1 Multiple Choice Answers: Electric Fields

Question Paper Q. No. Answer
1008 9702_m20_qgp_12 30 A
1009 9702_s20_qp_11 31 D
1010 9702_s20_qp_12 31 D
101 9702_s20_qgp_13 31 D
1012 9702_mI9_qgp_12 31 B
1013 9702_s19_qgp_T1 31 A
1014 9702_s19_qgp_1 32 D
1015 9702_s19_qp_13 31 D
1016 9702_w19_qgp_12 29 C
1017 9702_w19_qp_13 31 D
1018 9702_s18_qp_12 31 A
1019 9702_w18_qp_1i 30 B
1020 9702_w18_qp_12 31 C
1021 9702_w18_qp_13 30 B
1022 9702_ml17_qp_12 30 A
1023 9702_s17_qp_1 30 A
1024 9702_s17_qgp_12 30 c
1025 9702_s17_qp_13 29 D
1026 9702_s16_qp_11 29 D
1027 9702_s16_qp_12 29 B
1028 9702_s16_qgp_13 29 D
1029 9702_s15_qp_12 29 B
1030 9702_s15_qp_13 31 D
1031 9702_m20_qp_12 31 D
1032 9702_s20_qgp_MN 32 A
1033 9702_s20_qp_12 32 A
1034 9702_s20_qp_13 32 D
1035 9702_mI19_qp_12 30 A
1036 9702_s19_qp_12 13 c
1037 9702_s19_qp_12 32 A
1038 9702_w19_qp_12 30 B
1039 9702_w19_qp_13 32 D
1040 9702_mi8_qp_12 30 D
1041 9702_mI8_qgp_12 31 D
1042 9702_s18_qp_T 28 D
1043 9702_s18_qp_11 29 B
1044 9702_s18_qp_12 30 D
1045 9702_s18_qgp_13 27 A
1046 9702_s18_qp_13 28 B
1047 9702_w18_qp _T 31 B
1048 9702_w18_qp_T 32 D
1049 9702_w18_qp_12 32 D
1050 9702_w18_qp_13 31 D
1051 9702_ml17_qp_12 31 D
1052 9702_s17_qp_T 31 B
1053 9702_s17_qgp_12 31 c
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Paper 1 Multiple Choice Answers: Electric Fields (continued)

Question Paper Q. No. Answer
1054 9702_s17_qp_13 30 D
1055 9702_w17_qgp_TI 31 c
1056 9702_wl7_gp_1 32 c
1057 9702_w17_qp_12 31 A
1058 9702_w17_qp_12 32 B
1059 9702_w17_qp_13 31 A
1060 9702_wl17_qp_13 32 C
1061 9702_ml6_qp_12 27 D
1062 9702_ml6_qp_12 28 A
1063 9702_ml16_qp_12 29 A
1064 9702_s16_qp_1 28 A
1065 9702_s16_qp_12 30 C
1066 9702_s16_qp_12 31 C
1067 9702_s16_qp_13 30 A
1068 9702_w16_qp_TI 30 A
1069 9702_wl16_qgp_T1 32 A
1070 9702_wl16_qp_12 30 B
1071 9702_w16_qp_12 31 A
1072 9702_w16_qp_13 30 A
1073 9702_w16_qp_13 32 A
1074 9702_s15_qp_11 31 D
1075 9702_s15_qp_N 32 B
1076 9702_s15_qp_12 30 B
1077 9702_s15_qp_13 30 B
1078 9702_wl16_qgp_T1 31 B
1079 9702_w16_qp_13 31 B
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10.1 Concept of an electric field
186. 9702_ml17 qp 22 Q: 5

An electron is travelling in a straight line through a vacuum with a constant speed of 1.5 x 10/ ms™1,
The electron enters a uniform electric field at point A, as shown in Fig. 5.1.

uniform
electric field

L >
electron speed
1.5 x 10'ms™

Fig. 5.1

The electron continues to move in the same direction until it is brought to rest by the electric field
at point B. Distance AB is 2.0cm.

(a) State the direction of the electric field.

............................................................................................................................................... [1]
(b) Calculate the magnitude of the deceleration of the electron in the field.
deCeleration = .......ccceeveeeies s ms—2[2]
(c) Calculate the electric field strength.
electric field SIreNGth = ..o vm[3]

STEMUP.CO.UK
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(d) The electron is at point A at time t=0.

On Fig. 5.2, sketch the variation with time t of the velocity v of the electron until it reaches
point B. Numerical values of vand t do not need to be shown.

A

Fig. 5.2
(1]

[Total: 7]
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187. 9702_s17_qp_23 Q: 3

(a) Define electric field strength.

............................................................................................................................................... [1]
(b) An electron is accelerated from point A to point B by a uniform electric field, as illustrated in
Fig. 3.1.
electric field
A electron B

N PNDNDNNDNN

Fig. 3.1

The distance between A and B is 12mm. The velocity of the electron at Ais 2.5kms~" and at
Bis 18 Mms™'.

Calculate

(i) the acceleration of the electron,

acceleration = ..., ms—2[2]

(ii) the change in kinetic energy of the electron,

change in Kinetic energy = ........oeee e J [3]
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(iii) the electric field strength.

electric field strength = ..., Vm[3]
(c) An o-particle moves from A to B in the electric field in (b).

Describe and explain how the change in the kinetic energy of the a-particle compares with
that of the electron. Numerical values are not required.

[Total: 12]
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10.2 Uniform electric fields

188. 9702 _ml19 qp 22 Q: 4

(a) Define electric field strength.

(b) Two very small metal spheres X and Y are connected by an insulating rod of length 72mm. A
side view of this arrangement is shown in Fig. 4.1.

uniform electric field,
field strength 5.0 x 10*Vm~!
in vertically upwards direction

horizontal

SIDE
VIEW

Fig. 4.1 (not to scale)

Sphere X has a charge of +3e and sphere Y has a charge of -3¢, where ¢ is the elementary
charge. The rod is held at its mid point Z at an angle & to the horizontal. The rod and
spheres have negligible mass and are in a uniform electric field. The electric field strength is
5.0 x 10*Vm™'. The direction of this field is vertically upwards.

(i) The electric field is produced by applying a potential difference of 4.0kV between two
charged parallel metal plates.

1. Calculate the separation between the plates.

Separation = .....cccoccevee e m [2]
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2. Describe the arrangement of the two plates. Include in your answer a statement of
the sign of the charge on each plate. You may draw on Fig. 4.1.

................................................................................................................................ 2]
(i) Determine the magnitude and direction of the force on sphere Y.
Magnitude = ... N
AIreCtioN ..o
[2]

(iii) The electric forces acting on the two spheres form a couple. This couple acts on the rod
with a torque of 6.2 x 1071 Nm.

Calculate the angle & of the rod to the horizontal.

[Total: 9]
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189. 9702 _s19 qp 21 Q: 4
(@) A spherical oil drop has a radius of 1.2 x 10~8m. The density of the oil is 940kgm=3.

(i) Show that the mass of the oil drop is 6.8 x 10~1°kg.

(2]

(ii) The oil drop is charged. Explain why it is impossible for the magnitude of the charge to
be 8.0 x 1020C.

....................................................................................................................................... 1]
(b) The charged oil drop in (a) is in a vacuum between two horizontal metal plates, as illustrated
in Fig. 4.1.
v metal plate
VT
-5 1 oil drop,
0// mass 6.8 x 10~15kg
8.0mm ‘
_L_
- uniform electric field, metal plate

field strength 2.1 x 10°V m™!

Fig. 4.1

The plates are separated by a distance of 8.0mm. The electric field between the plates is
uniform and has a field strength of 2.1 x 105V m~".

The oil drop moves vertically downwards with a constant speed.

(i) Calculate the potential difference V between the plates.

STEMUP.CO.UK
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(iii) Determine the charge on the oil drop.

Charge = ... C
SIQN OT ChArge .....oooiiiie e,
3]
(c) The magnitude of the potential difference between the plates in (b) is decreased.
(i) Explain why the oil drop accelerates downwards.
....................................................................................................................................... [2]

(ii) Describe the change to the pattern of the field lines (lines of force) representing the
uniform electric field as the potential difference decreases.

(d) Two types of force, X and Y, can act on an oil drop when it is in air, but cannot act on an oil
drop when it is in a vacuum. Force X can act on an oil drop when it is stationary or when it is
moving. Force Y can only act on an oil drop when it is moving.

State the name of:

(i) force X

[Total: 14]
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190. 9702 _s19 qp 23 Q: 4

Two vertical metal plates in a vacuum are separated by a distance of 0.12m.
Fig. 4.1 shows a side view of this arrangement.

. 0.080m
T X a_sand -
particle
2.0m
0Vo 0 +900V
path of
particle
L
metal plate ~ [ meta plate

_r_ i

0.12m

Fig. 4.1 (not to scale)

Each plate has a length of 2.0 m. The potential difference between the plates is 900V. The electric
field between the plates is uniform.

A negatively charged sand particle is released from rest at point X, which is a horizontal distance
of 0.080m from the top of the positively charged plate. The particle then travels in a straight line
and collides with the positively charged plate at its lowest point Y, as illustrated in Fig. 4.1.

(a) Describe the pattern of the field lines (lines of force) between the plates.

(c) By considering the vertical motion of the sand particle, show that the time taken for the particle
to move from X 1o Y is 0.64s.

(2]
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(d) Calculate the horizontal component of the acceleration of the particle.

horizontal component of acceleration = ...........cccccovveeiiiiiiiiieec e ms=2[2]
(e) (i) Calculate the magnitude of the electric field strength.
electric field strength = ... NC-1[2]

(ii) The sand particle has mass m and charge g. Use your answers in (d) and (e)(i) to
determine the ratio :—17? .

FALO = oo, Ckg [2]

(f) Another particle has a smaller magnitude of the ratio 9 than the sand particle. This particle is
also released from point X. m

For the movement of this particle, state the effect, if any, of the decreased magnitude of the
ratio on:

(i) the vertical component of the acceleration

[Total: 13]
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191. 9702_ w19 _qp 21 Q:2

A small charged glass bead of weight 5.4 x 10™>N is initially at rest at point A in a vacuum. The
bead then falls through a uniform horizontal electric field as it moves in a straight line to point B, as

illustrated in Fig. 2.1.

vertical

glass bead
weight 5.4 x 105N .
chargge -3.7x107°C A oo horizontal

uniform horizontal
electric field,

path of the
field strength 1.3 x 104V m™!

falling bead

B
side view

Fig. 2.1 (not to scale)
The electric field strength is 1.3 x 10*Vm~'. The charge on the bead is —3.7 x 10°C.

(@) Describe how two metal plates could be used to produce the electric field. Numerical values
are not required.

(b) Determine the magnitude of the electric force acting on the bead.

electric Torce = .....vvviieceeeece e N [2]
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(c) Use your answer in (b) and the weight of the bead to show that the resultant force acting on it
is 7.2 x 1075N.

(1]

(d) Explain why the resultant force on the bead of 7.2 x 10~5N is constant as the bead moves
along path AB.

............................................................................................................................................. 2]
(e) (i) Calculate the magnitude of the acceleration of the bead along the path AB.
acceleration = ........ccccuveeeeeeee s ms=2 [2]
(ii) The path AB has length 0.58 m.
Use your answer in (i) to determine the speed of the bead at point B.
SPEEA = oo ms=! [2]

[Total: 11]
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192. 9702_ w19 _qp 23 Q:3

(a) State the property of an object that experiences a force when the object is placed in:

(i) a gravitational field

(b) A potential difference of 1.2 x 10%V is applied between a pair of horizontal metal plates in a
vacuum, as shown in Fig. 3.1.

top metal plate

1 p 1
: ]
particle WY o*
= 1.2 x 103V
charge —4.2 x 102C ~ [1.8cm 7-
mass 5.9 x 10%kg ]
velocity 0.75ms™ I

bottom metal plate

Fig. 3.1 (not to scale)
The separation of the plates is 3.6 cm. The electric field between the plates is uniform.
A particle of mass 5.9 x 106kg and charge —4.2 x 1072C enters the field at point X with a
horizontal velocity of 0.75ms~" along a line midway between the two plates.
The particle is deflected by the field and hits the top plate at point Y.

(i) Calculate the magnitude of the electric force acting on the particle in the field.

electric force = N [3]
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(i) By considering the resultant vertical force acting on the particle, show
acceleration of the particle in the electric and gravitational fields is 14ms=.

(iii) Determine:

1. the time taken for the particle to move from Xto Y

timetaken = ...

2. the distance p of point Y from the left-hand edge of the top plate.

that the

[4]

[Total: 12]
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193. 9702 w17 qp 21 Q: 6

(a) Define electric field strength.

(b) Two parallel metal plates in a vacuum are separated by a distance of 15mm, as shown in
Fig. 6.1.

particle
mass 1.7 x 1027kg
charge +1.6 x 107'°C

metal — | T metal
plate | | | plate

Fig. 6.1

A uniform electric field is produced between the plates by applying a potential difference
between them.

A particle of mass 1.7 x 1027kg and charge +1.6 x 10~'°C is initially at rest at point A on

one plate. The patrticle is moved by the electric field to point B on the other plate. The particle
reaches point B with kinetic energy 2.4 x 10716 J.

(i) Calculate the speed of the particle at point B.

(ii) State the work done by the electric field to move the particle from Ato B.

WOrK dONE = ..o J[1]
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(iii) Use your answer in (ii) to determine the force on the particle.

(iv) Determine the potential difference between the plates.

potential difference = ... V [3]

(v) On Fig. 6.2, sketch a graph to show the variation of the kinetic energy of the particle with
the distance x from point A along the line AB.
Numerical values for the kinetic energy are not required.

A

kinetic
energy

0 15 =x/mm

Fig. 6.2

[1]
[Total: 10]
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194. 9702 w17 _qp 23 Q:5

(a) Define electric field strength.

(b) Two parallel metal plates in a vacuum are separated by 0.045m. A potential difference Vis
applied between the plates, as shown in Fig.5.1.

metal plate

| ——
[ ]
o_
0.045m 4
o+
I ~ |
L |
metal plate proton
Fig. 5.1

A proton is initially at rest on the surface of the positive plate. The proton in the uniform
electric field takes a time of 1.5 x 107’ s to reach the negative plate.

(i) Show that the acceleration of the proton is 4.0 x 1012ms—=,

(2]

(ii) Calculate the electric force on the proton.
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(iii) Use your answer in (ii) to determine

1. the electric field strength,

field Strength = .....oooovee e NC[2]

2. the potential difference V between the plates.

(c) An « particle is now accelerated between the two metal plates in (b) by the electric field.

Calculate the ratio

acceleration of o particle
acceleration of proton

[Total: 10]
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195. 9702 _s16_qp 22 Q: 6

Two parallel vertical metal plates are connected to a power supply, as shown in Fig. 6.1.

metal plate metal plate

L 16 mm !

O+
o}

Fig. 6.1
The separation of the plates is 16 mm.
(a) On Fig. 6.1, draw at least six field lines to represent the electric field between the plates. [1]
(b) An a-particle travels in a vacuum between the two plates.

The electric field does work on the a-particle. The gain in kinetic energy of the a-particle is
15keV.

Calculate the electric field strength between the plates.

electric field strength = .......cccooivieiieiciccee e Vm [4]

[Total: 5]
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196. 9702_w16_qp 21 Q:2

(a) Define electric field strength.

(b) A potential difference of 2.5kV is applied across a pair of horizontal metal plates in a vacuum,
as shown in Fig. 2.1.

metal
plate
J—
2.0cm y 1/
electron . —"B +
velocity T A 50 T_ 2.5kV
3.7 x107ms™ ~em
—~ |
: 1 1
metal : 5.9¢cm :
plate ' :

Fig. 2.1 (not to scale)
Each plate has a length of 5.9cm. The separation of the plates is 4.0cm. The arrangement
produces a uniform electric field between the plates.
Assume the field does not extend beyond the edges of the plates.

An electron enters the field at point A with horizontal velocity 3.7x10”’ms™! along a line
mid-way between the plates. The electron leaves the field at point B.

(i) Calculate the time taken for the electron to move from A to B.

time taken = ..., s [1]

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

field Strength = ..o.ooveeeeeeee e NC1[2]

(iii) Show that the acceleration of the electron in the field is 1.1 x 101®ms2.

(2]

363
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(iv) Use the acceleration given in (iii) and your answer in (i) to determine the vertical distance
y between point B and the upper plate.

(v) Explain why the calculation in (iv) does not need to include the gravitational effects on
the electron.

(vi) The electron enters the field at time t=0.
On Fig. 2.2, sketch graphs to show the variation with time t of
1. the horizontal component v, of the velocity of the electron,
2. the vertical component v, of the velocity of the electron.

Numerical values are not required.
A A

Vx Vy

Fig. 2.2
[2]

[Total: 12]
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197. 9702 w16 _qp 23 Q: 2

(a) Define electric field strength.

(b) A potential difference of 2.5kV is applied across a pair of horizontal metal plates in a vacuum,
as shown in Fig. 2.1.

metal
plate

2.0cm y 1./7/
electron . —"B

+
velocity T A 50em _25kV

3.7x10"ms™

metal
plate

59cm

Fig. 2.1 (not to scale)
Each plate has a length of 5.9cm. The separation of the plates is 4.0cm. The arrangement
produces a uniform electric field between the plates.
Assume the field does not extend beyond the edges of the plates.

An electron enters the field at point A with horizontal velocity 3.7x10”ms~ along a line
mid-way between the plates. The electron leaves the field at point B.

(i) Calculate the time taken for the electron to move from A to B.

time taken = ..o s [1]

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

field strength = .......coevveeiece e NC'[2]

(iii) Show that the acceleration of the electron in the field is 1.1 x 101®ms2.

(2]

365
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(iv) Use the acceleration given in (iii) and your answer in (i) to determine the vertical distance
y between point B and the upper plate.

(v) Explain why the calculation in (iv) does not need to include the gravitational effects on
the electron.

(vi) The electron enters the field at time t=0.
On Fig. 2.2, sketch graphs to show the variation with time t of
1. the horizontal component v, of the velocity of the electron,
2. the vertical component v, of the velocity of the electron.

Numerical values are not required.
A A

Vx Wy

Fig. 2.2
[2]

[Total: 12]
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198. 9702 _s15 qp 21 Q: 7

(a) Explain what is meant by an electric field.

(b) A uniform electric field is produced between two vertical metal plates AB and CD, as shown in
Fig.7.1.

A C
a-particle\
o

16mm

450V
+ -
) e

Fig. 7.1

The potential difference between the plates is 450V and the separation of the plates is 16 mm.

An a-particle is accelerated from plate AB to plate CD.
(i) On Fig. 7.1, draw lines to represent the electric field between the plates. [2]

(ii) Calculate the electric field strength between the plates.

electric field strength = .......c.coooieiieie e Vm[2]

(iii) Calculate the work done by the electric field on the a-particle as it moves from AB to CD.

WOFK dONE = oot e J [3]

367
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(iv) A B-particle moves from AB to CD. Calculate the ratio

work done by the electric field on the a-particle
work done by the electric field on the p-particle.

Show your working.



https://stemup.co.uk

598

185. 9702 _s15 qp 21 Q: 6

APPENDIX A. ANSWERS

(a) diffraction is the spreading of a wave as it passes through a slit or past an edge B1

when two (or more) waves superpose/meet/overlap

resultant displacement is the sum of the displacement of each wave

(b) ni=dsinfandv="fi

max order number for &= 90°
hence n (= f/vN) = 7.06 x 10™/(3 x 10% x 650 x 10%)

n=36

hence number of orders = 3

(c) greater wavelength so fewer orders seen

M1
A1

C1

M1

A1l

A1l

(3]

(3]

(1]

186. 9702 _ml17 qp 22 Q: 5

Answer Mark
(a) to the right/from the left/from A to B/in the same direction as electron velocity B1
(b) vi=u?+2as c1
a=(15x10")/(2x2.0x107%)
Other alternative calculations for the C1 mark:
e.g.a=1.5x10"/2.67x107°
e.g. a=[(1.5x10" x 2.67x107%) — 2.0x1072] x [2/(2.67x107°)]
e.g.a=(2.0x1072x 2)/(2.67x107°)
=56x10°ms™ A1
(c) E=FIQ c1
=(9.1x10>'x 5.6 x 10'%)/1.6 x 107" c1
=32x10'vm™ A1
() straight line with negative gradient starting at an intercept on the v-axis and ending at an intercept on the t-axis. B1
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Answer Mark

(@) force per unit (positive) charge B1
b)) |a=(w?-u?i2s B1

=[(18 x 105 — (2.5 x 10%°]/(2 x 12 x 107)
=1.3(1.35)x 10" ms™ A1
(b)) | KE = %mvZor Yam(V — 1A c1
change inKE =05 x9.11 x 1073 x [(18 x 10%° — (2.5 x 10%)]] B1
=1.5(1.48)x 1078 A1
(b)(iii) E=F/e=maleoreV=AKE so E=AKE/(e x d) c1
E=(9.11 x 10 x 1.35 x 10'%)/1.60 x 107" c1

oEr= (1.48 x107"%) /(12 x 107 x 1.60 x 107"%)
=7.7(7.69)x10*vm™ A1
(c) charge on o opposite to electron/charge on « is positive B1
AKE is negative/KE reduced B1
charge of o greater/twice that of electron causes larger/twice AKE (in magnitude) B1
188. 9702 _ml19 qp 22 Q:4
Answer Mark
(a) force per unit positive charge B1
(b)(i) 1 E =V/dorE=AV/Ad c1
d =4.0x103/5.0x10*
=8.0x10?m A1
2 plates are (in) horizontal (plane) (above and below the rod) B1
top (plate) negative and bottom (plate) positive B1
(b)(ii) | magnitude =5.0 x 104 x 3 x 1.6 x 10-1? A1
=24x 10N

direction is (vertically) downwards / down B1
Answer Mark
(b)(iii)) |6.2x10-6=24 x 10-4 x 72 x 10-3 x cosé c1
6=69° A1
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189. 9702 s19 qp 21 Q: 4

APPENDIX A. ANSWERS

Answer Mark
@@ |m=pxV c1
=(4/3)xnx (1.2 x 105) x 940 = 6.8 x 10-"° (kg) A1
(a)(ii) | minimum charge (on drop) is 1.6 x 10-1°C B1
(b)) |V =Ed c1
V =21x10°% 8.0 x 1073 A1
=1.7x10°V
(b)(ii) constant velocity so no resultant force (so in equilibrium) B1
(b)(iii) mg = Eq or mg=(V/d)qg c1
or
F=mg and F=Egq
g =(6.8x10""x9.81)/2.1 x 10° A1
=32x10"C
sign of charge is negative A1
(c)(i) electric force decreases B1
weight > electric force or resultant force acts downwards B1
(e)(ii) (field line) separation increases B1
(d)(i) upthrust (force) B1
(d)(ii) air resistance/drag/viscous (force) B1
190. 9702_s19_qp_23 Q: 4
Answer Mark
(a) straight (horizontal) lines and from the +0.90 kV plate/to the 0 V plate B1
(lines are) equally spaced B1
(b) weight/gravitational force and electric force B1
(c) s = Yaat? Cc1
or
s=ut+%at2 and u=0
20=1%x981xt2sot=064s A1
(d) 0.080 = % x a x 0.642 c1
a=039ms? A1
(e)() E = (A)V/(A)d c1
E =0.90 x 10%/0.12 A1
=75x 103N C!
(e)(ii) ma = Eqg c1
or
F=ma and F=Egq
q/m =039/7.5x103 A1
=52x10°Ckg™'
()(i) no effect B1
(f)(ii) decreases/smaller B1
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Answer Mark
@) the (two) plates are vertical (and separated) B1
left plate positively charged and right plate negatively charged/earthed B1
gght plate negatively charged and left plate positively charged/earthed
(b) F=Eq c1
=13x10*x3.7x 107 A1
=48x10°N
(c) F=(4.8x10°72+ (54 x10%)? so F=7.2x10°N A1
’c—lr= [(4.8 x 10-5)2+ (5.4 x 10°)2]"5 so F=7.2x 105N
(d) electric force is constant (because field strength/E is constant) B1
weight is constant (and so resultant force constant) B1
(e)(i) m=54x10°/981 (=5.5x 10%) c1
a =72x10%/(5.5x10%) A1
=13 ms>
(e)(ii) Vv =u? + 2as c1
Vv =2x13x0.58
v=39ms'’ A1
192. 9702 w19 qp_ 23 Q: 3
Answer Mark
(@)(i) mass B1
(a)ii) charge B1
(b)i) |E=Vid or E=Fiq c1
F=(12x10°x4.2x1079)/3.6 x 107 c1
=14 x 10N A1
(b)(ii) W =mg c1
=5.9x 106x 9.81 c1
resultant force = 1.4 x 10~* — (5.9 x 105 x 9.81)
a=Flm Cc1
a=[14x10"*-(59x10°x9.81)]/[5.9 x 10°] = 14ms2 A1
(b)(iii) [1. s=ut+ Yat? c1
1.8x102=%x 14 x t?
f=0.051s A1
2. p =0.75x0.051 A1

=0.038m
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193. 9702 w17 qp 21 Q: 6

APPENDIX A. ANSWERS

Answer Mark
(a) force per unit positive charge B1
(b)) | Ex=vamv? c1
24x10"=1%x1.7x107 x v? A1
v=53x10°ms™’
(b)(ii) | work done = 2.4 x 1075y A1
(b)iii) |W=Fs cil
F=24x10"%/15x 107 A1
=16 x 10N
(b)iv) | V=Fd/IQ cil
or
V=wiQ
or
E =VidandE=F/Q
V=(16x10"x15%x107)/1.6 x 10" or 2.4 x 107'%/1.6 x 107" c1
=1500V A1
(b)(v) straight line with positive gradient starting at the origin and going as far as x = 15mm B1
194. 9702 w17 _qgp_ 23 Q: 5
Answer Mark
(a) force per unit positive charge B1
(b)) |s=%at? c1
a=(2x0.045)/(1.5x 107)* =4(.0) x 10? ms™ A1
(b)(ii) | F=167x10"x40x10" =6.7 (6.68) x 107°N A1l
(b)ii) [1. E =F/Q c1
=668x10"/1.6x 107" A1
=42(4.18) x 10°NC™"
2. E=VIid c1
V =4.18 x 10 x 0.045 A1
=19x10°V
Answer Mark
(c) a=Egqim c1
or
F=maand F=Eq
ratio = (2x1.6x107)x(1.67x107") _ 2x1 Al
(1.6x107"%)x(4x1.66x102") ~ 1x4
=0.50
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195. 9702 _s16_qp 22 Q: 6

(a) atleast six horizontal lines equally spaced and arrow to the right B1 [1]
b) charge used 2e C1
( g

gainin KE=15x 1.6 x 107" x 10° =2 x 1.6 x 107" x V (p.d.across plates)

or

F(=W/d)=15x16x10""x10°/16 x 107 C1

(hence V=7500V or F=15x10"N)

E=V/d or E=F/Q C1
E=(7500/16x 107°) or E=(1.5x107"/3.2x 107"

E=4.7x10°(468750) Vm™ A1 [4]
or

KE (= ¥amv®) = 15 x 10° x 1.6 x 107"°

v=[(2x15x 10° x 1.6 x 107"%)/(6.68 x 1077")]"*= 8.5 x 10° ms™’ (C1)
a(=V12s)=(8.5x10%%/2x 16 x 10 =225 x 10" ms™

F(=6.68x10% x225x107%)=15x 10" N

E=F/Q (C1)
Q=2e (C1)

E=47x10°Vm™’ (A1)
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196. 9702_w16_qp 21 Q:2
(a) force per unit positive charge B1 [1]
(b) (i) time =5.9x1072/3.7 x 10"
=16 x 1075 (1.59 x 107s) Al [1]
(i) E=Vid C1

=2500/4.0 x 1072

=6.3x 10°NC™" (6.25 x 10° or 62500NC™") Al [2]
(iliy a =Eg/m or F=maand F=Eq C1
= (6.3 x 10" x1.60 x 107%)/9.11 x 107" = 1.1 x 10"°ms™ Al [2]

(iv) s =ut+"%at’
=% x1.1x 10" x (1.6 x 107°)? c1
=14 x 102 (m) c1

distance from plate =2.0-1.4
= 0.6cm (allow 1 or more s.f.) Al [3]

(v) electric force >»> gravitational force (on electron)/weight

or
acceleration due to electric field > acceleration due to gravitational field B1 [1]
(vi) vx—t graph: horizontal line at a non-zero value of vx B1

vy—t graph: straight line through the origin with positive gradient B1 [2]
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197. 9702 w16 _qp 23 Q: 2

(a) force per unit positive charge
(b) (i) time =5.9x1072/3.7 x 10"
=1.6 x 10°s (1.59 x 10°s)
(iiy E =Vvid
= 2500/ 4.0 x 1072
=6.3 x 10*NC™" (6.25 x 10* or 62500NC™")
(iliy a =Eqg/m or F=maand F=Eq
= (6.3 x 10" x 1.60 x 107%)/9.11 x 107" = 1.1 x 10"°ms™
(iv) s =ut+%at’
=% x1.1x 10" x (1.6 x 107°)?
= 1.4 x 102 (m)

distance from plate =2.0-1.4
= 0.6cm (allow 1 or more s.f.)

(v) electric force >»> gravitational force (on electron)/weight
or
acceleration due to electric field > acceleration due to gravitational field

(vi) vx—t graph: horizontal line at a non-zero value of vx

vy—t graph: straight line through the origin with positive gradient

B1

A1

C1

A1

C1

Al

C1

C1

A1

B1

B1

B1

(1]

(]

(2]

(2]

(3]

(1]

(2]

605



https://stemup.co.uk

606

198. 9702 _s15 qp 21 Q: 7

(a) a region/space/area where a (stationary) charge experiences an (electric) force

(b) (i)

(ii)

(iii)

(iv)

at least four parallel equally spaced straight lines perpendicular to plates

consistent direction of an arrow on line(s) from left to right
electric field strength £= V/d

E =(450/16 x 107)
=28 x 10° (28125)Vm™"

W= Eqdor Vq

g =3.2x107°(C)

W=28125%x3.2x 107° x 16 x 10 or 450 x 3.2 x 107"
=1.4(4)x 107"%)

450x3.2x107"°

ratio = 450 % 1 6109 (evidence of working required)

=()2

B1

B1

B1

C1

A1

C1

C1

A1l

A1

(1]

(2]

(2]

(3]

(1]

APPENDIX A. ANSWERS

199. 9702_s20_qp_23 Q: 6

Answer Mark
(a) A: cross-sectional area B1
n:  number density of free electrons B1
(b) units of I: A and units of A:m? and units of v: ms™' B1
units of e: A/ (m2m2ms')=As A1
(c) ratio = Aq/ Ap c1
= [nr]/ [m(2r)] A1

=0.25

200. 9702 w18 qp_ 22 Q: 7

Answer Mark
(a) A: (cross-sectional) area (of wire) B1
n: number of free electrons per unit volume or number density of free electrons B1
(b) line drawn between (X, v,) and (Y, 4v,) M1
line has increasing gradient A1
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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 7.7 x 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 x 10~13J.

(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 x107"4m.

[3]

(b) Determine the acceleration of the a-particle for a separation of 4.7x10-1*m between the
centres of the gold nucleus and of the o-particle.

acceleration = ..........ocoooooeeeeeeeeeeeee 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

(b) An isolated solid metal sphere A of radius R has charge +Q, as illustrated in Fig. 5.1.

sphere A
charge +Q

Fig. 5.1

A point P is distance 2R from the surface of the sphere.

Determine an expression that includes the terms R and Q for the electric field strength E at
point P.
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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:

(i) the magnitude of the electric field strength at P is given by the sum of the magnitudes of
the field strengths due to each sphere

(ii) the electric field strength at point P due to the charged metal spheres is not, in practice,
equal to 2E, where E is the electric field strength 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 charge on the sphere is
shown in Fig. 7.2.

20
15 \
E/105Vm™!
\
1L
10 3
5 )
0
0 2 4 6 8 10 12
x/cm
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.

(c) An a-particle is situated a distance 8.0 cm from the centre of the sphere.

Calculate the acceleration of the a-particle.

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

(b) An isolated solid metal sphere A of radius R has charge +Q, as illustrated in Fig. 5.1.

sphere A
charge +Q

Fig. 5.1

A point P is distance 2R from the surface of the sphere.

Determine an expression that includes the terms R and Q for the electric field strength E at
point P.
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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
[ ]
sphere A : l 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:

(i) the magnitude of the electric field strength at P is given by the sum of the magnitudes of
the field strengths due to each sphere

(ii) the electric field strength at point P due to the charged metal spheres is not, in practice,
equal to 2E, where E is the electric field strength 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

0.75F

electric
field
strength

0.50E

0.256E

0 R 2R 3R
distance x

Fig. 5.1
[4]

(c) The sphere in (b) has radius R =0.26 m.

Electrical breakdown (a spark) occurs when the electric field strength at the surface of the
sphere exceeds 2.0 x 108V m~",

Determine the maximum charge that can be stored on the sphere before electrical breakdown
occurs.

[Total: 8]
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177. 9702 _s19 qp 41 Q: 5

(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
o — :
T e
15¢m
Fig. 5.1

Point P lies on the line joining the charges and is a distance x from charge A.

The variation with distance x of the electric field strength E at point P is shown in Fig. 5.2.

10

s

E/103NC™

L]

Fig. 5.2
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(iii)

327

By reference to the direction of the electric field, state and explain whether the charges
A and B have the same, or opposite, signs.

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]
Use Fig. 5.2 to determine the ratio
magnitude of charge A
magnitude of charge B
FALIO = oo [3]

[Total: 8]
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178. 9702_s19_qp_43 Q: 5

(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
o — :
T e
15¢m
Fig. 5.1

Point P lies on the line joining the charges and is a distance x from charge A.

The variation with distance x of the electric field strength E at point P is shown in Fig. 5.2.

10

s

E/103NC™

L]

Fig. 5.2
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By reference to the direction of the electric field, state and explain whether the charges
A and B have the same, or opposite, signs.

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]
Use Fig. 5.2 to determine the ratio
magnitude of charge A
magnitude of charge B
FALIO = oo [3]

[Total: 8]
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179. 9702 w19 qp 41 Q: 6

(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 charge B
\ . /
_____________ S LT TE T T
X
10.0cm
Fig. 6.1

A point P lies on the line joining the charges A and B. Point P is a distance x from A.

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

\ | | I
2.5 B T
E/102NGC™! \ f
\ /i
2.0 \ 7
7
J
Fi
N /
15 R NS
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

An electron is situated at point P.

Without calculation, state and explain the variation in the magnitude of the acceleration of the
electron as it moves from the position where x = 3cm to the position where x =7cm.

[Total: 10]
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180. 9702_w19_qp_43 Q: 6

(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 charge B
\ . /
_____________ S LT TE T T
X
10.0cm
Fig. 6.1

A point P lies on the line joining the charges A and B. Point P is a distance x from A.

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

\ | | I
2.5 B T
E/102NGC™! \ f
\ /i
2.0 \ 7
7
J
Fi
N /
15 R NS
1.0 ——
0 2 4 6 8 10
x/cm
Fig. 6.2

STEMUP.CO.UK


https://stemup.co.uk

(c)
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State and explain whether the charges A and B:

(i) have the same, or opposite, signs

An electron is situated at point P.

Without calculation, state and explain the variation in the magnitude of the acceleration of the
electron as it moves from the position where x = 3cm to the position where x =7cm.

[Total: 10]
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181. 9702 _s18 qp 41 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 field strength at the surface of the
sphere exceeds 2.0 x 10*Vm™.

Calculate the maximum charge Q that can be stored on the sphere.

(c) Asecond isolated metal sphere B, also with charge +Q, has a radius of 52cm.

Calculate the additional charge, in terms of Q, that may be stored on this sphere before
electrical breakdown occurs.

additional charge = ..o [2]

[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 field strength at the surface of the
sphere exceeds 2.0 x 10*Vm™.

Calculate the maximum charge Q that can be stored on the sphere.

(c) Asecond isolated metal sphere B, also with charge +Q, has a radius of 52cm.

Calculate the additional charge, in terms of Q, that may be stored on this sphere before
electrical breakdown occurs.

additional charge = ..o [2]

[Total: 5]
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CHAPTER 8. ELECTRIC FIELDS

183. 9702 _ml17 qp 42 Q: 6

(@)

(b)

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

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.

Fig.6.1
The charges are separated in a vacuum by a distance of 10.0cm.

Points A and B are on the line XY. Point A is a distance of 2.5cm from X and point B is a
distance of 2.5cm from Y. The electric field strength at point Ais 4.1 x 10>V m~'.

(i) Calculate charge +Q.
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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
[2]

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

Describe the acceleration of the charge as it moves from A to B.

[Total: 9]
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184. 9702 s19 _qp_42 Q: 6

(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 potential of +V,,.

Point P is situated in the centre region between the plates at a distance x from plate B.
The potential at point P is V.

On Fig. 6.2, show the variation with x of the potential V for values of x from x = 0 to
x=d.

+Vy

potential
%4

0 d

distance x

Fig. 6.2
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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.

sphere M
charge +Q

i D !
| [
! :
' : sphere N
charge +@Q
I s

:

:
| |
| y |
| |
| |
I I

Fig. 6.3

Each sphere has charge +Q.

Paint P lies on the line joining the centres of the two spheres, and is a distance y from the
centre of sphere M.

On Fig. 6.4, show the variation with distance y of the electric potential at point P, for values of
yfromy=0toy=D.

potential

+

Fig. 6.4
[4]

[Total: 9]
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185. 9702 w19 qp 42 Q: 9

(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

beam of
a-particles

Y

Fig. 9.1
The apparatus is in a vacuum.
The gold-197 (19 Au) nuclei in the film may be considered to be fixed point charges.
The a-particles emitted from the source each have an energy of 4.8 MeV.

Calculate:

() the initial kinetic energy E,, in J, of an a-particle emitted from the source
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(ii) the distance d of closest approach of an a-particle to a gold nucleus.

[Total: 8]

341
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186. 9702 _mil18 qp 42 Q: 7
(@) 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.

3 44.0cm K
[} [}
sphere A_— —.sphere B
_______ ..P_____________
1
:
[} 1
1 1
———mM =
[} 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
P is shown in Fig. 7.2.

2.2

VI10*V

I

2.0

———

1.8

1.6

yd

14

1.2

x/cm

Fig. 7.2
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(i)

343

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

MOVES from x = 12CM 10 X = 25CM ..ooiiiiiieiie et
PAsSES throUgh X = 268 CIM ..o e e e e ee e s ee e
MOVES from x =27 CM 10 X = 3T CM oeeiieeece e e s
FEACNES X = B2CITI ..ottt e e ce e et e e e e ee e e e e e
................................................................................................................................ [4]
The particle has charge 3.2 x 10~'°C and mass 6.6 x 10~27kg.
Calculate the maximum speed of the patrticle.
SPEEA = .ot ms~! [2]
[Total: 9]
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187. 9702 w18 qp 41 Q: 6
(@) (i) Define electric potential at a point.

(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
1.2cm
X
oV "— plate A
Fig. 6.1

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

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.

STEMUP.CO.UK
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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.

[Total: 9]
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188. 9702 w18 qp 42 Q: 6
(a) State

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

....................................................................................................................................... 2]
(if) the relationship between electric potential at a point and electric field strength at the

point.

....................................................................................................................................... 2]

(b) Two similar solid metal spheres A and B, each of radius R, are situated in a vacuum such that
the separation of their centres is D, as shown in Fig. 6.1.

; o s
3 X !
P
________ @ o
sphere A | E T sphere B
charge +Q ‘ ' ' ' charge +q
Fig. 6.1

The charge +Q on sphere A is larger than the charge +q on sphere B.

A movable point P 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.


https://stemup.co.uk

347

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 surface of
sphere A sphere B

Fig. 6.2

[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 in a vacuum, as shown
in Fig. 6.1.

75V
1 plate B
helium nucleus
1.2cm
X
oV "— plate A
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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(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.

[Total: 9]
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190. 9702 _s17 qp 42 Q: 6

(a) State Coulomb’s law.

(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

Fig. 6.1
The shortest distance between 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 from
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
E/103Vm~!
54N
0 e
) 2 3 Bans 5 6
PN x/cm ]
~
-5
N
\
-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.

....................................................................................................................................... [2]
(i) A proton is at point P where x =5.0cm.
Use data from Fig. 6.2 to determine the acceleration of the proton.
acceleration = ..o 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.

[Total: 9]
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191. 9702 _s17 qp 43 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 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.

(@) 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.

[3]

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

acceleration = .......ocooccoeeeeeeeeee e 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.

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

sphere,
charge g

Fig. 6.1
Point P is a movable point that, at any one time, is a distance x from the centre of the sphere.

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

14

124 \

1

v/i103V

10

yd

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,

(if) the radius R of the sphere. Explain your answer.

[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
P

15¢cm

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.

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

.............................................................................................................................................. 2]
(b) Show that the electric field strength is zero at point P. Explain your working.
[3]
(c) Calculate the electric potential at point P.
electric potential = ... V 2]
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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.

[Total: 10]
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194. 9702 w16 _qp 42 Q: 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
I-I—-I

20.0cm

1.5cm
I |
= '
1
1

sphere A sphere B

A
\i

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.

50

40

30
E/NC1 20

-

10

pd

1
x/cm

L
o
/’

-40

=50

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 shown in Fig. 6.3.

0.8

0.7

——

0.6

ViV

0.5

T
T~

0.4 i

0.3 N /

AN

- -
0.2 S =

0.1

0 2 4 6 8 10 12 14 16 18 20
x/cm

Fig. 6.3
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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 maximum speed,

Maximum SPEed = ... e ms~ [3]
(ii) its speed on reaching the surface of sphere B.
SPEEA = .ot ms~ [2]

[Total: 8]
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195. 9702_w16_qp_43 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
Ir‘-—-']

15¢cm

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.

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

.............................................................................................................................................. 2]
(b) Show that the electric field strength is zero at point P. Explain your working.
[3]
(c) Calculate the electric potential at point P.
electric potential = ... V 2]
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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.

[Total: 10]
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(b) (i)

(i)

gain/dB = 101g (P./ Py)

32 =10Ig[Pyn/(0.38 x 107%)]

fgz =101g(0.38 x 107°/ Pyn)

Py = 6.0 x 107* W

attenuation = 10Ig[(9.5 x 107)/(6.02 x 107)]
=12dB

attenuation per unit length (= 12/58) = 0.21dBkm™

172.9702_s17_MS_41 Q: 5

APPENDIX A. ANSWERS

C1

A1

C1

Al

[2]

[2]

Answer Marks
(a) (loss in) kinetic energy of a-particle = Qq/4ngr c1
f.',.r7 % 107 = Qq/4ngyr
77x10" =899 x 10° x 79 x 2 x (1.60 x 107'%/r M1
r=47x10"m A1l
ris closest distance of approach so radius less than this
(b) force = Qq/4ngri=4uxa c1
8.99 x 10° % 79 x 2 x (1.60 x 107"°)2/ (4.7 x 1072 =4 x 1.66 x 107 x a c1
a=25x10"ms A1
(c) so that single interactions between nucleus and a-particle can be studied B1
:; that multiple deflections with nucleus do not occur
173.9702_s20 MS_41 Q: 5
| Answer Marks
(a) similarity: both are radial B1
l?;th have inverse square (variations)
difference: direction is always/only towards the mass B1
3i:ection can be towards or away from charge
(b) field strength = Q/ 4nepx® c1
E =Q/36naR? A1
(c)() fields (due to each sphere) are in same direction B1
(c)(ii) charges on spheres attract/affect each other B1
Z;arge distribution on each sphere distorted by the other sphere
Z;arges on the surface of the spheres move
spheres are not point charges (at their centres) B1
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174. 9702_s20 MS_42 Q: 7

877

Answer Marks
(a) force per unit charge M1
(force on) positive charge A1
(b)(i) no electric field inside a conductor B1
R=45cm A1
(b)ii) | E=Q/(4nax?) c1
clear correct read-off of a pair of values of E and x C1
e Q=18x10°x4nx 8.85 x 1012 x (4.5 x 10-2) A1
=4.0x107C or 41x107C
(c) At80cm, E=575x10°Vm™’ C1
F=Eq and a=F/m C1
F =(5.75x10°x 2x 1.6 x 10-19)/ (4 x 1.66 x 10-27) A1
=28x10¥ms?
175. 9702_s20 MS_43 Q: 5
Answer Marks
(a) similarity: both are radial B1
l?c:th have inverse square (variations)
difference: direction is always/only towards the mass B1
c::I’irrer:tion can be towards or away from charge

(b) field strength = Q/ 4mepx? c1
E = Q/36naR? A1
(c)(i) fields (due to each sphere) are in same direction B1
(c)(ii) charges on spheres attract/affect each other B1

gr:arge distribution on each sphere distorted by the other sphere

gr:arges on the surface of the spheres move
spheres are not point charges (at their centres) B1
176. 9702 _m19 MS 42 Q:5

Answer i Marks
(a) region where charge experiences an (electric) force B1
(b) graph: field strength zero fromx=0tox=R B1
curve with negative gradient, decreasing from x = Rto x = 3R B1
line passes through field strength E at x = R, B1
line passes through field strength 0.25E at x = 2R and field strength 0.11E at x = 3R B1
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Answer Marks
(c) field strength = q/4negx? c1
2.0x108=g/(4 x nt x 8.85 x 1012 x 0.262) c1
g=15x10"C A1
177. 9702_s19 MS_41 Q: 5
Answer | Marks
@) force per unit charge B1
(force on) positive charge B1
(b)(i) field changes direction (between A and B)/ffield is zero at a point (between A and B) M1
so charges have same sign A1
(b)(ii) Any one from: B1
¢ field is (also) influenced by charge B
* charge A is not isolated/is not the only charge present
+ field is due to two/both charges
+ field is the resultant of two fields
(b)(iii) | E=Q/(dnax?) c1
atx=10cm, Ea = Es Cc1
Qa/102 = Qa/5? A1l
Qu/Qe=4.0
178. 9702_s19 MS 43 Q: 5
Answer | Marks
(a) force per unit charge B1
(force on) positive charge B1
(b)(i) field changes direction (between A and B)ffield is zero at a point (between A and B) M1
so charges have same sign A1
(b)(ii) Any one from: B1
+ field is (also) influenced by charge B
s charge A is not isolated/is not the only charge present
+ field is due to two/both charges
+ field is the resultant of two fields
(b)iii) | E=Q/ (dnex?) c1
atx=10cm, En=Es c1
Qa/10% = Qs/5? A1
Qu/ Q=40
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179. 9702_w19_MS 41 Q: 6
Answer Marks
(a) (E=) Ql4nar? M1
where & is permittivity (of free space) A1
(b)(i) field does not change direction/field does not become zero M1
so (charges have) opposite (sign) A1
(b)(ii) minimum is at the midpoint (between the charges) M1
so (magnitudes are the) same Al
(c) force = field strength x charge and force = mass x acceleration B1
ca’::celeration is proportional to field strength
(from x=3.0cm) to x=5.0cm: acceleration decreases B1
atx=5.0cm: acceleration is a minimum B1
from x=5.0cm (to x=7.0cm): acceleration increases B1
180. 9702 w19 _MS 43 Q: 6
Answer Marks
(a) (E=) Q/4nar? M1
where g is permittivity (of free space) A1
(b)(i) field does not change direction/field does not become zero M1
so (charges have) opposite (sign) A1
(b)(ii) minimum is at the midpoint (between the charges) M1
so (magnitudes are the) same A1
(c) force = field strength x charge and force = mass x acceleration B1
:cr:celeralion is proportional to field strength
(from x=3.0cm)to x=5.0cm: acceleration decreases B1
atx=5.0cm: acceleration is a minimum B1
from x=5.0cm (fo x=7.0cm): acceleration increases B1
181. 9702 _s18 MS 41 Q: 6
Answer Marks
(a) force per unit charge B1
(b) E=Ql(4nar) c1
2.0x10°=Q/(4n = 8.85x 10% x 0.267) A1
charge=15x107C
(c) charge (= Q [52/26]%) =4Q c1
additional charge =3Q A1
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182. 9702_s18 MS 43 Q: 6

Answer Marks
(a) force per unit charge B1
(b) E=Q/(@nar) c1
20x10'=Q/(4nx8.85x 1072 x 0.26%) A1

charge=1.5x107C
(c) charge (= Q [52/26]%) =4Q c1
additional charge =3Q A1
183. 9702_m17 MS_ 42 Q: 6

Answer Marks
(a) similarity: lines are radial/ greater separation of lines with increased distance from the sphere B1
difference: gravitational lines directed towards sphere and electric lines directed away from sphere B1
(b)(i) E=Q/4neyr? or E=kQ/r? with k defined / substituted in c1
41x10°=[Q/ (4n x 8.85 x107 x 0.025%)] - [Q/ (47 x 8.85 x 107"? x 0.0757)] c1
Q=32x10"¢C A1
(b)(ii) smooth curve with gradient decreasing starting at (0, 4.1 x 107%) to d-axis at (2.5, 0) B1
smooth curve with gradient increasing from (2.5, 0) ending at (5, — 4.1 x 10’5) B1
(b)(iii) acceleration decreases (to zero at mid-point) B1
then acceleration increases in the opposite direction/increasing negative acceleration B1

184. 9702_s19 MS_42 Q: 6

Answer Marks
(a) work done per unit charge B1
(work done) moving positive charge from infinity B1
(b) straight line with non-zero gradient from x=0to x=d B1
line with gradient of constant sign and end-points between which AV = Vp and Ax = d B1
line passes through (d, 0) and (0, +Vo) with negative gradient throughout B1
(c) V constant (and non-zero) from 0 — R and from (D - R) — D B1
equal (non-zero) values of (magnitude of) Vat R and (D — R). B1
curve (with a minimum) from R to (D — R) with V always positive B1
minimum at mid-point of curve B1
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881

Answer Marks
(a) work done per unit charge B1
(work done) moving positive charge from infinity B1

(b)(i) energy =4.8x1.60x 1013 A1

=7.7x10713)

(b)(ii) | Er=Qq/4nad c1
Q=79 and g=2e c1
7.68x107"13=(79x2x{1.60x107"%)2/ (4n x 8.85x 102 x d) c1
d=47x10"m A1

(c) (diameter must be) less than/equal to 10-"3 or 10-* m B1
186. 9702_m18 MS_42 Q: 7
Answer Marks
(a) work done per unit charge B1
(work done) moving positive charge from infinity (to the point) B1
(b)(i) potential always same sign/ potential is always positive so same sign of charge B1
Answer Marks
(b)) 1 fromx=12cmto x = 25 cm: speed increases and B1
from x = 27 cm to x = 31 cm: speed decreases
(from x = 12 cm to x = 25 cm: speed increases) at decreasing rate or B1
(from x = 27 cm to x = 31 cm: speed decreases) at increasing rate
at x=26cm: speed maximum B1
at 32cm: speed still decreasing B1
2 gAV=vm/ c1
32x10"x(2.14-143)x10° =% x 66 x 107 x v/
v’ =6.88 x 10"
v=8.3x10"ms™ (8.30) A1
187.9702_w18 MS 41 Q: 6
Answer Marks
(b)(ii) (at x = 0.40cm), potential = (=) 75 x 0.40/1.2 c1
(=(=)25V)
1emv = gV c1
Yx4x166x107 x ¥ =2x1.60x10"7x25
or
a=Vg/dm and V= 2as (c1
V=(2x75x2x1.60x107x 040 x 1072)/(1.2x 102 x 4 x 1.66 x 107°7) (c1)
v=49x10°ms™ A1
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188. 9702_wi18_ MS_42 Q: 6

APPENDIX A. ANSWERS

Answer Marks
(a)(i) work done per unit charge B1
work done moving positive charge from infinity (to the point) B1
(a)(ii) field strength = potential gradient M1
negative sign included or directions discussed A1
(b) horizontal straight lines, at non-zero potential, within the spheres B1
magnitude of potential greater at surface of sphere A than at surface of sphere B B1
concave curve between A and B, with a minimum nearer to B B1
lines show V positive all the way from 0 to D B1

189. 9702 w18 MS 43 Q: 6
Answer Marks
(a)() work done per unit charge B1
work done moving positive charge from infinity (to the point) B1
(a)(ii) field strength = potential gradient M1
‘~ sign included or directions discussed A1
(b)(i) gain in kinetic energy (= loss in potential energy) = charge x p.d. or gV = %mv? M1
so v is independent of separation (because separation not in expressions) A1
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Answer Marks
(b)(ii) (at x = 0.40cm), potential = (-) 75 x 0.40/1.2 c1
(=()25V)
vsmv = gV c1
%x4x166x107 x v =2x1.60x10"7x25
or
a=Vqldm and V= 2as (c1)
V= (2% 75x2x 160 x 1077 x 0.40 x 107%) /(1.2 x 107 x 4 x 1.66 x 107") (c1)
v=4.9x10'ms™ A1
190. 9702_s17_MS_42 Q: 6
‘ Answer Marks
(a) ‘ force proportional to product of charges and inversely proportional to the square of the separation M1
‘ reference to point charges Al
(b)(i) (near to each sphere,) fields are in opposite directions M1
:cr)int (between spheres) where fields are equal and opposite
:cr)int (between spheres) where field strength is zero
‘ so same (sign of charge) Al
(b)ii) ‘ (atx=50em)E=30x10°Vm'anda=qgE/m c1
‘ E=(1.60x107" x 3.0 x 10%)/(1.67 x 107%) c1
‘ =29x10"ms? Al
(c) field strength or E is potential gradient M1
T?;Id strength is rate of change of (electric) potential
‘ (field strength) maximum at x = 6 cm Al
191. 9702 _s17_MS_43 Q: 5
Answer Marks
(a) (loss in) kinetic energy of a-particle = Qq/ 4ngr c1
f.f).rT x 107 = Qq/4dngr
7.7 %107 =8.99 x 10° x 79 x 2 x (1.60 x 107%)/r M1
r=47x10"m A1
ris closest distance of approach so radius less than this
(b) force = Qg/4ngr’=4uxa c1
899 x 10" x 79 x 2 x (1.60 x 107'9)?/ (4.7 x 107’ =4 x 1.66 x 10 x a c1
a=25x10"ms> A1
(e) so that single interactions between nucleus and a-particle can be studied B1
:(; that multiple deflections with nucleus do not occur

STEMUP.CO.UK
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192. 9702_w17_MS_42 Q: 6

Answer Marks
(a) electric field lines are radial/normal to surface (of sphere) B1
electric field lines appear to originate from centre (of sphere) B1
(b)(i) tangent drawn at x = 6.0cm and gradient calculation attempted Cc1
E=9.0x10'NC™ A2
(1 mark if in range +1.2; 2 marks if in range +0.6)
or
correct pair of values of \/ and x read from curved part of graph and substituted into V = g/4ngx (C1)
to give ¢ =3.6 x 107°C (c1)
(then E = q/4ngx? and x = 6¢cm gives) E=9.0 x 10*NC™! (A1)
or
(E = gl4nax’and V = g/ 4rnax and so) E = Vix (c1)
giving E = 5.4 x 10°/0.060 (c1
=9.0 x 10°NC” (A1)
(b)(ii) | (R=)2.5cm B1
potential inside a conductor is constant B1
f?;ld strength inside a conductor zero (so gradient is zero)



https://stemup.co.uk

193.9702_wi16_MS_41 Q: 5

(a)

(b)

(c)

(d)

194.

(@

in an electric field, charges (in a conductor) would move
no movement of charge so zero field strength

ggarge moves until F=0/E=0

or

charges in metal do not move

no (resultant) force on charges so no (electric) field
atP, Ea= (3.0 x 107'%)/[4n&(5.0 x 1027 (= 10.79NC™)
at P, Es = (12 x 107%)/[4n&(10 x 1079)%] (= 10.79NC™)
or

(3.0 x 107%)/[4n&(5.0 x 10797 = (12 x 107'?)/[41&(10 x 107%)’] = 0
or

(3.0 x 10712)/[4n(5.0 x 102)7] = (12 x 10712)/[4nn(10 x 10723

fields due to charged spheres are (equal and) opposite in direction, so E=0

potential =8.99 x 10° {(3.0 x 107'2)/(5.0 x 1072) + (12 x 107'2)/(10 x 102)}

=1.62V

vBmv? = qV

Ex =" x 107 x 1.66 x 107" x v?
gV =47 x1.60x 1079 x 1.62
vZ =1.37 x 10®

v =1.2x10*ms™

9702 _wl16_MS 42 Q: 6

E=0 or En=(-)Eg (at x=11cm)

Qn/X* = Qg/ (20 — x)* = 112/ 97

Qa/ Qg orratio=1.5

or

E « Qbecause rsame or E = Q/4ner and r same
Qn/ Qe =48/32

Qu/Qgorratio=1.5

B1

B1

(B1)
(B1)

M1

M1

(M2)

Al

C1
A1

C1
C1

A1

B1
C1

A1

[2]

[3]

[2]

[3]

[3]
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(b) (i) for max. speed, AV=(0.76-0.18)V or AV=058V C1
gAV = smv?
2x(1.60x 107 x 0.58 = Y2 x 4 x 1.66 x 10" x V* C1
V' =559 x 10’
v=75x10°ms™ A1 [3]
(i) AV=022V C1

2x(1.60x10™) x022="x4x1.66x 107 x V*
V=212 %107
v=46x10°ms™ Al 2]

195. 9702_w16_MS 43 Q: 5

(a) in an electric field, charges (in a conductor) would move B1

no movement of charge so zero field strength

gl:arge moves until F=0/E=0 B1 [2]
or
charges in metal do not move (B1)
no (resultant) force on charges so no (electric) field (B1)
(b) atP, Ex=(3.0 x 107"%)/[4ng(5.0 x 107%)*] (= 10.79NC™") M1
atP, Bz = (12 x 1072)/[4n&(10 x 1079 (= 10.79NC™) M1
or

(3.0 x 107%)/[4n&(5.0 x 10797 = (12 x 107)/[4ne(10 x 10797 = 0

or
(3.0 x 107%)/[4n&(5.0 x 10797 = (12 x 107?)/[4n&(10 x 1072)4 (M2)
fields due to charged spheres are (equal and) opposite in direction, so E=0 Al [3]
(c) potential =8.99 x 10° {(3.0 x 107%)/(5.0 x 107) + (12 x 107"2)/(10 x 1072)} C1

=1.62V Al 2]

(d) amVv?=qV

Ex =% x 107 x 1.66 x 107" x v? C1
qV =47 x 1.60 x 1079 x 1.62 C1
v? =1.37 x 10°

v =12x10*ms™ Al [3]
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1 Which path shows a possible movement of an electron in the electric field shown? 9702/1/M1J/02/Q36

A B
_%

|—1
s

/] W\

Y Y ——— = ¢

2 Two parallel conducting plates are connected to a battery, one plate to the positive terminal and
the other plate to the negative. The plate separation is gradually increased, the plates remaining
connected to the battery. 970211/M/J/02/Q37

Which graph shows how the electric field E between the plates depends on the plate separation x ?

A B C D
E/ E EN E

w

Which diagram shows the electric field pattern of an isolated negative point charge?  s7o2110mni02i037

A B Cc

DNZEN 4
N

4 A positive charge and a negative charge of equal magnitude are placed a short distance apart.
9702/01/M/J/03/Q37

Which diagram best represents the associated electric field?

B30 3

Electric Field
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5 An electric field exists in the space between two charged metal plates. 9702/01/M1J/03/Q35

[ - 1+
1 X
:

Y

Which of the following graphs shows the variation of electric field strength E with distance d from X
along the line XY?

A B Cc D

6 The diagram shows two metal plates P and Q between which there is a potential difference of
700V. Plate Q is earthed. 9702/01/M/J/03/Q36

T—?OOV

plate P

5mm R

plate Q
1

What is the magnitude and direction of the electric field at point R?

1.4 x 102N C~! from P towards Q

B 1.4x102NC!from Q towards P
C 1.4x10°NC" from P towards Q
D 1.4x10°NC"from Q towards P

7  The electric field strength between a pair of parallel plates is E. The separation of the plates is
doubled and the potential difference between the plates is increased by a factor of four.
9702/01/M/IJ/07/Q30
What is the new electric field strength?

A E B 2E C 4E D 8E

Electric Field
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8 Which diagram represents the electric field of a negative point charge —q ? 9702/01/0/N/03/Q35

9 A potential difference V is applied between two parallel plates a small distance d apart, and
produces an electric field of strength E between the plates. 9702/01/0/N/03/Q36

What is the electric field strength between the plates when both V and d are doubled?

A E/4 B E C 2E D 4E

10 In the circuit below, the distance between the two parallel plates is 2.0 x 10-3m. An electron is
situated between the plates. 9702/01/0/N/03/3Q7

What is the force on the electron?

32x 107N
B 29x102'N
C 89x10"™N
D 72x107"N
11 What is an equivalent unit to 1 volt? 9702/01/M/J/04/Q32
A 1JAT B 1JC” c 1wc" D 1ws™

Electric Field
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12 The diagram shows an electron in a uniform electric field. 9702/01/M/J/04/Q29

13

14

In which direction will the field accelerate the electron?

electron
>

A
D } B > electric
*l > field
C

>

The diagram shows a thundercloud whose base is 500m above the ground. 9702/01/M/J/04/Q30

500m

Y

The potential difference between the base of the cloud and the ground is 200MV. A raindrop with
a charge of 4.0 x 107'2C is in the region between the cloud and the ground.

What is the electrical force on the raindrop?

A 1.6x10°N B 80x10™*N C 1.6x10°N D 0.40N

Two parallel, conducting plates with air between them are placed close to one another. The top
plate is given a negative charge and the bottom one is earthed. 9702/01/0/N/04/Q29

Which diagram best represents the distribution of charges and the field in this situation?

A B
I R R N R N -

T T

C D
R N N & S N N

T T

Electric Field
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15 In a uniform electric field, which statement is correct? 9702/01/0/N/04/Q30

A All charged particles experience the same force.

B All charged particles move with the same velocity.

C All electric field lines are directed towards positive charges.
D

All electric field lines are parallel.

16 Which of the following describes the electric potential difference between two points in a wire that
carries a current? 9702/01/0/N/04/Q31

A the force required to move a unit positive charge between the points
B the ratio of the energy dissipated between the points to the current

C the ratio of the power dissipated between the points to the current
D

the ratio of the power dissipated between the points to the charge moved

17 The diagram shows a pair of metal plates 4.0 mm apart connected to a 9.0V battery. 9702/01/M/J/05/Q30

4.0mm . 9.0V

What is the electric field between the plates?

A 44x10“NC™
B 3.6x10°NC”
C 36NC

D 23x10°NC™

18 Which diagram represents the electric field of a negative point charge, shown by ® ? 9702/01/M/J/07/Q28

S

Electric Field

D
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19 Which diagram represents the electric field in the vicinity of a positive electric charge of
magnitude Q?

9702/01/M/J/05/Q31
A B
C D

20 A positively charged particle is projected into a region of uniform electric field E. 9702/01/0/N/05/Q30

Which diagram represents the motion of the particle in the electric field?

A B
electric field in plane of the paper electric field in plane of the paper
E E
®— ®— T
—— |

\ | \ Y \ \ \ \ Y \ \ Y \ Y \
C D

electric field into paper electric field into paper

X X X X X X X X X X X X X X

X X X X X X X X X X X X X X

Electric Field
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21 Two large parallel plates X and Z are placed 5.0 mm apart and connected as shown to the
terminals of a 200 volt d.c. supply. 9702/01/0/N/05/Q31

-

I —

200V

A small oil drop at P carries one excess electron.

What is the magnitude of the electrostatic force acting on the oil drop due to the electric field
between the plates?

A 64x10"N
B 64x10"N
C 16x107N
D 40x10%N

22 An electric field exists in the space between two charged metal plates. 9702/01/0/N/06/Q30

[ 1 +

Which graph shows the variation of electric field strength E with distance d from X along the
line XY?

A B Cc D

Electric Field
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23 Two parallel metal plates are at potentials of +800V and +1300V. 9702/01/M/J/06/Q29

Which diagram best shows the electric field between the metal plates?

A B
/\
\</
\«_/ /—4\
+800V ~ +1300V +800V - +1300V
I —
\4—_/
/\
\4—/
C D
/‘»\
\/
/’\
\>_/
+800V > +1300V +800V > +1300V
S —
\_»_/
/\

\/

24 An electron of charge e is introduced between two metal plates a distance d apart.  9702/01/M1J/06/Q30

A potential difference V is applied to the plates as shown in the diagram.

d Fi electron

<

Which expression gives the electric force F on the electron?

A &V B eVd c v p
d ed e
lectric Field
STEMUP.CO.UK
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25 Four point charges, each of charge Q, are placed on the edge of an insulating disc of radius r.

The frequency of rotation of the disc is f. 9702/01/0/NI6/Q31

What is the equivalent electric current at the edge of the disc?

A 4Qf B $ C 8urQf p 2

26 Which diagram shows the electric field pattern of an isolated negative point charge? 9702/01/0/N/06/Q29

A B (o D

M
P NPT

27 An electron is situated in a uniform electric field as shown in the diagram. 9702/01/0/N/07/Q26
>
electron
field
>

What is the direction of the electric force acting on the electron?
A downwards into the paper

B upwards out of the paper
C totheleft

D to the right

Electric Field
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28 An electron, travelling horizontally at constant speed in a vacuum, enters a vertical electric field
between two charged parallel plates as shown.

9702/01/M/J/07/Q29

+ |

o-—>
electron

electric field

Y

What are the horizontal and vertical components of the motion of this electron when it is in the
field?

horizontal component of
motion

vertical component of
motion

o o w >

constant speed
constant speed
acceleration to the right

acceleration to the right

acceleration upwards
acceleration downwards
acceleration downwards

acceleration upwards

29 Which diagram shows the electric field between a positively charged metal sphere and an
earthed metal plate?

A B

9702/01/0/N/07/Q27

D

-

Electric Field

)
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30 An electron enters the space between two parallel charged plates with an initial velocity u.

31

32

9702/01/M/J/08/Q30

While in the electric field, its direction changes by 6 and it emerges with a velocity v.

What is the relation between v and u?

v=_U B v=ucosd c v=-Y_ D v=usind
cosé siné

Which electrical quantity would be the result of a calculation in which energy transfer is divided by

charge? 9702/01/0/N/07/Q28
A current

B potential difference

C power

D resistance

The diagram shows an oil droplet that has become charged by gaining five electrons. The droplet

remains stationary between charged plates. 9702/01/M/J/08/Q31
7 5000V
oil
° droplet 0.8cm
Y OV

What is the magnitude and direction of the electrostatic force on the oil droplet?
A 5.0x 107°N upwards

B 5.0 x 107"°N downwards

C 5.0 x 10N upwards

D 5.0 x 10N downwards

Electric Field
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33 A particle has a charge of 4.8 x 107 C. The particle remains at rest between a pair of horizontal,
parallel plates having a separation of 15mm. The potential difference between the plates is
660V. 9702/01/0/N/08/Q30
What is the weight of the particle?

A 21x10™N
B 2.1x10N
C 21x10"N
D 1.1x10®N

34 A small charge q is placed in the electric field of a large charge Q. 9702/11/0/N/09/Q27
Both charges experience a force F.

What is the electric field strength of the charge Q at the position of the charge q7?
F

F F
L B = C F D =

35 The diagram shows the electric field near a point charge and two electrons X and Y. 9702/01/0/N/08/Q29

A

oY

A
Y

Xe®

Y

Which row describes the forces acting on X and Y?

direction of force magnitude of force on X

A radially inwards less than force on 'Y
B radially inwards greater than forceon Y
C radially outwards less than force on Y
D radially outwards greater than forceon Y

Electric Field
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36 The diagram shows the paths of two charged particles, X and Y, during their passage between a
pair of oppositely charged metal plates, P and Q. 9702/01/M/J/09/Q27

~~.

The plates are charged such that the electric field between them is directed from Q to P.

Which charges on X and Y will produce the observed paths?

X Y
A - -
B - +
C + -
D + +

37 There is a potential difference between a pair of parallel plates. 9702/01/M/J/09/Q28

Which values of potential difference and separation of the plates will produce an electric field
strength of the greatest value?

ooy | separation
A 2v 2d
B 2V %
c| 3 2d
D % %

38 The electric field at a certain distance from an isolated alpha particle is 3.0 x 10" NC™. 9702/11/0/N/09/Q29

What is the force on an electron when at that distance from the alpha particle?
A 48x10”N

B 9.6x10"N
C 3.0x10'N
D 6.0x10'N

Electric Field
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39 The diagram shows an electron, with charge e, mass m, and velocity v, entering a uniform

40

electric field of strength E. 9702/01/M/J/09/Q29

electron

g

v s

m
YYYYY

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
momentarily?

2 2
mv mv mv mv
A x= B x=— C x=

E Ee 2E 2Ee

The diagram shows two parallel horizontal metal plates held at a potential difference V.

9702/11/0/N/09/Q28

I 1 +V

A small charged liquid drop, midway between the plates, is held in equilibrium by the combination
of its weight and the electric force acting on it.

The acceleration of free fall is g and the electric field strength is E.

What is the ratio of the charge to mass of the drop, and the polarity of the charge on the drop?

charge .
ass polarity
A g ositive
5 positiv
B g negative
E g
C E positive
g
D E negative
)

Electric Field
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41 A small charge q is placed in the electric field of a large charge Q. 9702/12/0/N/09/Q26

Both charges experience a force F.

What is the electric field strength of the charge Q at the position of the charge q7?

F F F
—_— B — C FgQ D —
Qq Q 9 q

42 The diagram shows two parallel horizontal metal plates held at a potential difference V.
9702/12/0/N/09/Q27

I 1 +V

A small charged liquid drop, midway between the plates, is held in equilibrium by the combination
of its weight and the electric force acting on it.

The acceleration of free fall is g and the electric field strength is E.

What is the ratio of the charge to mass of the drop, and the polarity of the charge on the drop?

charge .
. polarity
A g positive
E
B g negative
5 gativ
C E positive
)
D E negative
g

43 The electric field at a certain distance from an isolated alpha particle is 3.0 x 10'NC™".

What is the force on an electron when at that distance from the alpha particle? 9702/12/0/N/09/Q28
A 48x107”N

B 9.6x10"N
C 3.0x10'N
D 6.0x10'N

Electric Field


https://stemup.co.uk

16

44 A cellis connected to a resistor. 9702/12/0/N/09/Q29

At any given moment, the potential difference across the cell is less than its electromotive force.

—L

Which statement explains this?

A The cell is continually discharging.

B The connecting wire has some resistance.

C Energy is needed to drive charge through the cell.
D

Power is used when there is a current in the resistor.

45 Two oppositely-charged parallel plates are arranged as shown. 9702/11/M1J/10/Q28
o— ——0
— +

An electron is released from rest from the surface of the negatively-charged plate.
The electron travels from the negatively-charged plate towards the positively-charged plate.

Which graph shows how the force F on the electron varies with its distance x from the negative

plate?
A B C D
A A A A
F F F F
0 P> 0 > 0 B> 0 >
0 X 0 X 0 X 0 X

Electric Field
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46 In the diagram, the shaded area represents a uniform electric field directed away from the
observer (at right-angles into the plane of the paper). 9702/11/M/J/I10/Q29

electron beam

A horizontal beam of electrons enters the field, travelling from left to right.

In which direction is this beam deflected by the field?

A upwards (in the plane of the paper)

B downwards (in the plane of the paper)
C away from the observer
D

towards the observer

47 Two oppositely-charged parallel plates are arranged as shown. 9702/12/M/J/10/Q26
o— ———0
- +

An electron is released from rest from the surface of the negatively-charged plate.
The electron travels from the negatively-charged plate towards the positively-charged plate.

Which graph shows how the force F on the electron varies with its distance x from the negative

plate?
A B C D
A A A A
F F F F
0 > 0 > 0 > 0 >
0 X 0 X 0 X 0 X

Electric Field
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49

50
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In the diagram, the shaded area represents a uniform electric field directed away from the
observer (at right-angles into the plane of the paper). 9702/12/M/J/10/Q27

electron beam

A horizontal beam of electrons enters the field, travelling from left to right.

In which direction is this beam deflected by the field?

A upwards (in the plane of the paper)

B downwards (in the plane of the paper)
C away from the observer
D

towards the observer

The diagram shows two points P and Q which lie, 90° apart, on a circle of radius r.  g9702/12/M1/110/Q28

A positive point charge at the centre of the circle creates an electric field of magnitude E at both P
and Q.

P

Which expression gives the work done in moving a unit positive charge from P to Q?

A 0 B Exr C Ex(%r) D Ex(nr)

When will 1C of charge pass a point in an electrical circuit? 9702/12/M/J/12/Q32
A when 1A moves through a potential difference of 1V

B when a powerof 1Wis used for 1s

C when the current is 5mA for 200s
D

when the current is 10A for 10s

Electric Field
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51 Which row describes the circumstances under which forces act on a charged particle in a uniform

electric field? 9702/12/MIJ10/Q29
charged particle direction of force
A moving charges only parallel to the field
B stationary charges only perpendicular to the field
C stationary and moving charges parallel to the field
D stationary and moving charges perpendicular to the field

52 In the diagram, the shaded area represents a uniform electric field directed away from the
observer (at right-angles into the plane of the paper). 9702/13/M/J/10/Q26

electron beam

A horizontal beam of electrons enters the field, travelling from left to right.

In which direction is this beam deflected by the field?
A upwards (in the plane of the paper)

B downwards (in the plane of the paper)

C away from the observer
D

towards the observer

53 An electron is in an electric field of strength 5 x 10V m™. The field is the only influence on the
electron. 9702/11/0/N/10/Q28

The mass and charge of an electron are known.

Which quantity can be calculated without any more information?

A the force on the electron
B the momentum of the electron
C the kinetic energy of the electron

D the speed of the electron

Electric Field
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54 Two oppositely-charged parallel plates are arranged as shown. 9702/13/M/J/10/Q27
o— ————o
— +

An electron is released from rest from the surface of the negatively-charged plate.
The electron travels from the negatively-charged plate towards the positively-charged plate.

Which graph shows how the force F on the electron varies with its distance x from the negative

plate?
A B C D
A A A A
F F F F
0 > 0 > 0 > 0 >
0 X 0 X 0 X 0 X

55 Which path shows a possible movement of an electron in the electric field shown?  9702/12/0/N/11/Q30

electron beam ,,/__4-”’/
\\\
\\\:HMz\\
™~ |p ——¢

56 Which row describes the circumstances under which forces act on a charged particle in a uniform
electric field?

9702/13/M/J/10/Q28
charged particle direction of force

A moving charges only parallel to the field

B stationary charges only perpendicular to the field

C stationary and moving charges parallel to the field

D stationary and moving charges perpendicular to the field

Electric Field
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57 The diagram shows two points P and Q which lie, 90° apart, on a circle of radius r. 9702/13/M/J/10/Q29

A positive point charge at the centre of the circle creates an electric field of magnitude E at both P
and Q.

Which expression gives the work done in moving a unit positive charge from P to Q7

A 0 B Exr o Ex(%r) D Ex(rr)

58 The diagram shows a charged particle as it approaches a pair of charged parallel plates in a
vacuum. 9702/13/M/J/11/Q30

Which row describes the horizontal and vertical components of its motion as it travels between

the plates?
horizontal component vertical component
A constant acceleration constant acceleration
B constant acceleration constant velocity
C constant velocity constant acceleration
D constant velocity constant velocity

Electric Field
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Electrons are accelerated and then directed into the uniform electric field between two parallel
plates in a vacuum. 9702/11/0/N/10/Q29

electrons
+

What best describes the shape of the path followed by the electrons in the field?

A adownwards curve along a line that is part of a circle

B adownwards curve along a line that is not part of a circle
C an upwards curve along a line that is part of a circle
D

an upwards curve along a line that is not part of a circle

A charged particle is in the electric field between two horizontal metal plates connected to a
source of constant potential difference, as shown. There is a force F on the particle due to the

electric field. 9702/11/0/N/10/Q30

charged particle

The separation of the plates is doubled.
What will be the new force on the particle?

A E B £ C F D 2F
4 2

What describes the electric potential difference between two points in a wire that carries a
current? 970212/IM/J/11/Q32

A the force required to move a unit positive charge between the points
B the ratio of the energy dissipated between the points to the current

C the ratio of the power dissipated between the points to the current
D

the ratio of the power dissipated between the points to the charge moved

Electric Field
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62 The diagram shows a vertical uniform electric field in a vacuum. 9702/12/0/N/10/Q28

A A A A A

T S e e e e 0 0 0 0 o

»
-

direction of
electron flow

electric field
An electron gun injects a beam of electrons horizontally into the field.

Which changes, if any, have occurred to the path and speed of the electrons by the time the
beam leaves the field?

path of electrons speed of electrons
A deflected downwards increased
B deflected downwards unchanged
C deflected upwards increased
D deflected upwards unchanged
63 A very small oil drop of mass m carries a charge +q. 9702/12/0/N/10/Q29

The potential difference across the plates is V and the separation is d.

The weight of the drop is balanced by the electric force. (Buoyancy forces may be considered to
be negligible.)

Which formula gives the charge on the drop?
mgV c vd Vd

mgd
i B q= qg=— D qg= ——

A qg=
"4 d mg mg

Electric Field
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Electrons are accelerated and then directed into the uniform electric field between two parallel

plates in a vacuum. 9702/13/0/N/10/Q28

electrons
+

What best describes the shape of the path followed by the electrons in the field?
A adownwards curve along a line that is part of a circle

B adownwards curve along a line that is not part of a circle

C an upwards curve along a line that is part of a circle
D

an upwards curve along a line that is not part of a circle

A charged particle is in the electric field between two horizontal metal plates connected to a
source of constant potential difference, as shown. There is a force F on the particle due to the

electric field. 9702/13/0/N/10/Q29

charged particle

The separation of the plates is doubled.
What will be the new force on the particle?

A E B £ C F D 2F
4 2

An electron is in an electric field of strength 5 x 10*V m™. The field is the only influence on the
electron. 9702/13/0/N10/Q30

The mass and charge of an electron are known.

Which quantity can be calculated without any more information?

A the force on the electron

B the momentum of the electron

C the kinetic energy of the electron
D

the speed of the electron

Electric Field
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67 A potential difference is applied between two metal plates that are not parallel. 9702/11/M/J/11/Q28

Which diagram shows the electric field between the plates?

A B

+
|

+
|

68 The diagram shows two parallel metal plates connected to a d.c. power supply through a resistor.

9702/12/M/J/11/Q30

There is a uniform electric field in the region between the plates.

Which change would cause a decrease in the strength of the electric field?
A asmallincrease in the distance between the plates

B asmall increase in the potential difference between the plates

C asmallincrease in the value of the resistor
D

a small increase to the area of both plates

Electric Field
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69 The diagram shows a charged particle as it approaches a pair of charged parallel plates in a

vacuum. 9702/11/M/J/11/Q29

Which row describes the horizontal and vertical components of its motion as it travels between

the plates?
horizontal component vertical component
A constant acceleration constant acceleration
B constant acceleration constant velocity
C constant velocity constant acceleration
D constant velocity constant velocity

70 Two parallel plates, a distance 25 mm apart, have a potential difference between them of
12kV. 9702/11/M/J/11/Q30

What is the force on an electron when it is in the uniform electric field between the plates?
A 48x10%N
B 7.7x10°N

C 48x107""N
D 7.7x10™N
71 A battery is marked 9.0V. 9702/13/M/J/11/Q31

What does this mean?

A Each coulomb of charge from the battery supplies 9.0J of electrical energy to the whole
circuit.

The battery supplies 9.0J to an external circuit for each coulomb of charge.
The potential difference across any component connected to the battery will be 9.0V.

D There will always be 9.0V across the battery terminals.

Electric Field
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72

73

In each electric field diagram, a positively charged particle is moved from X to Y.

In which diagram would the particle experience an increasing repulsive force?

27
9702/12/M/J/11/Q31

A B
Y X
X Y
o D

X

Y

The diagram shows a pair of parallel metal plates 4.0mm apart connected to a 9.0V battery.

9702/12/0/N/11/Q29

What is the electric field strength between the plates?
A 44x10*NC”"

B 3.6x10°NC™
C 36NC"

D 23x10°NC™
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74 A potential difference is applied between two metal plates that are not parallel. 9702/13/M/J/11/Q29

Which diagram shows the electric field between the plates?

A B

+
|

+
|

75 The diagram shows an insulating rod with equal and opposite point charges at each end.

An electric field of strength E acts on the rod in a downwards direction. 9702/11/0/N/11/Q32
E
+Q -Q
C D),
Which row is correct?
resultant force resultant torque

A zZero clockwise

B downwards clockwise

C Zero anti-clockwise

D downwards anti-clockwise

Electric Field
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76 The diagram shows a non-uniform electric field near a positively charged and a negatively
charged sphere. 9702/12/0/N/11/Q31

Four electrons, A, B, C and D, are shown at different positions in the field.

On which electron is the direction of the force on the electron shown correctly?

77 The diagram shows an insulating rod with equal and opposite point charges at each end.
An electric field of strength E acts on the rod in a downwards direction. 9702/13/0/N/11/Q31

E

+Q -Q

Which row is correct?

resultant force resultant torque
A zero clockwise
B downwards clockwise
C zero anti-clockwise
D downwards anti-clockwise

Electric Field
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78 A dipole is a pair of one negative charge and one positive charge of equal magnitude. The
electric field of a dipole is shown below. 9702/11/M/J/12/Q31

In which direction does the force act on an electron when at point X?

X
A D

A
[

79 Lightning can occur between a charged cloud and the Earth’s surface when the electric field
strength in the intervening atmosphere reaches 25 kNC™". The diagram shows the electric field
between the base of a cloud and the Earth’s surface. 9702/11/MIJ/12/Q32

base of cloud

_ % i

Earth’s surface

What is the minimum potential difference between the Earth and the base of a cloud, 2km high,
for lightning to occur?

A 125MV B 25MV C 50MmV D 100MV

Electric Field
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80 An electric field exists in the space between two charged metal plates. 9702/12/M/J/12/Q31

[ 1 +
X

'Y

Which graph shows the variation of electric field strength E with distance d from X along the
line XY?

A B C D

81 Two horizontal parallel plate conductors are separated by a distance of 5.0 mm in air. The lower
plate is earthed and the potential of the upper plate is +50V. 9702/13/0/N/11/Q32

What is the electric field strength E at a point midway between the plates?
A 1.0x10*Vm™ downwards

B 1.0 x10*Vm™ upwards

C 2.0x10*Vm™ downwards

D 2.0x10*Vm™ upwards

82 Two horizontal parallel plate conductors are separated by a distance of 5.0 mm in air. The lower
plate is earthed and the potential of the upper plate is +50V. 9702/11/0/N/11/Q31

What is the electric field strength E at a point midway between the plates?
A 1.0x10*Vm™ downwards

B 1.0 x 10°Vm™ upwards

C 2.0x10*Vm™ downwards

D 2.0x10*Vm™ upwards

Electric Field
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83 Lightning can occur between a charged cloud and the Earth’s surface when the electric field
strength in the intervening atmosphere reaches 25 kNC™". The diagram shows the electric field
between the base of a cloud and the Earth’s surface. 9702/13/M/J/12/Q33

base of cloud

% i

Earth’s surface

What is the minimum potential difference between the Earth and the base of a cloud, 2 km high,
for lightning to occur?

A 125MV B 25MV C 50MV D 100MV

84 A dipole is a pair of one negative charge and one positive charge of equal magnitude. The
electric field of a dipole is shown below. 9702/13/M/J/12/Q31

In which direction does the force act on an electron when at point X?

X
A D

A
[

Electric Field
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85 A single proton travelling with a constant horizontal velocity enters a uniform electric field
between two parallel charged plates. In the diagram, B shows the path taken by the proton.

Which path is taken by a helium nucleus that enters the electric field at the same point and with
the same velocity as the proton? 9702/12/0/N/12/Q33

_

86 A charged particle moves in a uniform electric field between two parallel metal plates.

To calculate the force acting on the particle due to the electric field, which quantity is not
required?

9702/12/0/N/12/Q32
A particle charge
B particle speed
C plate separation
D

potential difference between the plates

87 An electron is initially at rest in a uniform electric field. 9702/11/0/N/12/Q30

Which graph shows the variation with time of the velocity of the electron?

A B
A A
velocity velocity
0 > 0 >
0 time 0 time
C D
A A
velocity velocity
0 > 0 >
0 time 0 time

Electric Field
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88 A charged particle is in the electric field between two horizontal metal plates connected to a
source of constant potential difference, as shown. 9702/11/0/N/12/Q31

charged particle

There is a force F on the particle due to the electric field.
The separation of the plates is doubled.

What will be the new force on the particle?

A F B £ cC F D 2F
4 2
89 The diagram shows two parallel plates. 9702/13/0/N/12/Q30

The plates are charged so that there is an electric field between them. P, Q and R are points
which are %, % and % of the distance from the top plate to the bottom plate.

0O T

What is the electric field strength at point P?
A the same as that at point Q

B twice that at point R

C half that at point R

D one third that at point Q

90 A positive charge of 2.6 x 107°C is in an electric field of constant field strength 300000V m™".

How much work must be done on the charge in order to move it a distance of 4.0 mm in the
opposite direction to the direction of the field? 9702/13/0/N/12/Q31

A 3.1x10°J
B 20x107°J
C 3.1x1072J
D 20J

Electric Field
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91 A beam of electrons is directed into an electric field and is deflected by it. 9702/11/M/J/13/Q30

Diagram 1 represents an electric field in the plane of the paper.
Diagram 2 represents an electric field directed perpendicular to the plane of the paper.

The lines A, B, C and D represent possible paths of the electron beam. All paths are in the plane
of the paper.

Which line best represents the path of the electrons inside the field?
A diagram 1 B Cc diagram 2 D
R\ /ﬂ

\ /
\/

electric field \

A

A

A

A

A

A

electric field
in the plane perpendicular to the
of the paper plane of the paper
electrons electrons
92 Two oppositely-charged parallel plates are arranged as shown. 9702/11/M/J/13/Q31
o— ——o0
— +

An electron is released from rest from the surface of the negatively-charged plate.
The electron travels from the negatively-charged plate towards the positively-charged plate.

Which graph shows how the force F on the electron varies with its distance x from the negative

plate?
A B C D
A A A A
F F F F
0 > 0 = 0 = 0 >
0 X 0 X 0 X 0 X

Electric Field
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93 Two conducting layers of a liquid crystal display of a calculator are 8um apart. A 1.5V cell is
connected across the conducting layers when the calculator is switched on.

What is the electric field strength between the layers?

A

B
C
D

1.2x10°Vm™
0.19Vm™
12Vm™

1.9 x10°Vm™

94 A positively-charged particle is projected into a uniform electric field.

Which diagram represents the path of the particle in the electric field?

A B
electric field in plane of the paper electric field in plane of the paper
L
/
[ -
&——— | &——1
——1.
Y Y Y Y Y Y \ Y Y Y Y Y Y Y
C D
electric field into paper electric field into paper
X X X X X X X X X X X X X X
X X X X X X X X X X X X X X

Electric Field

9702/12/M/J/13/Q30

9702/12/M/J/13/Q31
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95 Two metal plates are held horizontal and parallel, 5.0cm apart. The plates are at potentials of
+100V and +20V. 9702/13/M/J/13/Q29

+100V I ]

¢5.0 cm
+20V I 1

What is the force experienced by an electron in the electric field between the plates?

A 26x10"N
B 38x10"N
C 26x10""N
D 38x107"®N

96 The diagram shows the path of a charged particle through a uniform electric field, having vertical
field lines. 9702/13/M/J113/Q30

N -

electric [ path of
field lines particle

N

What could give a path of this shape?

A a positive charge travelling left to right in a field directed downwards
B a positive charge travelling right to left in a field directed downwards
C a negative charge travelling right to left in a field directed upwards
D

a negative charge travelling left to right in a field directed downwards

97 A small charge q is placed in the electric field of a large charge Q. 9702/13/0/N/13/Q31
Both charges experience a force F.

What is the electric field strength of the charge Q at the position of the charge q7?
F F

F B £ C FgQ p E£

A LA
Qq Q q

Electric Field
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98 Two charged parallel metal plates produce an electric field. 9702/13/0/N/13/Q30

[ 1 +

Y

X

A charged particle moves from X to Y.

Which graph shows the variation of the force on the particle with distance from X along the line
XY?

A B Cc D

force force force | force

0 > 0 > 0 > 0 >
0 distance 0 distance 0 distance 0 distance

99 Two vertical conducting plates X and Y are positioned so that they are separated by a distance of

6.0mm in air. AG0V d.c. supply is connected as shown. 97021 /ONI13/Q31

plate plate
X Y

6.0mm

+ —
O O
60V

What is the electric field strength at E, a point midway between the plates?
A 1.0x10*Vm™ towards X
B 1.0x10*Vm™ towards Y
C 2.0x10*Vm™ towards X
D 2.0x10°Vm™ towards Y

Electric Field
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100 A horizontal beam of electrons is passed between two horizontal parallel plates, 2.0cm apart, as

shown.
9702/11/MIJ/14/Q28

[ 1+4.0V

A
electron
-------- >
beam 2.0cm

y

[ 1 -4.0V

The upper plate has an electrical potential of +4.0V, and the lower plate has an electrical
potential of —4.0V.

What is the force on each electron when between the plates?
A 3.2x 107N downwards

B 3.2 x 107N upwards

C 6.4x107"°N downwards

D 6.4 x 10" N upwards

101 Two oppositely-charged horizontal metal plates are placed in a vacuum. A positively-charged

particle starts from rest and moves from one plate to the other plate, as shown. 9702/12/M/J/14/Q29
L ] —
O+
[ 1 +

Which graph shows how the kinetic energy Ex of the particle varies with the distance x moved
from the positive plate?

A B Cc D

A
EK EK EK EK

Electric Field
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102 The diagram shows two points P and Q which lie 90° apart on a circle of radius r. 9702/11/M/J/14/Q29

103

A positive point charge at the centre of the circle creates an electric field of magnitude E at both P
and Q.

Which expression gives the work done in moving a unit positive charge from P to Q?

A 0 B Exr c Ex(%rj D Ex(nr)

Two parallel plates X and Y are separated by a distance d in a vacuum. There is a potential
difference between the plates so that a uniform electric field is produced. 9702/13/M/J/14/Q32

= 1

—

plate X ~_| | plate Y

A charge —q moves from rest from the surface of plate X and travels towards plate Y.
When the charge reaches plate Y it has kinetic energy K.
Which expression gives the electric field strength between the plates?

qd K Kd

A L B 99 c =~ D
Kd K qd q

Electric Field
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104 Two positive charges and one negative charge, all of equal magnitude, are set at the corners of
an equilateral triangle. 9702/12/M/J/14/Q28

Which diagram best represents the electric field surrounding the charges?

A B

105 A particle is in a uniform field. The particle experiences a force in the opposite direction to the

field. 9702/11/0/N/13/Q13

Which field is the particle in, and on which property of the particle is the field acting?

field prop_erty of p_article
on which the field acts
A electric charge
B electric current
C gravitational mass
D gravitational weight

Electric Field
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106 Two parallel metal plates have a potential difference between them of 12V. The distance
between the plates is 1.0 mm. 9702/11/0/NA3/Q32

What are the electric field strength between the plates and the work done on a charge of +3.9uC
to move the charge from the negative plate to the positive plate?

electric field work done
strength/NC™ /J

A 12 47 x107°
B 12 47

C 12000 4.7 x 107
D 12000 47

107 The diagram shows two parallel horizontal metal plates. There is a potential difference V between
the plates. 9702/11/0/N/14/Q28

[ 1 +V

liquid dro
o q p

A small charged liquid drop, midway between the plates, is held in equilibrium by the combination
of its weight and the electric force acting on it.

The acceleration of free fall is g and the electric field strength is E.

What is the polarity of the charge on the drop, and the ratio of charge to mass of the drop?

. charge

polarity asS
A negative E
g9
B negative 9
gativ 5
C positive E
g
D positive g
E

Electric Field
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108 The diagram shows two metal plates connected to a constant high voltage. 9702/11/0/N/14/Q29

.|
|I' |

— —>

Which graph shows the variation of the electric field strength E midway between the two plates as
the distance d between the two plates is increased?

A B C D

o
Y
o
Y
o
Y
o
Y

109 An electron enters a region of space where there is a uniform electric field E as shown.
9702/13/M/J/14/Q31

e
o

e

path of >
electron -

Initially, the electron is moving parallel to, and in the direction of, the electric field.

What is the subsequent path and change of speed of the electron?

path of electron speed of electron
A linear decreases
B linear increases
C parabolic decreases
D parabolic increases

Electric Field
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110 Regions of unbalanced charge are produced inside a cloud as shown. 9702/13/0/N/14/Q31

For the region X, which diagram correctly represents the direction of the electric field and the
initial direction in which electrons would move?

A B Cc D

electric field / / /
direction of
movement / / / /

of electrons

111 The path of an electron with initial speed v in the uniform electric field between two parallel plates

is shown. 9702/13/0/N/14/Q32

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?

A x B 2x C 2x D 4x

112 Which unit is not used in either the definition of the coulomb or the definition of the volt?

A ampere 9702/12/M/J/15/Q31
B joule

C ohm

D second

Electric Field
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113 A molecule behaves as an electric dipole consisting of two equal point charges, of opposite sign,
separated by a fixed distance. The molecule moves with constant horizontal velocity as it enters a

vertical uniform electric field, as shown. 9702/13IM1J/15/Q30

G—

molecule

electric field
The positive and negative charges of the molecule enter the field at the same time.

Which row describes the velocity of the molecule in the field?

horizontal component | vertical component
of velocity of velocity
A constant increases
B constant zero
C increases increases
D increases zero

114 Which diagram best represents the electric field between two point charges of equal magnitude
and opposite sign? 9702/13IMI/15/Q31

¥ S

115 Two parallel metal plates, a distance of 2mm apart, have a potential difference of 1000V across
them. 9702/11/M/J/15/Q31

What is the electric field strength between the plates?

A 500Vm™ B 50000Vm” € 50000NC' D 500000NC™’

Electric Field
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116 A positive charge and a negative charge of equal magnitude are placed a short distance apart.

Which diagram best represents the associated electric field? 9702/12/MN5/Q29

T
36 3

117 A charged oil drop of mass m, with n excess electrons, is held stationary in the uniform electric

field between two horizontal plates separated by a distance d. 9702/12/MIJ15/Q30

<

|

|

3
||

Q

The voltage between the plates is V, the elementary charge is e and the acceleration of free fall
is g.
What is the value of n?

mgd eV gd meV

Electric Field
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118 An oil droplet has charge —q and is situated between two horizontal metal plates as shown in the

diagram. 9702/11/M/J/15/Q32

R | |+V

I | ] —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 plate is at potential —V.

For this to occur, what is the weight of the droplet?

A ﬁ B 2Vq c ﬁ 2vd
d d q q

Electric Field
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QL.

4 |n a particular experiment, a high voltage is created by charging an isolated metal sphere, as
illustrated in Fig. 4.1.

metal sphere
,—-’—/

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 air, suggest the mechanism by which the electric field
causes the air to become conducting.

- [3]
(b) Calculate, for the charged sphere when a spark is about to occur,

(i) the charge on the sphere,

STEMUP.CO.UK
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(ii) its potential.

potential = o aiiiaaninaaaay [ 2]

{c) Under certain conditions, a spark sometimes occurs before the potential reaches that
calculated in (b)(ii). Suggest a reason for this.

il

Q2.
1 (a) State the significance of the Millikan experiment.

(b) In the Millikan experiment, oil droplets were found to have the following charges.
156 %1071 C
488x10°19¢C
164x10°19C
341x1079¢
476x10719C
Use these data to determine a value for the elementary charge. Explain your working.

Q3.
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5 An isolated conducting sphere of radius r is given a charge +Q. This charge may be
assumed to act as a point charge situated at the centre of the sphere, as shown in Fig. 5.1.

|

-

Fig. 5.1

Fig. 5.2 shows the variation with distance x from the centre of the sphere of the potential V
due to the charge +0Q.

0 r 2r 3r 4r

Fig. 5.2

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

1]

STEMUP.CO.UK
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(b} Using the relation in (a), on Fig. 5.3 sketch a graph to show the variation with distance x
of the electric field E due to the charge +Q.

=]

(31
Fig. 5.3

Q4.

5 Anisolated conducting sphere of radius ris placed in air. It is given a charge +Q. This charge
may be assumed to act as a point charge situated at the centre of the sphere.

{a}) (i) Define efectric field strength.

N

(ii) State a formula for the electric field strength E at the surface of the sphere. Also,
state the meaning of any other symbols used.

~ 2

STEMUP.CO.UK
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(b) The maximum field strength at the surface of the sphere before electrical breakdown
(sparking) occurs is 2.0 2 108 Vm~'. The sphere has a radius r of 0.35m.

Calculate the maximum values of

(i) the charge that can be stored on the sphere,

(ii) the potential at the surface of the sphere.

potential = .. oq s simna N [

(¢} Suggest the effect of the electric field on a single atom near the sphere's surface as
electrical breakdown of the air occurs.

2

Q5.
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3  Two charged points A and B are separated by a distance of 6.0cm, as shown in Fig. 3.1.

: 6.0cm ,
b mrmrm m e mEmmm i mm T i
A B
: d
Fig. 3.1
The variation with distance d from A of the electric field strength E along the line AB is shown
in Fig. 3.2.
1
20
11
H
Efk‘-.’ml‘:
H
":.P
0
':.l‘
% 2 4 HT
d/cm
HHH
U nosition LI position
of A of B
Fig. 3.2
An electron is emitted with negligible speed from A and travels along AB.
{a) State the relation between electric field strength £ and potential V.
|
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(b) The area below the line of the graph of Fig. 3.2 represents the potential difference
between A and B.

Use Fig. 3.2 to determine the potential difference between A and B.

potential difference = ... .V [4]

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

speed = osscstisnn s mseE [2]

(d) (i) Use Fig. 32 to determine the value of d at which the electron has maximum
acceleration.

et 1 i | N | |

(i) Without any further calculation, describe the wvanation with distance d of the
acceleration of the electron.

Q6.
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4

(a) Define electric potential at a point.

______________________________________________________________________________________________________________________________________ 2]
{(b) Two isolated point charges A and B are separated by a distance of 30.0cm, as shown in
Fig.4.1.
30.0cm I
|
|
A'._ __ o __ 6 B
X |
Fig. 4.1

The charge at Ais + 3.6 x 10°%C.
The variation with distance x from A along AB of the potential V'is shown in Fig_ 4 2.

Viv

400

200

—200 q

—400 \

=

Fig. 4.2

For
Examiners
Use
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(i) State the value of x at which the potential is zero.

(ii) Use your answer in (i) to determine the charge at B.

{c) A small test charge is now moved along the line AB in (b) from x = 5. 0cm to x = 27 cm.
State and explain the value of x at which the force an the test charge will be maximum.

Q7.
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(i)

{a) Explain what is meant by the potential energy of a body.

(b) Two deuterium {3H} nuclei each have initial kinetic energy E, and are initially separated
by a large distance.
The nuclei may be considered to be spheres of diameter 3.8 = 1071%m with their masses
and charges concentrated at their centres.
The nuclel move from their initial positions to their final position of just touching, as
llustrated in Fig.4.1.

—_— -
initially @ @
kKinetic energy £y kKinetic energy £y
3.8x107"m
at rest
Fig. 4.1

Far the two nuclei approaching each other, calculate the total change in

1. gravitational potential energy,

BNEIOY = e J [3]

2. electric potential energy.

ENETGY = mevensnsnsmennninpensnins v J [3]

STEMUP.CO.UK
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(i) Use your answers in (i) to show that the initial kinetic energy E, of each nucleus

is 0.19MeV.

(iii) The two nuclei may rebound from each other. Suggest one other effect that could
happen to the two nuclei if the initial kinetic energy of each nucleus is greater than

that calculated in (ii).

Q8.

(2]

4  Two point charges A and B each have a charge of +6.4 x 1019 They are separated in a

vacuum by a distance of 12.0um,

as shown in Fig. 4.1.

i‘ 12.0um _i
+6.4 x 10°°C M eoeee ) Pz #8164 x 10-°C
| i | i
Fig. 4.1

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

3.0 um from charge B.

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

STEMUP.CO.UK
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(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.

(c) Calculate the work done by an electron in moving from the midpoint of line AB to
point P.

workdone = . J 4]

QO.

4

(a) Define electric potential at a point.

(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.

Particle P is fixed in position. Particle Q is moved along the line joining the two charges,
as illustrated in Fig. 4.1.

particle P particle Q
Qe O
i x T
Fig. 4.1

The variation with separation x of the electric potential energy Ep of particle Q is shown
inFig. 4.2,

STEMUP.CO.UK
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D I | | | 1 |l W | | |l |l |
2 4 g 8 10 I'l|2I 14 16
x/10710m
—1 . =
-2 F
EpleV i
¥
"
-3
,J
—4
Fig. 4.2
(i) State how the magnitude of the electric field strength is related to potential
gradient.
______________________________________________________________________________________________________________________________ [1]
(ii) Use your answer in (i) to show that the force on particle Q is proportional to the R
gradient of the curve of Fig. 4.2. Exam
U

(¢) The magnitude of the charge on each of the particles Pand Qis 1.6 x 10719¢c.
Calculate the separation of the particles at the point where particle Q has electric
potential energy equal to -5.1eV.

separation = .. m [4]
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(d) By reference to Fig. 4.2, state and explain

(i) whether the two charges have the same, or opposite, sign,

.............................................................................................................................. 2]
(i) the effect, if any, on the shape of the graph of doubling the charge on particle P.
.............................................................................................................................. [2]
Q10.
5 (a) Define electric field strength.
_____________________________________________________________________________________________________________________________________ [1]

(b) An isolated metal sphere is to be used to store charge at high potential. The charge
stored may be assumed to be a point charge at the centre of the sphere. The sphere has
a radius of 25 cm_ Electrical breakdown (a spark) occurs in the air surrounding the sphere
when the electric field strength at the surface of the sphere exceeds 1.8 x 104vVem.

(i) Show that the maximum charge that can be stored on the sphere is 12.5uC.

STEMUP.CO.UK
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(ii)

Q11.

4

Calculate the potential of the sphere for this maximum charge.

potential = .. Vo[2

A charged point mass is situated in a vacuum._ A proton travels directly towards the mass, as
illustrated in Fig. 4.1.

charged

point mass o proton

—
-

|
r |
1
|

|

Fig. 4.1

When the separation of the mass and the proton is r, the electric potential energy of the
systemis Up.

The variation with r of the potential energy Uy is shown in Fig. 4.2.

STEMUP.CO.UK
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(a) (i)

(ii)

]

—40

=]

Fig. 4.2

Use Fig. 4.2 to state and explain whether the mass is charged positively or
negatively.

The gradient at a point on the graph of Fig. 4.2 1s G.
Show that the electric field strength £ at this point due to the charged point mass is
given by the expression

Eq=G

where g is the charge at this point.
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(b) Use the expression in (a)(ii) and Fig 4.2 to determine the electric field strength at a
distance of 4 .0cm from the charged point mass.

fieldstrength= . vm! [4]

Q12.

4 (a) Define electric potential at a point.

(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

q V:‘/(z;ﬂ

where o is the ratio of the charge to the mass (the specific charge) of the particle.

STEMUP.CO.UK
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(c) A particle with specific charge +9.58 x 'i[}?'Ckg—T is moving in a vacuum towards a fixed
metal sphere, as illustrated in Fig. 4.1.

g g metal sphere
25x10°ms potential +470V
_

particle o

specific charge
+0.58 x 107 Ckg™?

Fig. 4.1
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 +470%.

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

[3]
Q13.

4 (a) An insulated metal sphere of radius R is situated in a vacuum. The charge g on the
sphere may be considered to be a point charge at the centre of the sphere.

(i) State a formula, in terms of R and g, for the potential V on the surface of the sphere.

M

(ii) Define capacitance and hence show that the capacitance C of the sphere is given
by the expression

C =4n sDR_

(1]

STEMUP.CO.UK
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(b) An isolated metal sphere has radius 45cm.

(i) Usethe expression in (a)(ii) to calculate the capacitance, in picofarad, of the sphere.

CApACANGE = oo e L pF [2]

(i) The sphere is charged to a potential of 9.0 x 105V.

A sparksoccurs, partially discharging the sphere so that its potential is reduced to
36 x 10°V.

Determine the enargy of the spark.

energy =

Q14.

STEMUP.CO.UK
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2 Ano-particle (3He) is moving directly towards a stationary gold nucleus ('37Au).

The o-particle and the gold nucleus may be considered to be solid spheres with the charge
and mass concentrated at the centre of each sphere.

When the two spheres are just touching, the separation of their centres is 9.6 x 10~ m.

(a) The o-particle and the gold nucleus may be assumed to be an isolated system.
Calculate, for the a-particle just in contact with the gold nucleus,

(i) its gravitational potential energy,

gravitational potential energy = ... J [3]

(ii) its electric potential energy.

electric potential energy = ..o J [3]

(b) Using your answers in (a), suggest why, when making calculations based on an
o-particle scattering experiment, gravitational effects are not considered.

(c) In the a-particle scattering experiment conducted in 1913, the maximum Kinetic energy
of the available a-particles was about 6 MeV. Suggest why, in this experiment, the radius
of the target nucleus could not be determined.

Q15.

STEMUP.CO.UK
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4 A small charged metal sphere is situated in an earthed metal box. Fig. 4.1 illustrates the g

electric field between the sphere and the metal box.

Fig. 4.1
(a) By reference to Fig. 4.1, state and explain

(i) whether the sphere is positively ar negatively charged,

(ii) why it appears as if the charge on the sphere is concentrated at the centre of the
sphere.

(b) On Fig. 4.1, draw an arrow to show the direction of the force on a stationary electron
situated at point A_ [2]

STEMUP.CO.UK
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(¢) The radius r of the sphere is 2.4cm. The magnitude of the charge g on the sphere is
076nC.

(i) Use the expression

e B
4rt£ﬁr

to calculate a value for the magnitude of the potential V at the surface of the
sphere.

(ii) State the sign of the charge induced on the inside of the metal box. Hence explain

whether the actual magnitude of the potential will be greater or smaller than the
value calculated in (i).

(d) A lead sphere is placed in a lead box in free space, in a similar arrangement to that

shown in Fig. 4.1. Explain why it is not possible for the gravitational field to have a similar
shape to that of the electric field.

STEMUP.CO.UK
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5

(a) Define efectric potential at a point.

(b) An a-particle is emitted from a radioactive source with kinetic energy of 4 8 MeV.

The a-particle travels in a vacuum directly towards a gold (1%? u) nucleus, as illustrated
in Fig. 5.1.

path of
o-particle

gold
nucleus

Fig. 5.1

The a-particle and the gold nucleus may be considered to be point charges in an isolated
system.

(i) Explain why, as the a-particle approaches the gold nucleus, it comes to rest.

(ii) For the closest approach of the a-particle to the gold nucleus determine

1. their separation,

Separalion: = ocemesrnanmrs s m [3]

STEMUP.CO.UK
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2. the magnitude of the force on the a-particle.

Q17.

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
@ S o 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 i1s 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.

STEMUP.CO.UK
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=50

—100

—200

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

(i) the spheres are conductors,

=

(ii) the charges on the spheres are either both paositive or both negative.
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(b) (i) State the relation between electric field strength £ and potential gradient at a point.

(i) Use Fig. 42 to state and explain the distance x at which the rate of change of
potential with distance is

1. maximum,

______________________________________________________________________________________________________________________________ [2]
2. minimum.
.............................................................................................................................. [2]
Q18.
3 (a) State what is meant by a line of force in Eor
o Examiners
(i) a gravitational field, Use

(i) an electric field.

(b) A charged metal sphere is isolated in space.

State one similarity and one difference between the gravitational force field and the
electric force field around the sphere.

T 11 L USRS
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(c) Two horizontal metal plates are separated by a distance of 1.8cm in a vacuum.
A potential difference of 270V is maintained between the plates, as shown in Fig. 3.1.

ov

proton—_ -—7 — """
-

+270V
Fig. 3.1

A proton is in the space between the plates.
Explain quantitatively why, when predicting the motion of the proton between the plates,
the gravitational field is not taken into consideration.

[4]
Q19.
4  An a-particle and a proton are at rest a distance 20um apart in a vacuum, as illustrated in
Fig . 4.1.
1 20 wm 1
a-particle i P i proton
By TP ARSI —
i ¥ |
1 1
Fig. 4.1

{a) (i) State Coulomb’s law.

STEMUP.CO.UK
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(ii) The a-particle and the proton may be considered to be point charges.
Calculate the electric force between the a-particle and the proton.

(b) (i) Define electric field strength.

(ii) A point P Is distance x from the a-particle along the line joining the a-particle to the "

Far
proton (see Fig. 4.1). The variation with distance x of the electric field strength E_ |Examiners
due to the a-particle alone is shown in Fig. 4.2. Use

300 e
]
Ve,
200
electric
field strength
vm™ 5
100
g -
. 4 g = 12 143717 16
PR X/ WM
=
™=]
Epr T
—100
—200
—300
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Q20.

3

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 two separate electric fields have opposite signs.

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]

(a) Define electric potential at a point.
Examiner’s

{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 !
Ap o PSR B
—
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.

STEMUP.CO.UK
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0.8

potential
ViV

0.4

0.2

(i)

(iii)

!
VF\ VE;{:
[/
Fi
7
2 4 6 8 10 12 14 16 18
x/nm
Fig. 3.2
The variation with distance x of the electric potential Vi due to charge B alone is also
shown in Fig. 3.2.
State and explain whether the charges A and B are of the same, or opposite, sign. o
Examiners
.................................................................................................................................. blse
______________________________________________________________________________________________________________________________ 2]

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

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.
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(iv)

Q21.

The point P is a distance x = 10nm from A.
An a-particle has kinetic energy £, when at infinity.

Use Fig. 3 2 to determine the minimum value of £, such that the a-particle may

travel from infinity to point P

5 Anisolated solid metal sphere of radius r is given a positive charge. The distance from the centre
of the sphere is x.

(a) The electric potential at the surface of the sphere is V.

On the axes of Fig.5.1, sketch a graph to show the variation with distance x of the electric

potential due to the charged sphere, for values of x from x = 0to x = 4r.

1.00V,
0.75 V,
potential
050V,
025V,
0
0 r 2r 3r 4r
distance x

Fig.5.1

(3]
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(b) The electric field strength at the surface of the sphere is E,.

On the axes of Fig.5.2, sketch a graph to show the variation with distance x of the electric
field strength due to the charged sphere, for values of x from x = 0 to x = 4r.

1.00 £,

0.75E,

field
strength

0.50 £,

0.25E,

0 r 2r 3r 4r
distance x

Fig.5.2
[3]

Q22.

4 A helium nucleus contains two protons.

In a model of the helium nucleus, each proton is considered to be a charged point mass.
The separation of these point masses is assumed to be 2.0x10-15m.

(a) For the two protons in this model, calculate

(i) the electrostatic force,

electrostatic force = . N [2]
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(ii) the gravitational force.

gravitational force = ... N [2]
(b) Using your answers in (a), suggest why

(i) there must be some other force between the protons in the nucleus,

...................................................................................................................................... [3]
(ii) this additional force must have a short range.
...................................................................................................................................... 2]
Q23.
5 (a) Define electric potential at a point.
-2

(b) An isolated solid metal sphere is positively charged.

The variation of the potential V' with distance x from the centre of the sphere is shown in
Fig. 5.1.

STEMUP.CO.UK
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200

160

=

viv i

120 1

80 Y

x/em

Fig. 5.1

Use Fig. 5.1 to suggest

(i) why the radius of the sphere cannot be greater than 1.0cm,

=[]
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(ii) that the charge on the sphere behaves as if it were a point charge.

(3]

(¢) Assuming that the charge on the sphere does behave as a point charge, use data from
Fig. 5.1 to determine the charge on the sphere.

charge = ... G [2]

Q24.

STEMUP.CO.UK
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5

(a) Define electric potential at a point.

. [2]
(b) An isolated metal sphere is charged to a potential V. The charge on the sphere is g.
The charge on the sphere may be considered to act as a point charge at the centre of the
sphere.

The variation with potential V of the charge g on the sphere is shown in Fig. 5.1.

6

q/10-2C +

5
V/ikV

Use Fig. 5.1 to determine

(i) the radius of the sphere,

FadiUs = oo e M [2]
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(ii) the energy required to increase the potential of the sphere from zero to 24kV.

BNEMgY, = s e ssnsssned 3]

(c) The sphere in (b) discharges by causing sparks when the electric field strength at the surface
of the sphere is greater than 2.0x108Vm™".

Use your answer in (b)(i) to calculate the maximum potential to which the sphere can be
charged.

potential = . .cooooeiri e VO [3]

STEMUP.CO.UK
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QL.

4 (a) field causes forces on the electrons ..o M1
and the nucleus in opposite directions .. U |

(field causes) electrons (to be) stripped off the atom.................... B1 [3]
(b) (i) E=0QMmr .. ARSI &
20x 10°x 107 = D.-'l[d-rr x8.85% 102 x0.21% ..o, O

charge =9.8 x10°C .. e A [3]

& University of Cambridge Local Examinations Syndicate 2003

Page 3 Mark Scheme Syllabus Paper
AJAS LEVEL EXAMINATIONS - JUNE 2003 702 04

(i) V= QMmer

=(OAx 104 x BBE X 10" x0.21) i
S T N W o vaiorssmsin stioss o RSP A AN A1 [£]
(e} e.g. sphere not smooth, humid air, ete ... B1 [1]
Q2.
1 (a) charge is quantised/enabled electron charge to be measured B1 [1]
(b) all are (approximately) nx (1.6 x 10 ey M1
soe=186x10" C (allow 2 sig. fig. only Al [2]
summing charges and dividing ten, without explanation scores 1/2
Total [3]

Q3.

5 (a) field strength = potential gradient [- sign not required] B1 [1]
[allow E = AV/Ax but not E = Vid]

(b) No field forx < r B1
for x > r, curve in correct direction, not going to zero B1
discontinuity at x = r (vertical line required) B1 [3]

Q4.

STEMUP.CO.UK
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5

Q5.

Q6.

4

(@)

(b)

(c)

(a

—

(b)

(c)

(d)

(i) force per unit positive charge (ratio idea essential)

(i) E=Q/4na’?
& being the permittivity of free space

(i) 20x10°=Q/ (4n x 8.85 x 102 x 0.35%)
Q=27x10%C

(i) V =(2.7x10°)/ (4n x 8.85 x 10" x 0.35)
=7.0x10°V

electrons are stripped off the atoms
electrons and positive ions move in opposite directions,
(giving rise to a current)

field strength = potential gradient
correct sign OR directions discussed

area is 21.2 cm? + 0.4 cm?

(if outside + 0.4 cm? but within + 0.8 cm®, allow 1 mark)
1.0 cm? represents (1.0 x 1072 x 2.5 x 10°=) 25 V
potential difference = 530 V

Bmv = gV
%x9.1x10% x V=16 x10"? x 530
v=1.37 x 10" ms™

() d=0

(ii) acceleration decreases then increases
some quantitative analysis (e.g. minimum at 4.0 cm)

(any suggestion that acceleration becomes zero or that there is a

deceleration scores 0/2)

(a) work done moving unit positive charge

from infinity to the point

(b) (i) x = 18cm

(c)

(i) Va+Vs =20

(3.6 x107%)/ (dna x 18 x 1079 + g/ (4na = 12 x 1079)

q=-24x%x10"°C
(use of V, = Vg giving 2.4 x 109 C scores one mark)

field strength = (—) gradient of graph

force = charge x gradient / field strength or force o gradient

force largest at x = 27 cm

STEMUP.CO.UK
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M1

A1

C1
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B1
B1
B1
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[2]
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[2]
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Q7.

4 (a) ability to do work
as a result of the position/shape, etc. of an object

(b) (i) 1 AEge

GMm /r
(667 x 107" x {2 x 1.66 x 10727}*) / (3.8 x 107)
1.93 x 107

2 AEge Qg / 4megr
(1.6 x 1079 / (4 x 8.85 x 107% x 3.8 x 107")

6.06 x 107 J

(ii) idea that 2Ex = AFupe — AEgpe

Ex = 3.03x 107"y
= (3.03 x 107 /1.6 x 107
0.19 MeV

(iii) fusion may occur / may break into sub-nuclear particles

Q8.

4 (a) force = g2/ dnepx®

(6.4 x 107%) / (4n x 8.85 x 1072 x {12 x 107%))
256 x 107" N

(b) potential at P is same as potential at Q
work done = gAV
AV=0 so zero work done

(c) at

midpoint, potential is 2 x (6.4 x 107"%) / (4ney % 6 x 107%)

at P, potential is (6.4 x 107') / (4ney % 3 % 107%) + (6.4 x 107"%) / (4ney x 9 % 1079)
change in potential = (6.4 x 107"%) / (47 x 9 x 107°)
energy = 1.6 x 107 x (6.4 x 107)/ (4ney x 9 x 107%)

QO.

= 10%A0-2]

4 (a) work done in bringing unit positive charge
from infinity (to that point)

(b) (i)
(i)

field strength is potential gradient
field strength proportional to force (on particle Q)

potential gradient proportional to gradient of (potential energy) graph
so force is proportional to the gradient of the graph

STEMUP.CO.UK

B1
B1

C1
C1
Al

C1
C1
Al

B1

M1
AQ

B1

C1
C1
Al

B1
M1
AO

c1
C1

C1
Al

M1
Al

B1

B1

B1
AD

[2]

[3]

[3]

[2
(1

(3]

(2]

[4]

[2]

(1]

[2]
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(c) energy=5.1x 1.6x107"°(J)
potential energy = QQz / 4nayr
51%x16x 10" =(16%x10"2/4x x885x10 % x r
r=28x10"m

(d) (i) work is gotoutas x decreases
so opposite sign

(ii) energy would be doubled
gradient would be increased

Q10.

5 (a) force per unit positive charge acting on a stationary charge

(b) (i) E = Q/4neol
Q = 1.8 x 10*x 102 x 4n x 8.85 x 1072 x (25 x 1072)
= 125x107°C = 12.5uC

(i) V= Q/4nepr
= (1.25x107°) / (4n x 8.85 x 1072 x 25 x 107%)
= 4.5x10°V
(Do not allow use of V = Er unless explained)

Q11.
4 (a) (i) asrdecreases, energy decreases/work got out (due to) M1
attraction so point mass is negatively charged Al
(ii) electric potential energy = charge » electric potential B1
electric field strength is potential gradient B1
field strength = gradient of potential energy graph/charge AD
(b) tangentdrawn at (4.0, 14.5) B1
gradient= 3.6 x 10 A2
(for < 0.3 allow 2 marks, for < +0.6 allow 1 mark)
field strength= (3.6 x 107%) / (1.6 x 107"%)
=23 x10°Vm™ (allow ecf from gradient value) A1
(one point solution for gradient leading to 2.3 » 107 *Vm™" scores 1 mark only)
Q12.

STEMUP.CO.UK

C1
C1
C1
Al

M1

Al

B1
B1

B1

C1
M1
A0

C1
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[2]

[2]
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4 (a) work done moving unit positive charge
from infinity (to the point)

(b) (gain in) kinetic energy = change in potential energy
Lmv? = gV leading to v = (2Vg/m)*

(c) either (2.5x10°%=2x Vx9.58 x 10’
V= 330V
this is less than 470V and so ‘no’

or v=(2x470 x 9.58 x 107)

v=3.0x10°ms™
this is greater than 2.5 x 10°ms™ and so ‘no

or (2.5 % 10%2 =2 x 470 = (g/m)
(g/m) = 6.6 x 10" Ckg™
this is less than 9.58 x 10'C kg"1 and so ‘no’

Q13.

4 (a) (i) V=qg/l4nsR
(ii) (capacitance is) ratio of charge and potential or g/V
C=qglV=4dngR
(b) (i) C=4xx8.85x10" x0.45
=50 pF
(ii) either energy = % CV* or energy =% QVand Q = CV

energy of spark = % x 50 x 1072 {(9.0 x 10°F — (3.6 x 10°)%}
=47

Q14.

2 (a) (i) grav. pot energy = GM:M./R
energy ={6.67 x 10" x 197 x4 x (1.66 x 10%)?)/9.6 x 10"
=1.51x10%J
(ii) elec. pot. energy = Q,Q,/Mnr 4R
energy ={79x2x(1.6x10")*/4rx8.85x 10" x9.6x 10"
=3.79x 10"
(For the substitution, -1 each error or omission to max 2 in (i) and in (ii))

(b) electric potential energy == gravitational potential energy

(c) either6MeV=96x10"Jor3.79 x 10" J =24 MeV
not enough energy to get close to the nucleus

Q15.
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M1
Al

B1
B1

[2]

[2]

[3]

B1

M1
A0
c1
Al

Cc1
Cc1
Al

[3]

[3]

1]

[2]

(1

(1]

(2]

(3]
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4 (a) (i) either lines directed away from sphere

or lines go from positive to negative
or line shows direction of force on positive charge ... M1
SO pestively e RATGEdl s e s s D T S R T Al [2]
(ii) either alllines (appear to) radiate from centre
or all lines are normal to surface of sphere ... B1 [1]
(b) tangentto curve . FE U UPPRRSRRURRERRSRRI = J |
in correct posmon and dlrectlon ST R s s BT T
() (i) V= (0.76 x 10°)/ (4n x8.85 x 10 3 0.024) ..covruiiiaciceionscmsminssionsiassss emsasimssnssas C1

(ii) negative charge is induced on (inside 0f) BOX ......ccocvviieciiinnnr e M1
formula applies to isolated (point) charge
OR less work done mowng test charge from infinity ...ooeeceii Al
so potential is lower .. SO E SRS ——— . ., | |

(d) either gravitational field is always attractive
or field lines must be directed towards both box and sphere ........cccccocvvvveeee. BT [1]

Q16.

5 (a) work done per / on unit positive charge ... M

moving charge from infinity to the point .. Al [2]

(b) (i) o-particle and gold nucleus repel each other ... e, B1
all kinetic energy of a-particle converted into electric potential energy .............. B1 [2]

(i) 1 potential energy = (79 x 2x{1.6 x 10"%) / (4n x 8.85x 10 x d) .............. c1

kinetic energy = 4.8x1.6x10™ = 768x10"™J ... C1
equatingto give d = 4.7 x 107 M oo AT [3]

(i) 2 F = Qg/4ned x1/d = 7.68 % 10‘3><1f(47>< 10”} oo C1

[Total: 9]

Q17.
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4 (a) (i) zero field (strength) inside spheres B1 [1]

(ii) either field strength is zero

or the fields are in opposite directions M1
at a point between the spheres Al [2]
(b) (i) field strength is (—) potential gradient (not V/x) B1 [1]
(ii) 1. field strength has maximum value B1
atx =11.4cm B1 [2]
2. field strength is zero B1
either at x = 7.9 cm (allow 0.3 cm)
or at0to14cm or 114cmtoi12Zcm B1 [2]
Q18.
3 (a) (i) (tangentto line gives) direction of force on a (small test) mass B1 [1]
(ii) (tangentto line gives) direction of force on a (small test) charge M1
charge is positive Al 2]
(b) similarity:

e.g. radial fields

lines normal to surface

greater separation of lines with increased distance from sphere
field strength « 1/ (distance to centre of sphere)’

(allow any sensible answer) B1
difference:

e.g. gravitational force (always) towards sphere B1
electric force direction depends on sign of charge on sphere / towards or

away from sphere B1

e.g. gravitational field/force is attractive (B1)
electric field/force is attractive or repulsive (B1)
(allow any sensible comparison) [3]

(c) gravitational force = 1.67 x 107 = 9.81

=1.6x 10%N A1l
electric force = 1.6 x 107" x 270/ (1.8 x 1079 C1
=24%x10""N A1

electric force very much greater than gravitational force B1 [4]

Q19.
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4 (a) (i) force proportional to product of (two) charges and inversely
proportional to square of separation
reference to point charges

(ii)) F=2x(1.6x10")?/{4n x 8.85 x 107 x (20 x 10°)%}
=1.15x 10N

(b) (i) force perunit charge
on either a stationary charge
or a positive charge

(ii) 1. electric field is a vector quantity
electric fields are in opposite directions
charges repel
Any two of the above, 1 each

2. graph: line always between given lines
crosses x-axis between 11.0 um and 12.3 um
reasonable shape for curve

Q20.

3 (a) work done bringing unit positive charge
from infinity (to the point)

(b) (i) either both potentials are positive/same sign
S0 same sign
or gradients are positive & negative (so fields in opposite directions)
S0 same sign

(i) the individual potentials are summed
(iii) allow value of x between 10nm and 13nm
(iv) V=043V (allow 0.42V — 0.44V)

energy =2x16x10"x043
=14 x 10"

Q21.

5 (a) graph: straight line at constant potential = V, fromx=0tox=r
curve with decreasing gradient
passing through (2r, 0.50Vp)and (4r, 0.25V;)

(b) graph: straightlineatE=0fromx=0tox=r
curve with decreasing gradient from (r, E;)
passing through (2r, YaEg)
(for 3rd mark line must be drawn to x = 4r and must not fouch x-axis)

Q22.
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M1
Al

C1

Al

M1

Al

B2

M1
Al
Al

M1
Al

M1
Al

(M1)
(A1)

B1

Al

M1
Al
Al

B1
M1
Al

2]

[2]

2]

[

8]

(2]

[2]

(1]
(1

3]

[3]

[3]
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4 (a) (i)

(ii)

(b) (i)

(i)

Q23.

Fe = QQu/4ngr
=8.99 x 10° x (1.6 x 107"%)2/(2.0 x 10757
-~ 58N

FG = Gm1m2f|r2
=667 x 107" x (1.67 = 10777)%/ (2.0 x 107*%)*
=47 %x10"N

force of repulsion (much) greater than force of attraction
must be some other force of attraction
to hold nucleus together

(Do not allow if F¢ > Fg in (a) or one of the forces not calculated in (a))
outside nucleus there is repulsion between protons

either attractive force must act only in nucleus
or if notshort range, all nuclei would stick together

5 (a) work done in moving unit positive charge
from infinity (to the point)

(b) (i)
(i)

inside the sphere, the potential would be constant

for point charge, Vx is constant
co-ordinates clear and determines two values of Vx at least 4cm apart
conclusion made clear

(c) g =4drnaVx
g =4rx8.85x102x 180 x 1.0 x 102
=20x10""C

Q24.
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C1
Al
C1
Al
B1

M1
Al

B1

B1

M1
Al

B1

B1

M1
Al

M1
Al

2]

(2]

[3]

(2]

[2]

1

[B]

[2]
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5

(a) work done/energy in moving unit positive charge
from infinity (to the point)

(b) (i) V=qldrnar
at 16kV, ¢=3.0 x 10°C

r=(3.0 x 107%)/(4n x 8.85 x 107" x 16 x 10%)
=169 x 107%m (allow 2 s.f)
(allow any answer which rounds to 1.7 x 107)

(ii) energy is/represented by area ‘below’ line
energy = l2qV
=% x 24 x10° x4.5 x 10
=54 x10*J

(c) V=qldngrand E = qumr?' giving Er =V
20x108%1.7x102=V
V=34x10'V

STEMUP.CO.UK

M1
Al

C1
Al

C1

C1

Al

B1
C1
Al

(2]

(2]

(3]
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Electric Fields — 2020 A2

1. Nov/2020/Paper_41/No.5
(a) Define electric potential at a point.

. [2]
(b) Two point charges A and B are separated by a distance of 12.0cm in a vacuum, as illustrated
in Fig. 5.1.
; X '
charge A * ___________________ 'b_Fi __________________ charge B
- 12.0cm i
Fig. 5.1

The charge of Ais +2.0 x 107°C.
A point P lies on the line joining charges A and B. Its distance from charge A is x.

The variation with distance x of the electric potential V at point P is shown in Fig. 5.2.
20

vI102v

10

yd

=20

Fig. 5.2
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Use Fig. 5.2 to determine:

(i) the charge of B

(ii) the change in electric potential when point P moves from the position where x = 9.0cm to
the position where x = 3.0cm.

(c) An a-particle moves along the line joining point charges Aand B in Fig. 5.1.

The a-particle moves from the position where x = 9.0cm and just reaches the position where
x=3.0cm.

Use your answer in (b)(ii) to calculate the speed v of the a-particle at the position where
x=9.0cm.

[Total: 9]

2
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2,

Nov/2020/Paper_42/No.5
(a) (i) State whatis meant by a field of force.

(ii) State one similarity and one difference between the electric field due to a point charge
and the gravitational field due to a point mass.

70011 PSP SSPPPPPRRRRP

(b) An isolated solid metal sphere of radius 0.15m is situated in a vacuum, as illustrated in
Fig. 5.1.

Fig. 5.1
The electric field strength at the surface of the sphere is 84Vm™".

Determine:

(i) the charge Q on the sphere

STEMUP.CO.UK
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(i) the electric field strength at point P, a distance x = 0.45m from the centre of the sphere.

electric field strength =

(c) Use information from (b) to show, on the axes of Fig. 5.2, the variation of the electric field
strength E with distance x from the centre of the sphere for values of x from x=0to x=0.45m.

100

80

E/Vm

60

40

20

0.1

0.2

Fig. 5.2

0.3

0.4

x/m

0.5

(3]
[Total: 11]
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3. June/2020/Paper_41/No.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.

711011 E=T 1 PSR USPUP TR

(b) An isolated solid metal sphere A of radius R has charge +Q, as illustrated in Fig. 5.1.

P

2R |

sphere A
charge +Q

Fig. 5.1
A point P is distance 2R from the surface of the sphere.

Determine an expression that includes the terms R and Q for the electric field strength E at
point P.

5
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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 N 6R " charge —-Q
Fig. 5.2

Point P lies midway between spheres A and B.
Sphere B has charge —Q.
Explain why:

(i) the magnitude of the electric field strength at P is given by the sum of the magnitudes of
the field strengths due to each sphere

]

(ii) the electric field strength at point P due to the charged metal spheres is not, in practice,
equal to 2E, where E is the electric field strength determined in (b).

. [2]
[Total: 7]

6
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4. June/2020/Paper_42/No.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 charge on the sphere is
shown in Fig. 7.2.

20
N
A
15 \
E/10°V m™!
N
M,
10 3
5 |
0
0 2 4 6 8 10 12
x/em
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.

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

(c) An oa-particle is situated a distance 8.0 cm from the centre of the sphere.

Calculate the acceleration of the a-particle.

acceleration = .........ooooooeeeeiieeeeee e ms—2 [3]

[Total: 10]

8
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March/2020/Paper_42/No.6

Two positively charged identical metal spheres A and B have their centres separated by a distance
of 24cm, as shown in Fig. 6.1.

| 24 cm -

sphere A sphere B

Fig. 6.1 (not to scale)

The variation with distance x from the centre of A of the electric field strength E due to the two
spheres, along the line joining their centres, is represented in Fig. 6.2.

9

8
E/104NC!

-

pd

i

Fig. 6.2
(a) State the radius of the two spheres.

radius = .. cm [1]
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(b) The charge on sphere Ais 3.6 x 1079C. Determine the charge Qg on sphere B.
Assume that spheres A and B can be treated as point charges at their centres.

Explain your working.

(c) (i) Sphere B is removed.

Use information from (b) to determine the electric potential on the surface of sphere A.

electric potential = ...l V [2]

(i) Calculate the capacitance of sphere A.

capacitanCe = ... F [2]

[Total: 8]

10
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Electric Fields — 2021 A2

1. Nov/2021/Paper_42/No.6
(a) Define electric potential.

- [2]
(b) An isolated conducting sphere in a vacuum has radius r and is initially uncharged. It is then

charged by friction so that it carries a final charge Q. This charge can be considered to be
acting at the centre of the sphere.

By considering the electric potential at its surface, show that the capacitance C of the sphere
is given by

C= 4?550."

where g is the permittivity of free space.

[2]

(c) The dome of an electrostatic generator is a spherical conductor of radius 13cm. It is initially
charged so that the electric potential at the surface is 4.5kV.

A smaller isolated sphere of radius 5.2cm, initially uncharged, is brought near to the dome.

Sparking causes a current between the two spheres until they reach the same potential.
Assume that any charge on a sphere may be considered to act as a point charge at its centre.

Calculate the charge that is transferred between the two spheres.

[Total: 7]

STEMUP.CO.UK
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2. June/2021/Paper_41/No.6
(a) An isolated metal sphere of radius ris charged so that the electric field strength at its surface
is E,.
0

On Fig. 6.1, sketch the variation of the electric field strength E with distance x from the centre
of the sphere. Your sketch should extend from x = 0 to x = 3r.

Ey

field
strength E

0 r 2r 3r
distance x

Fig. 6.1
[3]
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(b) The de Broglie wavelength of a particle is A, when its momentum is p,,.

On Fig. 6.2, sketch the variation with momentum p of the de Broglie wavelength A of the

particle for values of momentum from p2_0 to py.

27,

wavelength A

momentum p

Fig. 6.2
[2]
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(c) A radioactive isotope decays with a half-life of 15s to form a stable product.

A fresh sample of the radioactive isotope at time t = 0 contains N, nuclei and no nuclei of the
stable product.

On Fig. 6.3, sketch the variation with t of the number n of nuclei of the stable product for time
t=0totime t=45s.

N{]
numbern
0.5N,
0
0 15 30 45
timet/s
Fig. 6.3
[3]
[Total: 8]
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3.

June/2021/Paper_42/No.5

(a) An isolated metal sphere of radius r is charged so that the electric potential at its surface is

Vo-
On Fig. 5.1, sketch the variation with distance x from the centre of the sphere of the electric
potential. Your graph should extend from x = 0 to x = 3r.

1.0V,

electric
potential

0.5V,

Fig. 5.1
[3]

(b) Photons having wavelength A are incident on a metal surface.
The maximum wavelength for which there is emission of electrons is A,

A
For photons of wavelength ?0, the maximum kinetic energy of the emitted electrons is E,,, .

On Fig. 5.2, sketch the variation with wavelength A of the maximum kinetic energy for values

A
of wavelength between A = TO and A= 4,.
3Eax
energy

2En

Enax

0

0 By g o
3 2 A
Fig. 5.2

(3]
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(c) A pure sample of a radioactive isotope contains N, nuclei. The half-life of the isotope is T;.
The product of the radioactive decay is stable.

The variation with time ¢ of the number N of nuclei of the radioactive isotope is shown in
Fig. 5.3.

No

4

number

time ¢

Fig. 5.3
On Fig. 5.3:
e label, on the time axis, the time t = 1.07: and the time t=2.0T;
e sketch the variation with time ¢ of the number of nuclei of the decay product for time ¢t = 0
totimet=T.
(3]
[Total: 9]
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4.

March/2021/Paper_42/No.6

(a) State a similarity between the gravitational field lines around a point mass and the electric

field lines around a point charge.

(b) The variation with radius r of the electric field strength E due to an isolated charged sphere in

a vacuum is shown in Fig. 6.1.

1.3

—_——

1.2

=

1.1

E/10°Vm™!

]

1.0

0.8

0.7

0.6

0.5

0.4

Jf

0.3

0.2

0.1

Use data from Fig. 6.1 to:

(i) state the radius of the sphere

Fig. 6.1

radius =

rlem
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(ii) calculate the charge on the sphere.

(c) Using the formula for the electric potential due to an isolated point charge, determine the
capacitance of the sphere in (b).

CapPaCItanCe = .......ooooiiiee e F [3]

[Total: 7]

8
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Electric Fields — 2023 A2 Physics 9702

1. Nov/2023/Paper_9702/41/No.5
(a) Define electric potential at a point.

(b) Two isolated charged metal spheres X and Y are situated near to each other in a vacuum with
their centres a distance of 24 m apart. Point P is at a variable distance x from the centre of
sphere X on the line joining the centres of the spheres.

Fig. 5.1 shows the variation with x of the electric potential V' due to the spheres at point P.

A

h"'\-\.

Fig. 5.1
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State three conclusions that can be drawn about the spheres from Fig. 5.1. The conclusions
may be qualitative or quantitative.

L oot e et ee ettt et eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesteestesteeseesteestesetestesntestnnntennsantnnnnannnnnnnnnnannnnnnnnnnannnnnnann
2 et tnteaateateaaseasnessessseatesasaasseananannanaaeeaieeeseiaeeeeaeateaeeeaeeeaeeaeeeaeteaeaaeeeatattaettatntetrantenennnees
SRS
3]

(c) A positively charged particle is placed at point P in (b), such that x = 12m.

The particle is released.

Describe and explain the subsequent motion of the particle.

............................................................................................................................................. [3]

[Total: 8]

2
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2. Nov/2023/Paper_9702/42/No.5
(a) State Coulomb’s law.

(b) Two identical oil droplets are in a vacuum. The centres of the droplets are a distance of
3.8 x 10°8m apart. The droplets have equal charge and exert an electric force on each other
of magnitude 6.3 x 10~17N.

Determine the magnitude of the charge on each droplet.

Charge = ... C [2]
(c) One of the oil droplets in (b) is now placed between two haorizontal metal plates, as shown in
Fig. 5.1.
+1200V
oil droplet
metal plates
5.2cm
oV

Fig. 5.1 (not to scale)

A potential difference (p.d.) of 1200V is applied between the plates, with the top plate at the
higher potential. The oil droplet is stationary and in equilibrium.

3
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(i) State the sign of the charge on the oil droplet.

..................................................................................................................................... [1]
(ii) On Fig. 5.1, draw four lines to represent the electric field between the plates. [3]
iii) The distance between the plates is 5.2cm.
Determine the mass of the oil droplet.
1T U kg [3]

[Total: 11]

4
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3.

June/2023/Paper_9702/41/No.1
(a) (i) Define gravitational field.

(iii) State one similarity and one difference between the gravitational potential due to a point
mass and the electric potential due to a point charge.

110 11 =T8T VPP P PP TP UTRTPRPPTPPIT

[2]
(b) An isolated uniform conducting sphere has mass M and charge Q.
The gravitational field strength at the surface of the sphere is g.
The electric field strength at the surface of the sphere is E.
(i) Show that
M_ .9
Q “E
where « is a constant.
3]
(ii) Show that the numerical value of ais 1.35 x 1029kg2C2.
(1]

5
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(c) Assume that the Earth is a uniform conducting sphere of mass 5.98 x 1024kg.
The surface of the Earth carries a charge of —4.80 x 10°C that is evenly distributed.

(i) Use the information in (b) to determine the electric field strength at the surface of the
Earth. Give a unit with your answer.

electric field strength = ... ... unit ............... 12]

(ii) State how the direction of the electric field at the surface of the Earth compares with the
direction of the gravitational field.

[Total: 11]

6
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4. March/2023/Paper_9702/42/No.4
(a) State Coulomb’s law.

- [2]

(b) A charged sphere X is supported on an insulating stand. A second charged sphere Y is
suspended by an insulating thread so that sphere Y is in equilibrium at the position shown in
Fig. 4.1.

vertical
line

1.2m

thread

sphere X sphere Y
charge +96nC | charge +64 nC
0.080m

stand
Fig. 4.1

The charge on sphere X is +96nC and the charge on sphere Y is +64nC.
Assume that the spheres behave as point charges.

The length of the thread is 1.2m and the centres of sphere X and sphere Y are separated
horizontally by a distance of 0.080 m.

7
STEMUP.CO.UK


https://stemup.co.uk

(i) On Fig. 4.2, draw and label all the forces acting on sphere Y.

Fig. 4.2
(1]
(i) Determine the mass of sphere Y.
MASS = ooiierreeeeeeee e snnnnnneeeeeeesnnnennnnene.. KQ [4]
(iii) Calculate the total electric potential energy stored between X and Y.
ENEIGY = oeeeiieeceer e ee e e e e e e e ae e e J [1]

8
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(c) An electron enters the region between two parallel plates P and Q, that are separated by a
distance of 18 mm, as shown in Fig. 4.3.

L |

plate P +250V
path of

electron

+ 18 mm

plate Q ‘

=

Fig. 4.3
The space between the plates is a vacuum.
The potential difference between the plates is 250V. The electric field may be assumed to be
uniform in the region between the plates and zero outside this region.

(i) State the direction of the electric force on the electron when between the plates.

..................................................................................................................................... (1]
(ii) Determine the magnitude of the force acting on the electron due to the electric field.
TOrCE = e N [2]
(iif) Explain why the electron does not follow a circular path.
..................................................................................................................................... (1]
[Total: 12]

9
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Electric Field - 2018

2.

9702/11/M/J/18/No.28

A particle has a charge of +2.0mC and is in a vertical uniform electric field. An electric force of

1.0 x 102N acts upwards on the particle.

What is the electric field strength?

A 0.20Vm~' downwards

B 0.20Vm™' upwards

C 548Vm~' downwards

@ 5.0Vm™" upwards

9702/11/M/J/18/No.29

t:% = |lrox(e”

—

SNm™ npweeds

&

A charged particle is in the electric field between two horizontal metal plates connected to a

battery, as shown. There is a force F on the particle due to the electric field.

—
=
i
e
——

The separation of the plates is doubled.

What is the new force ocyé particle?

-

F

4

oL
2
f=V
— 4
= Vg
d-
f.= Ve
2Ud .,
S

C F

D 2F

(\-g\,\kglﬁ?‘“k = £, .

(
\

\
{

:F

3

- £
>

STEMUP.CO.UK

charged particle
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3. 9702/12/M/J/18/No.30
Two large parallel metal plates X and Y are situated in a vacuum as shown.

A P vy els. A

./pgsitiv?;y vepellad Qj plate x
charge
plate Y e And attuzetay (M

o e O TN N LV S o) /? LQ R ~\, -

— (t}\q (< g —\Lb\rms (A

/_Qﬂ? LW ' =
Plates X and Y carry equal and opposite charges. — Tre forme 45 comstand

What happens to the force on a positively charged particle as it moves from plate X to plate Y?

A It decreases because the positively charged particle is moving away from the positively
charged plate.

B It decreases because the positively charged particle is moving in the direction of the electric
field between the plates.

C ltincreases because the positively charged particle is moving closer to a negatively charged
late.

It remains constant because the positively charged particle is in the uniform electric field
between the plates.

4. 9702/12/M/J/18/No.31
Four diagrams representing the electric field between two oppositely-charged point charges are
shown.

Which diagram correctly shows the electric field lines?
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5. 9702/13/M/J/18/No.27
Two parallel metal plates are situated 20cm apart in a vacuum. They are connected to two
sources of potential difference as shown.

% ( d
(
'y = o (+Cxid
+—Proton 20cm | "?
= — — = _ . |
( - ¥xle
+0 o+ /
- o- (
G = ,E—
-:T: —— ! ey
- T3 ’ ,—U.N
- ©
A proton is released in the space between the plates. [ ex -
. . N . ' )ebFRi6” ;KCS
What is the magnitude and direction of the acceleration of the proton?
. -— 2 ol
@ 2.4 x 10" ms~ downwards P d <emwcs ()LQ*D_:8°"”3“’ { 2R2TEX0 st
= ¢poV’ :
B 24 x 10" ms™? upwards -\ an, i L
e TR AT B 7 I s
C 5.3 x10"ms™ downwards A F devo w s
& O LW ke B~ X -~ s -
D 53x10"ms> upwards h~ - fon = [+ GF Rl § . St [M’]\V\ Vi el
ess (} ¢ ( ~Q@pPeyv Plo‘ﬁk\;\ ‘1\\1'\\7
6. 9702/13/M/J/18/No.28 Chorged

A particle having mass m and charge +q enters a uniform electric field with speed v.
Initially, the particle is travelling at right-angles to the electric field.

During its movement through the field, the particle is deflected through distance d, as shown.

path of particle

>

region of uniform
electric field

A second particle of mass 2m, charge +q and speed v enters the electric field along the same
path. =

What is the distance through which this particle is deflected in the electric field?

A 9 @/ﬁ c 2d D 4d
4 2
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7. 9702/13/M/J/18/No.29 N
What is a possible charge on a particle? — (, | e T ot q ge AL (rh(b 9 (-6 x‘loaqc

A 6.40x10%°C 2x (6 x loﬂq;z,%'?.?‘(odq
B 4.00x107'°C 2% b ale” T2 eramte T
v 18 @ x l‘éklb#(q: 65 Xt :
(€ 1:12x107C s 10tz gonte™)
D 9.11x1078C Ex 16~ 2 g™

CRNE YL - NZMO"'?

[N

8.  9702/12/F/M/18/No.12
A charged oil drop is held stationary between two charged parallel plates.

top plate m%=

+— charged oil drop

bottom plate :=%==

Which forces act on the oil drop? — ol Awn 0 v vrethe
@ both electric and gravitational - I-& O atfveoted @3 Cj\f“'ﬂ:\ "‘\f A
B electric only - >\ Adng A cleavsg
C gravitational only - Ik ol Lanl ferce cns be elochie
Feld -

D neither electric nor gravitational

9. 9702/12/F/M/18/No.30

An electron passes into the space between two parallel plates that are 5.0cm apart and which
are maintained at electric potentials of +2000V and -500V, respectively.

i [ 1 +2000V
50cm electron\o

E 1 -500V

- — e~ - NS
What is the electric force on the electron? ¢ 4 =200 et

~ Jgoot+ (OO
A 16x10"N Fﬁe/;_/ — 2¢e0V
B 48x10"°N = -\ ]
. = (X110 Cx 2 CoeV
C 64x10°N ‘ B v
. 40-15 —_ -
8.0x107°N = Qrex\o &N

———
——
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10. 9702/12/F/M/18/No.31
Which statement about electric charges in a uniform electric field is not correct?

A Electric charges of the same magnitude, whether positive or negative, experience the same
magnitude of force when placed in the same uniform electric field.

B The direction of the force on a positive charge placed in a uniform electric field is
independent of the magnitude of the charge.

C The magnitude of the force on a positive charge placed in a uniform electric field is
yoportional to the magnitude of the electric field strength.

D ) The work done to move a positive charge a certain distance in a uniform electric field is
independent of the direction of the movement.
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Electric fields — 2021 AS

1. June/2021/Paper_11/No.11
A charged oil drop is held stationary between two charged parallel plates.

top plate 1
. charged oil drop

bottom plate 1 1

Which forces act on the oil drop?

A both electric and gravitational
B electric only

C gravitational only

D neither electric nor gravitational

2. June/2021/Paper_11/No.30

What is the electric field strength in a region where a proton accelerates at 2.00ms™ due to the
field?

A 11.4pVm™ B 522nVm™ C 104nvm™ D 20.9nvVm™

3. June/2021/Paper_11/No.31

An oil drop of mass 2.6 x 107"°kg and with a charge of —4.8 x 107 C is in a vacuum between two
horizontal plates. The plates have a separation of 2.0 cm and a potential difference (p.d.) between
them of 1200V, as shown.

+1200V

oil dro
plates p\o 2.0cm

oV

Which statement describes the motion of the oil drop?
A ltis stationary.

B It has a downward acceleration of 9.7 ms™.

C Ithas an upward acceleration of 1.3ms™.
D

It has an upward acceleration of 11 ms™.
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4. June/2021/Paper_12/No.11

A charged particle is placed in a uniform field of force. The direction of the force on the particle is
opposite to the direction of the field.

What is the field and what is the charge on the particle?

field charge on particle
A electric negative
B electric positive
Cc gravitational negative
D gravitational positive

5. June/2021/Paper_12/No0.30
A positively charged particle P is in an electric field, as shown.
[ A

A | A A Y

Te

The field lines (lines of force) are evenly spaced and parallel.

Which statement is correct?

A Moving P a small distance in any direction will not change the electric force on P.
B Moving P a small distance in direction Y will increase the electric force on P.

C Moving P a small distance in direction Z will increase the electric force on P.
D

Moving P a small distance in direction X will increase the electric force on P.
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6. June/2021/Paper_12/No.31

The diagram shows two parallel metal plates P and Q, separated by a distance of 5.0 mm. There
is a potential difference of 700V between the plates. Plate Q is earthed.

T —700V

plate P

5.0mm oR

plate Q

— 0V
What is the magnitude and direction of the electric field at point R?

A 14 x10°NC™" from P towards Q
B 1.4 x10°NC™ from Q towards P
C 1.4 x10°NC™" from P towards Q
D 1.4 x10°NC™ from Q towards P

7. Nov/2021/Paper_11/No0.30
What is meant by electric field strength?

A force per unit charge acting on a small mass

B force per unit charge acting on a small positive charge
C force per unit mass acting on a small mass
D

force per unit mass acting on a small positive charge
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8. Nov/2021/Paper_11/No.31
Three parallel metal plates of the same area are fixed with a separation of 2.0 cm between the top
plate and the middle plate, and 1.0cm between the middle plate and the bottom plate. The top
plate is held at a potential of +500V, the middle plate at +200V and the bottom plate is earthed,

as shown.
[ 1 +500V
Xo
2.0cm
[ 1 +200V
1.0cm t Ye
I 10V

magnitude of force on an electron at X 5

What is the value of the ratio : :
magnitude of force onan electronat Y

A 0.75 B 1.00 c 125 D 1.50

9. Nov/2021/Paper_12/No.31
Four diagrams representing the electric field between two oppositely charged point charges are
shown.

Which diagram correctly shows the electric field lines?

A B
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10. Nov/2021/Paper_12/No0.32
A proton enters the uniform electric field between two parallel vertical metal plates in a vacuum.

One plate is at a potential of 0V and the other plate is at a potential of +10V, as shown.
oV +10V

path of
proton

metal
plates

What is the initial change in the motion of the proton caused by the electric field, immediately
after the proton enters the field?

A It begins to move downwards.
B It begins to move upwards.

C Its speed decreases.
D

Its speed increases.
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11. Nov/2021/Paper_13/No.31

Two parallel metal plates are at electric potentials of +800V and +1300V.

Which diagram best represents the electric field between the metal plates?

A

+800V +1300V

+800V +1300V

12. Nov/2021/Paper_13/N0.32

B

S

f'_é'—‘—-_

+1300V

+800V

+800V

+1300V

~_

An electron is in a uniform electric field of field strength 1500V m™.

What is the acceleration of the electron due to the electric field?

A 85x10%ms™
B 16x10°ms™
C 14x10"ms™
D 26x10"ms™


https://stemup.co.uk

13. Nov/2021/Paper_13/No.33
A lightning strike transfers 1 x 10%° electrons past a point in a time of 30 us.

What is the average current during the lightning strike?

A 05mA B 05A C 500A D 500kA
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Electric Fields — 2021 AS

1. Nov/2021/Paper_22/No.2

A charged oil drop is in a vacuum between two horizontal metal plates. A uniform electric field is
produced between the plates by applying a potential difference of 1340V across them, as shown

in Fig. 2.1.

+1340V l

top metal plate

oil drop,
14x1072m / O weight4.6x10-"N
o ; |
o———
oV uniform electric field bottom metal plate
Fig. 2.1

The separation of the plates is 1.4 x 1072m.
The oil drop of weight 4.6 x 10~'*N remains stationary at a point mid-way between the plates.

(a) (i) Calculate the magnitude of the electric field strength.

electric field strength = ... NC [2]

(ii) Determine the magnitude and the sign of the charge on the oil drop.

magnitude of charge = ... C

signof charge ...,

1
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(b) The electric potentials of the plates are instantaneously reversed so that the top plate is at a

potential of 0V and the bottom plate is at a potential of +1340V. This change causes the oil
drop to start moving downwards.

(i) Compare the new pattern of the electric field lines between the plates with the original
pattern.

..................................................................................................................................... (2]
(ii) Determine the magnitude of the resultant force acting on the oil drop.
resultant force = ... N [1]
(iii) Show that the magnitude of the acceleration of the oil drop is 20ms—2.
(2]

(iv) Assume that the radius of the oil drop is negligible.

Use the information in (b)(iii) to calculate the time taken for the oil drop to move to the
bottom metal plate from its initial position mid-way between the plates.

2
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(c) The oil drop in (b) starts to move at time t = 0. The distance of the oil drop from the bottom
plate is x.

On Fig. 2.2, sketch the variation with time t of distance x for the movement of the drop from

its initial position until it hits the surface of the bottom plate. Numerical values of t are not
required.

0.7

x/102m

Fig. 2.2
[2]

[Total: 14]
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2.

Nov/2021/Paper_23/No.4

An a-particle moves in a straight line through a vacuum with a constant speed of 4.1 x 105ms™".
The a-particle enters a uniform electric field at point A, as shown in Fig. 4.1.

uniform
electric
field
o > . *
a-particle, A B

speed 4.1x10%ms™"

Fig. 4.1

The a-particle continues to move in the same straight line until it is brought to rest at point B by the
electric field. The deceleration of the a-particle by the electric field is 2.7 x 10" ms™

(a) State the direction of the electric field.

............................................................................................................................................. [1]
(b) Calculate the distance AB.
distance = ... m [2]
(c) Calculate the electric field strength.
electric field strength = _............cccoooiieieiieiee vm [3]

4
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(d) The a-particle is at point A at time t = 0.

On Fig. 4.2, sketch the variation with time t of the momentum of the a-particle as it travels
from point A to point B. Numerical values are not required.

A
momentum
e
0 0 y
Fig. 4.2
(1]
(e) State the name of the quantity that is represented by the gradient of the graph in (d).

............................................................................................................................................. [1]

(f) AP particle now enters the electric field along the same initial path as the a-particle and with

the same initial speed of 4.1 x 108ms™".

(i) Calculate the kinetic energy, in J, of the p~ particle at point A.

Kinetic energy = .. ..o J [3]

(ii) State and explain the differences between the electric force on the g~ particle in the
electric field and the electric force on the a-particle in the electric field.

(iii) The g~ particle is produced by the decay of a nucleus. State the name of another lepton
that is produced at the same time as the g~ particle.

[Total: 15]
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