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27 The diagram shows an electron in a uniform electric field. 
 

In which direction will the field accelerate the electron? 
 

electric
field

electron

A 

B 

C 

D 

 
 
 

28 The electric field strength at a certain distance from an isolated alpha particle is 3.0 × 107 N C–1. 
 

What is the force on an electron when at that distance from the alpha particle? 

A 4.8 × 10–12 N 

B 9.6 × 10–12 N 

C 3.0 × 107 N 

D 6.0 × 107 N 
 
 
29 Two large parallel plates X and Y are placed a distance of 5.0 mm apart and connected to the 

terminals of a 200 V d.c. supply, as shown. 
 

X Y

P

200 V

5.0 mm

 
 

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 6.4 × 10–15 N 

B 6.4 × 10–18 N 

C 1.6 × 10–19 N 

D 4.0 × 10–24 N 
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27 The diagram shows an electron in a uniform electric field. 
 

In which direction will the field accelerate the electron? 
 

electric
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28 The electric field strength at a certain distance from an isolated alpha particle is 3.0 × 107 N C–1. 
 

What is the force on an electron when at that distance from the alpha particle? 

A 4.8 × 10–12 N 

B 9.6 × 10–12 N 

C 3.0 × 107 N 

D 6.0 × 107 N 
 
 
29 Two large parallel plates X and Y are placed a distance of 5.0 mm apart and connected to the 

terminals of a 200 V d.c. supply, as shown. 
 

X Y

P

200 V

5.0 mm

 
 

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 6.4 × 10–15 N 

B 6.4 × 10–18 N 

C 1.6 × 10–19 N 

D 4.0 × 10–24 N 
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27 The diagram shows an electron in a uniform electric field. 
 

In which direction will the field accelerate the electron? 
 

electric
field

electron

A 

B 

C 

D 

 
 
 

28 The electric field strength at a certain distance from an isolated alpha particle is 3.0 × 107 N C–1. 
 

What is the force on an electron when at that distance from the alpha particle? 

A 4.8 × 10–12 N 

B 9.6 × 10–12 N 

C 3.0 × 107 N 

D 6.0 × 107 N 
 
 
29 Two large parallel plates X and Y are placed a distance of 5.0 mm apart and connected to the 

terminals of a 200 V d.c. supply, as shown. 
 

X Y

P

200 V

5.0 mm

 
 

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 6.4 × 10–15 N 

B 6.4 × 10–18 N 

C 1.6 × 10–19 N 

D 4.0 × 10–24 N 
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30 An electrical conductor has a resistance of 5.6 kΩ. A potential difference (p.d.) of 9.0 V is applied 
across its ends. 

 
How many electrons pass a point in the conductor in one minute? 

A 6.0 × 1020 B 1.0 × 1019 C 6.0 × 1017 D 1.0 × 1016 
 
 

31 A fixed resistor of resistance 12 Ω is connected to a battery. There is a current of 0.20 A in the 
resistor. The current is now doubled. 

 
What is the new power dissipated in the resistor? 

A 0.48 W B 0.96 W C 1.92 W D 4.8 W 
 
 
32 Which measurements are taken in order to calculate the resistivity of the metal of a piece of 

wire? 

A p.d., current, area, length 

B p.d., current, diameter, length 

C resistance, area, length 

D resistance, length, radius 
 
 
33 A 12 V battery is charged for 20 minutes by connecting it to a source of electromotive force 

(e.m.f.). The battery is supplied with 7.2 × 104 J of energy in this time. 
 

How much charge flows through the battery? 

A 5.0 C B 60 C C 100 C D 6000 C 
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30 An electrical conductor has a resistance of 5.6 kΩ. A potential difference (p.d.) of 9.0 V is applied 
across its ends. 

 
How many electrons pass a point in the conductor in one minute? 

A 6.0 × 1020 B 1.0 × 1019 C 6.0 × 1017 D 1.0 × 1016 
 
 

31 A fixed resistor of resistance 12 Ω is connected to a battery. There is a current of 0.20 A in the 
resistor. The current is now doubled. 

 
What is the new power dissipated in the resistor? 

A 0.48 W B 0.96 W C 1.92 W D 4.8 W 
 
 
32 Which measurements are taken in order to calculate the resistivity of the metal of a piece of 

wire? 

A p.d., current, area, length 

B p.d., current, diameter, length 

C resistance, area, length 

D resistance, length, radius 
 
 
33 A 12 V battery is charged for 20 minutes by connecting it to a source of electromotive force 

(e.m.f.). The battery is supplied with 7.2 × 104 J of energy in this time. 
 

How much charge flows through the battery? 

A 5.0 C B 60 C C 100 C D 6000 C 
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30 An electrical conductor has a resistance of 5.6 kΩ. A potential difference (p.d.) of 9.0 V is applied 
across its ends. 

 
How many electrons pass a point in the conductor in one minute? 

A 6.0 × 1020 B 1.0 × 1019 C 6.0 × 1017 D 1.0 × 1016 
 
 

31 A fixed resistor of resistance 12 Ω is connected to a battery. There is a current of 0.20 A in the 
resistor. The current is now doubled. 

 
What is the new power dissipated in the resistor? 

A 0.48 W B 0.96 W C 1.92 W D 4.8 W 
 
 
32 Which measurements are taken in order to calculate the resistivity of the metal of a piece of 

wire? 

A p.d., current, area, length 

B p.d., current, diameter, length 

C resistance, area, length 

D resistance, length, radius 
 
 
33 A 12 V battery is charged for 20 minutes by connecting it to a source of electromotive force 

(e.m.f.). The battery is supplied with 7.2 × 104 J of energy in this time. 
 

How much charge flows through the battery? 

A 5.0 C B 60 C C 100 C D 6000 C 
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30 An electrical conductor has a resistance of 5.6 kΩ. A potential difference (p.d.) of 9.0 V is applied 
across its ends. 

 
How many electrons pass a point in the conductor in one minute? 

A 6.0 × 1020 B 1.0 × 1019 C 6.0 × 1017 D 1.0 × 1016 
 
 

31 A fixed resistor of resistance 12 Ω is connected to a battery. There is a current of 0.20 A in the 
resistor. The current is now doubled. 

 
What is the new power dissipated in the resistor? 

A 0.48 W B 0.96 W C 1.92 W D 4.8 W 
 
 
32 Which measurements are taken in order to calculate the resistivity of the metal of a piece of 

wire? 

A p.d., current, area, length 

B p.d., current, diameter, length 

C resistance, area, length 

D resistance, length, radius 
 
 
33 A 12 V battery is charged for 20 minutes by connecting it to a source of electromotive force 

(e.m.f.). The battery is supplied with 7.2 × 104 J of energy in this time. 
 

How much charge flows through the battery? 

A 5.0 C B 60 C C 100 C D 6000 C 
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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 
 
 
29 Which diagram could represent the electric field lines between two oppositely charged conducting 

surfaces? 
 

DC

BA

 
 
 
30 There is a current in a resistor for an unknown time. 
 

Which two quantities can be used to calculate the energy dissipated by the resistor? 

A the current in the resistor and the potential difference across the resistor 

B the resistance of the resistor and the current in the resistor 

 C the total charge passing through the resistor and the potential difference across the resistor 

 D the total charge passing through the resistor and the resistance of the resistor 
 
 

9. Question | 9702 May-June 2016 P1 V1 Q29

14 

© UCLES 2016 9702/11/M/J/16  

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

surfaces? 
 

DC

BA

 
 
 
30 There is a current in a resistor for an unknown time. 
 

Which two quantities can be used to calculate the energy dissipated by the resistor? 

A the current in the resistor and the potential difference across the resistor 

B the resistance of the resistor and the current in the resistor 

 C the total charge passing through the resistor and the potential difference across the resistor 

 D the total charge passing through the resistor and the resistance of the resistor 
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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 
 
 
29 Which diagram could represent the electric field lines between two oppositely charged conducting 

surfaces? 
 

DC

BA

 
 
 
30 There is a current in a resistor for an unknown time. 
 

Which two quantities can be used to calculate the energy dissipated by the resistor? 

A the current in the resistor and the potential difference across the resistor 

B the resistance of the resistor and the current in the resistor 

 C the total charge passing through the resistor and the potential difference across the resistor 

 D the total charge passing through the resistor and the resistance of the resistor 
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31 Two copper wires of equal length are connected in parallel. A potential difference is applied 
across the ends of this parallel arrangement. Wire S has a diameter of 3.0 mm. Wire T has a 
diameter of 1.5 mm. 

 

What is the value of the ratio 
T in current

S in current ? 

A 
4

1  B 
2

1  C 2 D 4 

 
 

32 A 100 Ω resistor conducts a current with changing direction and magnitude, as shown. 
 

2

0 10 2 3 4 5 6 7 8

current / A

–1
time / ms

 
 

What is the mean power dissipated in the resistor? 

A 100 W B 150 W C 250 W D 400 W 
 
 

33 Which graph shows the I–V characteristic of a filament lamp? 
 

A

V

I

D

V

I

C

V
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V
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31 Two copper wires of equal length are connected in parallel. A potential difference is applied 
across the ends of this parallel arrangement. Wire S has a diameter of 3.0 mm. Wire T has a 
diameter of 1.5 mm. 

 

What is the value of the ratio 
T in current

S in current ? 

A 
4

1  B 
2

1  C 2 D 4 

 
 

32 A 100 Ω resistor conducts a current with changing direction and magnitude, as shown. 
 

2

0 10 2 3 4 5 6 7 8

current / A

–1
time / ms

 
 

What is the mean power dissipated in the resistor? 

A 100 W B 150 W C 250 W D 400 W 
 
 

33 Which graph shows the I–V characteristic of a filament lamp? 
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31 Two copper wires of equal length are connected in parallel. A potential difference is applied 
across the ends of this parallel arrangement. Wire S has a diameter of 3.0 mm. Wire T has a 
diameter of 1.5 mm. 

 

What is the value of the ratio 
T in current

S in current ? 

A 
4

1  B 
2

1  C 2 D 4 

 
 

32 A 100 Ω resistor conducts a current with changing direction and magnitude, as shown. 
 

2

0 10 2 3 4 5 6 7 8

current / A

–1
time / ms

 
 

What is the mean power dissipated in the resistor? 

A 100 W B 150 W C 250 W D 400 W 
 
 

33 Which graph shows the I–V characteristic of a filament lamp? 
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28 Coherent light passes through a double slit, producing bright and dark fringes on a screen placed 
parallel to the plane of the double slit. The intensity of the light from each of the slits is initially the 
same. 

 
The intensity of the light passing through one of the slits in the double slit is now increased. The 
frequency of the light remains constant. 

 
What is the effect on the appearance of the fringes on the screen? 

 

 
separation 
of fringes 

maximum intensity 
of dark fringes 

A decreases no change 

B increases greater 

C no change greater 

D no change no change 

 
 
29 Which diagram shows the pattern of the electric field between a positively charged metal sphere 

and a negatively charged metal plate? 
 

+

– – – –

A

+

– – – –

B

+

– – – –

C

+

– – – –

D

 
 
 



9702 Physics Paper 1 - Electricity
Topical questions | 336 questions

15. Question | 9702 May-June 2016 P1 V2 Q30 18 

© UCLES 2016 9702/12/M/J/16  

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

A hair with mass 0.50 mg and charge 1.0 pC 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 4.9 × 103 N C–1 

B 4.9 × 105 N C–1 

C 4.9 × 106 N C–1 

D 4.9 × 109 N C–1 
 
 
31 Two parallel metal plates, 4.0 cm apart, are at electric potentials of 800 V and 2000 V. Points X, Y 

and Z are situated in the space between the plates at distances of 1.0 cm, 2.0 cm and 3.0 cm from 
the lower plate. 

 

4.0 cm

2000 V

800 V

3.0 cm

2.0 cm

1.0 cm

Z

Y

X

metal
plates

 
 

What is the electric field strength, in V m–1, at X, Y and Z? 
 

 X Y Z  

A   300   600   900 

B 1100 1400 1700 

C 3.0 × 104 3.0 × 104 3.0 × 104 

D 5.0 × 104 5.0 × 104 5.0 × 104 
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30 Before a thunderstorm, the hairs on your head sometimes stand on end. 
 

A hair with mass 0.50 mg and charge 1.0 pC 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 4.9 × 103 N C–1 

B 4.9 × 105 N C–1 

C 4.9 × 106 N C–1 

D 4.9 × 109 N C–1 
 
 
31 Two parallel metal plates, 4.0 cm apart, are at electric potentials of 800 V and 2000 V. Points X, Y 

and Z are situated in the space between the plates at distances of 1.0 cm, 2.0 cm and 3.0 cm from 
the lower plate. 

 

4.0 cm

2000 V

800 V

3.0 cm

2.0 cm

1.0 cm

Z

Y

X

metal
plates

 
 

What is the electric field strength, in V m–1, at X, Y and Z? 
 

 X Y Z  

A   300   600   900 

B 1100 1400 1700 

C 3.0 × 104 3.0 × 104 3.0 × 104 

D 5.0 × 104 5.0 × 104 5.0 × 104 
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32 The potential difference V across a filament lamp is slowly raised from zero to its normal 
operating value. 

 

Which graph represents the variation with V of the current I in the lamp? 
 

V

I

V

I

V

I

V

I
A B C D

00 00
00 00

 
 
 
33 Two lamps are connected in series to a 250 V power supply. One lamp is rated 240 V, 60 W and 

the other is rated 10 V, 2.5 W. 
 

Which statement most accurately describes what happens? 

A Both lamps light at less than their normal brightness. 

B Both lamps light at their normal brightness. 

C Only the 240 V lamp lights. 

D The 10 V lamp blows. 
 
 
34 Which equation is used to define resistance? 

A energy = (current)2 × resistance × time  

B potential difference = current × resistance 

C power = (current)2 × resistance 

D resistivity = resistance × area ÷ length 
 
 
35 The charge that a fully charged 12 V car battery can supply is 100 kC. The starter motor of the car 

requires a current of 200 A for an average period of 2.0 s. The battery does not recharge because 
of a fault. 

 
What is the maximum number of times the starter motor of the car can be used? 

A 21 B 25 C 42 D 250 
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32 The potential difference V across a filament lamp is slowly raised from zero to its normal 
operating value. 

 

Which graph represents the variation with V of the current I in the lamp? 
 

V
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33 Two lamps are connected in series to a 250 V power supply. One lamp is rated 240 V, 60 W and 

the other is rated 10 V, 2.5 W. 
 

Which statement most accurately describes what happens? 

A Both lamps light at less than their normal brightness. 

B Both lamps light at their normal brightness. 

C Only the 240 V lamp lights. 

D The 10 V lamp blows. 
 
 
34 Which equation is used to define resistance? 

A energy = (current)2 × resistance × time  

B potential difference = current × resistance 

C power = (current)2 × resistance 

D resistivity = resistance × area ÷ length 
 
 
35 The charge that a fully charged 12 V car battery can supply is 100 kC. The starter motor of the car 

requires a current of 200 A for an average period of 2.0 s. The battery does not recharge because 
of a fault. 

 
What is the maximum number of times the starter motor of the car can be used? 

A 21 B 25 C 42 D 250 
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32 The potential difference V across a filament lamp is slowly raised from zero to its normal 
operating value. 

 

Which graph represents the variation with V of the current I in the lamp? 
 

V
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33 Two lamps are connected in series to a 250 V power supply. One lamp is rated 240 V, 60 W and 

the other is rated 10 V, 2.5 W. 
 

Which statement most accurately describes what happens? 

A Both lamps light at less than their normal brightness. 

B Both lamps light at their normal brightness. 

C Only the 240 V lamp lights. 

D The 10 V lamp blows. 
 
 
34 Which equation is used to define resistance? 

A energy = (current)2 × resistance × time  

B potential difference = current × resistance 

C power = (current)2 × resistance 

D resistivity = resistance × area ÷ length 
 
 
35 The charge that a fully charged 12 V car battery can supply is 100 kC. The starter motor of the car 

requires a current of 200 A for an average period of 2.0 s. The battery does not recharge because 
of a fault. 

 
What is the maximum number of times the starter motor of the car can be used? 

A 21 B 25 C 42 D 250 
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27 A diffraction grating with N lines per metre is used to deflect light of various wavelengths λ. 
 

The graph shows a relation between the deflection angle θ and λ for different wavelengths in the 
n 

th order interference pattern. 
 

sinθ

λ
0
0

 
 

What is the gradient of the graph? 

A Nn B 
n

N
 C 

N

n
 D 

Nn

1
 

 
 
28 Which wave phenomenon is not needed to explain the pattern of observable fringes produced by 

a double slit experiment? 

A coherence 

B diffraction 

C interference 

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

–

C

–

DA B

– –
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30 An electron is in an electric field of strength 5 × 104 V m–1. 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 
 
 
31 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 – 4.8 × 10–19 C 

B +1.6 × 10–19 C 

C +3.2 × 10–19 C 

D +4.0 × 10–19 C 
 
 
32 The graph shows the variation with length of the resistance of a uniform metal wire. 
 

0
0

resistance

length  
 

The gradient of the graph is G. 
The wire has cross-sectional area A. 

 
Which expression could be used to calculate the resistivity of the metal of the wire? 

A G × A B 
A

G  C 
G

A  D G × A2 
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30 An electron is in an electric field of strength 5 × 104 V m–1. 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 
 
 
31 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 – 4.8 × 10–19 C 

B +1.6 × 10–19 C 

C +3.2 × 10–19 C 

D +4.0 × 10–19 C 
 
 
32 The graph shows the variation with length of the resistance of a uniform metal wire. 
 

0
0

resistance

length  
 

The gradient of the graph is G. 
The wire has cross-sectional area A. 

 
Which expression could be used to calculate the resistivity of the metal of the wire? 

A G × A B 
A

G  C 
G

A  D G × A2 
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30 An electron is in an electric field of strength 5 × 104 V m–1. 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 
 
 
31 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 – 4.8 × 10–19 C 

B +1.6 × 10–19 C 

C +3.2 × 10–19 C 

D +4.0 × 10–19 C 
 
 
32 The graph shows the variation with length of the resistance of a uniform metal wire. 
 

0
0

resistance

length  
 

The gradient of the graph is G. 
The wire has cross-sectional area A. 

 
Which expression could be used to calculate the resistivity of the metal of the wire? 

A G × A B 
A

G  C 
G

A  D G × A2 
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33 What describes the electric potential difference between two points in a wire that carries a 
current? 

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 
 
 

34 The graphs show possible current-voltage (I-V ) characteristics for a filament lamp and for a 
semiconductor diode. 

 

I

V
0
0

P
I

V
0
0

Q
I

V
0
0

R
I

V
0
0

S

 
 

Which row in the table best specifies the correct I-V graphs for the lamp and for the diode? 
 

 filament lamp 
semiconductor 

diode 

A P R 

B P S 

C Q R 

D Q S 
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33 What describes the electric potential difference between two points in a wire that carries a 
current? 

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 
 
 

34 The graphs show possible current-voltage (I-V ) characteristics for a filament lamp and for a 
semiconductor diode. 

 

I

V
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P
I

V
0
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Q
I

V
0
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R
I

V
0
0

S

 
 

Which row in the table best specifies the correct I-V graphs for the lamp and for the diode? 
 

 filament lamp 
semiconductor 

diode 

A P R 

B P S 

C Q R 

D Q S 
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29 A diffraction grating is used to measure the wavelength of monochromatic light. 
 

The spacing of the slits in the grating is 1.15 × 10–6
 m. The angle between the first order 

diffraction maxima is 60.0°, as shown in the diagram. 
 

60.0°monochromatic
light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 Which path shows a possible movement of an electron in the electric field shown? 
 

A

D

B

C

path of electron

 
 
 
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? 
 

+

+

–

–

X

CD

BA
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29 A diffraction grating is used to measure the wavelength of monochromatic light. 
 

The spacing of the slits in the grating is 1.15 × 10–6
 m. The angle between the first order 

diffraction maxima is 60.0°, as shown in the diagram. 
 

60.0°monochromatic
light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 Which path shows a possible movement of an electron in the electric field shown? 
 

A

D

B

C

path of electron

 
 
 
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? 
 

+

+

–

–

X

CD

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

 

–80 V
4 mm 

 
 

Which potential should be applied to the upper plate to create an electric field of strength  
60 000 V m–1 upwards in the space between the plates? 

A –320 V B –160 V C +160 V D +320 V 
 
 
33 An electric kettle is marked 3.10 kW. It is used with an electrical supply of 240 V. 
 

What is the electric current in the kettle and what is the kettle’s electrical resistance when 
working? 

 
 current / A resistance / Ω 

A  0.0129 18 600 

B  0.0770 3100 

C  12.9 18.6 

D  12.9 3100 
 
 
34 A thick copper wire is connected to a thin copper wire in series with a cell, as shown. 
 

thick wire thin wire  
 

What is significantly less in the thick wire than in the thin wire? 

A the charge passing a point per unit time 

B the drift speed of the electrons 

C the number density of the free electrons 

D the number of free electrons passing a point per unit time 
 
 
35 What is a typical value for the order of magnitude of the resistivity of copper? 

A 10–13
 Ω m B 10–8

 Ω m C 10–3
 Ω m D 102

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

 

–80 V
4 mm 

 
 

Which potential should be applied to the upper plate to create an electric field of strength  
60 000 V m–1 upwards in the space between the plates? 

A –320 V B –160 V C +160 V D +320 V 
 
 
33 An electric kettle is marked 3.10 kW. It is used with an electrical supply of 240 V. 
 

What is the electric current in the kettle and what is the kettle’s electrical resistance when 
working? 

 
 current / A resistance / Ω 

A  0.0129 18 600 

B  0.0770 3100 

C  12.9 18.6 

D  12.9 3100 
 
 
34 A thick copper wire is connected to a thin copper wire in series with a cell, as shown. 
 

thick wire thin wire  
 

What is significantly less in the thick wire than in the thin wire? 

A the charge passing a point per unit time 

B the drift speed of the electrons 

C the number density of the free electrons 

D the number of free electrons passing a point per unit time 
 
 
35 What is a typical value for the order of magnitude of the resistivity of copper? 

A 10–13
 Ω m B 10–8

 Ω m C 10–3
 Ω m D 102

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

 

–80 V
4 mm 

 
 

Which potential should be applied to the upper plate to create an electric field of strength  
60 000 V m–1 upwards in the space between the plates? 

A –320 V B –160 V C +160 V D +320 V 
 
 
33 An electric kettle is marked 3.10 kW. It is used with an electrical supply of 240 V. 
 

What is the electric current in the kettle and what is the kettle’s electrical resistance when 
working? 

 
 current / A resistance / Ω 

A  0.0129 18 600 

B  0.0770 3100 

C  12.9 18.6 

D  12.9 3100 
 
 
34 A thick copper wire is connected to a thin copper wire in series with a cell, as shown. 
 

thick wire thin wire  
 

What is significantly less in the thick wire than in the thin wire? 

A the charge passing a point per unit time 

B the drift speed of the electrons 

C the number density of the free electrons 

D the number of free electrons passing a point per unit time 
 
 
35 What is a typical value for the order of magnitude of the resistivity of copper? 

A 10–13
 Ω m B 10–8

 Ω m C 10–3
 Ω m D 102

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

 

–80 V
4 mm 

 
 

Which potential should be applied to the upper plate to create an electric field of strength  
60 000 V m–1 upwards in the space between the plates? 

A –320 V B –160 V C +160 V D +320 V 
 
 
33 An electric kettle is marked 3.10 kW. It is used with an electrical supply of 240 V. 
 

What is the electric current in the kettle and what is the kettle’s electrical resistance when 
working? 

 
 current / A resistance / Ω 

A  0.0129 18 600 

B  0.0770 3100 

C  12.9 18.6 

D  12.9 3100 
 
 
34 A thick copper wire is connected to a thin copper wire in series with a cell, as shown. 
 

thick wire thin wire  
 

What is significantly less in the thick wire than in the thin wire? 

A the charge passing a point per unit time 

B the drift speed of the electrons 

C the number density of the free electrons 

D the number of free electrons passing a point per unit time 
 
 
35 What is a typical value for the order of magnitude of the resistivity of copper? 

A 10–13
 Ω m B 10–8

 Ω m C 10–3
 Ω m D 102

 Ω m 
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29 A microwave transmitter is placed at a fixed distance from a flat reflecting surface, as shown. 
 

microwave
transmitter

microwave
detector

movement
of detector

reflecting
surface

X Y

 
 

A microwave detector is moved steadily in a straight line from X to Y. A series of maxima and 
minima of intensity is obtained. The distance between adjacent maxima is 1.5 cm. 

 
What is the frequency of the microwave radiation? 

A 1.0 × 108 Hz 

B 2.0 × 108 Hz 

C 1.0 × 1010 Hz 

D 2.0 × 1010 Hz 
 
 
30 Two parallel circular metal plates X and Y, each of diameter 18 cm, have a separation of 9.0 cm. 

A potential difference of 9.0 V is applied between them. 
 

–

+
9.0 V9.0 cm

18 cm

3.0 cm

6.0 cm

plate X

plate Y

P

 
 

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

What is the electric field strength at P? 

A 50 N C–1 B 100 N C–1 C 150 N C–1 D 300 N C–1 
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31 An oil drop has mass m and charge q. The drop is held stationary in an electric field between two 
parallel horizontal plates, distance d apart, as shown. 

 

dV

oil drop

 
 

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

What is the charge-to-mass ratio 
m

q
 of the oil drop? 

A 
V

gd
  B 

dg

V  C 
d

gV
 D 

Vg

d  

 
 
32 The diagram shows a junction in a circuit where three wires P, Q and R meet. The currents in P 

and Q are 1 A and 3 A respectively, in the directions shown. 
 

P
1 A

3 A

R

Q

 
How much charge passes a given point in wire R in a time of 5 s? 

A 0.4 C B 2 C C 10 C D 20 C 
 
 
33 A wire carries a current of 2.0 A for 1.0 hour. 
 

How many electrons pass a point in the wire in this time? 

A 1.2 × 10–15 B 7.2 × 103 C 1.3 × 1019 D 4.5 × 1022 
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31 An oil drop has mass m and charge q. The drop is held stationary in an electric field between two 
parallel horizontal plates, distance d apart, as shown. 

 

dV

oil drop

 
 

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

What is the charge-to-mass ratio 
m

q
 of the oil drop? 

A 
V

gd
  B 

dg

V  C 
d

gV
 D 

Vg

d  

 
 
32 The diagram shows a junction in a circuit where three wires P, Q and R meet. The currents in P 

and Q are 1 A and 3 A respectively, in the directions shown. 
 

P
1 A

3 A

R

Q

 
How much charge passes a given point in wire R in a time of 5 s? 

A 0.4 C B 2 C C 10 C D 20 C 
 
 
33 A wire carries a current of 2.0 A for 1.0 hour. 
 

How many electrons pass a point in the wire in this time? 

A 1.2 × 10–15 B 7.2 × 103 C 1.3 × 1019 D 4.5 × 1022 
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31 An oil drop has mass m and charge q. The drop is held stationary in an electric field between two 
parallel horizontal plates, distance d apart, as shown. 

 

dV

oil drop

 
 

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

What is the charge-to-mass ratio 
m

q
 of the oil drop? 

A 
V

gd
  B 

dg

V  C 
d

gV
 D 

Vg

d  

 
 
32 The diagram shows a junction in a circuit where three wires P, Q and R meet. The currents in P 

and Q are 1 A and 3 A respectively, in the directions shown. 
 

P
1 A

3 A

R

Q

 
How much charge passes a given point in wire R in a time of 5 s? 

A 0.4 C B 2 C C 10 C D 20 C 
 
 
33 A wire carries a current of 2.0 A for 1.0 hour. 
 

How many electrons pass a point in the wire in this time? 

A 1.2 × 10–15 B 7.2 × 103 C 1.3 × 1019 D 4.5 × 1022 
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34 The diagram shows an electric circuit in which the resistance of the external resistor is 2R and 
the internal resistance of the source is R. 

 

2R

R

 
 

What is the ratio 
resistor external in power

resistance internal in power
? 

A 
4

1  B 
2

1  C 2 D 4 

 
 

35 The graph shows the variation with potential difference V of the current I in components X, Y  
and Z. 

 

I

V 
0

0

X 

Z 

Y 

 
 

Which row correctly identifies the components? 
 

 
metallic conductor at 
constant temperature 

semiconductor 
diode 

filament 
lamp 

A X Z Y 

B Y X Z 

C Y Z X 

D Z Y X 

 
 



9702 Physics Paper 1 - Electricity
Topical questions | 336 questions

37. Question | 9702 Oct-Nov 2016 P1 V2 Q36 17 

© UCLES 2016 9702/12/O/N/16 [Turn over 

36 Four statements about either potential difference or electromotive force are listed. 
 

1 It involves changing electrical energy into other forms. 

2 It involves changing other energy forms into electrical energy. 

3 It is the energy per unit charge to move charge around a complete circuit. 

4 It is the work done per unit charge by the charge moving from one point to another. 
 

Which statements apply to potential difference and which apply to electromotive force? 
 

 potential difference electromotive force 

A 1 and 3 2 and 4 

B 1 and 4 2 and 3 

C 2 and 3 1 and 4 

D 2 and 4 1 and 3 

 
 

37 In the circuit shown, there is a current of 3.0 A in the 2.0 Ω resistor. 
 

2.0 Ω
1.5 Ω

6.0 Ω

V
+ – 

3.0 A

I

 
 

What are the values of the current I delivered by the power supply and the voltage V across it? 
 

 I / A V / V 

A 3.0 10.5 

B 4.0 9.0 

C 4.0 12 

D 12 18 
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29 A diffraction grating is used to measure the wavelength of monochromatic light. 
 

The spacing of the slits in the grating is 1.15 × 10–6
 m. The angle between the first order 

diffraction maxima is 60.0°, as shown in the diagram. 
 

60.0°monochromatic
light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 Which path shows a possible movement of an electron in the electric field shown? 
 

A

D

B

C

path of electron

 
 
 
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? 
 

+

+

–

–

X

CD

BA
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29 A diffraction grating is used to measure the wavelength of monochromatic light. 
 

The spacing of the slits in the grating is 1.15 × 10–6
 m. The angle between the first order 

diffraction maxima is 60.0°, as shown in the diagram. 
 

60.0°monochromatic
light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 Which path shows a possible movement of an electron in the electric field shown? 
 

A

D

B

C

path of electron

 
 
 
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? 
 

+

+

–

–

X

CD

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

 

–80 V
4 mm 

 
 

Which potential should be applied to the upper plate to create an electric field of strength  
60 000 V m–1 upwards in the space between the plates? 

A –320 V B –160 V C +160 V D +320 V 
 
 
33 An electric kettle is marked 3.10 kW. It is used with an electrical supply of 240 V. 
 

What is the electric current in the kettle and what is the kettle’s electrical resistance when 
working? 

 
 current / A resistance / Ω 

A  0.0129 18 600 

B  0.0770 3100 

C  12.9 18.6 

D  12.9 3100 
 
 
34 A thick copper wire is connected to a thin copper wire in series with a cell, as shown. 
 

thick wire thin wire  
 

What is significantly less in the thick wire than in the thin wire? 

A the charge passing a point per unit time 

B the drift speed of the electrons 

C the number density of the free electrons 

D the number of free electrons passing a point per unit time 
 
 
35 What is a typical value for the order of magnitude of the resistivity of copper? 

A 10–13
 Ω m B 10–8

 Ω m C 10–3
 Ω m D 102

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

 

–80 V
4 mm 

 
 

Which potential should be applied to the upper plate to create an electric field of strength  
60 000 V m–1 upwards in the space between the plates? 

A –320 V B –160 V C +160 V D +320 V 
 
 
33 An electric kettle is marked 3.10 kW. It is used with an electrical supply of 240 V. 
 

What is the electric current in the kettle and what is the kettle’s electrical resistance when 
working? 

 
 current / A resistance / Ω 

A  0.0129 18 600 

B  0.0770 3100 

C  12.9 18.6 

D  12.9 3100 
 
 
34 A thick copper wire is connected to a thin copper wire in series with a cell, as shown. 
 

thick wire thin wire  
 

What is significantly less in the thick wire than in the thin wire? 

A the charge passing a point per unit time 

B the drift speed of the electrons 

C the number density of the free electrons 

D the number of free electrons passing a point per unit time 
 
 
35 What is a typical value for the order of magnitude of the resistivity of copper? 

A 10–13
 Ω m B 10–8

 Ω m C 10–3
 Ω m D 102

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

 

–80 V
4 mm 

 
 

Which potential should be applied to the upper plate to create an electric field of strength  
60 000 V m–1 upwards in the space between the plates? 

A –320 V B –160 V C +160 V D +320 V 
 
 
33 An electric kettle is marked 3.10 kW. It is used with an electrical supply of 240 V. 
 

What is the electric current in the kettle and what is the kettle’s electrical resistance when 
working? 

 
 current / A resistance / Ω 

A  0.0129 18 600 

B  0.0770 3100 

C  12.9 18.6 

D  12.9 3100 
 
 
34 A thick copper wire is connected to a thin copper wire in series with a cell, as shown. 
 

thick wire thin wire  
 

What is significantly less in the thick wire than in the thin wire? 

A the charge passing a point per unit time 

B the drift speed of the electrons 

C the number density of the free electrons 

D the number of free electrons passing a point per unit time 
 
 
35 What is a typical value for the order of magnitude of the resistivity of copper? 

A 10–13
 Ω m B 10–8

 Ω m C 10–3
 Ω m D 102

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

 

–80 V
4 mm 

 
 

Which potential should be applied to the upper plate to create an electric field of strength  
60 000 V m–1 upwards in the space between the plates? 

A –320 V B –160 V C +160 V D +320 V 
 
 
33 An electric kettle is marked 3.10 kW. It is used with an electrical supply of 240 V. 
 

What is the electric current in the kettle and what is the kettle’s electrical resistance when 
working? 

 
 current / A resistance / Ω 

A  0.0129 18 600 

B  0.0770 3100 

C  12.9 18.6 

D  12.9 3100 
 
 
34 A thick copper wire is connected to a thin copper wire in series with a cell, as shown. 
 

thick wire thin wire  
 

What is significantly less in the thick wire than in the thin wire? 

A the charge passing a point per unit time 

B the drift speed of the electrons 

C the number density of the free electrons 

D the number of free electrons passing a point per unit time 
 
 
35 What is a typical value for the order of magnitude of the resistivity of copper? 

A 10–13
 Ω m B 10–8

 Ω m C 10–3
 Ω m D 102

 Ω m 
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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? 

 

–

+ +

A

–

+ +

B

–

+ +

C

–

+ +

D
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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
metal platescharged

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 
acceleration 

separation 
of the plates 

A downwards decrease 

B downwards increase 

C upwards decrease 

D upwards increase 

 
 

32 An electric current I is given in the list of formulae on page 3 as I = Anvq. 
 

What do each of the symbols represent for an electric current in a metal wire? 
 

 A n v q 

A 
 

area of 
cross-section 

number of free 
electrons 

voltage 
 

charge of 
each molecule 

B 
 
 

area of 
cross-section 

 

number of free 
electrons per 
unit volume 

average 
drift speed 
of electrons 

charge of 
each electron 

 

C 
 
 

current 
 
 

number of free 
electrons 

 

average 
drift speed 
of electrons 

charge of 
each molecule 

 

D 
 
 

current 
 
 

number of free 
electrons per 
unit volume 

voltage 
 
 

charge of 
each electron 
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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
metal platescharged

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 
acceleration 

separation 
of the plates 

A downwards decrease 

B downwards increase 

C upwards decrease 

D upwards increase 

 
 

32 An electric current I is given in the list of formulae on page 3 as I = Anvq. 
 

What do each of the symbols represent for an electric current in a metal wire? 
 

 A n v q 

A 
 

area of 
cross-section 

number of free 
electrons 

voltage 
 

charge of 
each molecule 

B 
 
 

area of 
cross-section 

 

number of free 
electrons per 
unit volume 

average 
drift speed 
of electrons 

charge of 
each electron 

 

C 
 
 

current 
 
 

number of free 
electrons 

 

average 
drift speed 
of electrons 

charge of 
each molecule 

 

D 
 
 

current 
 
 

number of free 
electrons per 
unit volume 

voltage 
 
 

charge of 
each electron 

 

 
 

47. Question | 9702 Feb-March 2017 P1 V2 Q33 16 

© UCLES 2017 9702/12/F/M/17  

33 The potential difference across a resistor is 12 V. The current in the resistor is 2.0 A. 
 

A charge of 4.0 C passes through the resistor. 
 

What is the energy transferred in the resistor and the time taken for the charge to pass through 
the resistor? 

 

 energy / J time / s 

A 3.0 2.0 

B 3.0 8.0 

C 48 2.0 

D 48 8.0 

 
 
34 A coil contains N turns of insulated copper wire wound on to a cylindrical iron core of diameter D. 

The copper wire has a diameter d. The resistivity of copper is ρ. Diameter D is much greater than 
diameter d. 

 
What is the total resistance between the two ends of the coil? 

A 
2

4

d

DNρ
 B 

2

4

D

dNρ
 C 

2

8

d

DNρ
 D 

2

8

D

dNρ
 

 
 

35 Two cells are connected to a load resistor of resistance 3.0 Ω. The electromotive force (e.m.f). 
and the internal resistance of each of the cells is shown. 

 

3.0 Ω

0.8 Ω 1.2 Ω
6.0 V 3.0 V

 
 

What is the current in the load resistor? 

A 0.60 A B 1.2 A C 1.8 A D 3.0 A 
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33 The potential difference across a resistor is 12 V. The current in the resistor is 2.0 A. 
 

A charge of 4.0 C passes through the resistor. 
 

What is the energy transferred in the resistor and the time taken for the charge to pass through 
the resistor? 

 

 energy / J time / s 

A 3.0 2.0 

B 3.0 8.0 

C 48 2.0 

D 48 8.0 

 
 
34 A coil contains N turns of insulated copper wire wound on to a cylindrical iron core of diameter D. 

The copper wire has a diameter d. The resistivity of copper is ρ. Diameter D is much greater than 
diameter d. 

 
What is the total resistance between the two ends of the coil? 

A 
2

4

d

DNρ
 B 

2

4

D

dNρ
 C 

2

8

d

DNρ
 D 

2

8

D

dNρ
 

 
 

35 Two cells are connected to a load resistor of resistance 3.0 Ω. The electromotive force (e.m.f). 
and the internal resistance of each of the cells is shown. 

 

3.0 Ω

0.8 Ω 1.2 Ω
6.0 V 3.0 V

 
 

What is the current in the load resistor? 

A 0.60 A B 1.2 A C 1.8 A D 3.0 A 
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11 A particle with mass and charge is moving from left to right in a uniform gravitational field and a 
uniform electric field. The gravitational field is downwards. The gravitational force and the electric 
force on this particle act in opposite directions. 

 
What could be the sign of the charge on the particle and the direction of the electric field? 

 

 sign of charge direction of 
electric field 

A negative down 

B negative up 

C positive left 

D positive right 
 
 
12 A sphere is acted upon by various forces, all of the same magnitude. 
 

Which system of forces provides a resultant torque but zero resultant force on the sphere? 
 

A B C D

 
 
 
13 A uniform horizontal footbridge is 12 m long and weighs 4000 N. It rests on two supports X and Y 

as shown. 
 

support
X

support
Y

12 m

4 m

 
 

A man of weight 600 N is a distance of 4 m from support X. 
 

What is the upward force on the footbridge from support X? 

A 2200 N B 2300 N C 2400 N D 2600 N 
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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. 

 
P 

Q 
r 

+ 

 
 

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

A 0 B E × r C E × 





 π

2
r  D E × (πr ) 

 
 
31 The diagram shows two parallel horizontal metal plates. The top plate is positively charged and 

the bottom plate is earthed. 
 

+

liquid drop
plates

 
 

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? 

 

 polarity mass
charge  

A negative g
E  

B negative 
E
g  

C positive g
E  

D positive 
E
g  
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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. 

 
P 

Q 
r 

+ 

 
 

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

A 0 B E × r C E × 





 π

2
r  D E × (πr ) 

 
 
31 The diagram shows two parallel horizontal metal plates. The top plate is positively charged and 

the bottom plate is earthed. 
 

+

liquid drop
plates

 
 

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? 

 

 polarity mass
charge  

A negative g
E  

B negative 
E
g  

C positive g
E  

D positive 
E
g  
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32 The diagram shows the symbol for a wire carrying a current I. 
 

I
 

 
What does this current represent? 

A the charge flowing past a point in the wire per unit time 

B the number of electrons flowing past a point in the wire per unit time 

 C the number of positive ions flowing past a point in the wire per unit time 

 D the number of protons flowing past a point in the wire per unit time 
 
 
33 Which values of current and resistance will produce a rate of energy transfer of 16 J s–1? 
 

 current / A resistance / Ω 

A 1 4 

B 2 8 

C 4 1 

D 16 1 
 
 
34 Which component has the I-V graph shown? 
 

I

V
0

0
 

 
A filament lamp 

B metallic conductor at constant temperature 

C resistor of fixed resistance 

D semiconductor diode 
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32 The diagram shows the symbol for a wire carrying a current I. 
 

I
 

 
What does this current represent? 

A the charge flowing past a point in the wire per unit time 

B the number of electrons flowing past a point in the wire per unit time 

 C the number of positive ions flowing past a point in the wire per unit time 

 D the number of protons flowing past a point in the wire per unit time 
 
 
33 Which values of current and resistance will produce a rate of energy transfer of 16 J s–1? 
 

 current / A resistance / Ω 

A 1 4 

B 2 8 

C 4 1 

D 16 1 
 
 
34 Which component has the I-V graph shown? 
 

I

V
0

0
 

 
A filament lamp 

B metallic conductor at constant temperature 

C resistor of fixed resistance 

D semiconductor diode 
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32 The diagram shows the symbol for a wire carrying a current I. 
 

I
 

 
What does this current represent? 

A the charge flowing past a point in the wire per unit time 

B the number of electrons flowing past a point in the wire per unit time 

 C the number of positive ions flowing past a point in the wire per unit time 

 D the number of protons flowing past a point in the wire per unit time 
 
 
33 Which values of current and resistance will produce a rate of energy transfer of 16 J s–1? 
 

 current / A resistance / Ω 

A 1 4 

B 2 8 

C 4 1 

D 16 1 
 
 
34 Which component has the I-V graph shown? 
 

I

V
0

0
 

 
A filament lamp 

B metallic conductor at constant temperature 

C resistor of fixed resistance 

D semiconductor diode 
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4 The current in a block of semiconductor is 30.0 mA when there is a potential difference (p.d.) of 
10.0 V across it. The dimensions of the block and the direction of the current in it are as shown. 

 

30.0 mA

30.0 mm

15.0 mm

15.0 mm

 
 

The electrical meters used are accurate to ± 0.1 mA and ± 0.1 V. The dimensions of the block are 

accurate to ± 0.2 mm. 
 

What is the resistivity of the semiconductor? 

A 10.0 ± 0.2 Ω m 

B 10.0 ± 0.3 Ω m 

C 10.0 ± 0.5 Ω m 

D 10.0 ± 0.8 Ω m 
 
 
5 The diameter of a cylindrical metal rod is measured using a micrometer screw gauge. 
 

The diagram below shows an enlargement of the scale on the micrometer screw gauge when 
taking the measurement. 

 

40

32

0.5 mm / rev
30

 
 

What is the cross-sectional area of the rod? 

A 3.81 mm2 B 11.4 mm2 C 22.8 mm2 D 45.6 mm2 
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28 A parallel beam of red light of wavelength 700 nm is incident normally on a diffraction grating that 
has 400 lines per millimetre. 

 
What is the total number of intensity maxima from the grating? 

A 6 B 7 C 8 D 9 
 
 

29 Two wave sources are oscillating in phase. Each source produces a wave of wavelength λ. The 

two waves from the sources meet at point X with a phase difference of 90°. 
 

What is a possible difference in the distances from the two wave sources to point X? 

A 
8

λ
 B 

4

λ
 C 

2

λ
 D λ 

 
 
30 Which diagram best illustrates the electric field around a positive point charge? 
 

+

A

+

B

+ +

C D

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

is shown. 
 

xplates

 
 

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 x2  C 2x D 4x 
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28 A parallel beam of red light of wavelength 700 nm is incident normally on a diffraction grating that 
has 400 lines per millimetre. 

 
What is the total number of intensity maxima from the grating? 

A 6 B 7 C 8 D 9 
 
 

29 Two wave sources are oscillating in phase. Each source produces a wave of wavelength λ. The 

two waves from the sources meet at point X with a phase difference of 90°. 
 

What is a possible difference in the distances from the two wave sources to point X? 

A 
8

λ
 B 

4

λ
 C 

2

λ
 D λ 

 
 
30 Which diagram best illustrates the electric field around a positive point charge? 
 

+

A

+

B

+ +

C D

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

is shown. 
 

xplates

 
 

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 x2  C 2x D 4x 
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32 The current in a circuit component is 2.00 µA. 
 

How many electrons pass through the component each second? 

A 1.25 × 1013 B 1.25 × 1016 C 1.25 × 1019 D 1.25 × 1025 
 
 
33 The filament of a 240 V, 100 W electric lamp heats up from room temperature to its operating 

temperature. As it heats up, its resistance increases by a factor of 16. 
 

What is the resistance of the filament at room temperature? 

A 36 Ω B 580 Ω C 1.5 kΩ D 9.2 kΩ 
 
 
34 Two wires have the same length and the same resistance. Wire X is made of a metal of resistivity 

1.7 × 10–8 Ω m and wire Y is made of a metal of resistivity 5.6 × 10–8 Ω m. 
 

The diameter of wire X is 0.315 mm. 
 

What is the diameter of wire Y? 

A 0.17 mm B 0.33 mm C 0.57 mm D 1.0 mm 
 
 
35 A cell has a constant electromotive force. 
 

A variable resistor is connected between the terminals of the cell. 
 

The resistance of the variable resistor is decreased. 
 

Which statement about the change of the cell’s terminal potential difference (p.d.) is correct? 

A The terminal p.d. is decreased because more work is done moving unit charge through the 
internal resistance of the cell. 

B The terminal p.d. is decreased because the current in the variable resistor is decreased. 

C The terminal p.d. is increased because more work is done moving unit charge through the 
variable resistor. 

D The terminal p.d. is increased because the current in the variable resistor is increased. 
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32 The current in a circuit component is 2.00 µA. 
 

How many electrons pass through the component each second? 

A 1.25 × 1013 B 1.25 × 1016 C 1.25 × 1019 D 1.25 × 1025 
 
 
33 The filament of a 240 V, 100 W electric lamp heats up from room temperature to its operating 

temperature. As it heats up, its resistance increases by a factor of 16. 
 

What is the resistance of the filament at room temperature? 

A 36 Ω B 580 Ω C 1.5 kΩ D 9.2 kΩ 
 
 
34 Two wires have the same length and the same resistance. Wire X is made of a metal of resistivity 

1.7 × 10–8 Ω m and wire Y is made of a metal of resistivity 5.6 × 10–8 Ω m. 
 

The diameter of wire X is 0.315 mm. 
 

What is the diameter of wire Y? 

A 0.17 mm B 0.33 mm C 0.57 mm D 1.0 mm 
 
 
35 A cell has a constant electromotive force. 
 

A variable resistor is connected between the terminals of the cell. 
 

The resistance of the variable resistor is decreased. 
 

Which statement about the change of the cell’s terminal potential difference (p.d.) is correct? 

A The terminal p.d. is decreased because more work is done moving unit charge through the 
internal resistance of the cell. 

B The terminal p.d. is decreased because the current in the variable resistor is decreased. 

C The terminal p.d. is increased because more work is done moving unit charge through the 
variable resistor. 

D The terminal p.d. is increased because the current in the variable resistor is increased. 
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32 The current in a circuit component is 2.00 µA. 
 

How many electrons pass through the component each second? 

A 1.25 × 1013 B 1.25 × 1016 C 1.25 × 1019 D 1.25 × 1025 
 
 
33 The filament of a 240 V, 100 W electric lamp heats up from room temperature to its operating 

temperature. As it heats up, its resistance increases by a factor of 16. 
 

What is the resistance of the filament at room temperature? 

A 36 Ω B 580 Ω C 1.5 kΩ D 9.2 kΩ 
 
 
34 Two wires have the same length and the same resistance. Wire X is made of a metal of resistivity 

1.7 × 10–8 Ω m and wire Y is made of a metal of resistivity 5.6 × 10–8 Ω m. 
 

The diameter of wire X is 0.315 mm. 
 

What is the diameter of wire Y? 

A 0.17 mm B 0.33 mm C 0.57 mm D 1.0 mm 
 
 
35 A cell has a constant electromotive force. 
 

A variable resistor is connected between the terminals of the cell. 
 

The resistance of the variable resistor is decreased. 
 

Which statement about the change of the cell’s terminal potential difference (p.d.) is correct? 

A The terminal p.d. is decreased because more work is done moving unit charge through the 
internal resistance of the cell. 

B The terminal p.d. is decreased because the current in the variable resistor is decreased. 

C The terminal p.d. is increased because more work is done moving unit charge through the 
variable resistor. 

D The terminal p.d. is increased because the current in the variable resistor is increased. 
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28 Monochromatic light of wavelength λ is incident on two narrow slits S1 and S2, a small distance 
apart. A series of bright and dark fringes are observed on a screen a long distance away from the 
slits. 

 

P

screen
S1

S2

light
wavelength  λ

 
 

The n th dark fringe from the central bright fringe is observed at point P on the screen. 
 

Which equation is correct for all positive values of n? 

A S2P – S1P = 
2

λn
 

B S2P – S1P = nλ 

C S2P – S1P = (n – 
2

1 )λ 

D S2P – S1P = (n + 
2

1 )λ 

 
 
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

CB

+–
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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. 
 
 
31 Two metal plates are a distance of 30 cm apart in a vacuum. 
 

A current exists between the two plates consisting of electrons moving at a constant speed of 

1.5 × 106 m s–1. 
 

At any instant, there is always just one electron travelling between the plates. 
 

What is the current between the plates? 

A 3.2 × 10–26 A 

B 8.0 × 10–13 A 

C 1.6 × 10–12 A 

D 2.0 × 10–7 A 
 
 
32 The diagram shows a portable generator connected by cables to floodlights. The generator 

produces a current of 10 A at a constant potential difference (p.d.) of 240 V. 
 

The total resistance of the cables is 2 Ω. 
 

generator 

240 V
10 A

floodlights

1 Ω

1 Ω

cables

 
 

What is the p.d. V across, and the power P delivered to, the floodlights? 
 

 V / V P / W 

A 220 2000 

B 220 2200 

C 230 2000 

D 230 2300 
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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. 
 
 
31 Two metal plates are a distance of 30 cm apart in a vacuum. 
 

A current exists between the two plates consisting of electrons moving at a constant speed of 

1.5 × 106 m s–1. 
 

At any instant, there is always just one electron travelling between the plates. 
 

What is the current between the plates? 

A 3.2 × 10–26 A 

B 8.0 × 10–13 A 

C 1.6 × 10–12 A 

D 2.0 × 10–7 A 
 
 
32 The diagram shows a portable generator connected by cables to floodlights. The generator 

produces a current of 10 A at a constant potential difference (p.d.) of 240 V. 
 

The total resistance of the cables is 2 Ω. 
 

generator 

240 V
10 A

floodlights

1 Ω

1 Ω

cables

 
 

What is the p.d. V across, and the power P delivered to, the floodlights? 
 

 V / V P / W 

A 220 2000 

B 220 2200 

C 230 2000 

D 230 2300 
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33 A metal cube with sides of length a has electrical resistance R between opposite faces. 
 

a
 

 
What is the resistance between the opposite faces of a cube of the same metal with sides of 
length 3a? 

A 9R B 3R C 
3

R  D 
9

R  

 
 

34 A graph of potential difference (p.d.) V across a cell against current I in the cell is shown. 
 

V

I
0

0  
 

As the cell reaches the end of its useful life, its internal resistance increases and its electromotive 
force (e.m.f.) decreases. 

 

Which diagram shows a graph of V against I for the cell nearing the end of its useful life? 
 

V

I

A

0
0

V

I

B

0
0

V

I

C

0
0

V

I

D

0
0

line of
original
graph
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31 A small charged sphere of mass 0.80 g hangs from a light thread inside a vertical uniform electric 
field of strength 2000 V m–1. The thread passes over two frictionless pulleys and a mass of 2.00 g 
hangs on the other end. 

 

+

_

+

_

+

_

+

_

+

_

+

_

2.00 g mass

pulleys

electric

field of

2000 V m–1

charged sphere

of mass 0.80 g

 
 

The sphere is in equilibrium. 
 

What is the charge on the sphere? 

A –5.9 µC B +0.60 µC C +5.9 µC D +9.8 µC 
 
 
32 An electron enters a region of space where there is a uniform electric field E as shown. 
 

path of

electron
E

 
 

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 

C linear decreases 

D linear increases 
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31 A small charged sphere of mass 0.80 g hangs from a light thread inside a vertical uniform electric 
field of strength 2000 V m–1. The thread passes over two frictionless pulleys and a mass of 2.00 g 
hangs on the other end. 

 

+

_

+

_

+

_

+

_

+

_

+

_

2.00 g mass

pulleys

electric

field of

2000 V m–1

charged sphere

of mass 0.80 g

 
 

The sphere is in equilibrium. 
 

What is the charge on the sphere? 

A –5.9 µC B +0.60 µC C +5.9 µC D +9.8 µC 
 
 
32 An electron enters a region of space where there is a uniform electric field E as shown. 
 

path of

electron
E

 
 

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 

C linear decreases 

D linear increases 
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33 The current in the circuit shown is 3.2 mA. 
 

R

X Y 
 

What are the direction of flow and the rate of flow of electrons through the resistor R? 
 

 direction of flow rate of flow / s–1 

A X to Y 2.0 × 1016 

B X to Y 5.1 × 10–22 

C Y to X 2.0 × 1016 

D Y to X 5.1 × 10–22 
 
 
34 A filament lamp has a resistance of 180 Ω when the current in it is 500 mA. 
 

What is the power dissipated in the lamp? 

A 45 W B 90 W C 290 W D 360 W 
 
 
35 Two copper wires X and Y have the same volume. Wire Y is four times as long as wire X. 
 

L 4L

X Y  
 

What is the ratio 
X  wireof resistance
Y  wireof resistance ? 

A 1 B 4 C 8 D 16 
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33 The current in the circuit shown is 3.2 mA. 
 

R

X Y 
 

What are the direction of flow and the rate of flow of electrons through the resistor R? 
 

 direction of flow rate of flow / s–1 

A X to Y 2.0 × 1016 

B X to Y 5.1 × 10–22 

C Y to X 2.0 × 1016 

D Y to X 5.1 × 10–22 
 
 
34 A filament lamp has a resistance of 180 Ω when the current in it is 500 mA. 
 

What is the power dissipated in the lamp? 

A 45 W B 90 W C 290 W D 360 W 
 
 
35 Two copper wires X and Y have the same volume. Wire Y is four times as long as wire X. 
 

L 4L

X Y  
 

What is the ratio 
X  wireof resistance
Y  wireof resistance ? 

A 1 B 4 C 8 D 16 
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33 The current in the circuit shown is 3.2 mA. 
 

R

X Y 
 

What are the direction of flow and the rate of flow of electrons through the resistor R? 
 

 direction of flow rate of flow / s–1 

A X to Y 2.0 × 1016 

B X to Y 5.1 × 10–22 

C Y to X 2.0 × 1016 

D Y to X 5.1 × 10–22 
 
 
34 A filament lamp has a resistance of 180 Ω when the current in it is 500 mA. 
 

What is the power dissipated in the lamp? 

A 45 W B 90 W C 290 W D 360 W 
 
 
35 Two copper wires X and Y have the same volume. Wire Y is four times as long as wire X. 
 

L 4L

X Y  
 

What is the ratio 
X  wireof resistance
Y  wireof resistance ? 

A 1 B 4 C 8 D 16 
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30 In an experiment to demonstrate double-slit interference using light, the distance from the slits to 
the screen is doubled and the slit separation is halved. The wavelength of the light is kept 
constant. 

 
By which factor does the separation of adjacent bright fringes change? 

A 
4
1  B 

2
1  C 2 D 4 

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

d  
 

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? 

 

0
0

A

E

d 0
0

B

E

d 0
0

C

E

d 0
0

D

E

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

X

Y uniform electric field

 
 

The distance between X and Y is 4.0 cm 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 100 N C–1. 

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

A – 4 eV B –2 eV C +2 eV D +4 eV 
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30 In an experiment to demonstrate double-slit interference using light, the distance from the slits to 
the screen is doubled and the slit separation is halved. The wavelength of the light is kept 
constant. 

 
By which factor does the separation of adjacent bright fringes change? 

A 
4
1  B 

2
1  C 2 D 4 

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

d  
 

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? 

 

0
0

A

E

d 0
0

B

E

d 0
0

C

E

d 0
0

D

E

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

X

Y uniform electric field

 
 

The distance between X and Y is 4.0 cm 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 100 N C–1. 

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

A – 4 eV B –2 eV C +2 eV D +4 eV 
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33 Two copper wires are joined together and carry a current, as shown. 
 

current current

wire P
diameter d wire Q

diameter 2d  
 

Wire P has diameter d and wire Q has diameter 2d. 
 

What is the ratio 
Q  wirein electrons free the of speed drift average
P  wirein electrons free the of speed drift average ? 

A 
4
1  B 

2
1  C 2 D 4 

 
 
34 A cell of negligible internal resistance is connected to resistors R1, R2 and R3, as shown. The cell 

provides power to the circuit and power is dissipated in the resistors. 
 

R1

R3R2

 
 

Which word equation must be correct? 

A power loss in R1 = power loss in R2 + power loss in R3 

B power loss in R2 = power loss in R3 

C power output of cell = power loss in R1 + power loss in R2 + power loss in R3 

D power output of cell = power loss in R1 
 
 
35 Which graph represents a metallic conductor, where the resistance of the conductor is given by 

the gradient of the graph? 
 

V

I

A

0
0

V

I

B

0
0

I

V

I

V

C

0
0

D

0
0  
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33 Two copper wires are joined together and carry a current, as shown. 
 

current current

wire P
diameter d wire Q

diameter 2d  
 

Wire P has diameter d and wire Q has diameter 2d. 
 

What is the ratio 
Q  wirein electrons free the of speed drift average
P  wirein electrons free the of speed drift average ? 

A 
4
1  B 

2
1  C 2 D 4 

 
 
34 A cell of negligible internal resistance is connected to resistors R1, R2 and R3, as shown. The cell 

provides power to the circuit and power is dissipated in the resistors. 
 

R1

R3R2

 
 

Which word equation must be correct? 

A power loss in R1 = power loss in R2 + power loss in R3 

B power loss in R2 = power loss in R3 

C power output of cell = power loss in R1 + power loss in R2 + power loss in R3 

D power output of cell = power loss in R1 
 
 
35 Which graph represents a metallic conductor, where the resistance of the conductor is given by 

the gradient of the graph? 
 

V

I

A

0
0

V

I

B

0
0

I

V

I

V

C

0
0

D

0
0  
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33 Two copper wires are joined together and carry a current, as shown. 
 

current current

wire P
diameter d wire Q

diameter 2d  
 

Wire P has diameter d and wire Q has diameter 2d. 
 

What is the ratio 
Q  wirein electrons free the of speed drift average
P  wirein electrons free the of speed drift average ? 

A 
4
1  B 

2
1  C 2 D 4 

 
 
34 A cell of negligible internal resistance is connected to resistors R1, R2 and R3, as shown. The cell 

provides power to the circuit and power is dissipated in the resistors. 
 

R1

R3R2

 
 

Which word equation must be correct? 

A power loss in R1 = power loss in R2 + power loss in R3 

B power loss in R2 = power loss in R3 

C power output of cell = power loss in R1 + power loss in R2 + power loss in R3 

D power output of cell = power loss in R1 
 
 
35 Which graph represents a metallic conductor, where the resistance of the conductor is given by 

the gradient of the graph? 
 

V

I

A

0
0

V

I

B

0
0

I

V

I

V

C

0
0

D

0
0  
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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? 

 

+ –

C

DB

A

 
 
 
32 Lightning can occur between a charged cloud and the Earth’s surface when the electric field 

strength in the intervening atmosphere reaches 25 kN C–1. The diagram shows the electric field 
between the base of a cloud and the Earth’s surface. 

 
base of cloud

Earth’s surface

2.0 km

–

+ + + + + + + + + + +

– – – – – – – – – –

 
 

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

A 12.5 MV B 25 MV C 50 MV D 100 MV 
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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? 

 

+ –

C

DB

A

 
 
 
32 Lightning can occur between a charged cloud and the Earth’s surface when the electric field 

strength in the intervening atmosphere reaches 25 kN C–1. The diagram shows the electric field 
between the base of a cloud and the Earth’s surface. 

 
base of cloud

Earth’s surface

2.0 km

–

+ + + + + + + + + + +

– – – – – – – – – –

 
 

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

A 12.5 MV B 25 MV C 50 MV D 100 MV 
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33 The number density of conduction electrons in copper is 8.0 × 1028
 m–3. 

 
What is the average drift speed of electrons in a copper wire of diameter 0.42 mm when the 
current in the wire is 0.57 A? 

A 8.0 × 10–11
 m s–1 

B 3.2 × 10–10
 m s–1 

C 8.0 × 10–5
 m s–1 

D 3.2 × 10–4
 m s–1 

 
 
34 A simple circuit comprises a source of electromotive force (e.m.f.) connected to a load. 
 

How does the output power P of the source depend on the internal resistance r of the source and 
the resistance R of the load? 

A P is independent of both r and R. 

B P depends on r but not on R. 

C P depends on R but not on r. 

D P depends on both r and R. 
 
 
35 An ideal diode has zero resistance when forward biased and infinite resistance when reverse 

biased. The diode is connected in series with a 2 Ω resistor across the terminals of a source 
having electromotive force (e.m.f.) 3 V and internal resistance 1 Ω, as shown. 

 

diode

2 Ω3 V

1 Ω
V

 
 

A high-resistance voltmeter is connected across the diode and resistor. 
 

Which row gives the readings of the voltmeter for the two ways of connecting the diode? 
 

 forward 
biased 

reverse 
biased 

A 1 V 3 V 

B 2 V 0 V 

C 2 V 3 V 

D 3 V 0 V 
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33 The number density of conduction electrons in copper is 8.0 × 1028
 m–3. 

 
What is the average drift speed of electrons in a copper wire of diameter 0.42 mm when the 
current in the wire is 0.57 A? 

A 8.0 × 10–11
 m s–1 

B 3.2 × 10–10
 m s–1 

C 8.0 × 10–5
 m s–1 

D 3.2 × 10–4
 m s–1 

 
 
34 A simple circuit comprises a source of electromotive force (e.m.f.) connected to a load. 
 

How does the output power P of the source depend on the internal resistance r of the source and 
the resistance R of the load? 

A P is independent of both r and R. 

B P depends on r but not on R. 

C P depends on R but not on r. 

D P depends on both r and R. 
 
 
35 An ideal diode has zero resistance when forward biased and infinite resistance when reverse 

biased. The diode is connected in series with a 2 Ω resistor across the terminals of a source 
having electromotive force (e.m.f.) 3 V and internal resistance 1 Ω, as shown. 

 

diode

2 Ω3 V

1 Ω
V

 
 

A high-resistance voltmeter is connected across the diode and resistor. 
 

Which row gives the readings of the voltmeter for the two ways of connecting the diode? 
 

 forward 
biased 

reverse 
biased 

A 1 V 3 V 

B 2 V 0 V 

C 2 V 3 V 

D 3 V 0 V 
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10 Steel pellets, each with a mass of 0.60 g, fall vertically onto a horizontal plate at a rate of 100 
pellets per minute. They strike the plate with a velocity of 5.0 m s–1 and rebound with a velocity of 
4.0 m s–1. 

 
What is the average force exerted on the plate by the pellets? 

A 0.0010 N B 0.0054 N C 0.0090 N D 0.54 N 
 
 
11 The diagram shows four forces applied to a circular object. 
 

30 N

30 N

45 N

45 N

 
 

Which row describes the resultant force and resultant torque on the object? 
 

 resultant force resultant torque 

A non-zero non-zero 

B non-zero zero 

C zero non-zero 

D zero zero 
 
 
12 A charged oil drop is held stationary between two charged parallel plates. 
 

charged oil drop
top plate

bottom plate

 
 

Which forces act on the oil drop? 

A both electric and gravitational 

B electric only 

C gravitational only 

D neither electric nor gravitational 
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29 Which statement gives a condition that enables diffraction to occur? 

A A source of waves moves towards a stationary observer. 

B A wave is partially blocked by an obstacle. 

C Two coherent waves are superposed. 

D Two waves of equal speed and frequency are travelling through the same part of a medium 
in opposite directions. 

 
 
30 An electron passes into the space between two parallel plates that are 5.0 cm apart and which 

are maintained at electric potentials of +2000 V and –500 V, respectively. 
 

5.0 cm

+2000 V

–500 V

electron

 
 

What is the electric force on the electron? 

A 1.6 × 10–15
 N 

B 4.8 × 10–15
 N 

C 6.4 × 10–15
 N 

D 8.0 × 10–15
 N 

 
 
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. 
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29 Which statement gives a condition that enables diffraction to occur? 

A A source of waves moves towards a stationary observer. 

B A wave is partially blocked by an obstacle. 

C Two coherent waves are superposed. 

D Two waves of equal speed and frequency are travelling through the same part of a medium 
in opposite directions. 

 
 
30 An electron passes into the space between two parallel plates that are 5.0 cm apart and which 

are maintained at electric potentials of +2000 V and –500 V, respectively. 
 

5.0 cm

+2000 V

–500 V

electron

 
 

What is the electric force on the electron? 

A 1.6 × 10–15
 N 

B 4.8 × 10–15
 N 

C 6.4 × 10–15
 N 

D 8.0 × 10–15
 N 

 
 
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. 
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32 The diagram shows a simple circuit. 
 

S

R
 

 
Which statement is correct? 

A When switch S is closed, the e.m.f. of the battery falls because work is done against the 
internal resistance of the battery. 

B When switch S is closed, the e.m.f. of the battery falls because work is done against the 
resistance of R. 

C When switch S is closed, the potential difference across the battery falls because work is 
done against the internal resistance of the battery. 

D When switch S is closed, the potential difference across the battery falls because work is 
done against the resistance of R. 

 
 
33 A resistor has resistance R. When the potential difference across the resistor is V, the current in 

the resistor is I. The power dissipated in the resistor is P. Work W is done when charge Q flows 
through the resistor. 

 
What is not a valid relationship between these variables? 

A I = 
V
P  B Q = 

V
W  C R = 2I

P  D R = 
P
V  

 
 
34 A wire of resistance 9.55 Ω has a diameter of 0.280 mm. 
 

It is made of metal of resistivity 4.90 × 10–7
 Ω m. 

 
What is the length of the wire? 

A 1.20 m B 4.80 m C 19.0 m D 76.8 m 
 
 
35 Charge carriers, each of charge q, move along a wire of fixed length. The number density of the 

charge carriers in the wire is n. 
 

What is also required, for this wire, to determine the average drift velocity of the charge carriers in 
terms of n and q? 

A current per unit of cross-sectional area 

B potential difference per unit of length 

C resistance and cross-sectional area 

D resistivity and length 
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32 The diagram shows a simple circuit. 
 

S

R
 

 
Which statement is correct? 

A When switch S is closed, the e.m.f. of the battery falls because work is done against the 
internal resistance of the battery. 

B When switch S is closed, the e.m.f. of the battery falls because work is done against the 
resistance of R. 

C When switch S is closed, the potential difference across the battery falls because work is 
done against the internal resistance of the battery. 

D When switch S is closed, the potential difference across the battery falls because work is 
done against the resistance of R. 

 
 
33 A resistor has resistance R. When the potential difference across the resistor is V, the current in 

the resistor is I. The power dissipated in the resistor is P. Work W is done when charge Q flows 
through the resistor. 

 
What is not a valid relationship between these variables? 

A I = 
V
P  B Q = 

V
W  C R = 2I

P  D R = 
P
V  

 
 
34 A wire of resistance 9.55 Ω has a diameter of 0.280 mm. 
 

It is made of metal of resistivity 4.90 × 10–7
 Ω m. 

 
What is the length of the wire? 

A 1.20 m B 4.80 m C 19.0 m D 76.8 m 
 
 
35 Charge carriers, each of charge q, move along a wire of fixed length. The number density of the 

charge carriers in the wire is n. 
 

What is also required, for this wire, to determine the average drift velocity of the charge carriers in 
terms of n and q? 

A current per unit of cross-sectional area 

B potential difference per unit of length 

C resistance and cross-sectional area 

D resistivity and length 
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32 The diagram shows a simple circuit. 
 

S

R
 

 
Which statement is correct? 

A When switch S is closed, the e.m.f. of the battery falls because work is done against the 
internal resistance of the battery. 

B When switch S is closed, the e.m.f. of the battery falls because work is done against the 
resistance of R. 

C When switch S is closed, the potential difference across the battery falls because work is 
done against the internal resistance of the battery. 

D When switch S is closed, the potential difference across the battery falls because work is 
done against the resistance of R. 

 
 
33 A resistor has resistance R. When the potential difference across the resistor is V, the current in 

the resistor is I. The power dissipated in the resistor is P. Work W is done when charge Q flows 
through the resistor. 

 
What is not a valid relationship between these variables? 

A I = 
V
P  B Q = 

V
W  C R = 2I

P  D R = 
P
V  

 
 
34 A wire of resistance 9.55 Ω has a diameter of 0.280 mm. 
 

It is made of metal of resistivity 4.90 × 10–7
 Ω m. 

 
What is the length of the wire? 

A 1.20 m B 4.80 m C 19.0 m D 76.8 m 
 
 
35 Charge carriers, each of charge q, move along a wire of fixed length. The number density of the 

charge carriers in the wire is n. 
 

What is also required, for this wire, to determine the average drift velocity of the charge carriers in 
terms of n and q? 

A current per unit of cross-sectional area 

B potential difference per unit of length 

C resistance and cross-sectional area 

D resistivity and length 
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4 In the circuit shown, an analogue ammeter is to be recalibrated as a thermometer. The ammeter 
is connected in series with a thermistor. The thermistor is a component with a resistance that 
varies with temperature. The graph shows how the resistance R of the thermistor changes with 
temperature T. 

 

A
0 100

R / kΩ

T / °C
thermistor

 
 

Which diagram could represent the temperature scale on the ammeter? 
 

0

20 40 6080100

°C

A

02040 60 80
100

°C

B

100
80 60 40 20 0

°C

C

100 80 60 40 20
0

°C

D

 
 
 
5 The sides of a cube are measured with calipers. 
 

The measured length of each side is (30.0 ± 0.1) mm. 
 

The measurements are used to calculate the volume of the cube. 
 

What is the percentage uncertainty in the calculated value of the volume? 

A 0.01% B 0.3% C 1% D 3% 
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27 A pipe, closed at one end, has a loudspeaker at the open end. A stationary sound wave is formed 
in the air within the pipe with an antinode at the open end of the pipe. 

 
0.85 m

loudspeaker pipe

 
 

The length of the pipe is 0.85 m. 
 

The speed of sound in air is 340 m s–1. 
 

Which frequency of sound from the loudspeaker would not produce a stationary wave? 

A 100 Hz B 200 Hz C 300 Hz D 500 Hz 
 
 
28 A particle has a charge of +2.0 mC and is in a vertical uniform electric field. An electric force of 

1.0 × 10–2
 N acts upwards on the particle. 

 
What is the electric field strength? 

A 0.20 V m–1 downwards 

B 0.20 V m–1 upwards 

C 5.0 V m–1 downwards 

D 5.0 V m–1 upwards 
 
 
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 
4
F  B 

2
F  C F D 2F 
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27 A pipe, closed at one end, has a loudspeaker at the open end. A stationary sound wave is formed 
in the air within the pipe with an antinode at the open end of the pipe. 

 
0.85 m

loudspeaker pipe

 
 

The length of the pipe is 0.85 m. 
 

The speed of sound in air is 340 m s–1. 
 

Which frequency of sound from the loudspeaker would not produce a stationary wave? 

A 100 Hz B 200 Hz C 300 Hz D 500 Hz 
 
 
28 A particle has a charge of +2.0 mC and is in a vertical uniform electric field. An electric force of 

1.0 × 10–2
 N acts upwards on the particle. 

 
What is the electric field strength? 

A 0.20 V m–1 downwards 

B 0.20 V m–1 upwards 

C 5.0 V m–1 downwards 

D 5.0 V m–1 upwards 
 
 
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 
4
F  B 

2
F  C F D 2F 
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30 The current I in a metal wire is given by the expression shown. 
 

I = Anvq 
 

What does the symbol n represent? 

A the number of atoms per unit volume of the metal 

B the number of free electrons per atom in the metal 

C the number of free electrons per unit volume of the metal 

D the total number of electrons per unit volume of the metal 
 
 
31 The circuit diagrams show two lamps X and Y each connected to a cell. The current in lamp X is 

0.50 A and its resistance is 9.6 Ω. The current in lamp Y is 3.0 A and its resistance is 1.2 Ω. 
 

0.50 A
lamp X

9.6 Ω

3.0 A
lamp Y

1.2 Ω  
 

What is the ratio 
 Ylamp in power
X lamp in power ? 

A 0.22 B 0.75 C 1.3 D 4.5 
 
 
32 A cylindrical piece of a soft, electrically-conducting material has resistance R. It is rolled out so 

that its length is doubled but its volume stays constant. 
 

What is its new resistance? 

A 
2
R  B R C 2R D 4R 

 
 
33 The sum of the electrical currents into a point in a circuit is equal to the sum of the currents out of 

the point. 
 

Which statement is correct? 

A This is Kirchhoff’s first law, which results from the conservation of charge. 

B This is Kirchhoff’s first law, which results from the conservation of energy. 

C This is Kirchhoff’s second law, which results from the conservation of charge. 

D This is Kirchhoff’s second law, which results from the conservation of energy. 
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30 The current I in a metal wire is given by the expression shown. 
 

I = Anvq 
 

What does the symbol n represent? 

A the number of atoms per unit volume of the metal 

B the number of free electrons per atom in the metal 

C the number of free electrons per unit volume of the metal 

D the total number of electrons per unit volume of the metal 
 
 
31 The circuit diagrams show two lamps X and Y each connected to a cell. The current in lamp X is 

0.50 A and its resistance is 9.6 Ω. The current in lamp Y is 3.0 A and its resistance is 1.2 Ω. 
 

0.50 A
lamp X

9.6 Ω

3.0 A
lamp Y

1.2 Ω  
 

What is the ratio 
 Ylamp in power
X lamp in power ? 

A 0.22 B 0.75 C 1.3 D 4.5 
 
 
32 A cylindrical piece of a soft, electrically-conducting material has resistance R. It is rolled out so 

that its length is doubled but its volume stays constant. 
 

What is its new resistance? 

A 
2
R  B R C 2R D 4R 

 
 
33 The sum of the electrical currents into a point in a circuit is equal to the sum of the currents out of 

the point. 
 

Which statement is correct? 

A This is Kirchhoff’s first law, which results from the conservation of charge. 

B This is Kirchhoff’s first law, which results from the conservation of energy. 

C This is Kirchhoff’s second law, which results from the conservation of charge. 

D This is Kirchhoff’s second law, which results from the conservation of energy. 
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30 The current I in a metal wire is given by the expression shown. 
 

I = Anvq 
 

What does the symbol n represent? 

A the number of atoms per unit volume of the metal 

B the number of free electrons per atom in the metal 

C the number of free electrons per unit volume of the metal 

D the total number of electrons per unit volume of the metal 
 
 
31 The circuit diagrams show two lamps X and Y each connected to a cell. The current in lamp X is 

0.50 A and its resistance is 9.6 Ω. The current in lamp Y is 3.0 A and its resistance is 1.2 Ω. 
 

0.50 A
lamp X

9.6 Ω

3.0 A
lamp Y

1.2 Ω  
 

What is the ratio 
 Ylamp in power
X lamp in power ? 

A 0.22 B 0.75 C 1.3 D 4.5 
 
 
32 A cylindrical piece of a soft, electrically-conducting material has resistance R. It is rolled out so 

that its length is doubled but its volume stays constant. 
 

What is its new resistance? 

A 
2
R  B R C 2R D 4R 

 
 
33 The sum of the electrical currents into a point in a circuit is equal to the sum of the currents out of 

the point. 
 

Which statement is correct? 

A This is Kirchhoff’s first law, which results from the conservation of charge. 

B This is Kirchhoff’s first law, which results from the conservation of energy. 

C This is Kirchhoff’s second law, which results from the conservation of charge. 

D This is Kirchhoff’s second law, which results from the conservation of energy. 
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30 Two large parallel metal plates X and Y are situated in a vacuum as shown. 
 

plate X

plate Y

+

–

positively
charged
particle

 
 

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

D It remains constant because the positively charged particle is in the uniform electric field 
between the plates. 

 
 
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

+ –

C

+ –

D

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

plate X

plate Y

+

–

positively
charged
particle

 
 

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

D It remains constant because the positively charged particle is in the uniform electric field 
between the plates. 

 
 
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

+ –

C

+ –

D

+ –
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32 The power output of an electrical supply is 2.4 kW at a potential difference (p.d.) of 240 V. The 
two wires between the supply and a kettle each have a resistance of 0.50 Ω, as shown. 

 
supply kettle

240 V
2.4 kW

0.50 Ω

0.50 Ω  
 

What is the power supplied to the kettle and what is the p.d. across the kettle? 
 

 power / kW p.d. / V 

A 2.3 230 

B 2.3 235 

C 2.4 230 

D 2.4 235 
 
 
33 Which graph shows the variation of voltage V with current I for a semiconductor diode? 
 

I

V

A

0
0

I

V

B

0
0

I

V

C

0
0

I

V

D

0
0
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27 Two parallel metal plates are situated 20 cm apart in a vacuum. They are connected to two 
sources of potential difference as shown. 

 

+

–

+

–
800 V 300 V

20 cmproton

 
 

A proton is released in the space between the plates. 
 

What is the magnitude and direction of the acceleration of the proton? 

A 2.4 × 1011
 m s–2 downwards 

B 2.4 × 1011
 m s–2 upwards 

C 5.3 × 1011
 m s–2 downwards 

D 5.3 × 1011
 m s–2 upwards 

 
 
28 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. 
 

d

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 
4
d  B 

2
d  C 2d D 4d 
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27 Two parallel metal plates are situated 20 cm apart in a vacuum. They are connected to two 
sources of potential difference as shown. 

 

+

–

+

–
800 V 300 V

20 cmproton

 
 

A proton is released in the space between the plates. 
 

What is the magnitude and direction of the acceleration of the proton? 

A 2.4 × 1011
 m s–2 downwards 

B 2.4 × 1011
 m s–2 upwards 

C 5.3 × 1011
 m s–2 downwards 

D 5.3 × 1011
 m s–2 upwards 

 
 
28 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. 
 

d

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 
4
d  B 

2
d  C 2d D 4d 
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29 What is a possible charge on a particle? 

A 6.40 × 10–20
 C 

B 4.00 × 10–19
 C 

C 1.12 × 10–18
 C 

D 9.11 × 10–18
 C 

 
 
30 A slice of germanium of cross-sectional area 1.0 cm2 carries a current of 56 µA. The number 

density of charge carriers in the germanium is 2.0 × 1013
 cm–3. Each charge carrier has a charge 

equal to the charge on an electron. 
 

area 1.0 cm2

slice of
germanium

current
56 µA  

 
What is the average drift velocity of the charge carriers in the germanium? 

A 0.18 m s–1 B 18 m s–1 C 180 m s–1 D 1800 m s–1 
 
 
31 A cell of electromotive force (e.m.f.) E and internal resistance r is connected to an external 

resistor of resistance R, as shown. 
 

r
E

R
 

 
What is the power dissipated in the external resistor? 

A 2

2 )(
R

rRE +  B 2

2

)( rR
RE
+

 C 2

2 )(
r

rRE +  D 2

2

)( rR
rE

+
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32 The graph shows the I-V characteristic of an electrical component. 
 

I

V
0

0

 
 

What is the component? 

A a filament lamp 

B a metallic conductor at constant temperature 

C a resistor 

D a semiconductor diode 
 
 
33 A metal wire of length 1.4 m has a uniform cross-sectional area of 7.8 × 10–7

 m2. 
 

The resistivity of the metal is 1.7 × 10–8
 Ω m. 

 
What is the resistance of the wire? 

A 0.016 Ω B 0.031 Ω C 33 Ω D 64 Ω 
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32 The graph shows the I-V characteristic of an electrical component. 
 

I

V
0

0

 
 

What is the component? 

A a filament lamp 

B a metallic conductor at constant temperature 

C a resistor 

D a semiconductor diode 
 
 
33 A metal wire of length 1.4 m has a uniform cross-sectional area of 7.8 × 10–7

 m2. 
 

The resistivity of the metal is 1.7 × 10–8
 Ω m. 

 
What is the resistance of the wire? 

A 0.016 Ω B 0.031 Ω C 33 Ω D 64 Ω 
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35 The diagram shows a network of three resistors. Two of these, marked R, are identical. The other 
resistor has a resistance of 5.0 Ω. 

 

5.0 Ω

R

R

X

Y

Z  
 

The resistance between Y and Z is found to be 2.5 Ω. 
 

What is the resistance between X and Y? 

A 0.30 Ω B 0.53 Ω C 1.9 Ω D 3.3 Ω 
 
 
36 The diagram shows a battery, a fixed resistor, an ammeter and a variable resistor connected in 

series. 
 

A voltmeter is connected across the fixed resistor. 
 

A

V

 
 

The resistance of the variable resistor is reduced. 
 

Which row describes the changes in the readings of the ammeter and of the voltmeter? 
 

 ammeter voltmeter 

A decrease decrease 

B decrease increase 

C increase decrease 

D increase increase 
 
 

100. Question | 9702 Oct-Nov 2018 P1 V1 Q10 7 

© UCLES 2018 9702/11/O/N/18 [Turn over 

10 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 

C gravitational negative 

D gravitational positive 
 
 
11 A uniform rod of length 200 cm is freely pivoted at point P. The rod is held horizontally in 

equilibrium by a 60 N weight that is attached to the rod by a string passing over a frictionless 
pulley. 

 

40 cm

200 cm

60 N

P

uniform rod

30°

frictionless
pulley

weight

 
 

What is the weight of the rod? 

A 30 N B 60 N C 80 N D 140 N 
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27 What is an example of the diffraction of a wave? 

A laser light travelling along an optic fibre 

B light waves forming images on a cinema screen 

C microwaves passing the edge of a metal plate 

D sound waves diverging as they pass through air 
 
 
28 When the light from two lamps falls on a screen, no interference pattern can be obtained. 
 

Why is this? 

A The lamps are not point sources. 

B The lamps emit light of different amplitudes. 

C The light from the lamps is not coherent. 

D The light from the lamps is white. 
 
 
29 A beam of light consists of two wavelengths of 436 nm and 654 nm. A diffraction grating of 

5.00 × 105 lines m–1 produces a diffraction pattern in which the second order of one of these 
wavelengths occurs at the same angle θ as the third order of the other wavelength. 

 

zero order436 nm
654 nm

θ
θ

overlapping orders

 
 

What is the angle θ ? 

A 19.1° B 25.8° C 40.8° D 78.8° 
 
 
30 Which diagram shows the electric field lines surrounding an isolated negative point charge? 
 

–

A

–

B

–

C

–

D
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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? 

 

electrons electrons

diagram 1 diagram 2

A B C D

electric field
in the plane
of the paper

electric field into the paper
and perpendicular to the

plane of the paper
 

 
 
32 A charged particle of charge q 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 
qV
md  B 

qd
mV  C 

mV
qd  D 

md
qV  

 
 
33 When there is a current of 5.0 A in a copper wire, the average drift velocity of the free electrons is 

8.0 × 10–4
 m s–1. 

 
What is the average drift velocity in a different copper wire that has twice the diameter and a 
current of 10.0 A? 

A 4.0 × 10–4
 m s–1 

B 8.0 × 10–4
 m s–1 

C 1.6 × 10–3
 m s–1 

D 3.2 × 10–3
 m s–1 
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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? 

 

electrons electrons

diagram 1 diagram 2

A B C D

electric field
in the plane
of the paper

electric field into the paper
and perpendicular to the

plane of the paper
 

 
 
32 A charged particle of charge q 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 
qV
md  B 

qd
mV  C 

mV
qd  D 

md
qV  

 
 
33 When there is a current of 5.0 A in a copper wire, the average drift velocity of the free electrons is 

8.0 × 10–4
 m s–1. 

 
What is the average drift velocity in a different copper wire that has twice the diameter and a 
current of 10.0 A? 

A 4.0 × 10–4
 m s–1 

B 8.0 × 10–4
 m s–1 

C 1.6 × 10–3
 m s–1 

D 3.2 × 10–3
 m s–1 

 
 

104. Question | 9702 Oct-Nov 2018 P1 V1 Q33

17 

© UCLES 2018 9702/11/O/N/18 [Turn over 

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? 

 

electrons electrons

diagram 1 diagram 2

A B C D

electric field
in the plane
of the paper

electric field into the paper
and perpendicular to the

plane of the paper
 

 
 
32 A charged particle of charge q 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 
qV
md  B 

qd
mV  C 

mV
qd  D 

md
qV  

 
 
33 When there is a current of 5.0 A in a copper wire, the average drift velocity of the free electrons is 

8.0 × 10–4
 m s–1. 

 
What is the average drift velocity in a different copper wire that has twice the diameter and a 
current of 10.0 A? 

A 4.0 × 10–4
 m s–1 

B 8.0 × 10–4
 m s–1 

C 1.6 × 10–3
 m s–1 

D 3.2 × 10–3
 m s–1 
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34 What is equivalent to one volt? 

A one coulomb per second 

B one joule per coulomb 

C one joule per second 

D one joule second per coulomb squared 
 
 
35 The diagram shows a rectangular block with dimensions x, 2x and 3x. 
 

R
R

Q

Q

2x

3x

x

top face P

bottom face P  
 

Electrical contact can be made to the block between opposite pairs of faces (for example, 
between the faces labelled R). 

 
Which statement describing the electrical resistance of the block is correct? 

A It is maximum between the faces labelled P. 

B It is maximum between the faces labelled Q. 

C It is maximum between the faces labelled R. 

D It is the same, whichever pair of faces is used. 
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10 The diagram shows two identical spheres X and Y. 
 

X Y

v

 
 

Initially, X moves with speed v directly towards Y. Y is stationary. The spheres collide elastically. 
 

What happens? 
 

 X Y 

A moves with speed 2
1 v  to the right moves with speed 2

1 v to the right 

B moves with speed v to the left remains stationary 

C moves with speed 2
1 v to the left moves with speed 2

1 v to the right 

D stops moves with speed v to the right 
 
 
11 A positively-charged particle of negligible mass, moving at constant velocity v in a vacuum, enters 

a uniform electric field between two parallel plates, as shown. 
 

positive plate

negative plate

v
+

 
 

A short time later, the particle is at the position shown. 
 

positive plate

negative plate 
 

Which diagram represents the force or forces acting on the particle? 
 

A B C D
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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
+ ++

– ––

C
+ ++

– ––

D
+ ++

– ––
 

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

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? 
 

0
0

A

E

t
0

0

B

E

t
0

0

C

E

t
0

0

D

E

t  
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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
+ ++

– ––

C
+ ++

– ––

D
+ ++

– ––
 

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

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? 
 

0
0

A

E

t
0

0

B

E

t
0

0

C

E

t
0

0

D

E

t  
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33 Which two units are used to define the coulomb? 

A ampere and second 

B ampere and volt 

C volt and ohm 

D volt and second 
 
 
34 An electrical device of fixed resistance 20 Ω is connected in series with a variable resistor and a 

battery of electromotive force (e.m.f.) 16 V and negligible internal resistance. 
 

20 Ω
device

16 V

 
 

What is the resistance of the variable resistor when the power dissipated in the electrical device 
is 4.0 W? 

A 16 Ω B 36 Ω C 44 Ω D 60 Ω 
 
 
35 A wire of length L has resistance R. The cross-section of the wire is circular with radius r. 
 

A second wire, also of circular cross-section, and of the same material, has resistance 2
1 R. 

 
What could be the radius and the length of the second wire? 

 
 radius length 

A 
2
r  

2
L  

B 
2
r  

2
L  

C 2r  2L 

D 2r 2L 
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33 Which two units are used to define the coulomb? 

A ampere and second 

B ampere and volt 

C volt and ohm 

D volt and second 
 
 
34 An electrical device of fixed resistance 20 Ω is connected in series with a variable resistor and a 

battery of electromotive force (e.m.f.) 16 V and negligible internal resistance. 
 

20 Ω
device

16 V

 
 

What is the resistance of the variable resistor when the power dissipated in the electrical device 
is 4.0 W? 

A 16 Ω B 36 Ω C 44 Ω D 60 Ω 
 
 
35 A wire of length L has resistance R. The cross-section of the wire is circular with radius r. 
 

A second wire, also of circular cross-section, and of the same material, has resistance 2
1 R. 

 
What could be the radius and the length of the second wire? 

 
 radius length 

A 
2
r  

2
L  

B 
2
r  

2
L  

C 2r  2L 

D 2r 2L 
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30 Two parallel metal plates are at electric potentials of +800 V and +1300 V. 
 

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

+800 V +1300 V

A

+800 V +1300 V

B

+800 V +1300 V

C

+800 V +1300 V

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

 

5.0 mm

0 V

–700 V

plate P

plate Q

R

 
 

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

A 1.4 × 102
 N C–1 from P towards Q 

B 1.4 × 102
 N C–1 from Q towards P 

C 1.4 × 105
 N C–1 from P towards Q 

D 1.4 × 105
 N C–1 from Q towards P 

 
 
32 The current I in a copper wire can be calculated using the equation shown. 
 

I = Anvq 
 

What does the symbol v represent? 

A the average drift velocity of the charge carriers 

B the instantaneous velocity of the charge carriers 

C the voltage applied across the wire 

D the volume of the wire 
 
 
33 Three resistors are to be connected into a circuit with the arrangement shown. 
 

100 Ω 100 Ω

100 Ω

X Y

 
 

The power in any resistor must not be greater than 4.0 W. 
 

What is the maximum voltage across XY? 

A 24 V B 30 V C 40 V D 60 V 
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31 The diagram shows two metal plates P and Q. There is a potential difference of 700 V between 
the plates. Plate Q is earthed. 

 

5.0 mm

0 V

–700 V

plate P

plate Q

R

 
 

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

A 1.4 × 102
 N C–1 from P towards Q 

B 1.4 × 102
 N C–1 from Q towards P 

C 1.4 × 105
 N C–1 from P towards Q 

D 1.4 × 105
 N C–1 from Q towards P 

 
 
32 The current I in a copper wire can be calculated using the equation shown. 
 

I = Anvq 
 

What does the symbol v represent? 

A the average drift velocity of the charge carriers 

B the instantaneous velocity of the charge carriers 

C the voltage applied across the wire 

D the volume of the wire 
 
 
33 Three resistors are to be connected into a circuit with the arrangement shown. 
 

100 Ω 100 Ω

100 Ω

X Y

 
 

The power in any resistor must not be greater than 4.0 W. 
 

What is the maximum voltage across XY? 

A 24 V B 30 V C 40 V D 60 V 
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31 The diagram shows two metal plates P and Q. There is a potential difference of 700 V between 
the plates. Plate Q is earthed. 

 

5.0 mm

0 V

–700 V

plate P

plate Q

R

 
 

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

A 1.4 × 102
 N C–1 from P towards Q 

B 1.4 × 102
 N C–1 from Q towards P 

C 1.4 × 105
 N C–1 from P towards Q 

D 1.4 × 105
 N C–1 from Q towards P 

 
 
32 The current I in a copper wire can be calculated using the equation shown. 
 

I = Anvq 
 

What does the symbol v represent? 

A the average drift velocity of the charge carriers 

B the instantaneous velocity of the charge carriers 

C the voltage applied across the wire 

D the volume of the wire 
 
 
33 Three resistors are to be connected into a circuit with the arrangement shown. 
 

100 Ω 100 Ω

100 Ω

X Y

 
 

The power in any resistor must not be greater than 4.0 W. 
 

What is the maximum voltage across XY? 

A 24 V B 30 V C 40 V D 60 V 
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34 Gold is sometimes used to make very small connecting wires in electronic circuits. 
 

A particular gold wire has length 2.50 × 10–3
 m and cross-sectional area 6.25 × 10–8

 m2. Gold has 
resistivity 2.30 × 10–8

 Ω m. 
 

What is the resistance of the wire? 

A 3.6 × 10–18
 Ω 

B 5.8 × 10–13
 Ω 

C 9.2 × 10–4
 Ω 

D 6.8 × 10–3
 Ω 

 
 
35 A resistor X of resistance 40 Ω and a variable resistor are connected to a battery of electromotive 

force (e.m.f.) 12 V and internal resistance 2.0 Ω, as shown. 
 

2.0 Ω

0 – 40 Ω

12 V

40 Ω

X  
 

The resistance of the variable resistor is changed from 0 to 40 Ω. 
 

What is the change in power dissipated in resistor X? 

A 2.4 W B 2.7 W C 3.6 W D 5.6 W 
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29 A diffraction grating experiment is set up using orange light of wavelength 600 nm. The grating 
has a slit separation of 2.00 µm. 

 

light of
wavelength

600 nm
grating

2nd order orange

1st order orange

θ1

θ2

 
 

What is the angular separation (θ2 – θ1) between the first and second order maxima of the orange 
light? 

A 17.5° B 19.4° C 36.9° D 54.3° 
 
 
30 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 +50 V. 
 

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

A 1.0 × 104
 V m–1 downwards 

B 1.0 × 104
 V m–1 upwards 

C 2.0 × 104
 V m–1 downwards 

D 2.0 × 104
 V m–1 upwards 
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31 The diagram shows the electric field near a point charge and two electrons X and Y. 
 

X

Y

 
 

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

 direction of force magnitude 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 force on Y 
 
 
32 The electric current in a wire may be calculated using the equation I = Anvq. 
 

Which statement is not correct? 

A n is the number of charge carriers per unit volume of the wire. 

B nA is the number of charge carriers per unit length of the wire. 

C q is the charge of each charge carrier. 

D v is the velocity of each charge carrier. 
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31 The diagram shows the electric field near a point charge and two electrons X and Y. 
 

X

Y

 
 

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

 direction of force magnitude 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 force on Y 
 
 
32 The electric current in a wire may be calculated using the equation I = Anvq. 
 

Which statement is not correct? 

A n is the number of charge carriers per unit volume of the wire. 

B nA is the number of charge carriers per unit length of the wire. 

C q is the charge of each charge carrier. 

D v is the velocity of each charge carrier. 
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33 Three resistors are connected in parallel across a power supply, as shown. 
 

+ –

2 Ω

3 Ω

4 Ω
 

 
The power dissipated in each of the resistors of resistance 2 Ω, 3 Ω and 4 Ω is P2, P3 and P4 
respectively. 

 
What is the ratio P2 : P3 : P4? 

A 2 : 3 : 4 B 4 : 3 : 2 C 6 : 4 : 3 D 36 : 16 : 9 
 
 
34 Which graph shows the variation with current I of the potential difference V of a filament lamp? 
 

A

I

V

B

I

V

C

I

V

D

I

V

0
0

0
0

0
0

0
0  

 
 
35 A wire of cross-sectional area 5.0 × 10–6

 m2 is made of a metal of resistivity 50 × 10–8
 Ω m. 

 
The potential difference across the wire is 6.0 V and the current is 3.0 A. 

 
What is the length of the wire? 

A 0.050 m B 0.20 m C 5.0 m D 20 m 
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33 Three resistors are connected in parallel across a power supply, as shown. 
 

+ –

2 Ω

3 Ω

4 Ω
 

 
The power dissipated in each of the resistors of resistance 2 Ω, 3 Ω and 4 Ω is P2, P3 and P4 
respectively. 

 
What is the ratio P2 : P3 : P4? 

A 2 : 3 : 4 B 4 : 3 : 2 C 6 : 4 : 3 D 36 : 16 : 9 
 
 
34 Which graph shows the variation with current I of the potential difference V of a filament lamp? 
 

A

I

V

B

I

V

C

I

V

D

I

V

0
0

0
0

0
0

0
0  

 
 
35 A wire of cross-sectional area 5.0 × 10–6

 m2 is made of a metal of resistivity 50 × 10–8
 Ω m. 

 
The potential difference across the wire is 6.0 V and the current is 3.0 A. 

 
What is the length of the wire? 

A 0.050 m B 0.20 m C 5.0 m D 20 m 
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33 Three resistors are connected in parallel across a power supply, as shown. 
 

+ –

2 Ω

3 Ω

4 Ω
 

 
The power dissipated in each of the resistors of resistance 2 Ω, 3 Ω and 4 Ω is P2, P3 and P4 
respectively. 

 
What is the ratio P2 : P3 : P4? 

A 2 : 3 : 4 B 4 : 3 : 2 C 6 : 4 : 3 D 36 : 16 : 9 
 
 
34 Which graph shows the variation with current I of the potential difference V of a filament lamp? 
 

A

I

V

B

I

V

C

I

V

D

I

V

0
0

0
0

0
0

0
0  

 
 
35 A wire of cross-sectional area 5.0 × 10–6

 m2 is made of a metal of resistivity 50 × 10–8
 Ω m. 

 
The potential difference across the wire is 6.0 V and the current is 3.0 A. 

 
What is the length of the wire? 

A 0.050 m B 0.20 m C 5.0 m D 20 m 
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6 A car travels along a straight horizontal road. The graph shows the variation of the velocity v of 
the car with time t for 6.0 s of its journey. 

 
30

20

10

0

v / m s–1

t / s
0 1.0 2.0 3.0 4.0 5.0 6.0

 
 

The brakes of the car are applied from t = 1.0 s to t = 4.0 s. 
 

How far does the car travel while the brakes are applied? 

A 21 m B 45 m C 67 m D 83 m 
 
 
7 A stone is thrown horizontally from the top of a cliff and falls into the sea some time later. Air 

resistance is negligible. 
 

Which graph shows how the vertical component vv of velocity of this stone varies with its 
horizontal component vh of velocity as it moves through the air? 

 

vv

vh

0
0

A

vv

vh

0
0

B

vv

vh

0
0

C

vv

vh

0
0

D

 
 
 
8 A positive charge of 2.6 × 10–8

 C is in a uniform electric field of field strength 300 000 V m–1. 
 

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? 

A 3.1 × 10–5
 J 

B 2.0 × 10–3
 J 

C 3.1 × 10–2
 J 

D 2.0 J 
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30 The interference patterns from a diffraction grating and a double slit are compared.  
 

Using the diffraction grating, yellow light of the first order is seen at 30° to the normal to the 
grating. 

 
The same light produces interference fringes on a screen 1.0 m from the double slit. The slit 
separation is 500 times greater than the line spacing of the grating.  

 
What is the fringe separation on the screen? 

A 2.5 × 10–7
 m 

B 1.0 × 10–5
 m 

C 1.0 × 10–3
 m 

D 1.0 × 10–1
 m 

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

A B C D

 
 
 
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 – 4.8 × 10–19
 C 

B +1.6 × 10–19
 C 

C +3.2 × 10–19
 C 

D +4.0 × 10–19
 C 
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30 The interference patterns from a diffraction grating and a double slit are compared.  
 

Using the diffraction grating, yellow light of the first order is seen at 30° to the normal to the 
grating. 

 
The same light produces interference fringes on a screen 1.0 m from the double slit. The slit 
separation is 500 times greater than the line spacing of the grating.  

 
What is the fringe separation on the screen? 

A 2.5 × 10–7
 m 

B 1.0 × 10–5
 m 

C 1.0 × 10–3
 m 

D 1.0 × 10–1
 m 

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

A B C D

 
 
 
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 – 4.8 × 10–19
 C 

B +1.6 × 10–19
 C 

C +3.2 × 10–19
 C 

D +4.0 × 10–19
 C 
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33 A voltmeter connected between two points P and Q in an electrical circuit shows a reading of 1 V. 
 

V

P
+ –

Q  
 

Which statement is correct? 

A The energy needed to move +1 C of charge from P to Q is 1 J. 

B The energy needed to move +1 C of charge from Q to P is 1 J. 

C The energy needed to move one electron from P to Q is 1 J. 

D The energy needed to move one electron from Q to P is 1 J. 
 
 
34 Which graph best represents the variation with current I of potential difference V for a filament 

lamp? 
 

0

V

I0

A

0

V

I0

B

0

V

I0

C

0

V

I0

D

 
 
 



9702 Physics Paper 1 - Electricity
Topical questions | 336 questions

126. Question | 9702 May-June 2019 P1 V1 Q34

17 

© UCLES 2019 9702/11/M/J/19 [Turn over 

33 A voltmeter connected between two points P and Q in an electrical circuit shows a reading of 1 V. 
 

V

P
+ –

Q  
 

Which statement is correct? 

A The energy needed to move +1 C of charge from P to Q is 1 J. 

B The energy needed to move +1 C of charge from Q to P is 1 J. 

C The energy needed to move one electron from P to Q is 1 J. 

D The energy needed to move one electron from Q to P is 1 J. 
 
 
34 Which graph best represents the variation with current I of potential difference V for a filament 

lamp? 
 

0

V

I0

A

0

V

I0

B

0

V

I0

C

0

V

I0

D
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31 A student sets up apparatus to observe the double-slit interference of monochromatic light, as 
shown. 

 

double slit

monochromatic
light

screen 
 

Interference fringes are formed on the screen. 
 

Which change would increase the distance between adjacent fringes? 

A Decrease the distance between the two slits. 

B Decrease the width of each slit. 

C Move the screen closer to the double slit. 

D Use light of a higher frequency. 
 
 
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. 
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33 A length of wire is connected into a circuit. 
 

R S

area A area   A1
2

 
 

The area of the cross-section of the wire changes from A at R to 2
1 A at S. 

 
There is a constant current in the wire. Charge Q passes R in time t. 

 
What is the charge passing point S in the same time t ? 

A 2
1 Q B Q C 2Q  D 2Q 

 
 
34 Four wires are made of the same metal. The cross-sectional areas, lengths and thermodynamic 

temperatures of the wires are shown. 
 

Which wire has the largest resistance? 
 

 cross-sectional 
area length temperature 

A A 2L 2T 

B A L T 

C 2A 2L 2T 

D 2A L T 
 
 



9702 Physics Paper 1 - Electricity
Topical questions | 336 questions

129. Question | 9702 May-June 2019 P1 V2 Q34

18 

© UCLES 2019 9702/12/M/J/19  

33 A length of wire is connected into a circuit. 
 

R S

area A area   A1
2

 
 

The area of the cross-section of the wire changes from A at R to 2
1 A at S. 

 
There is a constant current in the wire. Charge Q passes R in time t. 

 
What is the charge passing point S in the same time t ? 

A 2
1 Q B Q C 2Q  D 2Q 

 
 
34 Four wires are made of the same metal. The cross-sectional areas, lengths and thermodynamic 

temperatures of the wires are shown. 
 

Which wire has the largest resistance? 
 

 cross-sectional 
area length temperature 

A A 2L 2T 

B A L T 

C 2A 2L 2T 

D 2A L T 
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9 A nucleus collides with a stationary nucleus in a vacuum. The diagrams show the paths of the 
nuclei before and after the collision. 

 
No other particles are involved in the collision. 

 
Which diagram is not possible? 

 
A

C

B

D

 
 
 
10 A uniform electric field is created by two parallel vertical plates. A positively charged particle is in 

the vacuum between the plates, as shown. 
 

+

+

+

+

+

+

+

+

–

–

–

–

–

–

–

– positively

charged

particle

 
 

Which statement is correct? 

A The electric field makes the particle move towards the negative plate with a constant speed. 

B The electric field makes the particle move towards the negative plate with a constant 
acceleration. 

C The electric field produces a uniform rate of decrease in the particle’s acceleration. 

D The electric field produces a uniform rate of increase in the particle’s acceleration. 
 
 



9702 Physics Paper 1 - Electricity
Topical questions | 336 questions

131. Question | 9702 May-June 2019 P1 V3 Q31

14 

© UCLES 2019 9702/13/M/J/19  

30 Monochromatic light of wavelength 690 nm passes through a diffraction grating with 
300 lines per mm, producing a series of maxima (bright spots) on a screen. 

 

diffraction

grating

screen

 
 

What is the greatest number of maxima that can be observed? 

A 4 B 5 C 8 D 9 
 
 
31 Which diagram represents the electric field line pattern due to a combination of two positive 

charges? 
 

D

B

C

A

 
 
 
32 Which two units are used to define the volt? 

A ampere and ohm 

B coulomb and joule 

C coulomb and ohm 

D coulomb and second 
 

132. Question | 9702 May-June 2019 P1 V3 Q33 15 

© UCLES 2019 9702/13/M/J/19 [Turn over 

33 The graph shows the variation with length of the resistance of a uniform metal wire. 
 

0
0

resistance

length  
 

The gradient of the graph is G. 
The wire has cross-sectional area A. 

 
Which expression could be used to calculate the resistivity of the metal of the wire? 

A G × A B 
A
G  C 

G
A  D G × A2 

 
 
34 Diagram 1 shows a lamp connected to a supply through two switches. 
 

During repairs, an electrician mistakenly reverses the connections X1 and Z1, so that Z1 is 
connected to the supply and X1 to the other switch at Z2, as shown in diagram 2. 

 

supplydiagram 1
Z2Z1

Y2

X2X1

supplydiagram 2
Z2

Z1

Y2

X2
X1

Y1

Y1

 
 

Which switch positions will now light the lamp? 
 

A X1 to Y1 X2 to Y2 

B X1 to Y1 X2 to Z2 

C X1 to Z1 X2 to Y2 

D X1 to Z1 X2 to Z2 
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35 A wire supplying a shower heater with a current of 35 A has a resistance of 25 mΩ. 
 

What is the power dissipated in the wire? 

A 31 W B 49 W C 31 kW D 49 kW 
 
 
36 A student has a set of identical cells and identical lamps. The cells have negligible internal 

resistance. 
 

A lamp connected to a cell lights with normal brightness. 
 

 
 

What happens when the student connects the lamps and the cells as shown? 
 

2

1 3  
 

A All three lamps light with normal brightness. 

B Only lamp 2 lights with normal brightness. 

C Only lamps 1 and 3 light with normal brightness. 

D None of the lamps light with normal brightness. 
 
 
37 A potential divider circuit is shown. 
 

150 Ω

R

12.0 V

5.00 V

 
 

What is the resistance of resistor R in the potential divider circuit? 

A 62.5 Ω B 107 Ω C 210 Ω D 360 Ω 
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30 A metal plate of uniform thickness is connected to a cell as shown. 
 

metal plate
viewed from

above
electron

flow  
 

Electrons move clockwise around the circuit. 
 

Which statement about the metal plate is correct? 

A The average drift speed of the conduction electrons decreases as they move from right to left 
through the plate. 

B The average drift speed of the conduction electrons increases as they move from right to left 
through the plate. 

C The number density of the conduction electrons decreases from right to left through the 
plate. 

D The number density of the conduction electrons increases from right to left through the plate. 
 
 
31 The diagram shows the direction of the current in a metal block. The charge carriers enter the 

block through the face PQRS and leave the block through the opposite face. 
 

x

x

y

P

Q

R

S
current

 
 

The number density of charge carriers is n. Each charge carrier has charge e. The average drift 
speed of the charge carriers is v. 

 
Which expression gives the current in the block? 

A envx2 B envxy C envx3y2 D envx4y 
 
 



9702 Physics Paper 1 - Electricity
Topical questions | 336 questions

135. Question | 9702 Oct-Nov 2019 P1 V1 Q31

16 

© UCLES 2019 9702/11/O/N/19  

30 A metal plate of uniform thickness is connected to a cell as shown. 
 

metal plate
viewed from

above
electron

flow  
 

Electrons move clockwise around the circuit. 
 

Which statement about the metal plate is correct? 

A The average drift speed of the conduction electrons decreases as they move from right to left 
through the plate. 

B The average drift speed of the conduction electrons increases as they move from right to left 
through the plate. 

C The number density of the conduction electrons decreases from right to left through the 
plate. 

D The number density of the conduction electrons increases from right to left through the plate. 
 
 
31 The diagram shows the direction of the current in a metal block. The charge carriers enter the 

block through the face PQRS and leave the block through the opposite face. 
 

x

x

y

P

Q

R

S
current

 
 

The number density of charge carriers is n. Each charge carrier has charge e. The average drift 
speed of the charge carriers is v. 

 
Which expression gives the current in the block? 

A envx2 B envxy C envx3y2 D envx4y 
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32 What could not be used as a unit of potential difference? 

A A Ω B N m–1
 C–1 C W A–1 D (Ω W ) 2

1

 
 
 
33 Which graph could show how the resistance R of a filament lamp varies with the applied potential 

difference (p.d.) V, as V is increased to the normal operating p.d.? 
 

R

V
0

0

A

R

V
0

0

B

R

V
0

0

C

R

V
0

0

D

 
 
 
34 Kirchhoff’s two laws for electric circuits can be derived by using conservation laws. 
 

On which conservation laws do Kirchhoff’s laws depend? 
 

 Kirchhoff’s 
first law 

Kirchhoff’s 
second law 

A charge current 

B charge energy 

C current mass 

D energy current 
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27 An outdoor concert has two large speakers beside the stage for broadcasting music. 
 

In order to test the speakers, they are made to emit sound of the same wavelength and the same 
amplitude. 

 
The curved lines in the diagram represent wavefronts. 

 
Where is the loudest sound heard? 

 

D
B

A C

speakers

stage  
 
 
28 An electromagnetic wave is incident normally on a diffraction grating. 
 

A second-order maximum is produced at an angle of 30° to a normal to the grating. 
 

The grating has 5000 lines per cm. 
 

What is the wavelength of the wave? 

A 2.5 × 10–7
 m B 5.0 × 10–7

 m C 1.0 × 10–6
 m D 5.0 × 10–5

 m 
 
 
29 P is a point near to charge X as shown. 
 

X
P

 
 

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 C D
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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. 

 

mV d

 
 

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 ? 

A 
mgd
eV  B 

eV
mgd  C 

gd
meV  D 

meV
gd  

 
 
31 When the current in a wire is 5.0 A, the average drift speed of the conduction electrons in the wire 

is 7.4 × 10–4
 m s–1. 

 
Which row gives a possible cross-sectional area and number of conduction electrons per unit 
volume for this wire? 

 

 cross-sectional 
area / m2 

number of conduction
electrons per unit 

volume / m–3 

A 7.2 × 10–7 1.2 × 1028 

B 7.2 × 10–7 5.9 × 1028 

C 2.3 × 10–6 7.3 × 1026 

D 2.3 × 10–6 3.7 × 1027 
 
 
32 A fixed resistor of resistance 12 Ω is connected to a battery. There is a current of 0.20 A in the 

resistor. The current is now doubled. 
 

What is the new power dissipated in the resistor? 

A 0.48 W B 0.96 W C 1.9 W D 4.8 W 
 
 
33 There is a current in a resistor for an unknown time. 
 

Which two quantities can be used to calculate the energy dissipated by the resistor? 

A the current in the resistor and the potential difference across the resistor 

B the resistance of the resistor and the current in the resistor 

 C the total charge passing through the resistor and the potential difference across the resistor 

 D the total charge passing through the resistor and the resistance of the resistor 
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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. 

 

mV d

 
 

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 ? 

A 
mgd
eV  B 

eV
mgd  C 

gd
meV  D 

meV
gd  

 
 
31 When the current in a wire is 5.0 A, the average drift speed of the conduction electrons in the wire 

is 7.4 × 10–4
 m s–1. 

 
Which row gives a possible cross-sectional area and number of conduction electrons per unit 
volume for this wire? 

 

 cross-sectional 
area / m2 

number of conduction
electrons per unit 

volume / m–3 

A 7.2 × 10–7 1.2 × 1028 

B 7.2 × 10–7 5.9 × 1028 

C 2.3 × 10–6 7.3 × 1026 

D 2.3 × 10–6 3.7 × 1027 
 
 
32 A fixed resistor of resistance 12 Ω is connected to a battery. There is a current of 0.20 A in the 

resistor. The current is now doubled. 
 

What is the new power dissipated in the resistor? 

A 0.48 W B 0.96 W C 1.9 W D 4.8 W 
 
 
33 There is a current in a resistor for an unknown time. 
 

Which two quantities can be used to calculate the energy dissipated by the resistor? 

A the current in the resistor and the potential difference across the resistor 

B the resistance of the resistor and the current in the resistor 

 C the total charge passing through the resistor and the potential difference across the resistor 

 D the total charge passing through the resistor and the resistance of the resistor 
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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. 

 

mV d

 
 

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 ? 

A 
mgd
eV  B 

eV
mgd  C 

gd
meV  D 

meV
gd  

 
 
31 When the current in a wire is 5.0 A, the average drift speed of the conduction electrons in the wire 

is 7.4 × 10–4
 m s–1. 

 
Which row gives a possible cross-sectional area and number of conduction electrons per unit 
volume for this wire? 

 

 cross-sectional 
area / m2 

number of conduction
electrons per unit 

volume / m–3 

A 7.2 × 10–7 1.2 × 1028 

B 7.2 × 10–7 5.9 × 1028 

C 2.3 × 10–6 7.3 × 1026 

D 2.3 × 10–6 3.7 × 1027 
 
 
32 A fixed resistor of resistance 12 Ω is connected to a battery. There is a current of 0.20 A in the 

resistor. The current is now doubled. 
 

What is the new power dissipated in the resistor? 

A 0.48 W B 0.96 W C 1.9 W D 4.8 W 
 
 
33 There is a current in a resistor for an unknown time. 
 

Which two quantities can be used to calculate the energy dissipated by the resistor? 

A the current in the resistor and the potential difference across the resistor 

B the resistance of the resistor and the current in the resistor 

 C the total charge passing through the resistor and the potential difference across the resistor 

 D the total charge passing through the resistor and the resistance of the resistor 
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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. 

 

mV d

 
 

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 ? 

A 
mgd
eV  B 

eV
mgd  C 

gd
meV  D 

meV
gd  

 
 
31 When the current in a wire is 5.0 A, the average drift speed of the conduction electrons in the wire 

is 7.4 × 10–4
 m s–1. 

 
Which row gives a possible cross-sectional area and number of conduction electrons per unit 
volume for this wire? 

 

 cross-sectional 
area / m2 

number of conduction
electrons per unit 

volume / m–3 

A 7.2 × 10–7 1.2 × 1028 

B 7.2 × 10–7 5.9 × 1028 

C 2.3 × 10–6 7.3 × 1026 

D 2.3 × 10–6 3.7 × 1027 
 
 
32 A fixed resistor of resistance 12 Ω is connected to a battery. There is a current of 0.20 A in the 

resistor. The current is now doubled. 
 

What is the new power dissipated in the resistor? 

A 0.48 W B 0.96 W C 1.9 W D 4.8 W 
 
 
33 There is a current in a resistor for an unknown time. 
 

Which two quantities can be used to calculate the energy dissipated by the resistor? 

A the current in the resistor and the potential difference across the resistor 

B the resistance of the resistor and the current in the resistor 

 C the total charge passing through the resistor and the potential difference across the resistor 

 D the total charge passing through the resistor and the resistance of the resistor 
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31 The diagram shows the electric field pattern between two opposite and unequal point charges  
P and Q. 

 

P QP Q

 
 

Which statement about the charges is correct? 

A P is negatively charged and has a smaller charge than Q. 

B P is negatively charged and has a greater charge than Q. 

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

D P is positively charged and has a greater charge than Q. 
 
 
32 A uniform electric field is represented by five horizontal field lines. 
 

P Q

 
 

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. 
 
 
33 A metal electrical conductor has a resistance of 5.6 kΩ. A potential difference (p.d.) of 9.0 V is 

applied across its ends. 
 

How many electrons pass a point in the conductor in one minute? 

A 6.0 × 1020 B 1.0 × 1019 C 6.0 × 1017 D 1.0 × 1016 
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31 The diagram shows the electric field pattern between two opposite and unequal point charges  
P and Q. 

 

P QP Q

 
 

Which statement about the charges is correct? 

A P is negatively charged and has a smaller charge than Q. 

B P is negatively charged and has a greater charge than Q. 

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

D P is positively charged and has a greater charge than Q. 
 
 
32 A uniform electric field is represented by five horizontal field lines. 
 

P Q

 
 

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. 
 
 
33 A metal electrical conductor has a resistance of 5.6 kΩ. A potential difference (p.d.) of 9.0 V is 

applied across its ends. 
 

How many electrons pass a point in the conductor in one minute? 

A 6.0 × 1020 B 1.0 × 1019 C 6.0 × 1017 D 1.0 × 1016 
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31 The diagram shows the electric field pattern between two opposite and unequal point charges  
P and Q. 

 

P QP Q

 
 

Which statement about the charges is correct? 

A P is negatively charged and has a smaller charge than Q. 

B P is negatively charged and has a greater charge than Q. 

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

D P is positively charged and has a greater charge than Q. 
 
 
32 A uniform electric field is represented by five horizontal field lines. 
 

P Q

 
 

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. 
 
 
33 A metal electrical conductor has a resistance of 5.6 kΩ. A potential difference (p.d.) of 9.0 V is 

applied across its ends. 
 

How many electrons pass a point in the conductor in one minute? 

A 6.0 × 1020 B 1.0 × 1019 C 6.0 × 1017 D 1.0 × 1016 
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34 A battery of electromotive force (e.m.f.) 12 V and negligible internal resistance is connected to 
three resistors, each of resistance 6.0 Ω, as shown. 

 

R

6.0 Ω

6.0 Ω

6.0 Ω

12 V  
 

What is the power dissipated in resistor R? 

A 2.7 W B 6.0 W C 11 W D 24 W 
 
 
35 A box containing two electrical components is connected into a circuit. 
 

AV box

 
 

The variable resistor is adjusted and measurements are taken to determine the I–V characteristic 
for the box, as shown. 

 

0
0

I

V

 
 

Which arrangement of two electrical components in the box would create the best fit to the 
measured I–V characteristic? 

A a filament lamp and a fixed resistor in parallel 

B a filament lamp and a fixed resistor in series 

C a semiconductor diode and a filament lamp in parallel 

D a semiconductor diode and a filament lamp in series 
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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? 

 

–

+ +

A

–

+ +

B

–

+ +

C

–

+ +

D

 
 
 
31 A negatively charged oil drop is held stationary, equidistant between two plates connected to a 

high voltage supply, as shown. 
 

oil drop
+

–

 
 

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

A decreasing the distance between the plates whilst keeping the drop equidistant from them 

B increasing the amount of negative charge on the drop 

C increasing the supply voltage 

D moving the drop closer to the positive plate 
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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? 

 

–

+ +

A

–

+ +

B

–

+ +

C

–

+ +

D

 
 
 
31 A negatively charged oil drop is held stationary, equidistant between two plates connected to a 

high voltage supply, as shown. 
 

oil drop
+

–

 
 

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

A decreasing the distance between the plates whilst keeping the drop equidistant from them 

B increasing the amount of negative charge on the drop 

C increasing the supply voltage 

D moving the drop closer to the positive plate 
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32 Electrons move in a vacuum from one metal plate to another metal plate. As a result of this, there 
is an electric current of 48 µA between the two plates. 

 
How many electrons are emitted by the first plate in a time of 5.0 minutes? 

A 1.4 × 104 B 1.5 × 1015 C 1.8 × 1016 D 9.0 × 1016 
 
 
33 A battery is connected to three resistors of resistances 12 Ω, 6 Ω and 2 Ω, as shown. 
 

12 Ω

6 Ω

2 Ω

3 A

 
 

The current from the battery is 3 A. 

What is the value of the ratio  

 

power dissipated in the resistor of resistance 6
power dissipated in the resistor of resistance 2

Ω
Ω

? 

A 
3
1  B 

3
4  C 

1
2  D 

1
3  

 
 
34 A manufacturer recommends that the longer the extension cord you use with an electric drill, the 

bigger the cross-sectional area of the cord should be. 
 

What is a reason for this recommendation? 

A Resistance is inversely proportional to both the length and the cross-sectional area. 

B Resistance is inversely proportional to the length and directly proportional to the  
cross-sectional area. 

C Resistance is proportional to both the length and the cross-sectional area. 

D Resistance is proportional to the length and inversely proportional to the cross-sectional 
area. 
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32 Electrons move in a vacuum from one metal plate to another metal plate. As a result of this, there 
is an electric current of 48 µA between the two plates. 

 
How many electrons are emitted by the first plate in a time of 5.0 minutes? 

A 1.4 × 104 B 1.5 × 1015 C 1.8 × 1016 D 9.0 × 1016 
 
 
33 A battery is connected to three resistors of resistances 12 Ω, 6 Ω and 2 Ω, as shown. 
 

12 Ω

6 Ω

2 Ω

3 A

 
 

The current from the battery is 3 A. 

What is the value of the ratio  

 

power dissipated in the resistor of resistance 6
power dissipated in the resistor of resistance 2

Ω
Ω

? 

A 
3
1  B 

3
4  C 

1
2  D 

1
3  

 
 
34 A manufacturer recommends that the longer the extension cord you use with an electric drill, the 

bigger the cross-sectional area of the cord should be. 
 

What is a reason for this recommendation? 

A Resistance is inversely proportional to both the length and the cross-sectional area. 

B Resistance is inversely proportional to the length and directly proportional to the  
cross-sectional area. 

C Resistance is proportional to both the length and the cross-sectional area. 

D Resistance is proportional to the length and inversely proportional to the cross-sectional 
area. 
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30 A diffraction grating and a screen are used to determine the single wavelength λ of the light from 
a source. 

 
What is an essential feature of this experiment? 

A A curved screen must be used. 

B The diffraction angle θ must be measured for at least two interference maxima. 

C The light waves incident on the grating must be coherent. 

D The third order intensity maximum must be produced. 
 
 
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 q? 

A 
Qq
F  B 

Q
F  C FqQ D q

F  

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

+300 V

0 V

2.0 cm

charged particle
horizontal plate

horizontal plate

 
 

The acceleration of the particle is 7.15 × 1011
 m s–2 downwards. The particle has a mass of 

3.34 × 10–27
 kg. 

 
What is the charge on the particle? 

A +1.6 × 10–19
 C 

B –1.6 × 10–19
 C 

C +1.6 × 10–17
 C 

D –1.6 × 10–17
 C 
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30 A diffraction grating and a screen are used to determine the single wavelength λ of the light from 
a source. 

 
What is an essential feature of this experiment? 

A A curved screen must be used. 

B The diffraction angle θ must be measured for at least two interference maxima. 

C The light waves incident on the grating must be coherent. 

D The third order intensity maximum must be produced. 
 
 
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 q? 

A 
Qq
F  B 

Q
F  C FqQ D q

F  

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

+300 V

0 V

2.0 cm

charged particle
horizontal plate

horizontal plate

 
 

The acceleration of the particle is 7.15 × 1011
 m s–2 downwards. The particle has a mass of 

3.34 × 10–27
 kg. 

 
What is the charge on the particle? 

A +1.6 × 10–19
 C 

B –1.6 × 10–19
 C 

C +1.6 × 10–17
 C 

D –1.6 × 10–17
 C 
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33 The current in the circuit shown is 3.2 mA. 
 

R

X Y 
 

What are the direction of flow and the rate of flow of electrons through the resistor R? 
 

 direction of flow rate of flow / s–1 

A X to Y 2.0 × 1016 

B X to Y 5.1 × 10–22 

C Y to X 2.0 × 1016 

D Y to X 5.1 × 10–22 
 
 
34 Which graph best represents the way the current I through a filament lamp varies with the 

potential difference V across it? 
 

0
0

V

I

A

0
0

V

I

B

0
0

V

I

C

0
0

V

I

D

 
 
 
35 A cylindrical metal wire X has resistance R. The same volume of the same metal is made into a 

cylindrical wire Y of double the length. 
 

What is the resistance of wire Y? 

A R B 2R C 4R D 8R 
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33 The current in the circuit shown is 3.2 mA. 
 

R

X Y 
 

What are the direction of flow and the rate of flow of electrons through the resistor R? 
 

 direction of flow rate of flow / s–1 

A X to Y 2.0 × 1016 

B X to Y 5.1 × 10–22 

C Y to X 2.0 × 1016 

D Y to X 5.1 × 10–22 
 
 
34 Which graph best represents the way the current I through a filament lamp varies with the 

potential difference V across it? 
 

0
0

V

I

A

0
0

V

I

B

0
0

V

I

C

0
0

V

I

D

 
 
 
35 A cylindrical metal wire X has resistance R. The same volume of the same metal is made into a 

cylindrical wire Y of double the length. 
 

What is the resistance of wire Y? 

A R B 2R C 4R D 8R 
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33 The current in the circuit shown is 3.2 mA. 
 

R

X Y 
 

What are the direction of flow and the rate of flow of electrons through the resistor R? 
 

 direction of flow rate of flow / s–1 

A X to Y 2.0 × 1016 

B X to Y 5.1 × 10–22 

C Y to X 2.0 × 1016 

D Y to X 5.1 × 10–22 
 
 
34 Which graph best represents the way the current I through a filament lamp varies with the 

potential difference V across it? 
 

0
0

V

I

A

0
0

V

I

B

0
0

V

I

C

0
0

V

I

D

 
 
 
35 A cylindrical metal wire X has resistance R. The same volume of the same metal is made into a 

cylindrical wire Y of double the length. 
 

What is the resistance of wire Y? 

A R B 2R C 4R D 8R 
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36 A cell of electromotive force (e.m.f.) E and internal resistance r is connected to a resistor of 
resistance R. 

 
A maximum power P can be dissipated by the resistor without overheating. 

 

r
E

R
 

 
What is the maximum value of E if the resistor does not overheat? 

A 
( )

PR
R r−

 B 
( )

PR
R r+

 C ( ) PR r
R

−  D ( ) PR r
R

+  

 
 
37 Three identical resistors can be connected together in four different ways. 
 

The resistances of two of these combinations are 4.0 Ω and 9.0 Ω. 
 

What is the resistance of each individual resistor? 

A 3.0 Ω B 6.0 Ω C 12 Ω D 18 Ω 
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1 What is a reasonable estimate of the mass of a raindrop? 

A 101
 kg B 10–1

 kg C 10–3
 kg D 10–5

 kg 
 
 
2 Which quantity is a scalar? 

A acceleration 

B force 

C kinetic energy 

D momentum 
 
 
3 A galvanometer of resistance 5 Ω is to be used in a null method. 
 

In order to protect the galvanometer from damage due to an excessive initial current, resistors of 
resistance 0.5 Ω and 1 kΩ are available. 

 
Which arrangement would provide this protection? 

A the 0.5 Ω resistor in series with the galvanometer 

B the 0.5 Ω resistor in parallel with the galvanometer and this combination placed in series with 
the 1 kΩ resistor 

C the 1 kΩ resistor in parallel with the galvanometer 

D the 1 kΩ resistor in parallel with the galvanometer and this combination placed in series with 
the 0.5 Ω resistor 

 
 
4 Readings are made of the current I for different voltages V across a fixed resistor. The results are 

plotted on a graph to show the variation of I with V. 
 

0
0

I

V  
 

What is the best description of the errors in the readings? 

A both systematic and random 

B neither systematic nor random 

C random only 

D systematic only 
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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

CB

+–

 
 
 
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 max
V

 B 2 max
V

 C 3 max
V

 D 4 max
V

 

 
 
33 The number density of free electrons in copper is 8.0 × 1028

 m–3. 
 

A copper wire has diameter 0.42 mm. 
 

What is the average drift speed of the free electrons in the wire when the current in the wire is 
0.57 A? 

A 8.0 × 10–11
 m s–1 

B 3.2 × 10–10
 m s–1 

C 8.0 × 10–5
 m s–1 

D 3.2 × 10–4
 m s–1 
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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

CB

+–

 
 
 
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 max
V

 B 2 max
V

 C 3 max
V

 D 4 max
V

 

 
 
33 The number density of free electrons in copper is 8.0 × 1028

 m–3. 
 

A copper wire has diameter 0.42 mm. 
 

What is the average drift speed of the free electrons in the wire when the current in the wire is 
0.57 A? 

A 8.0 × 10–11
 m s–1 

B 3.2 × 10–10
 m s–1 

C 8.0 × 10–5
 m s–1 

D 3.2 × 10–4
 m s–1 
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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

CB

+–

 
 
 
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 max
V

 B 2 max
V

 C 3 max
V

 D 4 max
V

 

 
 
33 The number density of free electrons in copper is 8.0 × 1028

 m–3. 
 

A copper wire has diameter 0.42 mm. 
 

What is the average drift speed of the free electrons in the wire when the current in the wire is 
0.57 A? 

A 8.0 × 10–11
 m s–1 

B 3.2 × 10–10
 m s–1 

C 8.0 × 10–5
 m s–1 

D 3.2 × 10–4
 m s–1 
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34 An electric kettle is rated at 2.0 kW, which describes the power supplied to the heating coil in the 
kettle. 

 
The coil has a resistance of 5.0 kΩ. 

 
What is the current in the coil? 

A 0.40 A B 0.63 A C 1.6 A D 2.5 A 
 
 
35 A conductor consists of three wires connected in series. The wires are all made of the same 

metal but have different cross-sectional areas. There is a current I in the conductor. 
 

conductor
I I

X Y

 
 

Point Y on the conductor is at zero potential. 
 

Which graph best shows the variation of potential V with distance along the conductor? 
 

V

A

V

B

V

C

V

D

0
X

0
X

0
X

0
X

Y

Y

Y

Y

distance

distance

distance

distance
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34 An electric kettle is rated at 2.0 kW, which describes the power supplied to the heating coil in the 
kettle. 

 
The coil has a resistance of 5.0 kΩ. 

 
What is the current in the coil? 

A 0.40 A B 0.63 A C 1.6 A D 2.5 A 
 
 
35 A conductor consists of three wires connected in series. The wires are all made of the same 

metal but have different cross-sectional areas. There is a current I in the conductor. 
 

conductor
I I

X Y

 
 

Point Y on the conductor is at zero potential. 
 

Which graph best shows the variation of potential V with distance along the conductor? 
 

V

A

V

B

V

C

V

D

0
X

0
X

0
X

0
X

Y

Y

Y

Y

distance

distance

distance

distance
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36 A cell of electromotive force (e.m.f.) E and internal resistance 0.50 Ω is connected to a resistor of 
resistance 4.7 Ω. 

 

0.50 Ω
E

4.7 Ω
 

 
The maximum power that can be dissipated by the resistor without overheating is 0.50 W. 

 
What is the maximum value of E for the resistor not to overheat? 

A 1.4 V B 1.5 V C 1.7 V D 2.9 V 
 
 
37 Kirchhoff’s first and second laws link to the conservation of physical quantities. 
 

Which quantities do they link to? 
 

 first law second law 

A charge energy 

B charge momentum 

C energy charge 

D energy momentum 
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30 Light of a single wavelength from a distant point source falls normally onto a diffraction grating 
positioned with its lines vertical. 

 

eye of

student

diffraction

grating

light from

distant

point source

NOT TO SCALE  
 

The plane of the diffraction grating is at right angles to the incident light. A student looks at the 
grating from a position near to the grating. 

 
What could the student see? 

A a central point source with a series of point source images on either side 

B a central vertical line with a series of spectra on either side 

C a series of fine vertical lines 

D a single point source 
 
 
31 Which diagram best represents the electric field between two point charges of equal magnitude 

and opposite sign? 
 

–

+

A

+

B

+

C

+

D

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

 

horizontal

metal plates+

–
d

oil drop

mass m

 
 

When the potential difference (p.d.) between the plates is V1 the oil drop rises at a constant 
speed. When the p.d. is decreased to a value V2 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? 

A 
1 2 –
mdg

V V
 B 

1 2+
mdg

V V
 C 

1 2

2
–

mdg
V V

 D 
1 2

2
+

mdg
V V

 

 
 
33 The unit of electric charge is the coulomb. 
 

What is meant by 1 coulomb? 

A the charge passing a point in 1 second when a current produces 1 joule of work 

B the charge passing a point in 1 second when a current produces 1 watt of power 

C the charge passing a point in 1 second when there is a current of 1 ampere 

D the charge passing a point in 1 second when there is 1 ohm of resistance 
 
 
34 Two copper wires are joined together and carry a current, as shown. 
 

current current

wire P

diameter d wire Q

diameter 2d  
 

Wire P has diameter d and wire Q has diameter 2d. 
 

What is the ratio 
Q  wirein electrons free the of speed drift average
P  wirein electrons free the of speed drift average ? 

A 
4
1  B 

2
1  C 2 D 4 

 
 

165. Question | 9702 May-June 2020 P1 V3 Q34

17  
 

© UCLES 2020 9702/13/M/J/20 [Turn over 

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

 

horizontal

metal plates+

–
d

oil drop

mass m

 
 

When the potential difference (p.d.) between the plates is V1 the oil drop rises at a constant 
speed. When the p.d. is decreased to a value V2 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? 

A 
1 2 –
mdg

V V
 B 

1 2+
mdg

V V
 C 

1 2

2
–

mdg
V V

 D 
1 2

2
+

mdg
V V

 

 
 
33 The unit of electric charge is the coulomb. 
 

What is meant by 1 coulomb? 

A the charge passing a point in 1 second when a current produces 1 joule of work 

B the charge passing a point in 1 second when a current produces 1 watt of power 

C the charge passing a point in 1 second when there is a current of 1 ampere 

D the charge passing a point in 1 second when there is 1 ohm of resistance 
 
 
34 Two copper wires are joined together and carry a current, as shown. 
 

current current

wire P

diameter d wire Q

diameter 2d  
 

Wire P has diameter d and wire Q has diameter 2d. 
 

What is the ratio 
Q  wirein electrons free the of speed drift average
P  wirein electrons free the of speed drift average ? 

A 
4
1  B 

2
1  C 2 D 4 
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35 A power supply of electromotive force (e.m.f.) V and negligible internal resistance is connected in 
the circuit shown. There is a current of 3.0 A in the 4.0 Ω resistor. 

 

3.0 A
3.0 Ω 4.0 Ω

2.0 Ω

+ –
V

 
 

What is the value of V ? 

A 15 V B 29 V C 39 V D 51 V 
 
 
36 The wire of a heating element has resistance R. The wire breaks and is replaced by a different 

wire. 
 

Data for the original wire and for the replacement wire are shown in the table. 
 

 length diameter resistivity 
of metal 

original wire l d ρ 

replacement wire l 2d 2ρ 
 

What is the resistance of the replacement wire? 

A 
4
R  B 

2
R  C R D 2R 
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30 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? 

 

+ –

C

DB

A

 
 
 
31 An oil drop has mass m and charge q. The drop is held stationary in an electric field between two 

parallel horizontal plates, a distance d apart, as shown. 
 

dV

oil drop

 
 

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

What is the charge-to-mass ratio 
m
q  of the oil drop? 

A 
V
gd   B 

dg
V  C 

d
gV  D 

Vg
d  
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30 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? 

 

+ –

C

DB

A

 
 
 
31 An oil drop has mass m and charge q. The drop is held stationary in an electric field between two 

parallel horizontal plates, a distance d apart, as shown. 
 

dV

oil drop

 
 

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

What is the charge-to-mass ratio 
m
q  of the oil drop? 

A 
V
gd   B 

dg
V  C 

d
gV  D 

Vg
d  
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32 Free electrons flow along a copper wire X of radius 5.0  10–5
 m with an average drift speed of 

2.8  10–2
 m s–1. The current in the wire is 3.0 A. 

 
There is a current of 2.0 A in a copper wire Y of radius 1.0  10–4

 m. 
 

What is the average drift speed of the free electrons in copper wire Y? 

A 4.7  10–3
 m s–1 

B 9.3  10–3
 m s–1 

C 1.1  10–2
 m s–1 

D 1.9  10–2
 m s–1 

 
 
33 What is the definition of potential difference? 

A power per unit current 

B product of current and resistance 

C product of electric field strength and distance 

D work done per unit charge 
 
 
34 A cable of length L consisting of two wires is used to connect a 12.0 V power supply of negligible 

internal resistance to a lamp, as shown. 
 

2.50 A

12.0 V 10.5 V

L

 
 

The potential difference across the lamp is 10.5 V. The current in the wire is 2.50 A. 
 

Each wire is made of metal of resistivity 1.70  10–8
  m and has a cross-sectional area of 

6.00  10–7
 m2. 

 
What is the length L of the cable? 

A 10.6 m B 21.2 m C 29.4 m D 58.8 m 
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32 Free electrons flow along a copper wire X of radius 5.0  10–5
 m with an average drift speed of 

2.8  10–2
 m s–1. The current in the wire is 3.0 A. 

 
There is a current of 2.0 A in a copper wire Y of radius 1.0  10–4

 m. 
 

What is the average drift speed of the free electrons in copper wire Y? 

A 4.7  10–3
 m s–1 

B 9.3  10–3
 m s–1 

C 1.1  10–2
 m s–1 

D 1.9  10–2
 m s–1 

 
 
33 What is the definition of potential difference? 

A power per unit current 

B product of current and resistance 

C product of electric field strength and distance 

D work done per unit charge 
 
 
34 A cable of length L consisting of two wires is used to connect a 12.0 V power supply of negligible 

internal resistance to a lamp, as shown. 
 

2.50 A

12.0 V 10.5 V

L

 
 

The potential difference across the lamp is 10.5 V. The current in the wire is 2.50 A. 
 

Each wire is made of metal of resistivity 1.70  10–8
  m and has a cross-sectional area of 

6.00  10–7
 m2. 

 
What is the length L of the cable? 

A 10.6 m B 21.2 m C 29.4 m D 58.8 m 
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32 Free electrons flow along a copper wire X of radius 5.0  10–5
 m with an average drift speed of 

2.8  10–2
 m s–1. The current in the wire is 3.0 A. 

 
There is a current of 2.0 A in a copper wire Y of radius 1.0  10–4

 m. 
 

What is the average drift speed of the free electrons in copper wire Y? 

A 4.7  10–3
 m s–1 

B 9.3  10–3
 m s–1 

C 1.1  10–2
 m s–1 

D 1.9  10–2
 m s–1 

 
 
33 What is the definition of potential difference? 

A power per unit current 

B product of current and resistance 

C product of electric field strength and distance 

D work done per unit charge 
 
 
34 A cable of length L consisting of two wires is used to connect a 12.0 V power supply of negligible 

internal resistance to a lamp, as shown. 
 

2.50 A

12.0 V 10.5 V

L

 
 

The potential difference across the lamp is 10.5 V. The current in the wire is 2.50 A. 
 

Each wire is made of metal of resistivity 1.70  10–8
  m and has a cross-sectional area of 

6.00  10–7
 m2. 

 
What is the length L of the cable? 

A 10.6 m B 21.2 m C 29.4 m D 58.8 m 
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31 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. 

 

electric field

molecule
+
–

 
 

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

What describes the effect of the electric field on the velocity of the molecule?  
 

 horizontal component 
of velocity 

vertical component 
of velocity 

A constant increases 

B constant zero 

C increases increases 

D increases zero 
 
 
32 Two parallel metal plates are connected to a battery of negligible internal resistance. 
 

metal plates

 
 

One of the plates is slowly moved towards the other. 
 

Which row is correct? 
 

 electric field strength 
between the plates 

potential difference 
between the plates 

A decreases constant 

B increases constant 

C decreases increases 

D increases increases 
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31 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. 

 

electric field

molecule
+
–

 
 

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

What describes the effect of the electric field on the velocity of the molecule?  
 

 horizontal component 
of velocity 

vertical component 
of velocity 

A constant increases 

B constant zero 

C increases increases 

D increases zero 
 
 
32 Two parallel metal plates are connected to a battery of negligible internal resistance. 
 

metal plates

 
 

One of the plates is slowly moved towards the other. 
 

Which row is correct? 
 

 electric field strength 
between the plates 

potential difference 
between the plates 

A decreases constant 

B increases constant 

C decreases increases 

D increases increases 
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33 Four point charges, each of charge Q, are placed on the edge of an insulating disc of radius r. 
 

The disc rotates at a rate of n revolutions per unit time. 
 

r

Q

Q Q

Q
 

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

A 4Qn B 4Q
n

 C 8rQn D π
2Qn

r  

 
 
34 In the circuit shown, a fixed resistor X is connected in series with a battery and a variable resistor. 
 

X

 
 

The power dissipated in resistor X is 7.2 W when a current of 3.0 A passes through it. 
 

The variable resistor is adjusted so that the power dissipated in X increases by 50%. 
 

What is the new current in the circuit? 

A 2.4 A B 3.7 A C 4.5 A D 14 A 
 
 



9702 Physics Paper 1 - Electricity
Topical questions | 336 questions

175. Question | 9702 Oct-Nov 2020 P1 V2 Q34

19  
 

© UCLES 2020 9702/12/O/N/20 [Turn over 

33 Four point charges, each of charge Q, are placed on the edge of an insulating disc of radius r. 
 

The disc rotates at a rate of n revolutions per unit time. 
 

r

Q

Q Q

Q
 

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

A 4Qn B 4Q
n

 C 8rQn D π
2Qn

r  

 
 
34 In the circuit shown, a fixed resistor X is connected in series with a battery and a variable resistor. 
 

X

 
 

The power dissipated in resistor X is 7.2 W when a current of 3.0 A passes through it. 
 

The variable resistor is adjusted so that the power dissipated in X increases by 50%. 
 

What is the new current in the circuit? 

A 2.4 A B 3.7 A C 4.5 A D 14 A 
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30 Light of wavelength 5.30  10–7
 m is incident normally on a diffraction grating. The first-order 

maximum is observed at an angle of 15.4 to the direction of the incident light. 
 

What is the angle between the first-order and second-order diffraction maxima? 

A 7.7 B 15.4 C 16.7 D 32.1 
 
 
31 A stationary particle is in an electric field. 
 

The only force on the particle is that from the electric field. 
 

In which case is the electric field strength 5.0  105
 V m–1? 

A a force of 1.6  10–14
 N acting on an electron 

B a force of 3.2  10–14
 N acting on an alpha-particle 

C a force of 8.0  10–14
 N acting on an alpha-particle 

D a force of 8.0  10–14
 N acting on a proton 

 
 
32 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
metal platescharged

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 
acceleration 

separation 
of the plates 

A downwards decrease 

B downwards increase 

C upwards decrease 

D upwards increase 
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30 Light of wavelength 5.30  10–7
 m is incident normally on a diffraction grating. The first-order 

maximum is observed at an angle of 15.4 to the direction of the incident light. 
 

What is the angle between the first-order and second-order diffraction maxima? 

A 7.7 B 15.4 C 16.7 D 32.1 
 
 
31 A stationary particle is in an electric field. 
 

The only force on the particle is that from the electric field. 
 

In which case is the electric field strength 5.0  105
 V m–1? 

A a force of 1.6  10–14
 N acting on an electron 

B a force of 3.2  10–14
 N acting on an alpha-particle 

C a force of 8.0  10–14
 N acting on an alpha-particle 

D a force of 8.0  10–14
 N acting on a proton 

 
 
32 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
metal platescharged

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 
acceleration 

separation 
of the plates 

A downwards decrease 

B downwards increase 

C upwards decrease 

D upwards increase 
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33 Two resistors R1 and R2 are made from wire of the same material. 
 

They are connected in parallel to each other in a circuit, as shown. 
 

R1

R2

 
 

The diameter of R2 is half the diameter of R1. 
 

The resistance of R2 is three times the resistance of R1. 
 

What is the value of the ratio 1

2

average drift speed of free electrons in R
average drift speed of free electrons in R

? 

A 3
2  B 3

4  C 1
6  D 1

12  

 
 
34 A student describes potential difference as the energy transferred per unit charge. 
 

Which statement about the energy transfer is correct? 

A It is from electrical energy into other forms. 

B It is from other forms into electrical energy. 

C It only takes place inside a power supply. 

D It only takes place inside resistors. 
 
 
35 A metal cube has a resistance of 4.0  between opposite faces. 
 

Ten of these cubes are put together to make a cuboid of 1  2  5 cubes. 
 

X Y

 
 

There is no extra resistance where the faces of the cubes touch each other. 
 

What is the resistance of the cuboid when connected between faces X and Y? 

A 1.6  B 2.0  C 10  D 40  
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33 Two resistors R1 and R2 are made from wire of the same material. 
 

They are connected in parallel to each other in a circuit, as shown. 
 

R1

R2

 
 

The diameter of R2 is half the diameter of R1. 
 

The resistance of R2 is three times the resistance of R1. 
 

What is the value of the ratio 1

2

average drift speed of free electrons in R
average drift speed of free electrons in R

? 

A 3
2  B 3

4  C 1
6  D 1

12  

 
 
34 A student describes potential difference as the energy transferred per unit charge. 
 

Which statement about the energy transfer is correct? 

A It is from electrical energy into other forms. 

B It is from other forms into electrical energy. 

C It only takes place inside a power supply. 

D It only takes place inside resistors. 
 
 
35 A metal cube has a resistance of 4.0  between opposite faces. 
 

Ten of these cubes are put together to make a cuboid of 1  2  5 cubes. 
 

X Y

 
 

There is no extra resistance where the faces of the cubes touch each other. 
 

What is the resistance of the cuboid when connected between faces X and Y? 

A 1.6  B 2.0  C 10  D 40  
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10 A stationary firework explodes into four fragments which travel in different directions in a 
horizontal plane. The diagram shows the velocity and mass of each fragment. 

 
25 g

15 g

10 g

300 m s–1

300 m s–1

240 m s–1

v

X
20 g

NOT TO

SCALE

 
 

What is the speed v of fragment X? 

A 200 m s–1 B 240 m s–1 C 300 m s–1 D 360 m s–1 

 
 
11 A particle with mass moves in a horizontal straight line through a uniform electric field in a 

vacuum. The electric field is vertical. 
 

particle

horizontal path

of particle

electric field

direction of

gravitational

field
 

 
There is a significant gravitational effect on the motion of the particle. 

 
What could be the direction of the electric field and the sign of the charge, if any, on the particle? 

 

 electric field 
direction sign of charge 

A downwards negative 

B downwards positive 

C upwards negative 

D upwards no charge 
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30 Which diagram best represents the field lines in the electric field produced by a combination of 
one point positive charge and one point negative charge? 

 

+ –

D

+ –

B

–

+ –

C

A

+

 
 
 
31 The diagram shows a thundercloud whose base is 500 m above the ground. 
 

500 m

 
 

The potential difference between the base of the cloud and the ground is 200 MV. A raindrop with 
a charge of 4.0 × 10–12

 C is in the region between the cloud and the ground. 
 

What is the electrical force on the raindrop? 

A 1.6 × 10–6
 N B 8.0 × 10–4

 N C 1.6 × 10–3
 N D 0.40 N 
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30 Which diagram best represents the field lines in the electric field produced by a combination of 
one point positive charge and one point negative charge? 

 

+ –

D

+ –

B

–

+ –

C

A

+

 
 
 
31 The diagram shows a thundercloud whose base is 500 m above the ground. 
 

500 m

 
 

The potential difference between the base of the cloud and the ground is 200 MV. A raindrop with 
a charge of 4.0 × 10–12

 C is in the region between the cloud and the ground. 
 

What is the electrical force on the raindrop? 

A 1.6 × 10–6
 N B 8.0 × 10–4

 N C 1.6 × 10–3
 N D 0.40 N 
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32 The current I in a metal wire is given by the equation 
 

I = Anvq. 
 

What does the symbol n represent? 

A the number of charge carriers in the wire 

B the number of charge carriers per unit cross-sectional area of the wire 

C the number of charge carriers per unit length of the wire 

D the number of charge carriers per unit volume of the wire 
 
 
33 A cell of negligible internal resistance is connected to resistors R1, R2 and R3, as shown. The cell 

provides power to the circuit and power is dissipated in the resistors. 
 

R1

R3R2

 
 

Which word equation must be correct? 

A power dissipated in R1 = power dissipated in R2 + power dissipated in R3 

B power dissipated in R2 = power dissipated in R3 

C power output of cell = power dissipated in R1 + power dissipated in R2 + power dissipated in 
R3 

D power output of cell = power dissipated in R1 
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34 A fixed resistor and a diode are connected in series to a battery of electromotive force (e.m.f.) 
6.0 V and negligible internal resistance. The graph shows the variation with potential difference 
(p.d.) V of the current I for the diode. 

 

40 mA

6.0 V

50

40

30

20

10

0

I / mA

V / V

0 0.5 1.0 1.5

 
 

The current in the diode is 40 mA. 
 

What is the resistance of the fixed resistor? 

A 30 Ω B 120 Ω C 150 Ω D 180 Ω 
 
 
35 An electrical cable consists of seven strands of copper wire, each of diameter 0.30 mm, 

connected in parallel. 
 

The resistivity of copper is 1.72 × 10–8
 Ω m. The current in the cable is 13 A. 

 
What is the potential difference (p.d.) between two points on the cable a distance of 1.0 m apart? 

A 0.0045 V B 0.11 V C 0.45 V D 3.2 V 
 
 
36 A cell that has internal resistance is connected to a switch S and a variable resistor. A voltmeter 

is connected between the terminals of the cell, as shown. 
 

V

S

 
 

When switch S is open, the voltmeter reads 1.5 V. The switch is then closed and the variable 
resistor is adjusted to have a resistance of 4.0 Ω. The voltmeter now reads 0.75 V. 

 
What is the internal resistance of the cell? 

A 1.0 Ω B 2.0 Ω C 4.0 Ω D 8.0 Ω 
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34 A fixed resistor and a diode are connected in series to a battery of electromotive force (e.m.f.) 
6.0 V and negligible internal resistance. The graph shows the variation with potential difference 
(p.d.) V of the current I for the diode. 

 

40 mA

6.0 V

50

40

30

20

10

0

I / mA

V / V

0 0.5 1.0 1.5

 
 

The current in the diode is 40 mA. 
 

What is the resistance of the fixed resistor? 

A 30 Ω B 120 Ω C 150 Ω D 180 Ω 
 
 
35 An electrical cable consists of seven strands of copper wire, each of diameter 0.30 mm, 

connected in parallel. 
 

The resistivity of copper is 1.72 × 10–8
 Ω m. The current in the cable is 13 A. 

 
What is the potential difference (p.d.) between two points on the cable a distance of 1.0 m apart? 

A 0.0045 V B 0.11 V C 0.45 V D 3.2 V 
 
 
36 A cell that has internal resistance is connected to a switch S and a variable resistor. A voltmeter 

is connected between the terminals of the cell, as shown. 
 

V

S

 
 

When switch S is open, the voltmeter reads 1.5 V. The switch is then closed and the variable 
resistor is adjusted to have a resistance of 4.0 Ω. The voltmeter now reads 0.75 V. 

 
What is the internal resistance of the cell? 

A 1.0 Ω B 2.0 Ω C 4.0 Ω D 8.0 Ω 
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28 A teacher sets up the apparatus shown to demonstrate a double-slit interference pattern on a 
screen. 

 

p r

q

single
slit

source
of light

double
slit

screen

 
 

Which change to the apparatus will increase the fringe spacing? 

A decrease the distance p 

B decrease the distance q 

C decrease the distance r 

D decrease the wavelength of the light 
 
 
29 Light of a single unknown wavelength and blue light of a single wavelength are both incident 

normally on a diffraction grating. Two diffraction patterns are produced, one for each wavelength 
of light. 

 
The third-order maximum for the blue light occurs at the same angle as the second-order 
maximum for the light of unknown wavelength. The wavelength of the blue light is 480 nm. 

 
What is the unknown wavelength? 

A 320 nm B 720 nm C 960 nm D 1440 nm 
 
 
30 What is the electric field strength in a region where a proton accelerates at 2.00 m s–2 due to the 

field? 

A 11.4 pV m–1 B 5.22 nV m–1 C 10.4 nV m–1 D 20.9 nV m–1 
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31 An oil drop of mass 2.6  10–15
 kg and with a charge of – 4.8  10–19

 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 1200 V, as shown. 

 
+1200 V

0 V

plates
oil drop

2.0 cm

 
 

Which statement describes the motion of the oil drop? 

A It is stationary. 

B It has a downward acceleration of 9.7 m s–2. 

C It has an upward acceleration of 1.3 m s–2. 

D It has an upward acceleration of 11 m s–2. 
 
 
32 Which two units are used to define the coulomb? 

A ampere and second 

B ampere and volt 

C volt and ohm 

D volt and second 
 
 
33 A mobile phone battery is charged by connecting it to a constant potential difference of 5.0 V. 

After a time of 1.0 hour, the initial current of 0.50 A slowly decreases to zero, as shown. 
 

0.5

0
0 1.0

time / hours
2.0

current / A

 
 

What is the best estimate of the energy transferred to the battery during the time of 2.0 hours 
shown in the graph? 

A 2700 J B 9000 J C 14 000 J D 18 000 J 
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31 An oil drop of mass 2.6  10–15
 kg and with a charge of – 4.8  10–19

 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 1200 V, as shown. 

 
+1200 V

0 V

plates
oil drop

2.0 cm

 
 

Which statement describes the motion of the oil drop? 

A It is stationary. 

B It has a downward acceleration of 9.7 m s–2. 

C It has an upward acceleration of 1.3 m s–2. 

D It has an upward acceleration of 11 m s–2. 
 
 
32 Which two units are used to define the coulomb? 

A ampere and second 

B ampere and volt 

C volt and ohm 

D volt and second 
 
 
33 A mobile phone battery is charged by connecting it to a constant potential difference of 5.0 V. 

After a time of 1.0 hour, the initial current of 0.50 A slowly decreases to zero, as shown. 
 

0.5

0
0 1.0

time / hours
2.0

current / A

 
 

What is the best estimate of the energy transferred to the battery during the time of 2.0 hours 
shown in the graph? 

A 2700 J B 9000 J C 14 000 J D 18 000 J 
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34 A length of wire is connected into an electric circuit. The current in the wire is measured. 
 

Which change on its own could increase the current in the wire? 

A an increase in the length of the wire 

B an increase in the radius of the wire 

C an increase in the resistance of the wire 

D an increase in the resistivity of the wire 
 
 
35 A cell is described as having an electromotive force (e.m.f.) of 6 V. 
 

What does this mean? 

A 1 coulomb of charge always dissipates 6 J of energy in the internal resistance of the cell. 

B 1 electron gains 6 J of energy when passing through the cell. 

C There is a potential difference of 6 V applied across any external circuit connected to the cell. 

D When 1 coulomb of charge passes through the cell, 6 J of chemical energy is transformed. 
 
 
36 The diagram shows a network of resistors. Each resistor has resistance R. 
 

R R

R

R

R

R
X Y

 
 

What is the total resistance of the network between points X and Y? 

A 
6
R  B 6

11
R  C 11

6
R  D 6R 
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34 A length of wire is connected into an electric circuit. The current in the wire is measured. 
 

Which change on its own could increase the current in the wire? 

A an increase in the length of the wire 

B an increase in the radius of the wire 

C an increase in the resistance of the wire 

D an increase in the resistivity of the wire 
 
 
35 A cell is described as having an electromotive force (e.m.f.) of 6 V. 
 

What does this mean? 

A 1 coulomb of charge always dissipates 6 J of energy in the internal resistance of the cell. 

B 1 electron gains 6 J of energy when passing through the cell. 

C There is a potential difference of 6 V applied across any external circuit connected to the cell. 

D When 1 coulomb of charge passes through the cell, 6 J of chemical energy is transformed. 
 
 
36 The diagram shows a network of resistors. Each resistor has resistance R. 
 

R R

R

R

R

R
X Y

 
 

What is the total resistance of the network between points X and Y? 

A 
6
R  B 6

11
R  C 11

6
R  D 6R 
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10 A nitrogen molecule P travelling at a speed of 320 m s–1 in a vacuum collides with a stationary 
nitrogen molecule Q. 

 
After the collision, P travels at a velocity of 180 m s–1 at an angle of 55 to its original path. 

 
Q travels in a direction at an angle of 34 to the initial path of P. 

 

P Q

before collision

320 m s–1

P

Q

after collision

180 m s–1

v

34�

55�

 
 

Assume that there are no external forces acting on the molecules. 
 

What is the magnitude v of the velocity of Q after the collision? 

A 120 m s–1 B 140 m s–1 C 180 m s–1 D 260 m s–1 
 
 
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 

C gravitational negative 

D gravitational positive 
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28 In a two-source interference experiment, light of a single frequency is incident on a double slit. 
 

The light waves emerging from the slits are coherent. 
 

What is meant by coherent ? 

A The waves are in phase. 

B The waves have a constant phase difference. 

C The waves have the same amplitude. 

D The waves interfere constructively wherever they overlap. 
 
 
29 A parallel beam of light consists of light of wavelength 420 nm and light of wavelength 630 nm. 
 

The light is incident normally on a diffraction grating. 
 

The diffraction maxima for the two wavelengths overlap only at an angle of 31 from the direction 
of the incident light beam. 

 
What could be the line spacing of the diffraction grating? 

A 1.2 m B 1.6 m C 2.4 m D 3.7 m 
 
 
30 A positively charged particle P is in an electric field, as shown. 
 

P
X

Y

Z 
 

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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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 700 V between the plates. Plate Q is earthed. 

 

5.0 mm

0 V

–700 V

plate P

plate Q

R

 
 

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

A 1.4  102
 N C–1 from P towards Q 

B 1.4  102
 N C–1 from Q towards P 

C 1.4  105
 N C–1 from P towards Q 

D 1.4  105
 N C–1 from Q towards P 

 
 
32 A wedge-shaped metal conductor of length L, varying width and uniform thickness is connected 

to a cell, as shown. 
 

L

X

Y

 
 

Which graph best shows how the average drift velocity v of electrons in the conductor varies with 
distance x from end X? 

 

v

x

0
0

A

L

v

x

0
0

B

L

v

x

0
0

C

L

v

x

0
0

D

L
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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 700 V between the plates. Plate Q is earthed. 

 

5.0 mm

0 V

–700 V

plate P

plate Q

R

 
 

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

A 1.4  102
 N C–1 from P towards Q 

B 1.4  102
 N C–1 from Q towards P 

C 1.4  105
 N C–1 from P towards Q 

D 1.4  105
 N C–1 from Q towards P 

 
 
32 A wedge-shaped metal conductor of length L, varying width and uniform thickness is connected 

to a cell, as shown. 
 

L

X

Y

 
 

Which graph best shows how the average drift velocity v of electrons in the conductor varies with 
distance x from end X? 

 

v

x

0
0

A

L

v

x

0
0

B

L

v

x

0
0

C

L

v

x

0
0

D

L
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33 The power output of an electrical supply is 2.4 kW at a potential difference (p.d.) of 240 V. The 
two wires between the supply and a kettle each have a resistance of 0.50 , as shown. 

 
supply kettle

240 V
2.4 kW

0.50 Ω

0.50 Ω  
 

What is the power supplied to the kettle and what is the p.d. across the kettle? 
 

 power / kW p.d. / V 

A 2.3 230 

B 2.3 235 

C 2.4 230 

D 2.4 235 
 
 
34 The graph shows the variation with potential difference V of the current I in components X, Y  

and Z. 
 

I

V
0

0

X

Z
Y

 
 

Which row correctly identifies the components? 
 

 metallic conductor at 
constant temperature 

semiconductor 
diode 

filament 
lamp 

A X Z Y 

B Y X Z 

C Y Z X 

D Z Y X 
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33 The power output of an electrical supply is 2.4 kW at a potential difference (p.d.) of 240 V. The 
two wires between the supply and a kettle each have a resistance of 0.50 , as shown. 

 
supply kettle

240 V
2.4 kW

0.50 Ω

0.50 Ω  
 

What is the power supplied to the kettle and what is the p.d. across the kettle? 
 

 power / kW p.d. / V 

A 2.3 230 

B 2.3 235 

C 2.4 230 

D 2.4 235 
 
 
34 The graph shows the variation with potential difference V of the current I in components X, Y  

and Z. 
 

I

V
0

0

X

Z
Y

 
 

Which row correctly identifies the components? 
 

 metallic conductor at 
constant temperature 

semiconductor 
diode 

filament 
lamp 

A X Z Y 

B Y X Z 

C Y Z X 

D Z Y X 
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35 A wire of resistance 9.55  has a diameter of 0.280 mm. 
 

It is made of metal of resistivity 4.90  10–7
  m. 

 
What is the length of the wire? 

A 1.20 m B 4.80 m C 19.0 m D 76.0 m 
 
 
36 A cell of constant electromotive force (e.m.f.) but with internal resistance is connected to a fixed 

resistor R using a potentiometer. A voltmeter measures the potential difference (p.d.) between 
the terminals of the cell. 

 

V

X

Z

R

 
 

Which statement explains the change to the reading of the voltmeter as contact Z is moved 
towards end X of the potentiometer? 

A The voltmeter reading decreases because the current through the cell decreases. 

B The voltmeter reading decreases because the current through the cell increases. 

C The voltmeter reading increases because the current through the cell decreases. 

D The voltmeter reading increases because the current through the cell increases. 
 
 
37 A cell of electromotive force (e.m.f.) E and negligible internal resistance is connected to a circuit. 
 

The circuit has currents I1, I2 and I3, and potential differences V1, V2 and V3, as shown. 
 

E

V2

V3

V1

I1 I2

I3  
 

Which equation represents a statement of Kirchhoff’s first law? 

A I1 = I2 + I3 B I1 = I2 = I3 C E = V1 + V2 D V1 = V2 = V3 
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30 A beam of light of a single wavelength is incident normally on a diffraction grating. 
 

The angle of diffraction  is measured for each order of diffraction n. The distance between 
adjacent slits in the diffraction grating is d. 

 
A graph is plotted to determine the wavelength of the light. 

 
Which graph should be plotted and how is the wavelength determined from the graph? 

 
 y-axis x-axis wavelength 

A n d sin  gradient 

B n d sin  1 / gradient 

C sin  d / n gradient 

D sin  d  n 1 / gradient 
 
 
31 A particle has a charge of +2.0 mC and is in a vertical uniform electric field. An electric force of 

1.0  10–2
 N acts upwards on the particle. 

 
What is the electric field strength? 

A 0.20 V m–1 downwards 

B 0.20 V m–1 upwards 

C 5.0 V m–1 downwards 

D 5.0 V m–1 upwards 
 
 
32 The diagram shows two parallel metal plates connected to a d.c. power supply through a resistor. 
 

+

–
 

 
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 a small increase in the distance between the plates 

B a small increase in the potential difference between the plates 

C a small increase in the resistance of the resistor 

D a small increase to the area of both plates 
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30 A beam of light of a single wavelength is incident normally on a diffraction grating. 
 

The angle of diffraction  is measured for each order of diffraction n. The distance between 
adjacent slits in the diffraction grating is d. 

 
A graph is plotted to determine the wavelength of the light. 

 
Which graph should be plotted and how is the wavelength determined from the graph? 

 
 y-axis x-axis wavelength 

A n d sin  gradient 

B n d sin  1 / gradient 

C sin  d / n gradient 

D sin  d  n 1 / gradient 
 
 
31 A particle has a charge of +2.0 mC and is in a vertical uniform electric field. An electric force of 

1.0  10–2
 N acts upwards on the particle. 

 
What is the electric field strength? 

A 0.20 V m–1 downwards 

B 0.20 V m–1 upwards 

C 5.0 V m–1 downwards 

D 5.0 V m–1 upwards 
 
 
32 The diagram shows two parallel metal plates connected to a d.c. power supply through a resistor. 
 

+

–
 

 
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 a small increase in the distance between the plates 

B a small increase in the potential difference between the plates 

C a small increase in the resistance of the resistor 

D a small increase to the area of both plates 
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33 A wire has a length of 12 cm and contains a total of 5.1  1022 free electrons. 
 

When a potential difference is applied across the ends of the wire, the free electrons move with 
an average drift speed of 4.0  10–6

 m s–1. 
 

What is the current in the wire? 

A 0.0027 A B 0.0039 A C 0.27 A D 0.39 A 
 
 
34 A battery is marked 9.0 V. 
 

What does this mean? 

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

B The battery supplies 9.0 J of electrical energy to an external circuit for each coulomb of 
charge. 

C The potential difference across any component connected to the battery will be 9.0 V. 

D There will always be a potential difference of 9.0 V across the battery terminals. 
 
 
35 The diagram shows a circuit containing two batteries connected together. 
 

1.0 Ω
12.0 V

0.5 Ω
8.0 V

I

 
 

What is the current I ? 

A 2.7 A B 4.0 A C 8.0 A D 13 A 
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33 A wire has a length of 12 cm and contains a total of 5.1  1022 free electrons. 
 

When a potential difference is applied across the ends of the wire, the free electrons move with 
an average drift speed of 4.0  10–6

 m s–1. 
 

What is the current in the wire? 

A 0.0027 A B 0.0039 A C 0.27 A D 0.39 A 
 
 
34 A battery is marked 9.0 V. 
 

What does this mean? 

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

B The battery supplies 9.0 J of electrical energy to an external circuit for each coulomb of 
charge. 

C The potential difference across any component connected to the battery will be 9.0 V. 

D There will always be a potential difference of 9.0 V across the battery terminals. 
 
 
35 The diagram shows a circuit containing two batteries connected together. 
 

1.0 Ω
12.0 V

0.5 Ω
8.0 V

I

 
 

What is the current I ? 

A 2.7 A B 4.0 A C 8.0 A D 13 A 
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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 
 
 
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 1.0 cm between the middle plate and the bottom plate. The top 
plate is held at a potential of +500 V, the middle plate at +200 V and the bottom plate is earthed, 
as shown. 

 

2.0 cm

1.0 cm

+500 V

+200 V

0 V

X

Y

 
 

What is the value of the ratio 
 Yat electron an on force of magnitude
X at electron an on force of magnitude

? 

A 0.75 B 1.00 C 1.25 D 1.50 
 
 
32 The current I in a wire is given by the equation 
 

I = nAvq 
 

where n is the number density of the free electrons, A is the cross-sectional area of the wire, v is 
the average drift velocity of the free electrons and q is the charge of an electron. 

 
Which relationship is not used in the derivation of this equation? 

A charge = current  time 

B distance = speed  time 

C number = number density  area 

D volume = length  area 
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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 
 
 
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 1.0 cm between the middle plate and the bottom plate. The top 
plate is held at a potential of +500 V, the middle plate at +200 V and the bottom plate is earthed, 
as shown. 

 

2.0 cm

1.0 cm

+500 V

+200 V

0 V

X

Y

 
 

What is the value of the ratio 
 Yat electron an on force of magnitude
X at electron an on force of magnitude

? 

A 0.75 B 1.00 C 1.25 D 1.50 
 
 
32 The current I in a wire is given by the equation 
 

I = nAvq 
 

where n is the number density of the free electrons, A is the cross-sectional area of the wire, v is 
the average drift velocity of the free electrons and q is the charge of an electron. 

 
Which relationship is not used in the derivation of this equation? 

A charge = current  time 

B distance = speed  time 

C number = number density  area 

D volume = length  area 
 
 



9702 Physics Paper 1 - Electricity
Topical questions | 336 questions

204. Question | 9702 Oct-Nov 2021 P1 V1 Q32

15  
 

© UCLES 2021 9702/11/O/N/21 [Turn over 

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 
 
 
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 1.0 cm between the middle plate and the bottom plate. The top 
plate is held at a potential of +500 V, the middle plate at +200 V and the bottom plate is earthed, 
as shown. 

 

2.0 cm

1.0 cm

+500 V

+200 V

0 V

X

Y

 
 

What is the value of the ratio 
 Yat electron an on force of magnitude
X at electron an on force of magnitude

? 

A 0.75 B 1.00 C 1.25 D 1.50 
 
 
32 The current I in a wire is given by the equation 
 

I = nAvq 
 

where n is the number density of the free electrons, A is the cross-sectional area of the wire, v is 
the average drift velocity of the free electrons and q is the charge of an electron. 

 
Which relationship is not used in the derivation of this equation? 

A charge = current  time 

B distance = speed  time 

C number = number density  area 

D volume = length  area 
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33 A circuit contains two resistors, P and Q, and a power supply of negligible internal resistance, as 
shown. 

 

P Q
 

 
The current in resistor P is 2.0 A and the power dissipated by resistor P is 18 W. 

 
Resistor Q dissipates 240 J of energy when a charge of 40 C passes through it. 

 
What is the electromotive force (e.m.f.) of the power supply? 

A 3.0 V B 6.0 V C 9.0 V D 15 V 
 
 
34 The I–V characteristics of two electrical components P and Q are shown. 
 

2.0

1.5

1.0

0.5

0
0 2.0 4.0 6.0 8.0

I / A

V / V

P
Q

 
 

Which statement is correct? 

A For a current of 0.5 A, the power dissipated in Q is double that in P. 

B For a current of 1.9 A, the resistance of Q is approximately half that of P. 

C The resistance of Q increases as the current in it increases. 

D P is a fixed resistor and Q is a filament lamp. 
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35 Two copper wires S and T, of equal length, are connected in parallel. Wire S has a diameter of 
3.0 mm. Wire T has a diameter of 1.5 mm. 

 
A potential difference is applied across the ends of this parallel arrangement. 

 

What is the value of the ratio 
Tincurrent
S in current ? 

A 4
1  B 2

1  C 2 D 4 

 
 
36 What is the circuit symbol for an oscilloscope? 
 

A B C D

 
 
 
37 Three identical cells, each of electromotive force (e.m.f.) E and internal resistance r, are 

connected as shown. 
 

current

r

r
r

E

E

E

X

Y  
 

What is the potential difference between points X and Y? 

A 0 B E C 2E D 3E 
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35 Two copper wires S and T, of equal length, are connected in parallel. Wire S has a diameter of 
3.0 mm. Wire T has a diameter of 1.5 mm. 

 
A potential difference is applied across the ends of this parallel arrangement. 

 

What is the value of the ratio 
Tincurrent
S in current ? 

A 4
1  B 2

1  C 2 D 4 

 
 
36 What is the circuit symbol for an oscilloscope? 
 

A B C D

 
 
 
37 Three identical cells, each of electromotive force (e.m.f.) E and internal resistance r, are 

connected as shown. 
 

current

r

r
r

E

E

E

X

Y  
 

What is the potential difference between points X and Y? 

A 0 B E C 2E D 3E 
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30 Light of wavelength 5.5  10–7
 m is incident normally on a diffraction grating. 

 

80�light

second-order maximum

second-order maximum

grating

 
 

The angle between the second-order diffraction maxima is 80, as shown. 
 

What is the number of lines per metre of the diffraction grating? 

A 5.8  105 lines per metre 

B 9.0  105 lines per metre 

C 1.2  106 lines per metre 

D 2.3  106 lines per metre 
 
 
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

+ –

C

+ –

D

+ –
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32 A proton enters the uniform electric field between two parallel vertical metal plates in a vacuum.  
 

One plate is at a potential of 0 V and the other plate is at a potential of +10 V, as shown. 
 

0 V +10 V

metal
plates

path of
proton

 
 

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. 
 
 
33 What is a description of the coulomb? 

A the electric charge of one electron 

B the electric charge transferred by a current of one ampere in one second 

C the kinetic energy gained by an electron accelerated through a potential difference of 
one volt 

D the kinetic energy of an electron moving at a speed of one metre per second 
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32 A proton enters the uniform electric field between two parallel vertical metal plates in a vacuum.  
 

One plate is at a potential of 0 V and the other plate is at a potential of +10 V, as shown. 
 

0 V +10 V

metal
plates

path of
proton

 
 

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. 
 
 
33 What is a description of the coulomb? 

A the electric charge of one electron 

B the electric charge transferred by a current of one ampere in one second 

C the kinetic energy gained by an electron accelerated through a potential difference of 
one volt 

D the kinetic energy of an electron moving at a speed of one metre per second 
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34 A battery of electromotive force (e.m.f.) 10 V and internal resistance 5.0  is connected to a 5.0  
load resistor. 

 

5.0 Ω

5.0 Ω

10 V

 
 

Which change occurs when the 5.0  load resistor is replaced with a 50  load resistor? 

A The current in the circuit increases. 

B The potential difference across the load resistor increases. 

C The power dissipated in the internal resistance of the battery increases. 

D The total power dissipated in the circuit increases. 
 
 
35 The graphs show the variation with potential difference V of the current I for three circuit 

components. 
 

graph X
V0

I

graph Z
V0

I

graph Y
V0

0 00

I

 
 

The components are a metal wire at constant temperature, a semiconductor diode and a filament 
lamp. 

 
Which row correctly identifies these graphs? 

 

 
metal wire 
at constant 
temperature 

semiconductor 
diode 

filament 
lamp 

A X Z Y 

B Y X Z 

C Y Z X 

D Z X Y 
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36 The electromotive force (e.m.f.) of a cell is 6.0 V. It has negligible internal resistance and is 
connected across a resistor. The potential difference (p.d.) across the resistor is also 6.0 V. 

 
The e.m.f. and the p.d. have the same numerical value but represent different processes. 

 
Which statement about the different processes is correct? 

A The e.m.f. is the energy transferred from chemical energy to electrical energy in the cell and 
the p.d. is the energy transferred from electrical energy to thermal energy in the resistor. 

B The p.d. is the energy transferred from chemical energy to electrical energy in the cell and 
the e.m.f. is the energy transferred from electrical energy to thermal energy in the resistor. 

C The e.m.f. is the energy transferred per unit charge from chemical energy to electrical energy 
in the cell and the p.d. is the energy transferred per unit charge from electrical energy to 
thermal energy in the resistor. 

D The p.d. is the energy transferred per unit charge from chemical energy to electrical energy 
in the cell and the e.m.f. is the energy transferred per unit charge from electrical energy to 
thermal energy in the resistor. 

 
 
37 A battery of negligible internal resistance is connected to three resistors, as shown. 
 

2 V

2 V
0.3 A 2 V

0.4 A

 
 

The potential difference across each resistor is 2 V. 
 

The current from the battery is 0.4 A and the current through one of the resistors connected in 
parallel is 0.3 A. 

 
What is the current through the other resistor connected in parallel and what is the electromotive 
force (e.m.f.) of the battery? 

 
 current / A e.m.f. / V 

A 0.1 4 

B 0.3 4 

C 0.1 6 

D 0.3 6 
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31 Two parallel metal plates are at electric potentials of +800 V and +1300 V. 
 

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

+800 V +1300 V

A

+800 V +1300 V

B

+800 V +1300 V

C

+800 V +1300 V

D

 
 
 
32 An electron is in a uniform electric field of field strength 1500 V m–1. 
 

What is the acceleration of the electron due to the electric field? 

A 8.5  10–9
 m s–2 

B 1.6  10–5
 m s–2 

C 1.4  1011
 m s–2 

D 2.6  1014
 m s–2 

 
 
33 A lightning strike transfers 1  1020 electrons past a point in a time of 30 s. 
 

What is the average current during the lightning strike? 

A 0.5 mA B 0.5 A C 500 A D 500 kA 
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31 Two parallel metal plates are at electric potentials of +800 V and +1300 V. 
 

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

+800 V +1300 V

A

+800 V +1300 V

B

+800 V +1300 V

C

+800 V +1300 V

D

 
 
 
32 An electron is in a uniform electric field of field strength 1500 V m–1. 
 

What is the acceleration of the electron due to the electric field? 

A 8.5  10–9
 m s–2 

B 1.6  10–5
 m s–2 

C 1.4  1011
 m s–2 

D 2.6  1014
 m s–2 

 
 
33 A lightning strike transfers 1  1020 electrons past a point in a time of 30 s. 
 

What is the average current during the lightning strike? 

A 0.5 mA B 0.5 A C 500 A D 500 kA 
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31 Two parallel metal plates are at electric potentials of +800 V and +1300 V. 
 

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

+800 V +1300 V

A

+800 V +1300 V

B

+800 V +1300 V

C

+800 V +1300 V

D

 
 
 
32 An electron is in a uniform electric field of field strength 1500 V m–1. 
 

What is the acceleration of the electron due to the electric field? 

A 8.5  10–9
 m s–2 

B 1.6  10–5
 m s–2 

C 1.4  1011
 m s–2 

D 2.6  1014
 m s–2 

 
 
33 A lightning strike transfers 1  1020 electrons past a point in a time of 30 s. 
 

What is the average current during the lightning strike? 

A 0.5 mA B 0.5 A C 500 A D 500 kA 
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34 A cell has an electromotive force (e.m.f.) of 6 V and internal resistance R. An external resistor, 
also of resistance R, is connected across this cell, as shown. 

 

6 V

R

R

cell

 
 

Power P is dissipated by the external resistor. 
 

The cell is replaced by a different cell that has an e.m.f. of 6 V and negligible internal resistance. 
 

What is the new power that is dissipated in the external resistor? 

A 0.5P B P C 2P D 4P 
 
 
35 A wire of uniform cross-section has resistance R. 
 

A second wire is made of the same material but is twice as long and has twice the diameter of the 
first wire. 

 
What is the resistance of the second wire? 

A 
8
R  B 

2
R  C R D 8R 

 
 
36 The diagram shows two resistor networks. 
 

2R

network 1

2R

R

R

network 2

R

2R

 
 

What is the ratio total resistance of network 1
total resistance of network 2

? 

A 4
5

 B 5
4

 C 1
2

 D 2
1
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28 Light of a single wavelength is incident normally on a diffraction grating. 
 

The resulting diffraction pattern is displayed on a screen. 
 

Which change makes the first orders of intensity maxima further apart from each other on the 
screen? 

A placing the screen closer to the diffraction grating 

B using a diffraction grating with less separation between adjacent slits 

C using a diffraction grating with more slits but keeping the same separation between adjacent 
slits 

D using light with a shorter wavelength 
 
 
29 For a current-carrying wire, the current can be calculated using the equation shown. 
 

I = Anvq 
 

What is the meaning of n? 

A the number of charge carriers in the wire 

B the number of charge carriers multiplied by the volume of the wire 

C the number of charge carriers per unit length of the wire 

D the number of charge carriers per unit volume of the wire 
 
 
30 The number of free electrons passing a point in a wire in 24 hours is 6.0  1023. 
 

What is the average current in the wire? 

A 6.3 pA B 1.1 A C 67 A D 4.0 kA 
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28 Light of a single wavelength is incident normally on a diffraction grating. 
 

The resulting diffraction pattern is displayed on a screen. 
 

Which change makes the first orders of intensity maxima further apart from each other on the 
screen? 

A placing the screen closer to the diffraction grating 

B using a diffraction grating with less separation between adjacent slits 

C using a diffraction grating with more slits but keeping the same separation between adjacent 
slits 

D using light with a shorter wavelength 
 
 
29 For a current-carrying wire, the current can be calculated using the equation shown. 
 

I = Anvq 
 

What is the meaning of n? 

A the number of charge carriers in the wire 

B the number of charge carriers multiplied by the volume of the wire 

C the number of charge carriers per unit length of the wire 

D the number of charge carriers per unit volume of the wire 
 
 
30 The number of free electrons passing a point in a wire in 24 hours is 6.0  1023. 
 

What is the average current in the wire? 

A 6.3 pA B 1.1 A C 67 A D 4.0 kA 
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31 In the circuit shown, lamp P is rated 250 V, 50 W and lamp Q is rated 250 V, 200 W. The two 
lamps are connected in series to a 250 V power supply. 

 

P Q

250 V

 
 

Assume that the resistance of each lamp remains constant. 
 

Which statement most accurately describes what happens when the switch is closed? 

A Lamp P emits four times as much power as lamp Q. 

B Lamp P emits twice as much power as lamp Q. 

C Lamp Q emits four times as much power as lamp P. 

D Lamp Q emits twice as much power as lamp P. 
 
 
32 A piece of wire has a length of 0.80 m and a diameter of 5.0  10–4

 m. The I–V characteristic of 
the wire is shown. 

 
5.0

2.5

0
0 5 10

I / A

V / V  
 

What is the resistivity of the metal from which the wire is made? 

A 1.2  10–7
  m 

B 1.6  10–7
  m 

C 4.9  10–7
  m 

D 2.0  10–6
  m 
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29 Light of a single frequency passes through two narrow slits and produces an interference pattern 
on a screen some distance away. The interference fringes are very close together. 

 
Which change would increase the distance between the fringes? 

A Increase the brightness of the light source. 

B Increase the distance between the slits and the screen. 

C Increase the distance between the two slits. 

D Increase the frequency of the light used. 
 
 
30 Light of wavelength 5.4  10–7

 m is incident normally on a diffraction grating. 
 

The separation between adjacent lines in the grating is 2.0  10–6
 m. The light that emerges from 

the grating falls on a semicircular screen, as shown in the view from above. 
 

diffraction grating
screen

VIEW FROM ABOVE

light,
wavelength 5.4 � 10–7 m

 
 

The grating is at the centre of the semicircle, and the lines of the grating are vertical. 
 

How many bright dots are formed on the screen? 

A 3 B 4 C 6 D 7 
 
 
31 A straight copper wire of diameter 0.42  10–3

 m has a number density of free electrons of 
8.5  1028

 m–3. In a given time interval, a charge of 0.15 C moves through the wire. 
 

What is the average displacement of the free electrons along the wire in this time interval? 

A 3.3  10–8
 m B 2.0  10–5

 m C 8.0  10–5
 m D 2.5  10–4

 m 
 
 
32 What is the definition of the potential difference (p.d.) across a component? 

A the electrical power supplied to the component 

B the energy transferred to the component per unit charge 

C the product of the current in the component and its resistance 

D the voltage across the component 
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29 Light of a single frequency passes through two narrow slits and produces an interference pattern 
on a screen some distance away. The interference fringes are very close together. 

 
Which change would increase the distance between the fringes? 

A Increase the brightness of the light source. 

B Increase the distance between the slits and the screen. 

C Increase the distance between the two slits. 

D Increase the frequency of the light used. 
 
 
30 Light of wavelength 5.4  10–7

 m is incident normally on a diffraction grating. 
 

The separation between adjacent lines in the grating is 2.0  10–6
 m. The light that emerges from 

the grating falls on a semicircular screen, as shown in the view from above. 
 

diffraction grating
screen

VIEW FROM ABOVE

light,
wavelength 5.4 � 10–7 m

 
 

The grating is at the centre of the semicircle, and the lines of the grating are vertical. 
 

How many bright dots are formed on the screen? 

A 3 B 4 C 6 D 7 
 
 
31 A straight copper wire of diameter 0.42  10–3

 m has a number density of free electrons of 
8.5  1028

 m–3. In a given time interval, a charge of 0.15 C moves through the wire. 
 

What is the average displacement of the free electrons along the wire in this time interval? 

A 3.3  10–8
 m B 2.0  10–5

 m C 8.0  10–5
 m D 2.5  10–4

 m 
 
 
32 What is the definition of the potential difference (p.d.) across a component? 

A the electrical power supplied to the component 

B the energy transferred to the component per unit charge 

C the product of the current in the component and its resistance 

D the voltage across the component 
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33 The graph shows the I–V characteristic for a semiconductor diode. 
 

I

V
0
0

 
 

Which statement can be deduced from the graph? 

A Above a certain positive potential difference the diode obeys Ohm’s law. 

B Current is directly proportional to potential difference when the current in the diode is in one 
direction. 

C The diode has zero resistance when the current in the diode is in one direction. 

D The resistance of the diode depends upon the potential difference across it. 
 
 
34 A wire has a resistance of 30 . A second wire is made from the same material, has the same 

mass and is three times as long as the first wire. 
 

What is the resistance of the second wire? 

A 10  B 30  C 90  D 270  
 
 
35 A cell has internal resistance r and electromotive force (e.m.f.) E. The cell is connected in series 

with an ammeter and a variable resistor of resistance R. 
 

r
E

R

A

 
 

When R is 10  the ammeter reads 0.3 A. 
 

When R is 5  the ammeter reads 0.4 A. 
 

What is the value of E ? 

A 0.5 V B 2 V C 3 V D 6 V 
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33 The graph shows the I–V characteristic for a semiconductor diode. 
 

I

V
0
0

 
 

Which statement can be deduced from the graph? 

A Above a certain positive potential difference the diode obeys Ohm’s law. 

B Current is directly proportional to potential difference when the current in the diode is in one 
direction. 

C The diode has zero resistance when the current in the diode is in one direction. 

D The resistance of the diode depends upon the potential difference across it. 
 
 
34 A wire has a resistance of 30 . A second wire is made from the same material, has the same 

mass and is three times as long as the first wire. 
 

What is the resistance of the second wire? 

A 10  B 30  C 90  D 270  
 
 
35 A cell has internal resistance r and electromotive force (e.m.f.) E. The cell is connected in series 

with an ammeter and a variable resistor of resistance R. 
 

r
E

R

A

 
 

When R is 10  the ammeter reads 0.3 A. 
 

When R is 5  the ammeter reads 0.4 A. 
 

What is the value of E ? 

A 0.5 V B 2 V C 3 V D 6 V 
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30 The equation 
 

 = 
n

d sin  

 
is used to calculate the wavelength  of light in an experiment that uses a diffraction grating. The 
light from the diffraction grating is displayed on a screen. 

 
What do the symbols n and d represent? 

 
 n d 

A number of slits in the grating distance between adjacent slits in the grating 

B number of slits in the grating distance from grating to screen 

C order of intensity maximum distance between adjacent slits in the grating 

D order of intensity maximum distance from grating to screen 
 
 
31 The diagram shows a metal block. 
 

a

b

c
I I

 
 

The block has sides of length a, b and c as shown, and its volume is V. Each charge carrier has a 
charge –q and the number density of the charge carriers in the metal is n. It takes each charge 
carrier an average time of t to pass through the block. 

 
What is an expression for the current I ? 

A I = nqabc B I = nqV
t

 C I = nqbc
t

 D I = nqaV 
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32 The circuit diagrams show two lamps X and Y each connected to a cell. The current in lamp X is 
0.50 A and its resistance is 9.6 . The current in lamp Y is 3.0 A and its resistance is 1.2 . 

 

0.50 A
lamp X

9.6 �

3.0 A
lamp Y

1.2 �  
 

What is the ratio 
 Ylamp in power
X lamp in power ? 

A 0.22 B 0.75 C 1.3 D 4.5 
 
 
33 The intensity of light incident on a light-dependent resistor (LDR) is increased. The temperature 

of a thermistor is increased. In each case, the current in the component is maintained at a 
constant value. 

 
What happens to the potential difference across each component? 

 
 LDR thermistor 

A increases increases 

B increases decreases 

C decreases increases 

D decreases decreases 
 
 
34 An iron wire has length 8.0 m and diameter 0.50 mm. The wire has resistance R. 
 

A second iron wire has length 2.0 m and diameter 1.0 mm. 
 

What is the resistance of the second wire? 

A 
16
R  B 

8
R  C 

2
R  D R 

 
 
35 A cell with constant electromotive force (e.m.f.) is connected across a fixed resistor. Over time, 

the internal resistance of the cell increases. 
 

Which change occurs as the internal resistance of the cell increases? 

A a decrease in the charge of each charge carrier 

B a decrease in the potential difference measured across the cell 

C an increase in the energy dissipated per unit time in the fixed resistor 

D an increase in the number of charge carriers leaving the cell per unit time 
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32 The circuit diagrams show two lamps X and Y each connected to a cell. The current in lamp X is 
0.50 A and its resistance is 9.6 . The current in lamp Y is 3.0 A and its resistance is 1.2 . 

 

0.50 A
lamp X

9.6 �

3.0 A
lamp Y

1.2 �  
 

What is the ratio 
 Ylamp in power
X lamp in power ? 

A 0.22 B 0.75 C 1.3 D 4.5 
 
 
33 The intensity of light incident on a light-dependent resistor (LDR) is increased. The temperature 

of a thermistor is increased. In each case, the current in the component is maintained at a 
constant value. 

 
What happens to the potential difference across each component? 

 
 LDR thermistor 

A increases increases 

B increases decreases 

C decreases increases 

D decreases decreases 
 
 
34 An iron wire has length 8.0 m and diameter 0.50 mm. The wire has resistance R. 
 

A second iron wire has length 2.0 m and diameter 1.0 mm. 
 

What is the resistance of the second wire? 

A 
16
R  B 

8
R  C 

2
R  D R 

 
 
35 A cell with constant electromotive force (e.m.f.) is connected across a fixed resistor. Over time, 

the internal resistance of the cell increases. 
 

Which change occurs as the internal resistance of the cell increases? 

A a decrease in the charge of each charge carrier 

B a decrease in the potential difference measured across the cell 

C an increase in the energy dissipated per unit time in the fixed resistor 

D an increase in the number of charge carriers leaving the cell per unit time 
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32 The circuit diagrams show two lamps X and Y each connected to a cell. The current in lamp X is 
0.50 A and its resistance is 9.6 . The current in lamp Y is 3.0 A and its resistance is 1.2 . 

 

0.50 A
lamp X

9.6 �

3.0 A
lamp Y

1.2 �  
 

What is the ratio 
 Ylamp in power
X lamp in power ? 

A 0.22 B 0.75 C 1.3 D 4.5 
 
 
33 The intensity of light incident on a light-dependent resistor (LDR) is increased. The temperature 

of a thermistor is increased. In each case, the current in the component is maintained at a 
constant value. 

 
What happens to the potential difference across each component? 

 
 LDR thermistor 

A increases increases 

B increases decreases 

C decreases increases 

D decreases decreases 
 
 
34 An iron wire has length 8.0 m and diameter 0.50 mm. The wire has resistance R. 
 

A second iron wire has length 2.0 m and diameter 1.0 mm. 
 

What is the resistance of the second wire? 

A 
16
R  B 

8
R  C 

2
R  D R 

 
 
35 A cell with constant electromotive force (e.m.f.) is connected across a fixed resistor. Over time, 

the internal resistance of the cell increases. 
 

Which change occurs as the internal resistance of the cell increases? 

A a decrease in the charge of each charge carrier 

B a decrease in the potential difference measured across the cell 

C an increase in the energy dissipated per unit time in the fixed resistor 

D an increase in the number of charge carriers leaving the cell per unit time 
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31 A beam of light of wavelength 400 nm is incident normally on a diffraction grating that has 
300 lines per millimetre. The light passes through the grating and produces a series of maxima 
which are observed on a semicircular screen, as shown. 

 

diffraction grating
screen

VIEW FROM ABOVE

light,
wavelength 400 nm

 
 

What is the total number of maxima observed on the screen? 

A 8 B 9 C 16 D 17 
 
 
32 Two wires, X and Y, are made from the same metal. 
 

The diameter of wire Y is twice that of wire X. 
 

Wire X, wire Y and a battery are connected in series. 
 

What is the ratio 
average drift speed of free electrons in wire X
average drift speed of free electrons in wire Y

? 

A 
4
1  B 

2
1  C 

1
2  D 

1
4  

 
 
33 A resistor has resistance R. When the potential difference (p.d.) across the resistor is V, the 

current in the resistor is I. The power dissipated in the resistor is P. Work W is done when charge 
Q flows through the resistor. 

 
What is not a valid relationship between these variables? 

A I = 
V
P  B Q = 

V
W  C R = 2I

P  D R = 
P
V  
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31 A beam of light of wavelength 400 nm is incident normally on a diffraction grating that has 
300 lines per millimetre. The light passes through the grating and produces a series of maxima 
which are observed on a semicircular screen, as shown. 

 

diffraction grating
screen

VIEW FROM ABOVE

light,
wavelength 400 nm

 
 

What is the total number of maxima observed on the screen? 

A 8 B 9 C 16 D 17 
 
 
32 Two wires, X and Y, are made from the same metal. 
 

The diameter of wire Y is twice that of wire X. 
 

Wire X, wire Y and a battery are connected in series. 
 

What is the ratio 
average drift speed of free electrons in wire X
average drift speed of free electrons in wire Y

? 

A 
4
1  B 

2
1  C 

1
2  D 

1
4  

 
 
33 A resistor has resistance R. When the potential difference (p.d.) across the resistor is V, the 

current in the resistor is I. The power dissipated in the resistor is P. Work W is done when charge 
Q flows through the resistor. 

 
What is not a valid relationship between these variables? 

A I = 
V
P  B Q = 

V
W  C R = 2I

P  D R = 
P
V  
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34 A fixed resistor and a filament lamp are connected in series to a power supply. 
 

The I–V characteristics for the two components are shown. 
 

0.5

0.4

0.3

0.2

0.1

0

I / A

V / V

fixed resistor

0 2 4 6 8 10

0.5

0.4

0.3

0.2

0.1

0

I / A

V / V

filament lamp

0 2 4 6 8 10

 
 

The current in the fixed resistor is 0.34 A. 
 

What is the resistance of the filament lamp? 

A 0.081  B 12  C 15  D 18  
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35 A piece of conducting putty (modelling clay) of constant resistivity is formed into a cylindrical 
shape. 

 
The resistance R between its flat ends (shaded) is measured. 

 
L

 
 

The same volume of putty is re-formed into cylinders of different lengths L, and the resistance R 
between the flat ends is measured for each value of L. 

 
Which graph best shows the variation of R with L? 

 

R

L

A

0
0

R

L

B

0
0

R

L

C

0
0

R

L

D

0
0

 
 
 
36 The diagram shows the symbol for a component that may be used in an electrical circuit. 
 

 
 

Which component is represented by this circuit symbol? 

A buzzer 

B electric bell 

C loudspeaker 

D microphone 
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35 A piece of conducting putty (modelling clay) of constant resistivity is formed into a cylindrical 
shape. 

 
The resistance R between its flat ends (shaded) is measured. 

 
L

 
 

The same volume of putty is re-formed into cylinders of different lengths L, and the resistance R 
between the flat ends is measured for each value of L. 

 
Which graph best shows the variation of R with L? 

 

R

L

A

0
0

R

L

B

0
0

R

L

C

0
0

R

L

D

0
0

 
 
 
36 The diagram shows the symbol for a component that may be used in an electrical circuit. 
 

 
 

Which component is represented by this circuit symbol? 

A buzzer 

B electric bell 

C loudspeaker 

D microphone 
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1 What is needed to accurately represent all physical quantities? 

A a base unit and a number 

B a unit and a number expressed in standard form (scientific notation) 

C a unit and a numerical magnitude 

D an SI unit and a numerical magnitude 
 
 
2 A voltmeter connected across a resistor in a circuit reads 3.6 V. 
 

What could be the current in the resistor and the resistance of the resistor? 
 

 current resistance 

A 150 mA 0.24 k 

B 15 mA 2.4 k 

C 1.5 mA 0.24 M 

D 15 A 240 k 
 
 
3 In an experiment to determine the acceleration of free fall g, the time t taken for a ball to fall 

through distance s is measured. The percentage uncertainty in the measurement of s is 2%. The 
percentage uncertainty in the measurement of t is 3%. 

 
The value of g is determined using the equation shown. 

 

2
2
t
sg   

 
What is the percentage uncertainty in the calculated value of g? 

A 1% B 5% C 8% D 11% 
 
 
4 Which quantity is a vector? 

A momentum 

B speed 

C temperature 

D Young modulus 
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31 A length of wire RS has a circular cross-section. 
 

R S

area A area A2

 
 

At end R of the wire, the cross-sectional area is A. 
 

At end S of the wire, the cross-sectional area is 
2
A . 

 
Charge Q takes time t to pass through end R of the wire. There is a constant electric current in 
the wire. 

 

How much charge will pass through end S in a time interval of 
4
t ? 

A 
8
Q  B 

4
Q  C 

2
Q  D Q 

 
 
32 A power supply is connected to a component by connecting wires of total resistance 4.9 . 
 

The power supply has an output power of 3.6 W and a terminal potential difference of 12 V. 
 

How much thermal energy is dissipated in the connecting wires in a time of 1.0 hour? 

A 0.44 J B 29 J C 1.6 kJ D 11 kJ 
 
 
33 A copper wire is to be replaced by an aluminium alloy wire of the same length and resistance. 

Copper has half the resistivity of the alloy. 
 

What is the ratio 
 wirecopper of diameter

alloy wire of diameter ? 

A 2  B 2 C 22  D 4 
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31 A length of wire RS has a circular cross-section. 
 

R S

area A area A2

 
 

At end R of the wire, the cross-sectional area is A. 
 

At end S of the wire, the cross-sectional area is 
2
A . 

 
Charge Q takes time t to pass through end R of the wire. There is a constant electric current in 
the wire. 

 

How much charge will pass through end S in a time interval of 
4
t ? 

A 
8
Q  B 

4
Q  C 

2
Q  D Q 

 
 
32 A power supply is connected to a component by connecting wires of total resistance 4.9 . 
 

The power supply has an output power of 3.6 W and a terminal potential difference of 12 V. 
 

How much thermal energy is dissipated in the connecting wires in a time of 1.0 hour? 

A 0.44 J B 29 J C 1.6 kJ D 11 kJ 
 
 
33 A copper wire is to be replaced by an aluminium alloy wire of the same length and resistance. 

Copper has half the resistivity of the alloy. 
 

What is the ratio 
 wirecopper of diameter

alloy wire of diameter ? 

A 2  B 2 C 22  D 4 
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31 A nichrome wire has a resistance of 15  and a diameter of 3.0 mm. The number density of the 
free electrons in nichrome is 9.0  1028

 m–3. 
 

A potential difference (p.d.) of 6.0 V is applied between the ends of the wire. 
 

What is the average drift speed of the free electrons in the wire? 

A 9.8  10–7
 m s–1 

B 3.9  10–6
 m s–1 

C 6.1  10–6
 m s–1 

D 2.5  10–5
 m s–1 

 
 
32 The diagrams show two different circuits. 
 

R R R  
 

The cells in each circuit have the same electromotive force (e.m.f.) and negligible internal 
resistance. The three resistors each have the same resistance R. 

 
In the circuit on the left, the power dissipated in the resistor is P. 

 
What is the total power dissipated in the circuit on the right? 

A 
4
P  B 

2
P  C P D 2P 

 
 
33 The potential difference (p.d.) across a filament lamp is increased. 
 

Which statement is correct? 

A The resistance of the lamp decreases because the temperature decreases. 

B The resistance of the lamp decreases because the temperature increases. 

C The resistance of the lamp increases because the temperature decreases. 

D The resistance of the lamp increases because the temperature increases. 
 
 
34 A metal wire has resistance R. 
 

The wire is stretched so that its diameter decreases to 94.0% of the original diameter. 
 

The volume of the wire is unchanged. 
 

What is the resistance of the stretched wire? 

A 1.06R B 1.13R C 1.20R D 1.28R 
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31 A nichrome wire has a resistance of 15  and a diameter of 3.0 mm. The number density of the 
free electrons in nichrome is 9.0  1028

 m–3. 
 

A potential difference (p.d.) of 6.0 V is applied between the ends of the wire. 
 

What is the average drift speed of the free electrons in the wire? 

A 9.8  10–7
 m s–1 

B 3.9  10–6
 m s–1 

C 6.1  10–6
 m s–1 

D 2.5  10–5
 m s–1 

 
 
32 The diagrams show two different circuits. 
 

R R R  
 

The cells in each circuit have the same electromotive force (e.m.f.) and negligible internal 
resistance. The three resistors each have the same resistance R. 

 
In the circuit on the left, the power dissipated in the resistor is P. 

 
What is the total power dissipated in the circuit on the right? 

A 
4
P  B 

2
P  C P D 2P 

 
 
33 The potential difference (p.d.) across a filament lamp is increased. 
 

Which statement is correct? 

A The resistance of the lamp decreases because the temperature decreases. 

B The resistance of the lamp decreases because the temperature increases. 

C The resistance of the lamp increases because the temperature decreases. 

D The resistance of the lamp increases because the temperature increases. 
 
 
34 A metal wire has resistance R. 
 

The wire is stretched so that its diameter decreases to 94.0% of the original diameter. 
 

The volume of the wire is unchanged. 
 

What is the resistance of the stretched wire? 

A 1.06R B 1.13R C 1.20R D 1.28R 
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31 A nichrome wire has a resistance of 15  and a diameter of 3.0 mm. The number density of the 
free electrons in nichrome is 9.0  1028

 m–3. 
 

A potential difference (p.d.) of 6.0 V is applied between the ends of the wire. 
 

What is the average drift speed of the free electrons in the wire? 

A 9.8  10–7
 m s–1 

B 3.9  10–6
 m s–1 

C 6.1  10–6
 m s–1 

D 2.5  10–5
 m s–1 

 
 
32 The diagrams show two different circuits. 
 

R R R  
 

The cells in each circuit have the same electromotive force (e.m.f.) and negligible internal 
resistance. The three resistors each have the same resistance R. 

 
In the circuit on the left, the power dissipated in the resistor is P. 

 
What is the total power dissipated in the circuit on the right? 

A 
4
P  B 

2
P  C P D 2P 

 
 
33 The potential difference (p.d.) across a filament lamp is increased. 
 

Which statement is correct? 

A The resistance of the lamp decreases because the temperature decreases. 

B The resistance of the lamp decreases because the temperature increases. 

C The resistance of the lamp increases because the temperature decreases. 

D The resistance of the lamp increases because the temperature increases. 
 
 
34 A metal wire has resistance R. 
 

The wire is stretched so that its diameter decreases to 94.0% of the original diameter. 
 

The volume of the wire is unchanged. 
 

What is the resistance of the stretched wire? 

A 1.06R B 1.13R C 1.20R D 1.28R 

239. Question | 9702 Oct-Nov 2022 P1 V2 Q34

13  
 

© UCLES 2022 9702/12/O/N/22 [Turn over 

31 A nichrome wire has a resistance of 15  and a diameter of 3.0 mm. The number density of the 
free electrons in nichrome is 9.0  1028

 m–3. 
 

A potential difference (p.d.) of 6.0 V is applied between the ends of the wire. 
 

What is the average drift speed of the free electrons in the wire? 

A 9.8  10–7
 m s–1 

B 3.9  10–6
 m s–1 

C 6.1  10–6
 m s–1 

D 2.5  10–5
 m s–1 

 
 
32 The diagrams show two different circuits. 
 

R R R  
 

The cells in each circuit have the same electromotive force (e.m.f.) and negligible internal 
resistance. The three resistors each have the same resistance R. 

 
In the circuit on the left, the power dissipated in the resistor is P. 

 
What is the total power dissipated in the circuit on the right? 

A 
4
P  B 

2
P  C P D 2P 

 
 
33 The potential difference (p.d.) across a filament lamp is increased. 
 

Which statement is correct? 

A The resistance of the lamp decreases because the temperature decreases. 

B The resistance of the lamp decreases because the temperature increases. 

C The resistance of the lamp increases because the temperature decreases. 

D The resistance of the lamp increases because the temperature increases. 
 
 
34 A metal wire has resistance R. 
 

The wire is stretched so that its diameter decreases to 94.0% of the original diameter. 
 

The volume of the wire is unchanged. 
 

What is the resistance of the stretched wire? 

A 1.06R B 1.13R C 1.20R D 1.28R 
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29 Which property of a light wave can be determined using a diffraction grating? 

A amplitude 

B intensity 

C speed 

D wavelength 
 
 
30 There is an electric current in a copper wire. 
 

Which statement describing the average drift speed of the charge carriers in the wire is correct? 

A It is nearly 3  108
 m s–1. 

B It is proportional to the cross-sectional area of the wire. 

C It is proportional to the length of the wire. 

D It is proportional to the magnitude of the current. 
 
 
31 A battery with a constant internal resistance is connected to a resistor of resistance 250 , as 

shown. 
 

250 �
 

 
The current in the resistor is 40 mA for a time of 60 s. During this time 6.0 J of energy is dissipated 
by the internal resistance. 

 
What is the energy supplied to the external resistor during the 60 s and the electromotive force 
(e.m.f.) of the battery? 

 
 energy / J e.m.f. / V 

A 30 2.5 

B 30 7.5 

C 24 10.0 

D 24 12.5 
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32 Which component has the I–V graph shown? 
 

I

V
0

0  
 

A filament lamp 

B metallic conductor at constant temperature 

C resistor of fixed resistance 

D semiconductor diode 
 
 
33 Two wires, P and Q, have the same resistance. Wire Q is made of material that has twice the 

resistivity of the material used to make wire P. The diameter of wire Q is twice the diameter of 
wire P. 

 

What is the ratio 
Q  wireof length
P  wireof length

? 

A 
8
1  B 

4
1  C 

2
1  D 

1
2  
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32 Which component has the I–V graph shown? 
 

I

V
0

0  
 

A filament lamp 

B metallic conductor at constant temperature 

C resistor of fixed resistance 

D semiconductor diode 
 
 
33 Two wires, P and Q, have the same resistance. Wire Q is made of material that has twice the 

resistivity of the material used to make wire P. The diameter of wire Q is twice the diameter of 
wire P. 

 

What is the ratio 
Q  wireof length
P  wireof length

? 

A 
8
1  B 

4
1  C 

2
1  D 

1
2  
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28	 A pattern of interference fringes is produced using a red laser, a double slit and a screen. The 
screen is 3.5 m from the double slit. The light from the laser has a wavelength of 640 nm.

	 The pattern of fringes is shown.

72 mm

not to
scale

bright
fringe

	 What is the separation of the slits?

	 A	 1.2 × 10–4 m	 B	 1.6 × 10–4 m	 C	 3.1 × 10–5 m	 D	 3.3 × 10–9 m

29	 The diagram shows the symbol for a wire carrying a current I.

I

	 What does this current represent?

	 A	 the charge flowing past a point in the wire per unit time

	 B	 the number of electrons flowing past a point in the wire per unit time

	 C	 the number of positive nuclei flowing past a point in the wire per unit time

	 D	 the number of protons flowing past a point in the wire per unit time

30	 An electric current I is given by the formula I = Anvq.

	 What do each of the symbols represent for an electric current in a metal wire?

A n v q

A area of 
cross‑section

number of free 
electrons

voltage charge of each 
nucleus

B area of 
cross‑section

number of free 
electrons per unit 

volume

average drift 
speed of free 

electrons

charge of each 
electron

C current number of free 
electrons

average drift 
speed of free 

electrons

charge of each 
nucleus

D current number of free 
electrons per unit 

volume

voltage charge of each 
electron
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28	 A pattern of interference fringes is produced using a red laser, a double slit and a screen. The 
screen is 3.5 m from the double slit. The light from the laser has a wavelength of 640 nm.

	 The pattern of fringes is shown.

72 mm

not to
scale

bright
fringe

	 What is the separation of the slits?

	 A	 1.2 × 10–4 m	 B	 1.6 × 10–4 m	 C	 3.1 × 10–5 m	 D	 3.3 × 10–9 m

29	 The diagram shows the symbol for a wire carrying a current I.

I

	 What does this current represent?

	 A	 the charge flowing past a point in the wire per unit time

	 B	 the number of electrons flowing past a point in the wire per unit time

	 C	 the number of positive nuclei flowing past a point in the wire per unit time

	 D	 the number of protons flowing past a point in the wire per unit time

30	 An electric current I is given by the formula I = Anvq.

	 What do each of the symbols represent for an electric current in a metal wire?

A n v q

A area of 
cross‑section

number of free 
electrons

voltage charge of each 
nucleus

B area of 
cross‑section

number of free 
electrons per unit 

volume

average drift 
speed of free 

electrons

charge of each 
electron

C current number of free 
electrons

average drift 
speed of free 

electrons

charge of each 
nucleus

D current number of free 
electrons per unit 

volume

voltage charge of each 
electron
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31	 Which values of current and resistance will produce a rate of energy transfer of 16 J s–1?

current / A resistance / Ω

A 1 4

B 2 2

C 2 8

D 4 1

32	 A coil contains N turns of insulated copper wire wound on to a cylinder of diameter D. The copper 
wire has diameter d. The resistivity of copper is ρ. Diameter D is much greater than diameter d.

	 What is the total resistance between the two ends of the coil of copper wire?

	 A	
d
N D4
2
t

	 B	
D
N d4
2
t

	 C	
d
N D8
2
t

	 D	
D
N d8
2
t

33	 Two cells are connected to a load resistor of resistance 3.0 Ω. The electromotive force (e.m.f.) and 
the internal resistance of each of the cells are shown.

3.0 Ω

0.8 Ω 1.2 Ω
6.0 V 3.0 V

	 What is the current in the load resistor?

	 A	 0.60 A	 B	 1.2 A	 C	 1.8 A	 D	 3.0 A
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31	 Which values of current and resistance will produce a rate of energy transfer of 16 J s–1?

current / A resistance / Ω

A 1 4

B 2 2

C 2 8

D 4 1

32	 A coil contains N turns of insulated copper wire wound on to a cylinder of diameter D. The copper 
wire has diameter d. The resistivity of copper is ρ. Diameter D is much greater than diameter d.

	 What is the total resistance between the two ends of the coil of copper wire?

	 A	
d
N D4
2
t

	 B	
D
N d4
2
t

	 C	
d
N D8
2
t

	 D	
D
N d8
2
t

33	 Two cells are connected to a load resistor of resistance 3.0 Ω. The electromotive force (e.m.f.) and 
the internal resistance of each of the cells are shown.

3.0 Ω

0.8 Ω 1.2 Ω
6.0 V 3.0 V

	 What is the current in the load resistor?

	 A	 0.60 A	 B	 1.2 A	 C	 1.8 A	 D	 3.0 A
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34	 The diagram shows a simple circuit.

S

R

	 Which statement is correct?

	 A	 When switch S is closed, the e.m.f. of the battery falls because work is done against the 
internal resistance of the battery.

	 B	 When switch S is closed, the e.m.f. of the battery falls because work is done against the 
resistance of R.

	 C	 When switch S is closed, the potential difference across the battery falls because work is 
done against the internal resistance of the battery.

	 D	 When switch S is closed, the potential difference across the battery falls because work is 
done against the resistance of R.

35	 Six resistors, each of resistance R, are connected as shown.

	 The combined resistance is 66 kΩ.

	 What is the value of R?

	 A	 11 kΩ	 B	 18 kΩ	 C	 22 kΩ	 D	 36 kΩ
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28 Waves are emitted from two coherent sources. 
 

Which statement about the waves must be correct? 

A They are in phase. 

B They are transverse waves. 

C They have a constant phase difference. 

D They have the same amplitude. 
 
 
29 The diagram shows a screen that is a distance L from a diffraction grating. The grating has a total 

number of N lines. Any two adjacent lines are a distance d apart. A beam of parallel light of 
wavelength λ is incident normally on the grating. 

 

first-order maxima

screen

diffraction
grating

beam
of light

NOT TO
SCALE

L

 
 

Which quantities affect the distance between the first-order diffraction maxima on the screen? 
 

 d λ L N  

A     key 

B     = affects the distance 

C     = does not affect the distance 

D      
 
 
30 A wire carries a current of 0.10 µA. The potential difference across the wire is 10 mV. 
 

How much energy is dissipated by the wire in a time of 10 s? 

A 1.0 pJ B 10 pJ C 1.0 nJ D 10 nJ 
 
 
31 What is the definition of the potential difference across an electrical component? 

A energy transferred per unit charge 

B energy transferred per unit current 

C energy transferred per unit resistance 

D energy transferred per unit time 
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28 Waves are emitted from two coherent sources. 
 

Which statement about the waves must be correct? 

A They are in phase. 

B They are transverse waves. 

C They have a constant phase difference. 

D They have the same amplitude. 
 
 
29 The diagram shows a screen that is a distance L from a diffraction grating. The grating has a total 

number of N lines. Any two adjacent lines are a distance d apart. A beam of parallel light of 
wavelength λ is incident normally on the grating. 

 

first-order maxima

screen

diffraction
grating

beam
of light

NOT TO
SCALE

L

 
 

Which quantities affect the distance between the first-order diffraction maxima on the screen? 
 

 d λ L N  

A     key 

B     = affects the distance 

C     = does not affect the distance 

D      
 
 
30 A wire carries a current of 0.10 µA. The potential difference across the wire is 10 mV. 
 

How much energy is dissipated by the wire in a time of 10 s? 

A 1.0 pJ B 10 pJ C 1.0 nJ D 10 nJ 
 
 
31 What is the definition of the potential difference across an electrical component? 

A energy transferred per unit charge 

B energy transferred per unit current 

C energy transferred per unit resistance 

D energy transferred per unit time 
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32 Which graph represents the way the current I through a filament lamp varies with the potential 
difference V across it? 

 

0
0

V

I

A

V

I

B

V

I

C

V

I

D

0
0

0
0

0
0

 
 
 
33 The table shows the properties of two different wires, P and Q. 
 

 length resistance resistivity 
of material 

wire P l R ρ 

wire Q 2l 1
4 R 1

3 ρ 
 

Wire P has a cross-section of diameter d. 
 

What is the diameter of the cross-section of wire Q? 

A 0.41d B 1.6d C 2.7d D 7.1d 
 
 
34 A cell has a constant electromotive force. 
 

A variable resistor is connected between the terminals of the cell. 
 

The resistance of the variable resistor is decreased. 
 

Which statement about the change of the cell’s terminal potential difference (p.d.) is correct? 

A The terminal p.d. is decreased because more work is done moving unit charge through the 
internal resistance of the cell. 

B The terminal p.d. is decreased because the current in the variable resistor is decreased. 

C The terminal p.d. is increased because more work is done moving unit charge through the 
variable resistor. 

D The terminal p.d. is increased because the current in the variable resistor is increased. 
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32 Which graph represents the way the current I through a filament lamp varies with the potential 
difference V across it? 

 

0
0

V

I

A

V

I

B

V

I

C

V

I

D

0
0

0
0

0
0

 
 
 
33 The table shows the properties of two different wires, P and Q. 
 

 length resistance resistivity 
of material 

wire P l R ρ 

wire Q 2l 1
4 R 1

3 ρ 
 

Wire P has a cross-section of diameter d. 
 

What is the diameter of the cross-section of wire Q? 

A 0.41d B 1.6d C 2.7d D 7.1d 
 
 
34 A cell has a constant electromotive force. 
 

A variable resistor is connected between the terminals of the cell. 
 

The resistance of the variable resistor is decreased. 
 

Which statement about the change of the cell’s terminal potential difference (p.d.) is correct? 

A The terminal p.d. is decreased because more work is done moving unit charge through the 
internal resistance of the cell. 

B The terminal p.d. is decreased because the current in the variable resistor is decreased. 

C The terminal p.d. is increased because more work is done moving unit charge through the 
variable resistor. 

D The terminal p.d. is increased because the current in the variable resistor is increased. 
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29 A beam of light from a laser is incident normally on a diffraction grating. 
 

110�

diffraction grating

light beam

 
 

The diagram shows only the second-order maxima that are produced. 
 

The grating has a line spacing of 1.0  10–6
 m. The angle between the two second-order maxima 

is 110. 
 

What is the wavelength of the light? 

A 4.1  10–7
 m 

B 4.7  10–7
 m 

C 8.2  10–7
 m 

D 9.4  10–7
 m 

 
 
30 The electric current in a metal wire is 4.0 mA. 
 

How many electrons pass a fixed point in the wire in a time of 10 hours? 

A 2.5  1017 B 2.5  1020 C 9.0  1020 D 9.0  1023 
 
 
31 What is the definition of the potential difference across an electrical component? 

A the charge per unit time passing through the component 

B the energy transferred per unit charge 

C the force per unit charge 

D the resistance per unit current 
 
 
32 Which graph shows the I–V characteristic of a filament lamp? 
 

A

V

I

D

V

I

C

V

I

B

V

I

0
0

0
0

0
0

0
0  
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29 A beam of light from a laser is incident normally on a diffraction grating. 
 

110�

diffraction grating

light beam

 
 

The diagram shows only the second-order maxima that are produced. 
 

The grating has a line spacing of 1.0  10–6
 m. The angle between the two second-order maxima 

is 110. 
 

What is the wavelength of the light? 

A 4.1  10–7
 m 

B 4.7  10–7
 m 

C 8.2  10–7
 m 

D 9.4  10–7
 m 

 
 
30 The electric current in a metal wire is 4.0 mA. 
 

How many electrons pass a fixed point in the wire in a time of 10 hours? 

A 2.5  1017 B 2.5  1020 C 9.0  1020 D 9.0  1023 
 
 
31 What is the definition of the potential difference across an electrical component? 

A the charge per unit time passing through the component 

B the energy transferred per unit charge 

C the force per unit charge 

D the resistance per unit current 
 
 
32 Which graph shows the I–V characteristic of a filament lamp? 
 

A

V

I

D

V

I

C

V

I

B

V

I

0
0

0
0

0
0

0
0  
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29 A beam of light from a laser is incident normally on a diffraction grating. 
 

110�

diffraction grating

light beam

 
 

The diagram shows only the second-order maxima that are produced. 
 

The grating has a line spacing of 1.0  10–6
 m. The angle between the two second-order maxima 

is 110. 
 

What is the wavelength of the light? 

A 4.1  10–7
 m 

B 4.7  10–7
 m 

C 8.2  10–7
 m 

D 9.4  10–7
 m 

 
 
30 The electric current in a metal wire is 4.0 mA. 
 

How many electrons pass a fixed point in the wire in a time of 10 hours? 

A 2.5  1017 B 2.5  1020 C 9.0  1020 D 9.0  1023 
 
 
31 What is the definition of the potential difference across an electrical component? 

A the charge per unit time passing through the component 

B the energy transferred per unit charge 

C the force per unit charge 

D the resistance per unit current 
 
 
32 Which graph shows the I–V characteristic of a filament lamp? 
 

A

V

I

D

V

I

C

V

I

B

V

I

0
0

0
0

0
0

0
0  
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33 A metal wire has a length of 2.50 m and a cross-sectional area of 4.50  10–6
 m2. The resistivity of 

the metal is 3.50  10–7
  m. 

 
The wire is stretched so that its length increases to 2.65 m. The wire remains cylindrical and the 
volume of the wire remains constant. 

 
What is the change in the resistance of the wire? 

A 0.012  B 0.024  C 0.19  D 0.22  
 
 
34 Which circuit symbol represents a microphone? 
 

A B C D

 
 
 
35 A battery with internal resistance is connected to a fixed resistor, an ammeter and a voltmeter, as 

shown. 
 

A

V

 
 

The battery is replaced by a different battery that has the same electromotive force (e.m.f.) but a 
greater internal resistance. 

 
What happens to the readings on the ammeter and voltmeter? 

 
 ammeter reading voltmeter reading 

A decreases decreases 

B decreases stays the same 

C stays the same decreases 

D stays the same stays the same 
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33 A metal wire has a length of 2.50 m and a cross-sectional area of 4.50  10–6
 m2. The resistivity of 

the metal is 3.50  10–7
  m. 

 
The wire is stretched so that its length increases to 2.65 m. The wire remains cylindrical and the 
volume of the wire remains constant. 

 
What is the change in the resistance of the wire? 

A 0.012  B 0.024  C 0.19  D 0.22  
 
 
34 Which circuit symbol represents a microphone? 
 

A B C D

 
 
 
35 A battery with internal resistance is connected to a fixed resistor, an ammeter and a voltmeter, as 

shown. 
 

A

V

 
 

The battery is replaced by a different battery that has the same electromotive force (e.m.f.) but a 
greater internal resistance. 

 
What happens to the readings on the ammeter and voltmeter? 

 
 ammeter reading voltmeter reading 

A decreases decreases 

B decreases stays the same 

C stays the same decreases 

D stays the same stays the same 
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30 Which charge can be carried by a charge carrier? 

A 1.1  10–19
 C 

B 4.0  10–19
 C 

C 4.8  10–19
 C 

D 9.1  10–19
 C 

 
 
31 A resistor of resistance R is connected across a cell of electromotive force (e.m.f.) E and 

negligible internal resistance.  
 

Which single change to the circuit would lead to the largest increase in the power dissipated in 
the resistor? 

A doubling the value of E 

B doubling the value of R 

C halving the value of E 

D halving the value of R 
 
 
32 An electrical cable is made up of one thick strand of copper wire that is surrounded by eight thin 

strands of copper wire. All nine strands of wire are connected in parallel with each other. 
 

A cross-section of the cable is shown. 
 

thin strand,

cross-sectional

area A

thick strand,

cross-sectional

area 4A

 
 

Each thin strand of wire has cross-sectional area A and length L. 
 

The thick strand of wire has cross-sectional area 4A and length L. 
 

The cable has total resistance R. 
 

Which expression gives the resistivity of copper? 

A 
RL
A

33
4  B 

RL
A12  C 

L
AR4  D 

L
AR12  
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30 Which charge can be carried by a charge carrier? 

A 1.1  10–19
 C 

B 4.0  10–19
 C 

C 4.8  10–19
 C 

D 9.1  10–19
 C 

 
 
31 A resistor of resistance R is connected across a cell of electromotive force (e.m.f.) E and 

negligible internal resistance.  
 

Which single change to the circuit would lead to the largest increase in the power dissipated in 
the resistor? 

A doubling the value of E 

B doubling the value of R 

C halving the value of E 

D halving the value of R 
 
 
32 An electrical cable is made up of one thick strand of copper wire that is surrounded by eight thin 

strands of copper wire. All nine strands of wire are connected in parallel with each other. 
 

A cross-section of the cable is shown. 
 

thin strand,

cross-sectional

area A

thick strand,

cross-sectional

area 4A

 
 

Each thin strand of wire has cross-sectional area A and length L. 
 

The thick strand of wire has cross-sectional area 4A and length L. 
 

The cable has total resistance R. 
 

Which expression gives the resistivity of copper? 

A 
RL
A

33
4  B 

RL
A12  C 

L
AR4  D 

L
AR12  
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30 Which charge can be carried by a charge carrier? 

A 1.1  10–19
 C 

B 4.0  10–19
 C 

C 4.8  10–19
 C 

D 9.1  10–19
 C 

 
 
31 A resistor of resistance R is connected across a cell of electromotive force (e.m.f.) E and 

negligible internal resistance.  
 

Which single change to the circuit would lead to the largest increase in the power dissipated in 
the resistor? 

A doubling the value of E 

B doubling the value of R 

C halving the value of E 

D halving the value of R 
 
 
32 An electrical cable is made up of one thick strand of copper wire that is surrounded by eight thin 

strands of copper wire. All nine strands of wire are connected in parallel with each other. 
 

A cross-section of the cable is shown. 
 

thin strand,

cross-sectional

area A

thick strand,

cross-sectional

area 4A

 
 

Each thin strand of wire has cross-sectional area A and length L. 
 

The thick strand of wire has cross-sectional area 4A and length L. 
 

The cable has total resistance R. 
 

Which expression gives the resistivity of copper? 

A 
RL
A

33
4  B 

RL
A12  C 

L
AR4  D 

L
AR12  
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33 A car has sensors for detecting the light intensity and temperature of its environment. 
 

The sensors make use of a light-dependent resistor (LDR) and a thermistor. 
 

The car moves from a warm and dark environment into a cold and bright environment. 
 

What are the changes to the resistances of the LDR and thermistor? 
 

 resistance 
of LDR 

resistance of 
thermistor 

A increases increases 

B increases decreases 

C decreases increases 

D decreases decreases 
 
 
34 A student assembles the circuit shown. 
 

lamp 1 lamp 2

 
 

Which row describes the state of the two lamps? 
 

 lamp 1 lamp 2 

A off off 

B on off 

C off on 

D on on 
 
 
35 Kirchhoff’s first law is a consequence of the conservation of which quantity? 

A charge 

B energy 

C momentum 

D potential difference 
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33 A car has sensors for detecting the light intensity and temperature of its environment. 
 

The sensors make use of a light-dependent resistor (LDR) and a thermistor. 
 

The car moves from a warm and dark environment into a cold and bright environment. 
 

What are the changes to the resistances of the LDR and thermistor? 
 

 resistance 
of LDR 

resistance of 
thermistor 

A increases increases 

B increases decreases 

C decreases increases 

D decreases decreases 
 
 
34 A student assembles the circuit shown. 
 

lamp 1 lamp 2

 
 

Which row describes the state of the two lamps? 
 

 lamp 1 lamp 2 

A off off 

B on off 

C off on 

D on on 
 
 
35 Kirchhoff’s first law is a consequence of the conservation of which quantity? 

A charge 

B energy 

C momentum 

D potential difference 
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30 A metal wire is connected between the terminals of a cell so that there is a current in the wire. 
 

Which statement is correct? 

A Negatively charged electrons in the wire move from the negative terminal to the positive 
terminal. 

B Negatively charged nuclei in the wire move from the negative terminal to the positive 
terminal. 

C Positively charged electrons in the wire move from the positive terminal to the negative 
terminal. 

D Positively charged nuclei in the wire move from the positive terminal to the negative terminal. 
 
 
31 Two resistors of resistances R and 2R are connected in parallel with a battery of electromotive 

force (e.m.f.) 12 V and negligible internal resistance. 
 

2R

12 V

R

 
 

The total power dissipated by the two resistors is 36 W. 
 

What is the value of R? 

A 0.50  B 2.7  C 4.0  D 6.0  
 
 
32 A wire has a length of 3.0 m and is made of metal of resistivity 4.9  10–7

  m. 
 

A potential difference (p.d.) of 12 V is applied across the wire so that it has a current of 1.4 A. 
 

What is the cross-sectional area of the wire? 

A 1.2  10–7
 m2 

B 1.7  10–7
 m2 

C 1.1  10–6
 m2 

D 1.3  10–5
 m2 
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30 A metal wire is connected between the terminals of a cell so that there is a current in the wire. 
 

Which statement is correct? 

A Negatively charged electrons in the wire move from the negative terminal to the positive 
terminal. 

B Negatively charged nuclei in the wire move from the negative terminal to the positive 
terminal. 

C Positively charged electrons in the wire move from the positive terminal to the negative 
terminal. 

D Positively charged nuclei in the wire move from the positive terminal to the negative terminal. 
 
 
31 Two resistors of resistances R and 2R are connected in parallel with a battery of electromotive 

force (e.m.f.) 12 V and negligible internal resistance. 
 

2R

12 V

R

 
 

The total power dissipated by the two resistors is 36 W. 
 

What is the value of R? 

A 0.50  B 2.7  C 4.0  D 6.0  
 
 
32 A wire has a length of 3.0 m and is made of metal of resistivity 4.9  10–7

  m. 
 

A potential difference (p.d.) of 12 V is applied across the wire so that it has a current of 1.4 A. 
 

What is the cross-sectional area of the wire? 

A 1.2  10–7
 m2 

B 1.7  10–7
 m2 

C 1.1  10–6
 m2 

D 1.3  10–5
 m2 
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33 A cell of negligible internal resistance is connected in series with a thermistor, a fixed resistor and 
an ammeter. 

 
The thermistor is placed in a beaker of water and the temperature of the water is slowly 
increased. 

 
A graph of current I against the temperature T of the thermistor is plotted. 

 
Which graph could show the variation of I with T ? 

 

T

A

I

T

B

I

T

C

I

T

D

I

 
 
 
34 A battery with internal resistance is connected to a parallel arrangement of two resistors and a 

switch S, as shown. 
 

VA

switch

S  
 

Initially, switch S is open. 
 

What happens to the voltmeter and ammeter readings when switch S is closed? 
 

 voltmeter 
reading 

ammeter 
reading 

A decreases increases 

B decreases decreases 

C increases increases 

D increases decreases 
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35 Kirchhoff’s first law states that the sum of the currents entering a junction in a circuit is equal to 
the sum of the currents leaving it. 

 
The law is based on the conservation of a physical quantity. 

 
What is this physical quantity? 

A charge 

B energy 

C mass 

D momentum 
 
 
36 Two resistors have a combined resistance of 34  when connected in series. The same resistors 

have a combined resistance of 7.4  when connected in parallel. 
 

What is the resistance of one of the resistors? 

A 15  B 17  C 23  D 27  
 
 
37 A potentiometer circuit is used to investigate the electromotive force (e.m.f.) of a cell X. 
 

X

driver cell

2.0 V

Q RP

sliding contact
resistance wire

 
 

The e.m.f. of cell X is known to be approximately 0.50 V. 
 

The driver cell has negligible internal resistance and an e.m.f. of 2.0 V. The sliding contact is 
moved along the uniform resistance wire between ends Q and R to a point P where the reading 
on the galvanometer is zero. 

 
What is an expression for the approximate length QP? 

A 
4

QR  B 
3

QR  C 
3

2QR  D 
4

3QR  
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35 Kirchhoff’s first law states that the sum of the currents entering a junction in a circuit is equal to 
the sum of the currents leaving it. 

 
The law is based on the conservation of a physical quantity. 

 
What is this physical quantity? 

A charge 

B energy 

C mass 

D momentum 
 
 
36 Two resistors have a combined resistance of 34  when connected in series. The same resistors 

have a combined resistance of 7.4  when connected in parallel. 
 

What is the resistance of one of the resistors? 

A 15  B 17  C 23  D 27  
 
 
37 A potentiometer circuit is used to investigate the electromotive force (e.m.f.) of a cell X. 
 

X

driver cell

2.0 V

Q RP

sliding contact
resistance wire

 
 

The e.m.f. of cell X is known to be approximately 0.50 V. 
 

The driver cell has negligible internal resistance and an e.m.f. of 2.0 V. The sliding contact is 
moved along the uniform resistance wire between ends Q and R to a point P where the reading 
on the galvanometer is zero. 

 
What is an expression for the approximate length QP? 

A 
4

QR  B 
3

QR  C 
3

2QR  D 
4

3QR  
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30 The current I in a conductor is given by the equation shown. 
 

I = Anvq 
 

What does the letter n represent in this equation? 

A charge carried per charge carrier 

B number of charge carriers per unit area 

C number of charge carriers per unit volume 

D total mass of charge carriers per unit volume 
 
 
31 In the circuit shown, the battery has an electromotive force (e.m.f.) of 6.0 V and negligible internal 

resistance. 
 

The three resistors each have resistance R. 
 

R R

R

6.0 V

 
 

The total power dissipated in the resistor network is 24 W. 
 

What is the value of R ? 

A 0.50 Ω B 1.0 Ω C 1.5 Ω D 2.3 Ω 
 
 
32 Which graph could show how the resistance R of a filament lamp varies with the applied potential 

difference (p.d.) V, as V is increased to the normal operating p.d.? 
 

R

V
0

0

A

R

V
0

0

B

R

V
0

0

C

R

V
0

0

D
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30 The current I in a conductor is given by the equation shown. 
 

I = Anvq 
 

What does the letter n represent in this equation? 

A charge carried per charge carrier 

B number of charge carriers per unit area 

C number of charge carriers per unit volume 

D total mass of charge carriers per unit volume 
 
 
31 In the circuit shown, the battery has an electromotive force (e.m.f.) of 6.0 V and negligible internal 

resistance. 
 

The three resistors each have resistance R. 
 

R R

R

6.0 V

 
 

The total power dissipated in the resistor network is 24 W. 
 

What is the value of R ? 

A 0.50 Ω B 1.0 Ω C 1.5 Ω D 2.3 Ω 
 
 
32 Which graph could show how the resistance R of a filament lamp varies with the applied potential 

difference (p.d.) V, as V is increased to the normal operating p.d.? 
 

R

V
0

0

A

R

V
0

0

B

R

V
0

0

C

R

V
0

0

D
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33 A piece of conducting putty is in the shape of a cylinder of length 60 mm and diameter 20 mm. 
The resistance between the ends of the cylinder is 20 Ω. 

 
What is the resistivity of the putty? 

A 0.033 Ω m B 0.10 Ω m C 0.42 Ω m D 5.2 Ω m 
 
 
34 Which statement about the electromotive force (e.m.f.) of a cell is always correct? 

A The e.m.f. is the energy converted from electrical to other forms in the cell. 

B The e.m.f. is the energy provided by the cell per unit charge passing through it. 

C The e.m.f. is the potential difference across the internal resistance of the cell. 

D The e.m.f. is the potential difference across the terminals of the cell. 
 
 
35 Kirchhoff’s first and second laws are a consequence of the conservation of which quantities? 

A charge and energy 

B charge and resistance 

C mass and energy 

D mass and resistance 
 
 
36 A circuit contains a cell of electromotive force E and internal resistance r connected to a resistor 

of resistance R. The current in the circuit is I. 
 

R

I

r
E

 
 

Which equation is correct? 

A E – Ir = IR B E = Ir – IR C E + Ir = IR D E = IR 
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33 A piece of conducting putty is in the shape of a cylinder of length 60 mm and diameter 20 mm. 
The resistance between the ends of the cylinder is 20 Ω. 

 
What is the resistivity of the putty? 

A 0.033 Ω m B 0.10 Ω m C 0.42 Ω m D 5.2 Ω m 
 
 
34 Which statement about the electromotive force (e.m.f.) of a cell is always correct? 

A The e.m.f. is the energy converted from electrical to other forms in the cell. 

B The e.m.f. is the energy provided by the cell per unit charge passing through it. 

C The e.m.f. is the potential difference across the internal resistance of the cell. 

D The e.m.f. is the potential difference across the terminals of the cell. 
 
 
35 Kirchhoff’s first and second laws are a consequence of the conservation of which quantities? 

A charge and energy 

B charge and resistance 

C mass and energy 

D mass and resistance 
 
 
36 A circuit contains a cell of electromotive force E and internal resistance r connected to a resistor 

of resistance R. The current in the circuit is I. 
 

R

I

r
E

 
 

Which equation is correct? 

A E – Ir = IR B E = Ir – IR C E + Ir = IR D E = IR 
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30 A fine mist of oil droplets is sprayed into air. As the oil droplets leave the nozzle of the spraying 
device they can become electrically charged. 

 
What is not a possible value for the charge on an oil droplet? 

A zero 

B 1.0 × 10–19
 C 

C 4.8 × 10–19
 C 

D 8.0 × 10–19
 C 

 
 
31 In the circuit shown, a fixed resistor X is connected in series with a battery and a variable resistor. 
 

X

 
 

The power dissipated in resistor X is 7.2 W when a current of 3.0 A passes through it. 
 

The variable resistor is adjusted so that the power dissipated in X increases by 50%. 
 

What is the new current in the circuit? 

A 2.4 A B 3.7 A C 4.5 A D 14 A 
 
 
32 The potential difference across a metal wire is kept constant. The length l and the diameter d of 

the wire are both varied. The type of metal is kept the same. 
 

How is the current in the wire related to l and d ? 

A It is directly proportional to l and inversely proportional to d. 

B It is directly proportional to l and inversely proportional to d 
2. 

C It is inversely proportional to l and directly proportional to d. 

D It is inversely proportional to l and directly proportional to d 
2. 
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30 A fine mist of oil droplets is sprayed into air. As the oil droplets leave the nozzle of the spraying 
device they can become electrically charged. 

 
What is not a possible value for the charge on an oil droplet? 

A zero 

B 1.0 × 10–19
 C 

C 4.8 × 10–19
 C 

D 8.0 × 10–19
 C 

 
 
31 In the circuit shown, a fixed resistor X is connected in series with a battery and a variable resistor. 
 

X

 
 

The power dissipated in resistor X is 7.2 W when a current of 3.0 A passes through it. 
 

The variable resistor is adjusted so that the power dissipated in X increases by 50%. 
 

What is the new current in the circuit? 

A 2.4 A B 3.7 A C 4.5 A D 14 A 
 
 
32 The potential difference across a metal wire is kept constant. The length l and the diameter d of 

the wire are both varied. The type of metal is kept the same. 
 

How is the current in the wire related to l and d ? 

A It is directly proportional to l and inversely proportional to d. 

B It is directly proportional to l and inversely proportional to d 
2. 

C It is inversely proportional to l and directly proportional to d. 

D It is inversely proportional to l and directly proportional to d 
2. 
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33 A student sets up a circuit. The circuit diagram shows how the positive and negative terminals of 
a voltmeter are connected to the circuit. The voltmeter has an initial reading that is positive. 

 

V
+ –

 
 

Which changes, if any, in temperature and light intensity would cause the voltmeter reading to 
decrease? 

 
 temperature light intensity 

A increase increase 

B no change decrease 

C decrease no change 

D decrease decrease 
 
 
34 Some resistors and a battery of electromotive force (e.m.f.) E and negligible internal resistance 

are connected in series, as shown. 
 

E

 
 

Which statement is correct? 

A The e.m.f. across each resistor equals the potential difference across the battery. 

B The potential difference across each resistor equals the e.m.f. E of the battery. 

C The sum of the e.m.f.s across the resistors equals the potential difference across the battery. 

D The sum of the potential differences across the resistors equals the e.m.f. E of the battery. 
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29 A diffraction grating is used to measure the wavelength of light. 
 

The spacing of the slits in the grating is 1.15  10–6
 m. The angle between the first-order 

diffraction maxima is 60.0, as shown. 
 

60.0�light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 What could not be used to create an electric current? 

A alpha-particles 

B beta-particles 

C neutrons 

D protons 
 
 
31 What is the definition of the potential difference (p.d.) across a component? 

A the energy transferred per unit charge 

B the energy transferred per unit current 

C the power transferred per unit charge 

D the power transferred per unit current 
 
 
32 The resistance of a filament lamp increases as the current in it increases. 
 

What is the reason for this? 

A The charge of each charge carrier increases. 

B The potential difference across the filament decreases. 

C The power dissipated by the filament decreases. 

D The temperature of the filament increases.  
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29 A diffraction grating is used to measure the wavelength of light. 
 

The spacing of the slits in the grating is 1.15  10–6
 m. The angle between the first-order 

diffraction maxima is 60.0, as shown. 
 

60.0�light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 What could not be used to create an electric current? 

A alpha-particles 

B beta-particles 

C neutrons 

D protons 
 
 
31 What is the definition of the potential difference (p.d.) across a component? 

A the energy transferred per unit charge 

B the energy transferred per unit current 

C the power transferred per unit charge 

D the power transferred per unit current 
 
 
32 The resistance of a filament lamp increases as the current in it increases. 
 

What is the reason for this? 

A The charge of each charge carrier increases. 

B The potential difference across the filament decreases. 

C The power dissipated by the filament decreases. 

D The temperature of the filament increases.  
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29 A diffraction grating is used to measure the wavelength of light. 
 

The spacing of the slits in the grating is 1.15  10–6
 m. The angle between the first-order 

diffraction maxima is 60.0, as shown. 
 

60.0�light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 What could not be used to create an electric current? 

A alpha-particles 

B beta-particles 

C neutrons 

D protons 
 
 
31 What is the definition of the potential difference (p.d.) across a component? 

A the energy transferred per unit charge 

B the energy transferred per unit current 

C the power transferred per unit charge 

D the power transferred per unit current 
 
 
32 The resistance of a filament lamp increases as the current in it increases. 
 

What is the reason for this? 

A The charge of each charge carrier increases. 

B The potential difference across the filament decreases. 

C The power dissipated by the filament decreases. 

D The temperature of the filament increases.  
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33 A battery of electromotive force (e.m.f.) 12 V and negligible internal resistance is connected to a 
fixed resistor of resistance 40  and a thermistor of resistance RT, as shown. 

 

12 V

40 �

RT

 
 

Initially, the temperature of the thermistor is 15 C and the current in the circuit is 0.10 A. 
 

The temperature of the thermistor then changes, which causes the current to increase to 0.12 A. 
 

How does the temperature of the thermistor change and what is RT at the new temperature? 
 

 temperature 
of thermistor 

RT at new 
temperature /  

A increases 60 

B decreases 60 

C increases 100 

D decreases 100 
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31 A student sets up an experiment to investigate double-slit interference. 
 

The student uses light of a single wavelength from a laser to illuminate a double slit so that a 
pattern of interference fringes is observed on the screen. 

 

laser

r

p

double slit
q

screen
fringes
observed here

 
 

The student finds that the fringes are very close together. 
 

What could the student decrease in order to increase the separation of the fringes on the 
screen? 

A the distance p from the laser to the double slit 

B the distance q from the double slit to the screen 

C the separation r of the slits 

D the wavelength of the light from the laser 
 
 
32 What are the definitions of potential difference (p.d.) and electromotive force (e.m.f.), in terms of 

energy transfer W and charge q ? 
 

 p.d. e.m.f. 

A q
W  q

W  

B q
W  Wq 

C Wq q
W  

D Wq Wq 
 
 
33 The diagram shows a network consisting of three resistors. 
 

X Y

4.7 k�

1.2 k�

2.2 k�

 
 

What is the combined resistance of the network between terminal X and terminal Y? 

A 0.67 k B 1.6 k C 3.2 k D 8.1 k 
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31 A student sets up an experiment to investigate double-slit interference. 
 

The student uses light of a single wavelength from a laser to illuminate a double slit so that a 
pattern of interference fringes is observed on the screen. 

 

laser

r

p

double slit
q

screen
fringes
observed here

 
 

The student finds that the fringes are very close together. 
 

What could the student decrease in order to increase the separation of the fringes on the 
screen? 

A the distance p from the laser to the double slit 

B the distance q from the double slit to the screen 

C the separation r of the slits 

D the wavelength of the light from the laser 
 
 
32 What are the definitions of potential difference (p.d.) and electromotive force (e.m.f.), in terms of 

energy transfer W and charge q ? 
 

 p.d. e.m.f. 

A q
W  q

W  

B q
W  Wq 

C Wq q
W  

D Wq Wq 
 
 
33 The diagram shows a network consisting of three resistors. 
 

X Y

4.7 k�

1.2 k�

2.2 k�

 
 

What is the combined resistance of the network between terminal X and terminal Y? 

A 0.67 k B 1.6 k C 3.2 k D 8.1 k 
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34 A resistor dissipates 25 W of power when there is a potential difference (p.d.) of 4.0 V across it. 
 

What is the resistance of the resistor? 

A 0.16  B 0.64  C 100  D 400  
 
 
35 The diagram shows a cell with internal resistance connected in parallel with a fixed resistor and a 

variable resistor. 
 

I
V  

 
The resistance of the variable resistor is decreased. 

 
What happens to the potential difference V across the variable resistor and the current I in the 
variable resistor? 

 
 V I 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
 
 
36 A radioactive source produces a beam of -particles in a vacuum. The average current caused 

by the -particles in the beam is 1.5  10–9
 A. 

 
The beam is incident on a metal target. 

 
What is the average number of -particles hitting the metal target in a time of 3.0 s? 

A 4.7  109 B 9.4  109 C 1.4  1010 D 2.8  1010 
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34 A resistor dissipates 25 W of power when there is a potential difference (p.d.) of 4.0 V across it. 
 

What is the resistance of the resistor? 

A 0.16  B 0.64  C 100  D 400  
 
 
35 The diagram shows a cell with internal resistance connected in parallel with a fixed resistor and a 

variable resistor. 
 

I
V  

 
The resistance of the variable resistor is decreased. 

 
What happens to the potential difference V across the variable resistor and the current I in the 
variable resistor? 

 
 V I 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
 
 
36 A radioactive source produces a beam of -particles in a vacuum. The average current caused 

by the -particles in the beam is 1.5  10–9
 A. 

 
The beam is incident on a metal target. 

 
What is the average number of -particles hitting the metal target in a time of 3.0 s? 

A 4.7  109 B 9.4  109 C 1.4  1010 D 2.8  1010 
 
 

282. Question | 9702 Feb-March 2024 P1 V2 Q37 16 

 
Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every 
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the 
publisher will be pleased to make amends at the earliest possible opportunity. 
 
To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge 
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 
at www.cambridgeinternational.org after the live examination series. 
 
Cambridge Assessment International Education is part of Cambridge Assessment. Cambridge Assessment is the brand name of the University of Cambridge 
Local Examinations Syndicate (UCLES), which is a department of the University of Cambridge. 
 
© UCLES 2024 9702/12/F/M/24  

37 The charge carriers in a metal wire are free electrons. 
 

Which statement about the charge of each free electron is correct? 

A The magnitude of the charge increases with the potential difference across the wire. 

B The magnitude of the charge is zero unless there is a potential difference across the wire. 

C The sign and magnitude of the charge do not depend on the potential difference across the 
wire. 

D The sign of the charge depends on the potential difference across the wire. 
 
 
38 Which flavours of quark have charge + ?3

2 e  
 

 charm strange top bottom  

A     key 

B      = has charge + e 3
2  

C      = does not have charge + e 3
2  

D      

 
 
39 An unstable nucleus of an element decays by emitting an -particle or a – particle to become a 

nucleus of a different element. This nucleus is also unstable and emits an -particle or a  
– particle. The process continues until an isotope of the original element is produced. 

 
What is the minimum possible number of these particles emitted? 

A 2 B 3 C 4 D 5 
 
 
40 A nucleus of carbon-10, 

10
6C, decays by beta-emission to form a nucleus of boron-10, 

10
5B.  

 
For this decay process, what is the change to a nucleon and what is the change in the quark 
composition of the nucleon? 

 

 change to nucleon change in 
quark composition 

A proton to neutron down becomes up 

B proton to neutron up becomes down 

C neutron to proton down becomes up 

D neutron to proton up becomes down 
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29 Which wave cannot be a longitudinal wave? 

A a diffracted wave 

B a polarised wave 

C a reflected wave 

D a stationary wave 
 
 
30 Microwaves are emitted from two sources at points X and Y. The two waves meet at point Z. The 

diagram shows the paths of the two waves. 
 

X

Y

Z

 
 

The waves emitted from points X and Y are coherent. 
 

What is a direct consequence of the two waves being coherent? 

A There is a constant difference in the path lengths YZ and XZ. 

B There is a constant difference in phase between the two waves at Z. 

C There is a constant non-zero difference in frequency of the two waves at Z. 

D There is a constant non-zero difference in amplitude of the two waves at Z. 
 
 
31 What is the unit of resistivity? 

A  m–2 B  m–1 C  D  m 
 
 
32 A kettle is connected to a 250 V mains supply. 
 

What are possible values for the power of the kettle and the current in the kettle? 
 

 power / W current / A 

A   500 0.5 

B   500 5.0 

C 2500 0.1 

D 2500 10 
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29 Which wave cannot be a longitudinal wave? 

A a diffracted wave 

B a polarised wave 

C a reflected wave 

D a stationary wave 
 
 
30 Microwaves are emitted from two sources at points X and Y. The two waves meet at point Z. The 

diagram shows the paths of the two waves. 
 

X

Y

Z

 
 

The waves emitted from points X and Y are coherent. 
 

What is a direct consequence of the two waves being coherent? 

A There is a constant difference in the path lengths YZ and XZ. 

B There is a constant difference in phase between the two waves at Z. 

C There is a constant non-zero difference in frequency of the two waves at Z. 

D There is a constant non-zero difference in amplitude of the two waves at Z. 
 
 
31 What is the unit of resistivity? 

A  m–2 B  m–1 C  D  m 
 
 
32 A kettle is connected to a 250 V mains supply. 
 

What are possible values for the power of the kettle and the current in the kettle? 
 

 power / W current / A 

A   500 0.5 

B   500 5.0 

C 2500 0.1 

D 2500 10 
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28 Interference fringes of separation x are observed on a screen at a distance of 1.00 m from a 
double slit that is illuminated by yellow light of wavelength 600 nm. 

 
At which distance from the double slit would interference fringes of the same separation x be 
observed when using blue light of wavelength 400 nm? 

A 0.33 m B 0.67 m C 0.75 m D 1.50 m 
 
 
29 What is the definition of potential difference across a component? 

A energy transferred per unit charge 

B energy transferred per unit current 

C energy transferred per unit distance 

D energy transferred per unit time 
 
 
30 The diagram shows a cell of negligible internal resistance connected to a switch and two resistors 

of resistances R and 2R. 
 

A
2R

R

Y

AX

 
 

The circuit also contains two ammeters X and Y. 
 

The reading on X is 4.0 A when the switch is open. 
 

What are the readings on X and Y after the switch is closed? 
 

 reading  
on X / A 

reading 
on Y / A 

A 4.0 1.3 

B 4.0 2.7 

C 6.0 2.0 

D 6.0 4.0 
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31 The I–V characteristics for four components, A, B, C and D, are shown. 
 

Which component has the greatest resistance when the potential difference across it is V1? 
 

0
0

voltage

current

V1

A
B

C

D

 
 
 
32 A cylindrical wire has cross-sectional area A and number density of free electrons n. 

The wire has current I and the free electrons have average drift speed v. 
 

A second cylindrical wire has cross-sectional area 0.5A and number density of free electrons 2n. 
In this wire, the free electrons have average drift speed 2v. 

 
What is the current in the second wire? 

A 0.5I B I C 2I D 4I 
 
 
33 An electric current is formed by moving charge carriers. 
 

What is not a possible charge on a charge carrier? 

A – 4.8  10–19
 C 

B –2.4  10–19
 C 

C +1.6  10–19
 C 

D +3.2  10–19
 C 

 
 
34 Which description of Kirchhoff’s first law is correct? 

A It considers the currents at a junction in a circuit and is a consequence of the conservation of 
charge. 

B It considers the currents at a junction in a circuit and is a consequence of the conservation of 
energy. 

C It considers the electromotive forces and potential differences in a circuit loop and is a 
consequence of the conservation of charge. 

D It considers the electromotive forces and potential differences in a circuit loop and is a 
consequence of the conservation of energy. 
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31 The I–V characteristics for four components, A, B, C and D, are shown. 
 

Which component has the greatest resistance when the potential difference across it is V1? 
 

0
0

voltage

current

V1

A
B

C

D

 
 
 
32 A cylindrical wire has cross-sectional area A and number density of free electrons n. 

The wire has current I and the free electrons have average drift speed v. 
 

A second cylindrical wire has cross-sectional area 0.5A and number density of free electrons 2n. 
In this wire, the free electrons have average drift speed 2v. 

 
What is the current in the second wire? 

A 0.5I B I C 2I D 4I 
 
 
33 An electric current is formed by moving charge carriers. 
 

What is not a possible charge on a charge carrier? 

A – 4.8  10–19
 C 

B –2.4  10–19
 C 

C +1.6  10–19
 C 

D +3.2  10–19
 C 

 
 
34 Which description of Kirchhoff’s first law is correct? 

A It considers the currents at a junction in a circuit and is a consequence of the conservation of 
charge. 

B It considers the currents at a junction in a circuit and is a consequence of the conservation of 
energy. 

C It considers the electromotive forces and potential differences in a circuit loop and is a 
consequence of the conservation of charge. 

D It considers the electromotive forces and potential differences in a circuit loop and is a 
consequence of the conservation of energy. 
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31 The I–V characteristics for four components, A, B, C and D, are shown. 
 

Which component has the greatest resistance when the potential difference across it is V1? 
 

0
0

voltage

current

V1

A
B

C

D

 
 
 
32 A cylindrical wire has cross-sectional area A and number density of free electrons n. 

The wire has current I and the free electrons have average drift speed v. 
 

A second cylindrical wire has cross-sectional area 0.5A and number density of free electrons 2n. 
In this wire, the free electrons have average drift speed 2v. 

 
What is the current in the second wire? 

A 0.5I B I C 2I D 4I 
 
 
33 An electric current is formed by moving charge carriers. 
 

What is not a possible charge on a charge carrier? 

A – 4.8  10–19
 C 

B –2.4  10–19
 C 

C +1.6  10–19
 C 

D +3.2  10–19
 C 

 
 
34 Which description of Kirchhoff’s first law is correct? 

A It considers the currents at a junction in a circuit and is a consequence of the conservation of 
charge. 

B It considers the currents at a junction in a circuit and is a consequence of the conservation of 
energy. 

C It considers the electromotive forces and potential differences in a circuit loop and is a 
consequence of the conservation of charge. 

D It considers the electromotive forces and potential differences in a circuit loop and is a 
consequence of the conservation of energy. 

 
 

289. Question | 9702 May-June 2024 P1 V2 Q35 15  
 

© UCLES 2024 9702/12/M/J/24 [Turn over 

35 Two resistors of resistances r and R are connected in parallel. 
 

The value of r is less than that of R. 
 

r

R
 

 
Which statement about the combined resistance of the two resistors is correct? 

A It is between r and R. 

B It is equal to (r + R). 

C It is greater than (r + R). 

D It is less than r. 
 
 
36 The diagram shows four identical resistors connected in a circuit. 
 

Which resistor dissipates the most power? 
 

D

B

A

C

 
 
 
37 Nuclide X with proton number Z undergoes + decay to form nuclide Y. 
 

The decay may be represented by the equation shown. 
 

X    Y  +  +  +  W 
 

What is the proton number of Y and which particle is represented by the symbol W? 
 

 proton number 
of Y 

particle 
represented by W 

A Z – 1 antineutrino 

B Z – 1 neutrino 

C Z + 1 antineutrino 

D Z + 1 neutrino 
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29 Light of wavelength 5.50  10–7
 m from a laser is incident normally on a diffraction grating. 

 
The diffracted light is incident on a semicircular screen, as shown in the view from above. 

 

diffraction grating

screen

light,
wavelength 5.50 � 10–7 m

view from above  
 

A total of 9 bright dots are formed on the screen. 
 

The grating is at the centre of the semicircle. The lines of the grating are vertical. The separation 
between adjacent lines in the grating is d. 

 
What is a possible value of d ? 

A 2.25  10–6
 m B 2.80  10–6

 m C 4.40  10–6
 m D 4.95  10–6

 m 
 
 
30 Which quantity is given by the product of charge and electric potential difference? 

A current 

B energy transferred 

C power dissipated 

D resistance 
 
 
31 The current in a filament lamp is increased. 
 

Which statement about the lamp is correct? 

A The brightness of the lamp decreases. 

B The potential difference across the filament decreases. 

C The resistance of the filament decreases. 

D The temperature of the filament increases. 
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29 Light of wavelength 5.50  10–7
 m from a laser is incident normally on a diffraction grating. 

 
The diffracted light is incident on a semicircular screen, as shown in the view from above. 

 

diffraction grating

screen

light,
wavelength 5.50 � 10–7 m

view from above  
 

A total of 9 bright dots are formed on the screen. 
 

The grating is at the centre of the semicircle. The lines of the grating are vertical. The separation 
between adjacent lines in the grating is d. 

 
What is a possible value of d ? 

A 2.25  10–6
 m B 2.80  10–6

 m C 4.40  10–6
 m D 4.95  10–6

 m 
 
 
30 Which quantity is given by the product of charge and electric potential difference? 

A current 

B energy transferred 

C power dissipated 

D resistance 
 
 
31 The current in a filament lamp is increased. 
 

Which statement about the lamp is correct? 

A The brightness of the lamp decreases. 

B The potential difference across the filament decreases. 

C The resistance of the filament decreases. 

D The temperature of the filament increases. 
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32 A student builds the circuit shown. All the lamps are identical. 
 

Which lamp dissipates the most power? 
 

A

B

C

D
 

 
 
33 The resistance of a metal cube is measured by placing it between two parallel plates, as shown. 
 

X Y

 
 

The cube has volume V and is made of a material with resistivity . The connections to the cube 
have negligible resistance. 

 
Which expression gives the electrical resistance of the metal cube between X and Y?  

A  3
1

V  B  3
2

V  C 
3
1

V

  D 
3
2

V

  
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32 A student builds the circuit shown. All the lamps are identical. 
 

Which lamp dissipates the most power? 
 

A

B

C

D
 

 
 
33 The resistance of a metal cube is measured by placing it between two parallel plates, as shown. 
 

X Y

 
 

The cube has volume V and is made of a material with resistivity . The connections to the cube 
have negligible resistance. 

 
Which expression gives the electrical resistance of the metal cube between X and Y?  

A  3
1

V  B  3
2

V  C 
3
1

V

  D 
3
2

V

  
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34 A circuit needs to be completed by connecting two resistors between points X and Y, as shown. 
 

The resistors can be connected in series or in parallel with each other. 
 

X

Y

 
 

Which combination of resistors produces the least resistance between X and Y? 
 

 resistances 
of resistors /  

type of 
combination 

A 20 and 40 parallel 

B 40 and 100 parallel 

C 20 and 40 series 

D 40 and 100 series 
 
 
35 The diagram shows a circuit that includes a cell with internal resistance. 
 

I1
I2

 
 

The switch is initially open. 
 

Which row describes the effects on currents I1 and I2 of closing the switch? 
 

 I1 I2 

A decreases decreases 

B decreases stays the same 

C increases decreases 

D increases stays the same 
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30 Light of wavelength  is incident normally on a diffraction grating with a total number of N lines in 
width w. 

 
A second order maximum is observed at an angle of diffraction . 

 
What is N ? 

A 



sin
w  B 




sin
2w  C 




2
sinw  D 


sinw  

 
 
31 Kirchhoff’s second law is a consequence of a basic principle. 
 

What is this principle? 

A The charge flowing in an electric circuit is conserved. 

B The energy in an electric circuit is conserved. 

C The sum of the electric currents entering a point in an electric circuit is equal to the sum of 
the electric currents leaving that point. 

D The sum of the potential differences in an electric circuit is equal to the sum of the products 
of the current and resistance. 

 
 
32 The diagram shows a circuit with a light-dependent resistor (LDR). 
 

A12 V

10 k� 6.0 k�

30 k�

 
 

The ammeter reads zero current. 
 

What is the resistance of the LDR? 

A 6.0 k B 18 k C 26 k D 30 k 
 
 
33 A torch uses three lamps connected in parallel and is powered by a cell of electromotive force 

(e.m.f.) 3.0 V and negligible internal resistance. Each lamp dissipates 0.60 W of power. 
 

What is the current in the cell? 

A 0.067 A B 0.20 A C 0.60 A D 0.83 A 
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36 In the circuits shown, the batteries are identical and all have negligible internal resistance. All of 
the resistors have the same resistance. The diodes have zero resistance when conducting and 
infinite resistance when not conducting. 

 
In which circuit is the current in the battery greatest? 

 
A B

C D
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32 There is a current in a resistor for a short time interval. 
 

Which statement about the total charge that passes through the resistor is correct? 

A It can take any value. 

B It is an integer multiple of the elementary charge. 

C It is the elementary charge. 

D It is the rate of flow of the current. 
 
 
33 The potential difference V across a filament lamp is slowly raised from zero to its normal 

operating value. 
 

Which graph represents the variation with V of the current I in the lamp? 
 

0
0

I

V

A

I

V

B

I

V

C

I

V

D

0
0

0
0

0
0  

 
 
34 An electric current of 12 A is in a wire of length 0.35 m. 
 

The average drift speed of the free electrons (charge carriers) in the wire is 5.0  10–4
 m s–1. 

 
How many free electrons are in the wire? 

A 1.3  1016 B 5.3  1022 C 1.5  1023 D 4.3  1023 
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32 There is a current in a resistor for a short time interval. 
 

Which statement about the total charge that passes through the resistor is correct? 

A It can take any value. 

B It is an integer multiple of the elementary charge. 

C It is the elementary charge. 

D It is the rate of flow of the current. 
 
 
33 The potential difference V across a filament lamp is slowly raised from zero to its normal 

operating value. 
 

Which graph represents the variation with V of the current I in the lamp? 
 

0
0

I

V

A

I

V

B

I

V

C

I

V

D

0
0

0
0

0
0  

 
 
34 An electric current of 12 A is in a wire of length 0.35 m. 
 

The average drift speed of the free electrons (charge carriers) in the wire is 5.0  10–4
 m s–1. 

 
How many free electrons are in the wire? 

A 1.3  1016 B 5.3  1022 C 1.5  1023 D 4.3  1023 
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31 What is an electric current? 

A a flow of charge carriers 

B a flow of energy 

C an electron 

D the charge on a particle 
 
 
32 A wire of diameter d is connected into an electric circuit. There is a current I in the wire and the 

charge carriers have an average drift speed v. 
 

The wire is replaced with a new wire of the same material but with a diameter 0.5d. 
 

The current is adjusted so that the charge carriers in the new wire have an average drift  
speed 3v. 

 
What is the current in the new wire? 

A 0.75I B 1.5I C 6I D 12I 
 
 
33 A fixed resistor and a diode are combined by connecting them in series. The total potential 

difference V across the combination is varied and the corresponding current I is measured. 
 

Which graph could represent the variation of I with V ? 
 

0
0

A

I

V
0

0

B

I

V

0
0

C

I

V
0

0

D

I

V  
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31 What is an electric current? 

A a flow of charge carriers 

B a flow of energy 

C an electron 

D the charge on a particle 
 
 
32 A wire of diameter d is connected into an electric circuit. There is a current I in the wire and the 

charge carriers have an average drift speed v. 
 

The wire is replaced with a new wire of the same material but with a diameter 0.5d. 
 

The current is adjusted so that the charge carriers in the new wire have an average drift  
speed 3v. 

 
What is the current in the new wire? 

A 0.75I B 1.5I C 6I D 12I 
 
 
33 A fixed resistor and a diode are combined by connecting them in series. The total potential 

difference V across the combination is varied and the corresponding current I is measured. 
 

Which graph could represent the variation of I with V ? 
 

0
0

A

I

V
0

0

B

I

V

0
0

C

I

V
0

0

D

I

V  
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31 What is an electric current? 

A a flow of charge carriers 

B a flow of energy 

C an electron 

D the charge on a particle 
 
 
32 A wire of diameter d is connected into an electric circuit. There is a current I in the wire and the 

charge carriers have an average drift speed v. 
 

The wire is replaced with a new wire of the same material but with a diameter 0.5d. 
 

The current is adjusted so that the charge carriers in the new wire have an average drift  
speed 3v. 

 
What is the current in the new wire? 

A 0.75I B 1.5I C 6I D 12I 
 
 
33 A fixed resistor and a diode are combined by connecting them in series. The total potential 

difference V across the combination is varied and the corresponding current I is measured. 
 

Which graph could represent the variation of I with V ? 
 

0
0

A

I

V
0

0

B

I

V

0
0

C

I

V
0

0

D

I

V  
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34 The potential difference (p.d.) across a fixed resistor is V. The power dissipated in the resistor  
is 5.0 W. 

 
The p.d. across the resistor then changes to a new value. With the new p.d. the energy 
transferred to the resistor in a time of 2.25 s is 45.0 J. 

 
What is the new p.d. across the resistor? 

A V
2
1  B 2V C 3V D 4V 

 
 
35 The diagram shows part of a circuit that uses a potentiometer wire to measure a potential 

difference (p.d.) in an external circuit. 
 

E
I1

L2I2

L1

X Z
Y

P Q  
 

The potentiometer wire XZ has length L1. It is connected to a cell of known electromotive force 
(e.m.f.) E that has negligible internal resistance. 

 
Terminals P and Q are connected to the external p.d. to be measured. The length of the 
potentiometer wire between points X and Y is L2. 

 
The ratio of the lengths L1 and L2 is used to determine the p.d. between P and Q in terms of E. 

 
Which condition must be met in order to determine this p.d.? 

A The current I1 must be zero. 

B The current I2 must be zero. 

C The p.d. across YZ must be zero. 

D The resistance of the external circuit must be zero. 
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29 Light of wavelength 567 nm is incident normally on a diffraction grating. The grating has 
400 lines per mm. A number of diffraction maxima are observed on the far side of the grating. 

 
What is the angle between the second-order maximum and the third-order maximum? 

A 13.1° B 13.9° C 15.9° D 27.0° 
 
 
30 Two cylindrical conductors, X and Y, are made from the same material. The conductors have 

equal lengths, but Y has a smaller diameter than X. 
 

X and Y are connected in series to a cell. 
 

Which row compares the number of charge carriers per unit time passing through X and through 
Y and compares the average drift speed of the charge carriers in X and in Y? 

 

 number of charge 
carriers per unit time 

average drift speed 
of charge carriers 

A Y greater than X Y greater than X 

B Y same as X Y same as X 

C Y greater than X Y same as X 

D Y same as X Y greater than X 
 
 
31 A copper wire is 6.4 m long and has a resistance of 0.92 . 
 

The resistivity of copper is 1.8  10–8
  m. 

 
What is the diameter of the wire? 

A 5.7  10–5
 m B 1.0  10–4

 m C 4.0  10–4
 m D 7.1  10–4

 m 
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29 Light of wavelength 567 nm is incident normally on a diffraction grating. The grating has 
400 lines per mm. A number of diffraction maxima are observed on the far side of the grating. 

 
What is the angle between the second-order maximum and the third-order maximum? 

A 13.1° B 13.9° C 15.9° D 27.0° 
 
 
30 Two cylindrical conductors, X and Y, are made from the same material. The conductors have 

equal lengths, but Y has a smaller diameter than X. 
 

X and Y are connected in series to a cell. 
 

Which row compares the number of charge carriers per unit time passing through X and through 
Y and compares the average drift speed of the charge carriers in X and in Y? 

 

 number of charge 
carriers per unit time 

average drift speed 
of charge carriers 

A Y greater than X Y greater than X 

B Y same as X Y same as X 

C Y greater than X Y same as X 

D Y same as X Y greater than X 
 
 
31 A copper wire is 6.4 m long and has a resistance of 0.92 . 
 

The resistivity of copper is 1.8  10–8
  m. 

 
What is the diameter of the wire? 

A 5.7  10–5
 m B 1.0  10–4

 m C 4.0  10–4
 m D 7.1  10–4

 m 
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32 A thermistor is connected to a cell with negligible internal resistance. 
 

 
 

Which graph shows the variation with temperature of power, P, dissipated in the thermistor? 
 

0

A

0

P

temperature / °C 0

B

0

P

temperature / °C

0

C

0

P

temperature / °C 0

D

0

P

temperature / °C 
 
 
33 A metal electrical conductor has a resistance of 5.6 k. A potential difference (p.d.) of 9.0 V is 

applied across its ends. 
 

How many electrons pass a point in the conductor in one minute? 

A 6.0  1020 B 1.0  1019 C 6.0  1017 D 1.0  1016 
 
 
34 Which circuit symbol does not represent an electric component that is designed to emit sound 

waves? 
 

A B C D
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32 A thermistor is connected to a cell with negligible internal resistance. 
 

 
 

Which graph shows the variation with temperature of power, P, dissipated in the thermistor? 
 

0

A

0

P

temperature / °C 0

B

0

P

temperature / °C

0

C

0

P

temperature / °C 0

D

0

P

temperature / °C 
 
 
33 A metal electrical conductor has a resistance of 5.6 k. A potential difference (p.d.) of 9.0 V is 

applied across its ends. 
 

How many electrons pass a point in the conductor in one minute? 

A 6.0  1020 B 1.0  1019 C 6.0  1017 D 1.0  1016 
 
 
34 Which circuit symbol does not represent an electric component that is designed to emit sound 

waves? 
 

A B C D
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32 A thermistor is connected to a cell with negligible internal resistance. 
 

 
 

Which graph shows the variation with temperature of power, P, dissipated in the thermistor? 
 

0

A

0

P

temperature / °C 0

B

0

P

temperature / °C

0

C

0

P

temperature / °C 0

D

0

P

temperature / °C 
 
 
33 A metal electrical conductor has a resistance of 5.6 k. A potential difference (p.d.) of 9.0 V is 

applied across its ends. 
 

How many electrons pass a point in the conductor in one minute? 

A 6.0  1020 B 1.0  1019 C 6.0  1017 D 1.0  1016 
 
 
34 Which circuit symbol does not represent an electric component that is designed to emit sound 

waves? 
 

A B C D

 
 
 

308. Question | 9702 Feb-March 2025 P1 V2 Q35 15  
 

© UCLES 2025 9702/12/F/M/25 [Turn over 

35 The diagram shows a junction in a circuit where three wires, P, Q and R, meet. The currents in P 
and Q are 1 A and 3 A respectively, in the directions shown. 

 

P
1 A

3 A

R

Q

 
 

How much charge passes a given point in wire R in a time of 5 s? 

A 0.4 C B 2 C C 10 C D 20 C 
 
 
36 A cell of electromotive force (e.m.f.) E and internal resistance r is connected in series with a 

switch S and an external resistor of resistance R. 
 

E
r

RS

P Q

 
 

The potential difference (p.d.) between P and Q is V. 
 

Which statement is correct when S is changed from open to closed? 

A V increases because there is a p.d. across R. 

B V decreases because there is a p.d. across r. 

C V remains the same because the decrease of p.d. across r is balanced by the increase of 
p.d. across R. 

D V remains the same because the sum of the p.d.s across r and R is still equal to E. 
 
 
37 What is a general description of a baryon? 

A It consists of three quarks that must all be the same flavour. 

B It consists of three quarks that do not need to be the same flavour. 

C It consists of two quarks that must both be the same flavour. 

D It consists of two quarks that do not need to be the same flavour. 
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27 Which wavelength of electromagnetic radiation in free space could be green light? 

A 4.9  10–9
 m B 6.6  10–9

 m C 5.5  10–7
 m D 8.6  10–7

 m 
 
 
28 Which group contains only waves that can be polarised? 

A infrared waves, radio waves, sound waves 

B visible light waves, microwaves, radio waves 

C visible light waves, radio waves, sound waves 

D microwaves, visible light waves, sound waves 
 
 

29 One wave has an amplitude of 2A. A second wave has an amplitude of .
2
A  The waves are 

otherwise identical. 
 

The two waves travel in opposite directions and overlap. 

What is the ratio ?
 wavecombined of amplitude minimum
 wavecombined of amplitude maximum  

A 
2
3  B 

3
5  C 

2
5  D 4 

 
 
30 Light of wavelength 680 nm is incident normally on a diffraction grating with 450 lines mm–1. 
 

What is the angle of diffraction of the second-order maximum in the diffraction pattern that is 
produced? 

A 1.8° B 3.5° C 18° D 38° 
 
 
31 A hollow tube is closed at one end and open at the other. 
 

A stationary sound wave of the lowest possible frequency, 820 Hz, is produced in the tube. 
 

The speed of sound in air is 330 m s–1. 
 

What is the length of the tube? 

A 10 cm B 20 cm C 40 cm D 160 cm 
 
 
32 Which expression gives the definition of resistance? 

A current divided by potential difference 

B current multiplied by potential difference 

C potential difference divided by current 

D resistivity multiplied by length 
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33 The graph shows the I–V characteristic of an electrical component. 
 

I

V
0
0

 
 

What is the component? 

A a filament lamp 

B a metallic conductor at constant temperature 

C a resistor 

D a semiconductor diode 
 
 
34 The diagram shows six identical resistors connected in a circuit. 
 

P R

Q

S

 
 

In which branch of the circuit is the most power dissipated? 

A PQ B QR C RS D SP 
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35 The diagram shows a circuit containing a thermistor, a fixed resistor and a battery. 
 

The graph shows the I−V characteristics of both components. 
 

0.8

0.6

0.4

0.2

0
0 2 4 6 8

potential difference / V

current / mA

10 12

 
 

The battery has an e.m.f. of 12 V and negligible internal resistance. 
 

What is the current in the fixed resistor? 

A 0.36 mA B 0.40 mA C 0.48 mA D 0.80 mA 
 
 
36 Two resistors of resistances R1 and R2 are connected in parallel. 
 

R2

R1X Y

 
 

What is the combined resistance between X and Y? 

A R1  +  R2 B 
21

2  1

  +  RR
RR  C 

2  1

21   +  
RR

RR  D 
2

1

R
R  
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35 The diagram shows a circuit containing a thermistor, a fixed resistor and a battery. 
 

The graph shows the I−V characteristics of both components. 
 

0.8

0.6

0.4

0.2

0
0 2 4 6 8

potential difference / V

current / mA

10 12

 
 

The battery has an e.m.f. of 12 V and negligible internal resistance. 
 

What is the current in the fixed resistor? 

A 0.36 mA B 0.40 mA C 0.48 mA D 0.80 mA 
 
 
36 Two resistors of resistances R1 and R2 are connected in parallel. 
 

R2

R1X Y

 
 

What is the combined resistance between X and Y? 

A R1  +  R2 B 
21

2  1

  +  RR
RR  C 

2  1

21   +  
RR

RR  D 
2

1

R
R  
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29 A student uses a diffraction grating to determine the wavelength of visible light from a source. 
 

The diffraction grating has 300 lines per mm. The student measures the angle   of each order n 
of the intensity maxima. A graph of n against sin   is plotted. The line of best fit for the plotted 
points is shown and has gradient G. 

 

0
0

n

sin�  
 

Which expression represents the wavelength, in m, of the visible light in terms of G? 

A 3  105
 G B 3.3  10–6

 G C 
G

6–10  3.3   D 
G

300  

 
 
30 Two waves meet. 
 

What is not a necessary condition for the waves to produce a stationary wave? 

A They must be of the same type. 

B They must have the same period. 

C They must have the same wavelength. 

D They must travel in the same direction. 
 
 
31 Light of a single wavelength is incident normally on a double slit. Interference fringes are 

observed on a screen. 
 

The distance from the double slit to the screen is 0.60 m and the fringe separation is 1.8 mm. 
 

The distance from the double slit to the screen increases by 0.90 m. 
 

What is the new fringe separation? 

A 1.2 mm B 2.7 mm C 4.5 mm D 5.4 mm 
 
 
32 A wire is made from a metal of constant resistivity. There is a constant current in the wire. 
 

Which statement about the potential difference across the wire is correct? 

A It is directly proportional to the length of the wire. 

B It is inversely proportional to the length of the wire. 

C It is directly proportional to the diameter of the wire. 

D It is inversely proportional to the diameter of the wire. 
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33 The I–V characteristics for three electrical components are shown. 
 

I

V0
0

1

I

V0
0

2

I

V0
0

3  
 

Which components obey Ohm’s law? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 1 only 
 
 
34 A resistor of resistance 200  is connected to a supply that has a p.d. of 4.00 V. 
 

How many electrons enter the resistor in 4.00 s? 

A 3.13  1016 B 1.25  1017 C 5.00  1017 D 1.25  1021 
 
 
35 The diagram shows a cell of internal resistance 1.0R connected to a variable resistor. 
 

1.0R

 
 

When the variable resistor has an initial resistance of 2.0R, the current in the cell is I1 and the 
terminal potential difference (p.d.) across the cell is V1. 

 
The variable resistor is now adjusted to a new resistance of 4.0R. 

 
What is the new current in the cell and the new terminal p.d. across the cell? 

 
 current terminal p.d. 

A 0.50I1 1.0V1 

B 0.50I1 1.2V1 

C 0.60I1 1.0V1 

D 0.60I1 1.2V1 
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33 The I–V characteristics for three electrical components are shown. 
 

I

V0
0

1

I

V0
0

2

I

V0
0

3  
 

Which components obey Ohm’s law? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 1 only 
 
 
34 A resistor of resistance 200  is connected to a supply that has a p.d. of 4.00 V. 
 

How many electrons enter the resistor in 4.00 s? 

A 3.13  1016 B 1.25  1017 C 5.00  1017 D 1.25  1021 
 
 
35 The diagram shows a cell of internal resistance 1.0R connected to a variable resistor. 
 

1.0R

 
 

When the variable resistor has an initial resistance of 2.0R, the current in the cell is I1 and the 
terminal potential difference (p.d.) across the cell is V1. 

 
The variable resistor is now adjusted to a new resistance of 4.0R. 

 
What is the new current in the cell and the new terminal p.d. across the cell? 

 
 current terminal p.d. 

A 0.50I1 1.0V1 

B 0.50I1 1.2V1 

C 0.60I1 1.0V1 

D 0.60I1 1.2V1 
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1 What represents a vector quantity? 

A 1 N upwards 

B 2 kg decrease 

C 3 K cooler 

D 4 s later 
 
 
2 What is a reasonable estimate of the current in an electric kettle that is in use? 

A 8 A B 8 mA C 8 A D 8 kA 
 
 
3 Which statement about errors in measurements is correct? 

A An accurate set of measurements always has a small random error. 

B A precise set of measurements always has a small systematic error. 

C A random error can be reduced by taking an average of several measurements. 

D A systematic error creates a random set of measurements spread out about the true value. 
 
 
4 A sample of material has cross-sectional area A and length L. The temperatures at the two sides 

of the sample are T1 and T2. Thermal energy Q is transferred through the sample in time t. 
 

These quantities are related by 
 

t
Q  = 

L
TTAk )( 2  1 –  

 
where k is a constant. 

 
What are the SI base units of k ? 

A kg m s–3
 °C–1 B kg m s–3

 K–1 C kg m s–1
 °C–1 D kg m s–1

 K–1 
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32 The current I in a metallic conductor of cross-sectional area A is given by 
 

I = Anve 
 

where e is the elementary charge and v is the mean drift velocity of the conduction electrons. 
 

What is represented by the letter n in the equation? 

A density of conduction electrons 

B number of conduction electrons per unit time 

C number of conduction electrons per unit volume 

D volume of conduction electrons 
 
 
33 What cannot be the charge on a charge carrier? 

A – 4.8  10–19
 C 

B –3.2  10–19
 C 

C –2.4  10–19
 C 

D +3.2  10–19
 C 

 
 
34 A steel wire with a length of 2.20 m is connected to a battery as shown. 
 

A

V

steel wire

 
 

The reading on the voltmeter is 1.50 V and the reading on the ammeter is 4.90 A. 
 

The resistivity of steel is 6.90  10–7
  m. 

 
What is the diameter of the steel wire? 

A 1.76  10–
 
4

 m B 3.52  10–
 
4

 m C 1.26  10–3
 m D 2.51  10–3

 m 
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32 The current I in a metallic conductor of cross-sectional area A is given by 
 

I = Anve 
 

where e is the elementary charge and v is the mean drift velocity of the conduction electrons. 
 

What is represented by the letter n in the equation? 

A density of conduction electrons 

B number of conduction electrons per unit time 

C number of conduction electrons per unit volume 

D volume of conduction electrons 
 
 
33 What cannot be the charge on a charge carrier? 

A – 4.8  10–19
 C 

B –3.2  10–19
 C 

C –2.4  10–19
 C 

D +3.2  10–19
 C 

 
 
34 A steel wire with a length of 2.20 m is connected to a battery as shown. 
 

A

V

steel wire

 
 

The reading on the voltmeter is 1.50 V and the reading on the ammeter is 4.90 A. 
 

The resistivity of steel is 6.90  10–7
  m. 

 
What is the diameter of the steel wire? 

A 1.76  10–
 
4

 m B 3.52  10–
 
4

 m C 1.26  10–3
 m D 2.51  10–3

 m 
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27 Red light of a single wavelength from a laser is incident on a double slit. 
 

A pattern of interference fringes is observed on a flat screen that is placed parallel to the double 
slit. 

 
Which change increases the separation of the interference fringes on the screen? 

A Decrease the distance from the double slit to the screen. 

B Decrease the separation of the slits. 

C Replace the red light with blue light. 

D Replace the red light with green light. 
 
 
28 An electromagnetic wave is incident normally on a diffraction grating. 
 

A second-order maximum is produced at an angle of 30 to the direction of the incident light. 
 

The grating has 5000 lines per cm. 
 

What is the wavelength of the wave? 

A 2.5  10–7
 m B 5.0  10–7

 m C 1.0  10–6
 m D 5.0  10–5

 m 
 
 
29 The resistance of a lamp is 10  and the potential difference across it is 6.0 V. 
 

How many electrons pass through the lamp in a time of 24 hours? 

A 5.2  104 B 9.0  1019 C 5.4  1021 D 3.2  1023 
 
 
30 What is equivalent to one volt? 

A one coulomb per second 

B one joule per coulomb 

C one joule per second 

D one joule second per coulomb squared 
 
 
31 The resistance of some electrical components may change with changing conditions. 
 

Which component’s resistance increases? 

A a filament lamp as the potential difference (p.d.) across it increases 

B a light-dependent resistor (LDR) as the intensity of the light incident on it increases 

C a metallic conductor at constant temperature as the current through it increases 

D a thermistor as its temperature increases 
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27 Red light of a single wavelength from a laser is incident on a double slit. 
 

A pattern of interference fringes is observed on a flat screen that is placed parallel to the double 
slit. 

 
Which change increases the separation of the interference fringes on the screen? 

A Decrease the distance from the double slit to the screen. 

B Decrease the separation of the slits. 

C Replace the red light with blue light. 

D Replace the red light with green light. 
 
 
28 An electromagnetic wave is incident normally on a diffraction grating. 
 

A second-order maximum is produced at an angle of 30 to the direction of the incident light. 
 

The grating has 5000 lines per cm. 
 

What is the wavelength of the wave? 

A 2.5  10–7
 m B 5.0  10–7

 m C 1.0  10–6
 m D 5.0  10–5

 m 
 
 
29 The resistance of a lamp is 10  and the potential difference across it is 6.0 V. 
 

How many electrons pass through the lamp in a time of 24 hours? 

A 5.2  104 B 9.0  1019 C 5.4  1021 D 3.2  1023 
 
 
30 What is equivalent to one volt? 

A one coulomb per second 

B one joule per coulomb 

C one joule per second 

D one joule second per coulomb squared 
 
 
31 The resistance of some electrical components may change with changing conditions. 
 

Which component’s resistance increases? 

A a filament lamp as the potential difference (p.d.) across it increases 

B a light-dependent resistor (LDR) as the intensity of the light incident on it increases 

C a metallic conductor at constant temperature as the current through it increases 

D a thermistor as its temperature increases 
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27 Red light of a single wavelength from a laser is incident on a double slit. 
 

A pattern of interference fringes is observed on a flat screen that is placed parallel to the double 
slit. 

 
Which change increases the separation of the interference fringes on the screen? 

A Decrease the distance from the double slit to the screen. 

B Decrease the separation of the slits. 

C Replace the red light with blue light. 

D Replace the red light with green light. 
 
 
28 An electromagnetic wave is incident normally on a diffraction grating. 
 

A second-order maximum is produced at an angle of 30 to the direction of the incident light. 
 

The grating has 5000 lines per cm. 
 

What is the wavelength of the wave? 

A 2.5  10–7
 m B 5.0  10–7

 m C 1.0  10–6
 m D 5.0  10–5

 m 
 
 
29 The resistance of a lamp is 10  and the potential difference across it is 6.0 V. 
 

How many electrons pass through the lamp in a time of 24 hours? 

A 5.2  104 B 9.0  1019 C 5.4  1021 D 3.2  1023 
 
 
30 What is equivalent to one volt? 

A one coulomb per second 

B one joule per coulomb 

C one joule per second 

D one joule second per coulomb squared 
 
 
31 The resistance of some electrical components may change with changing conditions. 
 

Which component’s resistance increases? 

A a filament lamp as the potential difference (p.d.) across it increases 

B a light-dependent resistor (LDR) as the intensity of the light incident on it increases 

C a metallic conductor at constant temperature as the current through it increases 

D a thermistor as its temperature increases 
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32 Gold is sometimes used to make very small connecting wires in electronic circuits. 
 

A particular gold wire has length 2.50  10–3
 m and cross-sectional area 6.25  10–8

 m2. Gold has 
resistivity 2.3  10–8

  m. 
 

What is the resistance of the wire? 

A 3.6  10–18
  

B 5.8  10–13
  

C 9.2  10–4
  

D 6.8  10–3
  

 
 
33 A cell of constant electromotive force (e.m.f.) and negligible internal resistance is separately 

connected into four different circuits. 
 

In which circuit does the power dissipated by the lamp stay the same as the variable resistor is 
adjusted? 

 
A B

C D
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28 A student carries out a double-slit experiment using a laser emitting red light of wavelength of 
680 nm. The light is incident normally on a double slit. 

 
The diagram shows part of the pattern of bright fringes visible on a screen at a distance of 2.4 m 
from the slits. The distance across five bright fringes is measured as 34 mm. 

 
34 mm

 
 

What is the slit separation? 

A 8.5  10–3
 m B 2.4  10–

 
4

 m C 1.9  10–
 
4

 m D 4.8  10–5
 m 

 
 
29 The diagram shows a stationary wave on a stretched spring at an instant in time. 
 

P
Qstretched

spring

 
 

Two particles on the spring, P and Q, are shown. 
 

Which statement about the vibrations of P and Q is correct? 

A They have different frequencies. 

B They have the same amplitudes. 

C They have different periods. 

D They are always in phase. 
 
 
30 Green laser light passes through a diffraction grating and forms an interference pattern. 
 

The diffraction grating contains 400 lines per mm. 
 

The wavelength of the laser light is 550 nm. 
 

What is the highest order diffraction maximum produced by the grating? 

A 4 B 5 C 8 D 9 
 
 
31 There is a potential difference V across a resistor of resistance R. The current in the resistor is I. 
 

Which equation gives the power P dissipated by the resistor? 

A P = V 
2I B P = 

I

2
 V  C P = V 

2R D P = 
R

V 2
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32 What is a possible charge on a particle? 

A 6.40  10–20
 C 

B 4.00  10–19
 C 

C 1.12  10–18
 C 

D 9.11  10–18
 C 

 
 
33 The graphs show possible current–voltage (I–V ) characteristics for a filament lamp and for a 

semiconductor diode. 
 

I

V
0

0

P Q R S

I

V
0

0

I

V
0

0

I

V
0

0

 
 

Which row identifies the I–V graphs for the lamp and for the diode? 
 

 filament lamp semiconductor 
diode 

A P R 

B P S 

C Q R 

D Q S 
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36 Two identical wires X and Y, each of length L and radius r, are connected in parallel as shown. 
 

X

Y
 

 
The total resistance of this combination is R1. 

 
Wire X is replaced with a wire of the same material with length L and radius 2r. 

 
The total resistance of the new combination is R2. 

 

What is the ratio 
2

1

R
R ? 

A 
5
2  B 

3
2  C 

2
3  D 

2
5  

 
37 The diagram shows the currents in part of an electric circuit. 
 

I1 I2

I3

I4

I5
 

 
The resistors are identical. 

 
Which equation is not correct? 

A I1 = I2 + I4 + I5 

B I2 = I1 – I3 

C I2 = I3 + I4 + I5 

D I4 = I3 – I5 
 
 
38 The diagram shows a sequence of radioactive decays involving three -particles and a  

– particle. 
 

237Np Q93 R S T 
 

What is nuclide T? 

A Ra225
88  B Ra231

88  C Th225
90  D Th229

90  
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31 A student connects two loudspeakers to a signal generator. 
 

Q

P

signal
generator

 
 

As the student walks from P to Q, he notices that the loudness of the sound rises and falls 
repeatedly. 

 
What causes the loudness of the sound to vary? 

A diffraction of the sound waves 

B Doppler shift of the sound waves 

C interference of the sound waves 

D reflection of the sound waves 
 
 
32 The current in a resistor of constant resistance is 8.0 mA. The power dissipated by the resistor  

is P. 
 

The current in the resistor is increased to 12.0 mA. 
 

What is the new power dissipated by the resistor? 

A 0.44P B 0.67P C 1.5P D 2.3P 
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33 A piece of wire X has resistivity , length L and cross-sectional area A. Wire X has a  
resistance R. 

 
A second piece of wire Y is made of a different metal. It has the same resistance as X but has 
twice the length of X. 

 
Which row gives possible values for the resistivity and the cross-sectional area of Y? 

 

 resistivity cross-sectional 
area 

A 2
1  A2

1  

B 2
1  A 

C  A2
1  

D 2 A 
 
 
34 A cell of electromotive force (e.m.f.) E delivers a charge Q to an external circuit. 
 

Which statement is correct? 

A The energy dissipated in the external circuit is EQ. 

B The energy dissipated within the cell is EQ. 

C The external resistance is EQ. 

D The total energy dissipated in the cell and the external circuit is EQ. 
 
 
35 The diagram shows a circuit with a battery of electromotive force (e.m.f.) 60 V and negligible 

internal resistance, a 20 k resistor, a thermistor and a voltmeter. The resistance of the 
thermistor is 20 k. 

 

V

60 V

 
 

The temperature of the thermistor decreases, and this causes its resistance to change by 50%. 
 

After this change, what is the reading on the voltmeter? 

A 20 V B 24 V C 36 V D 40 V 
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33 A piece of wire X has resistivity , length L and cross-sectional area A. Wire X has a  
resistance R. 

 
A second piece of wire Y is made of a different metal. It has the same resistance as X but has 
twice the length of X. 

 
Which row gives possible values for the resistivity and the cross-sectional area of Y? 

 

 resistivity cross-sectional 
area 

A 2
1  A2

1  

B 2
1  A 

C  A2
1  

D 2 A 
 
 
34 A cell of electromotive force (e.m.f.) E delivers a charge Q to an external circuit. 
 

Which statement is correct? 

A The energy dissipated in the external circuit is EQ. 

B The energy dissipated within the cell is EQ. 

C The external resistance is EQ. 

D The total energy dissipated in the cell and the external circuit is EQ. 
 
 
35 The diagram shows a circuit with a battery of electromotive force (e.m.f.) 60 V and negligible 

internal resistance, a 20 k resistor, a thermistor and a voltmeter. The resistance of the 
thermistor is 20 k. 

 

V

60 V

 
 

The temperature of the thermistor decreases, and this causes its resistance to change by 50%. 
 

After this change, what is the reading on the voltmeter? 

A 20 V B 24 V C 36 V D 40 V 
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28 A student carries out a double-slit experiment using a laser emitting red light of wavelength of 
680 nm. The light is incident normally on a double slit. 

 
The diagram shows part of the pattern of bright fringes visible on a screen at a distance of 2.4 m 
from the slits. The distance across five bright fringes is measured as 34 mm. 

 
34 mm

 
 

What is the slit separation? 

A 8.5  10–3
 m B 2.4  10–

 
4

 m C 1.9  10–
 
4

 m D 4.8  10–5
 m 

 
 
29 The diagram shows a stationary wave on a stretched spring at an instant in time. 
 

P
Qstretched

spring

 
 

Two particles on the spring, P and Q, are shown. 
 

Which statement about the vibrations of P and Q is correct? 

A They have different frequencies. 

B They have the same amplitudes. 

C They have different periods. 

D They are always in phase. 
 
 
30 Green laser light passes through a diffraction grating and forms an interference pattern. 
 

The diffraction grating contains 400 lines per mm. 
 

The wavelength of the laser light is 550 nm. 
 

What is the highest order diffraction maximum produced by the grating? 

A 4 B 5 C 8 D 9 
 
 
31 There is a potential difference V across a resistor of resistance R. The current in the resistor is I. 
 

Which equation gives the power P dissipated by the resistor? 

A P = V 
2I B P = 

I

2
 V  C P = V 

2R D P = 
R

V 2
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32 What is a possible charge on a particle? 

A 6.40  10–20
 C 

B 4.00  10–19
 C 

C 1.12  10–18
 C 

D 9.11  10–18
 C 

 
 
33 The graphs show possible current–voltage (I–V ) characteristics for a filament lamp and for a 

semiconductor diode. 
 

I

V
0

0

P Q R S

I

V
0

0

I

V
0

0

I

V
0

0

 
 

Which row identifies the I–V graphs for the lamp and for the diode? 
 

 filament lamp semiconductor 
diode 

A P R 

B P S 

C Q R 

D Q S 
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32 What is a possible charge on a particle? 

A 6.40  10–20
 C 

B 4.00  10–19
 C 

C 1.12  10–18
 C 

D 9.11  10–18
 C 

 
 
33 The graphs show possible current–voltage (I–V ) characteristics for a filament lamp and for a 

semiconductor diode. 
 

I

V
0

0

P Q R S

I

V
0

0

I

V
0

0

I

V
0

0

 
 

Which row identifies the I–V graphs for the lamp and for the diode? 
 

 filament lamp semiconductor 
diode 

A P R 

B P S 

C Q R 

D Q S 
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36 Two identical wires X and Y, each of length L and radius r, are connected in parallel as shown. 
 

X

Y
 

 
The total resistance of this combination is R1. 

 
Wire X is replaced with a wire of the same material with length L and radius 2r. 

 
The total resistance of the new combination is R2. 

 

What is the ratio 
2

1

R
R ? 

A 
5
2  B 

3
2  C 

2
3  D 

2
5  

 
37 The diagram shows the currents in part of an electric circuit. 
 

I1 I2

I3

I4

I5
 

 
The resistors are identical. 

 
Which equation is not correct? 

A I1 = I2 + I4 + I5 

B I2 = I1 – I3 

C I2 = I3 + I4 + I5 

D I4 = I3 – I5 
 
 
38 The diagram shows a sequence of radioactive decays involving three -particles and a  

– particle. 
 

237Np Q93 R S T 
 

What is nuclide T? 

A Ra225
88  B Ra231

88  C Th225
90  D Th229

90  
 
 



9702 Physics Paper 1 - Electricity
Topical questions | 336 questions

333. Question | 9702 Oct-Nov 2025 P1 V4 Q32

14 

© UCLES 2025 9702/14/O/N/25  

31 Two light sources are used to produce an interference pattern. 
 

Interference fringes appear when the two sources emit waves that are coherent. 
 

What is meant by coherent waves? 

A The two waves are emitted with the same frequency. 

B The two waves are emitted with constant phase difference. 

C The two waves are emitted with the same intensity. 

D The two waves are emitted with zero phase difference. 
 
 
32 Which component has the I–V graph shown? 
 

I

V
0

0  
 

A filament lamp 

B metallic conductor at constant temperature 

C resistor of fixed resistance 

D semiconductor diode 
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33 The diagram shows an electrical circuit containing a light-dependent resistor (LDR). 
 

12 16

20

8
4

0

A

power supply

potentiometer

ammeter

LDR  
 

What is the circuit diagram for this circuit? 
 

A

A

A

B

A

C

A

D

 
 
 
34 A copper wire of length 2 m has a circular cross-section. There is a constant current in the wire 

when it is connected to a mobile phone in order to charge the battery. 
 

The wire has a fault. A 1 m length of the wire has half the diameter of the other 1 m length. 
 

The power dissipated in the thicker length of wire is P. 
 

What is the power dissipated in the thinner length of wire? 

A P
4
1  B P

2
1  C 2P D 4P 
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33 The diagram shows an electrical circuit containing a light-dependent resistor (LDR). 
 

12 16

20

8
4

0

A

power supply

potentiometer

ammeter

LDR  
 

What is the circuit diagram for this circuit? 
 

A

A

A

B

A

C

A

D

 
 
 
34 A copper wire of length 2 m has a circular cross-section. There is a constant current in the wire 

when it is connected to a mobile phone in order to charge the battery. 
 

The wire has a fault. A 1 m length of the wire has half the diameter of the other 1 m length. 
 

The power dissipated in the thicker length of wire is P. 
 

What is the power dissipated in the thinner length of wire? 

A P
4
1  B P

2
1  C 2P D 4P 
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35 A wire carries a current of 5.6 A. 
 

What is the number of conduction electrons that pass a point on the wire in a time of 20 s? 

A 1.8  1018 B 2.2  1019 C 3.5  1019 D 7.0  1020 
 
 
36 Four resistors of resistance R, 2R, 3R and 4R are connected to form a network. 
 

A battery of negligible internal resistance and a voltmeter are connected to the resistor network 
as shown. 

 

V4R 2R

3R

R
 

 
The voltmeter reading is 2 V. 

 
What is the electromotive force (e.m.f.) of the battery? 

A 2 V B 4 V C 6 V D 10 V 
 
 


