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1. Question part 1/2 | 9702 Feb-March 2016 P2 V2 Q5

5 (a) (i) State whatis meant by an electric current.

(b) A power supply of electromotive force (e.m.f.) 8.7V and negligible internal resistance is
connected by two identical wires to three filament lamps, as shown in Fig. 5.1.

connecting wires

power supply
8.7V

Fig. 5.1 (not to scale)

The power supply provides a current of 0.30 A to the circuit.
The filament lamps are identical. The I-V characteristic for one of the lamps is shown in

Fig. 5.2.
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(i) Show that the resistance of each connecting wire is 2.0Q.

[2]
(ii) The resistivity of the metal of the connecting wires does not vary with temperature.
On Fig. 5.2, sketch the I-V characteristic for one of the connecting wires. 2]
(iii) Calculate the power loss in one of the connecting wires.
POWET = ettt W [2]
(iv) Some data for the connecting wires are given below.
cross-sectional area = 0.40mm?
resistivity = 1.7 x 10°8Qm
number density of free electrons = 8.5 x 1028 m=3
Calculate
1. the length of one of the connecting wires,
[ength = ..o m [2]
2. the drift speed of a free electron in the connecting wires.
drift SPEEd = ....ooveeeeeeeeeeeeeee e ms~! [2]

[Total: 12]
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6 (a) Define the coulomb.

(b) A resistor X is connected to a cell as shown in Fig. 6.1.

Fig. 6.1
The resistor is a wire of cross-sectional area A and length L The current in the wire is I.

Show that the average drift speed v of the charge carriers in X is given by the equation

I
nAe

where e is the charge on a charge carrier and n is the number of charge carriers per unit
volume in X.

V=

[3]

(c) A 12V battery with negligible internal resistance is connected to two resistors Y and Z, as
shown in Fig. 6.2.

12V

—

Fig. 6.2
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The resistors are made from wires of the same material. The wire of Y has a diameter d and
length L The wire of Z has a diameter 2d and length 2L

(i) Determine the ratio

average drift speed of the charge carriers inY
average drift speed of the charge carriers in Z

FAHO = oo [3]

(ii) Show that

resistance of Y _ 5
resistance of Z

[2]
(iii) Determine the potential difference across Y.
potential difference = ......ccccooiiiiii V [2]
(iv) Determine the ratio
power dissipated in Y
power dissipated in Z
A0 = e [1]

[Total: 12]
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6 Two parallel vertical metal plates are connected to a power supply, as shown in Fig. 6.1.

metal plate metal plate

! 16 mm !

O+
(0]

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

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

Calculate the electric field strength between the plates.

electric field Strength = .......cccceeveeeeeeceeee e vm[4]

[Total: 5]
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7 (a) Electric current is a flow of charge carriers. The charge on the carriers is quantised. Explain
what is meant by quantised.

(b) A battery of electromotive force (e.m.f.) 9.0V and internal resistance 0.25Q is connected in
series with two identical resistors X and a resistor Y, as shown in Fig. 7.1.

X Y X
— H H —
0.15Q 2.7Q 0.15Q
Fig. 7.1

The resistance of each resistor X is 0.15Q and the resistance of resistorY is 2.7 Q.

(i) Show that the current in the circuit is 2.8 A.

[3]

(ii) Calculate the potential difference across the battery.

potential difference = ............ccoo oo, V2]
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(c) Each resistor X connected in the circuit in (b) is made from a wire with a cross-sectional area
of 2.5mm?. The number of free electrons per unit volume in the wire is 8.5 x 102m=3,

(i) Calculate the average drift speed of the electrons in X.

Arift SPEEA = ..o ms~1[2]

(ii) The two resistors X are replaced by two resistors Z made of the same material and
length but with half the diameter.

Describe and explain the difference between the average drift speed in Z and that in X.

[Total: 10]
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6 (a) Define the ohm.

(b) A 15V battery with negligible internal resistance is connected to two resistors P and Q, as
shown in Fig. 6.1.

Fig. 6.1

The resistors are made of wires of the same material. The wire of P has diameter d and
length 21. The wire of Q has diameter 2d and length L

The resistance of P is 12 Q.

(i) Show that the resistance of Q is 1.5Q.

[3]
(i) Calculate the total power dissipated in the resistors P and Q.
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(iii) Determine the ratio
average drift speed of the charge carriers in P

average drift speed of the charge carriers in Q -

[Total: 10]
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2 (a) Define electric field strength.

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

metal
plate

[ &

2.0cm yi —»—
electron . —"B o

velocit A o)
3.7 x 1yO7ms‘1 2.0cm

+
T 25k

metal
plate

5.9cm

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

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

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

timetaken = ..., s [1]

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

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

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

2]
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(iv) Use the acceleration given in (iii) and your answer in (i) to determine the vertical distance

(v)

(vi)

y between point B and the upper plate.

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

The electron enters the field at time t= 0.

On Fig. 2.2, sketch graphs to show the variation with time t of
1. the horizontal component vy of the velocity of the electron,
2. the vertical component v, of the velocity of the electron.

Numerical values are not required.

A A

Fig. 2.2
[2]

[Total: 12]
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6 (a) Define electric potential difference (p.d.).

(b) A battery of electromotive force (e.m.f.) 14V and negligible internal resistance is connected to
a resistor network, as shown in Fig. 6.1.

-

RZ
. e
:1 | 20 S
6.0Q RSE |
0240

Fig. 6.1

R, and R, are fixed resistors of resistances 6.02 and 122 respectively. R, is a variable
resistor.

Switch S is closed.
(i) Calculate the current in the battery when the resistance of R is set

1. atzero,

CUITENE = e A[2]

2. at24Q.

CUITENE = i e e A 2]
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(ii) Use your answers in (b)(i) to calculate the change in the total power produced by the
battery when the resistance of R is changed from zero to 24 Q.

change in POWEr = ....cooovviiviiiii W [2]
(c) Switch S in Fig. 6.1 is now opened.

Resistors R, and R, are made from metal wires. Some data for these resistors are shown in

Fig. 6.2.
R, R,
cross-sectional area of wire A 1.8A
number of free electrons per unit volume in metal n 0.50n
Fig. 6.2
Determine the ratio
average drift speed of free electrons in R,
average drift speed of free electrons in R,
A0 = o 2]

[Total: 9]
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2 (a) Define electric field strength.

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

metal
plate

[ &

2.0cm yi -
electron // B e}

velocit A o
3.7 x 1y07ms‘1 2.0cm

+
T 25kV

metal
plate

5.9cm

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

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

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

timetaken = ... s [1]

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

field strength = ....ocooeveeeeeeeeeeeeeeeeee e, NC1[2]

(iii) Show that the acceleration of the electron in the field is 1.1 x 10'ms=2.

(2]
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(iv) Use the acceleration given in (iii) and your answer in (i) to determine the vertical distance

)

(vi)

y between point B and the upper plate.

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

The electron enters the field at time t= 0.

On Fig. 2.2, sketch graphs to show the variation with time t of
1. the horizontal component vy of the velocity of the electron,
2. the vertical component v, of the velocity of the electron.

Numerical values are not required.

A A

Fig. 2.2
[2]

[Total: 12]
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5 Anelectron is travelling in a straight line through a vacuum with a constant speed of 1.5 x 10’ ms™.
The electron enters a uniform electric field at point A, as shown in Fig. 5.1.

uniform
2.0cm _— electric field
® 4 .
electron speed A B
1.5x10"ms™
Fig. 5.1

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

(a) State the direction of the electric field.

(b) Calculate the magnitude of the deceleration of the electron in the field.

deceleration = ........cccceveeveeeeeeeeeeeee e ms2[2]

(c) Calculate the electric field strength.

electric field strength = ........cccocooviieiieceeeeee e Vm[3]
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(d) The electron is at point A at time t=0.

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

A

Fig. 5.2
(1]

[Total: 7]
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6 (a) Three resistors of resistances R,, R, and R; are connected as shown in Fig. 6.1.

Fig. 6.1

The total current in the combination of resistors is I and the potential difference across the
combination is V.
Show that the total resistance R of the combination is given by the equation

11,11
R~R,"R,"R,

2]

(b) A battery of electromotive force (e.m.f.) 6.0V and internal resistance r is connected to a
resistor of resistance 12Q and a variable resistor X, as shown in Fig. 6.2.

i
Lo '12_Q|
o
Fig. 6.2

(i) By considering energy, explain why the potential difference across the battery’s terminals
is less than the e.m.f. of the battery.
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(ii) Acharge of 2.5kC passes through the battery.
Calculate

1. the total energy transformed by the battery,

BNEIGY = coiiiiiiieie e J[2]

2. the number of electrons that pass through the battery.

(iii) The combined resistance of the two resistors connected in parallel is 4.8 Q.

Calculate the resistance of X.

resistance of X = ..., Q[1]

(iv) Use your answer in (b)(iii) to determine the ratio

power dissipated in X _
power dissipated in 12Q resistor

(v) The resistance of X is now decreased. Explain why the power produced by the battery is
increased.

[Total: 11]
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3 (a) Define electric field strength.

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

electric field

A electron
o—

[ Juy)

NNNNNAN

Fig. 3.1

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

Calculate

(i) the acceleration of the electron,

acceleration = .......cccoceeeeeeieeeee e ms—2 [2]

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

change in KinetiC ENergy = ......uciiiiiiiiiiii e J [3]
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(iii) the electric field strength.

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

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

[Total: 12]
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6 (a) Describe the I-V characteristic of

(i) a metallic conductor at constant temperature,

(b) Two identical filament lamps are connected in series and then in parallel to a battery of
electromotive force (e.m.f.) 12V and negligible internal resistance, as shown in Fig. 6.1a and
Fig. 6.1b.

12V 12V

- — - {—
&

—R—)- -

Fig. 6.1a Fig. 6.1b

The I-V characteristic of each lamp is shown in Fig. 6.2.

6.0
I/A
4.0 Sgssen
2.0 D= al
A,//
0
0 2.0 4.0 6.0 8.0 10.0 12.0
VIV

Fig. 6.2
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(i) Use the information shown in Fig. 6.2 to determine the current through the battery in

1. the circuit of Fig. 6.1a,

(o1 U =1 0 S A

2. the circuit of Fig. 6.1b.
CUITENT = oo A
[3]

(i) Calculate the total resistance in

1. the circuit of Fig. 6.1a,
resistance = .......cocoii s Q

2. the circuit of Fig. 6.1b.
resistance = .......ccccci s Q
(3]

(iii) Calculate the ratio

power dissipated in a lamp in the circuit of Fig. 6.1a
power dissipated in a lamp in the circuit of Fig. 6.1b

[Total: 11]
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6 (a) Define electric field strength.

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

particle
mass 1.7 x 10727 kg
charge +1.6 x 107'°9C

metal — | [ metal
plate | | plate

Fig. 6.1

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

A particle of mass 1.7 x 10727kg and charge +1.6 x 1071°C is initially at rest at point A on

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

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

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

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

(iv) Determine the potential difference between the plates.

potential difference = .......cccoooiiiiiiiiii V [3]

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

A

|

|

:

|

kinetic |
energy !
|

|

|

|

I

0 15 :x/mm

Fig. 6.2

(1]

[Total: 10]
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7 (a) Define the ohm.

(b) Wires are used to connect a battery of negligible internal resistance to a lamp, as shown in

Fig. 7.1.
wire\4| I'"‘{ |_/wire

&

Fig. 7.1

The lamp is at its normal operating temperature. Some data for the filament wire of the lamp
and for the connecting wires of the circuit are shown in Fig. 7.2.

filament wire connecting wires

diameter d 144

total length L 70L

resistivity of metal

(at normal operating temperature) P 0.028p
Fig. 7.2

(i) Show that

resistance of filament wire
total resistance of connecting wires

=1000.

[2]
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(i) Use the information in (i) to explain qualitatively why the power dissipated in the filament
wire of the lamp is greater than the total power dissipated in the connecting wires.

(iii) The lamp is rated as 12V, 6.0W. Use the information in (i) to determine the total
resistance of the connecting wires.

total resistance of connecting Wires = ..., Q [3]

(iv) The diameter of the connecting wires is decreased. The total length of the connecting
wires and the resistivity of the metal of the connecting wires remain the same.

State and explain the change, if any, that occurs to the resistance of the filament wire of
the lamp.

[Total: 10]
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5 (a) Define the coulomb.

(b) Two vertical metal plates in a vacuum have a separation of 4.0cm. A potential difference of
2.0 x 102V is applied between the plates. Fig. 5.1 shows a side view of this arrangement.

| 4.0cm |

I I smoke particle
weight 3.9 x 1071°N
charge -8.0 x 1071°C

[ —————— metal plate

[ 1

metal plate —— |

[

|
+2.0 x 102V '“T”I

Fig. 5.1

A smoke patrticle is in the uniform electric field between the plates. The particle has weight
3.9 x 107N and charge —-8.0 x 107'°C.

(i) Show that the electric force acting on the particle is 4.0 x 1071°N.

[2]

(ii) On Fig. 5.1, draw labelled arrows to show the directions of the two forces acting on the
smoke particle. (1]
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(iii) The resultant force acting on the particle is F.
Determine

1. the magnitude of F,

magnitude =

2. the angle of Fto the horizontal.

(c) The electric field in (b) is switched on at time t=0 when the particle is at a horizontal
displacement s =2.0cm from the left-hand plate. At time =0 the horizontal velocity of the
particle is zero. The particle is then moved by the electric field until it hits a plate at time t=T.

On Fig. 5.2, sketch the variation with time t of the horizontal displacement s of the particle

from the left-hand plate.

4.0

s/cm

2.0

Fig.5.2

(2]

[Total: 9]
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6 (a) State whatis meant by an electric current.

Fig.6.1

I'is the current in the wire,
nis the number of free electrons per unit volume in the wire,

vis the average drift speed of a free electron and
e is the charge on an electron.

(i) State, interms of A, e, L and n, an expression for the total charge of the free electrons in
the wire.

(i) Use your answer in (i) to show that the current I is given by the equation

I = nAve.

[2]

(c) A metal wire in a circuit is damaged. The resistivity of the metal is unchanged but the cross-
sectional area of the wire is reduced over a length of 3.0mm, as shown in Fig. 6.2.

. 3.0mm .
! damaged length '
| 9e¢ °n9 —
current o d 0.69d
0.50A
| L
cross-section X cross-section Y
Fig.6.2

The wire has diameter d at cross-section X and diameter 0.69d at cross-section Y.
The current in the wire is 0.50A.
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(i) Determine the ratio

average drift speed of free electrons at cross-section Y
average drift speed of free electrons at cross-section X

(ii) The main part of the wire with cross-section X has a resistance per unit length of
1.7 x1072Qm™".

For the damaged length of the wire, calculate

1. the resistance per unit length,

resistance per unitlength = ......cccccei Qm™[2]

2. the power dissipated.

POWET = it W [2]

(iii) The diameter of the damaged length of the wire is further decreased. Assume that the
current in the wire remains constant.

State and explain qualitatively the change, if any, to the power dissipated in the damaged
length of the wire.

[Total: 12]
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5 (a) Define electric field strength.

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

metal plate

.
IR hal |
0_
0.045m 4
o+
N - |
[
metal plate proton
Fig. 5.1

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

(i) Show that the acceleration of the proton is 4.0 x 10'2ms2.

[2]

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

1. the electric field strength,

field strength = ......cccoeieiieiiececeeeeee, NC1[2]

2. the potential difference V between the plates.

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

Calculate the ratio

acceleration of o particle
acceleration of proton

[Total: 10]
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6 Afilament lamp is rated as 30W, 120V. A potential difference of 120V is applied across the lamp.
(a) For the filament wire of the lamp, calculate

(i) the current,

CUITENT = oot A[2]

(i) the number of electrons passing a point in 3.0 hours.

NUMDEE = ..o 2]

(b) Show that the resistance of the filament wire is 480 Q.

[2]

(¢) The filament wire has an uncoiled length of 580mm and is made of metal. The metal has
resistivity 6.1 x 107/ Qm at the operating temperature of the lamp.

Calculate the diameter of the wire.

diameter = ... m [3]

(d) The potential difference across the lamp is now reduced. State and explain the effect, if any,
on the resistance of the filament wire.

[Total: 10]
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6 Awire X has a constant resistance per unit length of 3.0Qm~" and a diameter of 0.48 mm.

(a) Calculate the resistivity of the metal of wire X.

FeSISHVILY = ..o Qm [3]

(b) The wire X is connected into the circuit shown in Fig. 6.1.

1.6A

Fig. 6.1

The battery has an electromotive force (e.m.f.) of 5.0V and an internal resistance of 2.0 Q.

The wire X and a resistor R of resistance 4.5Q are connected in parallel. The current in the
battery is 1.6A.

(i) Calculate the potential difference across resistor R.

potential difference =
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(ii) Determine, for wire X,

1. its resistance,

resistance = .......coceeviiiiiiiinnnnn.

2. its length.

Please turn over for Question 7.

[Total: 8]
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5 (a) State whatis meant by an electric field.

(b) A particle of mass m and charge q is in a uniform electric field of strength E. The particle has
acceleration a due to the field.

Show that

[2]
(c) Astationary nucleus X decays by emitting an a-particle to form a nucleus of plutonium, 232 Pu,
as shown.
X —> 239Pu + a

(i) Determine the number of protons and the number of neutrons in nucleus X.
number of ProtoNS = ..o
number of NEUIONS = ...
[2]

(ii) The total mass of the plutonium nucleus and the a-particle is less than that of nucleus X.
Explain this difference in mass.
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(iii) The plutonium nucleus and the a-particle are both accelerated by the same uniform
electric field.

Use the expression in (b) to determine the ratio

acceleration of the a-particle

acceleration of the plutonium nucleus

[Total: 9]
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6 (a) Define the volt.

(b) A battery of electromotive force (e.m.f.) 7.0V and negligible internal resistance is connected
in series with three components, as shown in Fig. 6.1.

7.0 q
z 1.4V
—®
52Q 6.00
Fig. 6.1

Resistor X has a resistance of 5.2Q. The resistance of the filament wire of lamp Y is 6.0 Q.
The potential difference across resistor Zis 1.4 V.

(i) Calculate the current in the circuit.

CUITENT = i A[2]

(ii) Determine the resistance of resistor Z.

resistance = ... Q[1]

(iii) Calculate the percentage efficiency with which the battery supplies power to the lamp.

efficiency = ..o % [3]



9702 Physics Paper 2 - Electricity

Topical questions | 56 questions

21. Question part 2/2 | 9702 Oct-Nov 2018 P2 V2 Q6

(iv) The filament wire of the lamp is made of metal of resistivity 3.7 x 10~/ Qm at its operating
temperature in the circuit.
Determine, for the filament wire, the value of « where

_ cross-sectional area
length

[Total: 9]
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7 (a) The current I in a metal wire is given by the expression
I = Anve.

State what is meant by the symbols A and n.
PP PPP P PPPPRPPPPT
U PRRPRTPRR

(2]

(b) The diameter of a wire XY varies linearly with distance along the wire as shown in Fig. 7.1.
X
Y
current I ’ g current]
2

drift speed v,

Fig. 7.1

There is a current I in the wire. At end X of the wire, the diameter is d and the average drift
speed of the free electrons is v,. At end Y of the wire, the diameter is g

On Fig. 7.2, sketch a graph to show the variation of the average drift speed with position
along the wire between X and Y.

5v,

X

4v,

3v,

X

average
drift
speed

2v.

X

position along wire

Fig. 7.2
(2]

[Total: 4]
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5 A particle of mass m and charge q is in a uniform electric field of strength E. The particle has
acceleration a due to the field.

(@) Show that

q_a
m~ E°

[2]

(b) The particle has a charge of 4e where e is the elementary charge. The electric field strength
is 3.5 x 10*Vm~'. The acceleration of the particle is 1.5 x 102ms2.

Use the expression in (a) to show that the mass of the particle is 9.0 u.

[2]

(c) The particle is a nucleus. State the number of protons and the number of neutrons in the
nucleus.

number of ProtonNs = ...

number of NEUIIONS = ...

(d) A second nucleus that is an isotope of the nucleus in (c) is in the same uniform electric field.

State and explain whether the electric field produces, for the two nuclei, the same
magnitudes of

(i) force,

[Total: 7]
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6 (a) Define the coulomb.

............................................................................................................................................... [1]
(b) An electric current is a flow of charge carriers.
In the following list, underline the possible charges for a charge carrier.
8.0x107'°C 4.0x1071°C 1.6 x1071°C 1.6 x10720C [1]

(c) The diameter of a wire ST varies linearly with distance along the wire as shown in Fig. 6.1.

S T

current d od current

drift speed v
Fig. 6.1

There is a current I in the wire. At end S of the wire, the diameter is d and the average drift
speed of the free electrons is v,. At end T of the wire, the diameter is 2d.

On Fig. 6.2, sketch a graph to show the variation of the average drift speed with position
along the wire between S and T.

1.00v,
0.75v,
average

drift 0.50v
speed S
0.25v
0

S T

position along wire

Fig. 6.2
[2]

[Total: 4]



9702 Physics Paper 2 - Electricity

Topical questions | 56 questions

25. Question part 1/2 | 9702 Feb-March 2019 P2 V2 Q4

4 (a) Define electric field strength.

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

uniform electric field,
| field strength 5.0 x 10*Vm™
in vertically upwards direction

horizontal

SIDE
VIEW

Fig. 4.1 (not to scale)

Sphere X has a charge of +3e and sphere Y has a charge of —3e, where e is the elementary
charge. The rod is held at its mid point Z at an angle 6 to the horizontal. The rod and
spheres have negligible mass and are in a uniform electric field. The electric field strength is
5.0 x 10V m~'. The direction of this field is vertically upwards.

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

1. Calculate the separation between the plates.

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

................................................................................................................................ [2]
(ii) Determine the magnitude and direction of the force on sphere Y.
MAagNitude = ...oovevieeeiie N
AIreCtion ........ooooiiiiiiii
[2]

(iii) The electric forces acting on the two spheres form a couple. This couple acts on the rod
with a torque of 6.2 x 107N m.

Calculate the angle 6 of the rod to the horizontal.

[Total: 9]



9702 Physics Paper 2 - Electricity

Topical questions | 56 questions

26. Question | 9702 May-June 2019 P2 V2 Q6

6 (a) State whatis meant by a field line (line of force) in an electric field.

(b) An electric field has two different regions X and Y. The field strength in X is less than that in Y.
Describe a difference between the pattern of field lines (lines of force) in X and in Y.

............................................................................................................................................... [1]
(c) Aparticle P has a mass of 0.15u and a charge of —1e, where e is the elementary charge.
(i) Particle P and an a-particle are in the same uniform electric field. Calculate the ratio
magnitude of acceleration of particle P
magnitude of acceleration of a-particle
FAtio = oo [3]
(ii) Particle P is a hadron composed of only two quarks. One of them is a down (d) quark.
By considering charge, determine a possible type (flavour) of the other quark.
Explain your working.
....................................................................................................................................... [3]
[Total: 8]
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1 (a) (i) Define resistance.

....................................................................................................................................... [1]
(ii) A potential difference of 0.60V is applied across a resistor of resistance 4.0 GQ.
Calculate the current, in pA, in the resistor.
CUMTENT = oo pA[2]

(b) The energy E transferred when charge Q moves through an electrical component is given by
the equation

E=QV
where Vis the potential difference across the component.

Use the equation to determine the SI base units of potential difference.

SIbase units ...ccccoeeeiiiiiiii [3]

[Total: 6]
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Two vertical metal plates in a vacuum are separated by a distance of 0.12m.
Fig. 4.1 shows a side view of this arrangement.

0.080m

sand B
particle

20m

oV o ———o0 +900V

path of
particle

metal plate metal plate

0.12m

Fig. 4.1 (not to scale)

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

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

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

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

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

horizontal component of acceleration = ... ms=2[2]
(e) (i) Calculate the magnitude of the electric field strength.
electric field strength = .........cocoeeeveeeeececece e, NC'[2]

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

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

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

(i) the vertical component of the acceleration

(ii) the horizontal component of the acceleration.

[Total: 13]
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6 (a) Define the ohm.

(b) A battery of electromotive force (e.m.f.) E and internal resistance 1.5Q is connected to a
network of resistors, as shown in Fig. 6.1.

: E+ 150 |
: F— I—}
b e e )
I
R
20Q  4ga Z |
Y Z
8.0Q
| I |
0.60A ~
Fig. 6.1

Resistor X has a resistance of 8.0 Q. Resistor Y has a resistance of 2.0Q. Resistor Z has a
resistance of F{Z. The current in X is 0.60A and the currentin Y is 1.8A.

(i) Calculate:

1. the current I in the battery

2. resistance R,

3. e.mf. E.
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(ii) Resistors X and Y are each made of wire. The two wires have the same length and are
made of the same metal.

Determine the ratio:

cross-sectional area of wire X

cross-sectional area of wire Y

FAtIO = oo 2]

average drift speed of free electrons in X
average drift speed of free electrons in Y’

[Total: 10]

Please turn over for Question 7.
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6 (a) Define electric potential difference (p.d.).

............................................................................................................................................. [1]
(b) The variation with potential difference V of the current I in a semiconductor diode is shown in
Fig.6.1.
30
/
25 /
I/'mA /
20 i
/
15
/
10 f
5
7
/
0
0 0.5 1.0
7A%
Fig. 6.1

Use Fig. 6.1 to describe qualitatively the variation of the resistance of the diode as Vincreases
fromO0to 1.0V.
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(c) The diode in (b) is part of the circuit shown in Fig. 6.2.

20V

15mA

Fig. 6.2
The cell of electromotive force (e.m.f.) 2.0V and negligible internal resistance is connected in
series with the diode and resistors X and Y. The resistance of Y is 60 Q. The current in the cell
is 15mA.

(i) Use Fig.6.1 to determine the resistance of the diode.

FeSIStaNCe = ....ooviiiiiiiiiiee e Q [3]
(ii) Calculate:

1. the resistance of X

resistance = ... Q [3]

2. theratio

power dissipated in resistor Y
total power produced by the cell’

[Total: 11]



9702 Physics Paper 2 - Electricity

Topical questions | 56 questions

31. Question part 1/3 | 9702 Oct-Nov 2019 P2 V3 Q3

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

(i) a gravitational field

(b) A potential difference of 1.2 x 103V is applied between a pair of horizontal metal plates in a
vacuum, as shown in Fig. 3.1.

top metal plate

| p |
- - I—.
A
i 1.2x10°V
charge 4.2 x 10°°C ~ |1.8cm o_
mass 5.9 x 10%kg l
velocity 0.75ms~" / L

bottom metal plate

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

The particle is deflected by the field and hits the top plate at point Y.

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

electric force =
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(ii) By considering the resultant vertical force acting on the particle, show that the
acceleration of the particle in the electric and gravitational fields is 14ms™2,

[4]
(iii) Determine:
1. the time taken for the particle to move from Xto Y
time taken = ... s [2]
2. the distance p of point Y from the left-hand edge of the top plate.
P S s m [1]

[Total: 12]
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5 (a) Define the ohm.

(b) Awire has a resistance of 1.8 Q. The wire has a uniform cross-sectional area of 0.38 mm? and
is made of metal of resistivity 9.6 x 10~/ Qm.

Calculate the length of the wire.

(c) A resistor X of resistance 1.8Q is connected to a resistor Y of resistance 0.60Q and a
battery P, as shown in Fig. 5.1.

Hﬂg,i

1.8Q 0.60Q

—L "

X Y

Fig. 5.1
The battery P has an electromotive force (e.m.f.) of 1.2V and negligible internal resistance.

(i) Explain, in terms of energy, why the potential difference (p.d.) across resistor X is less
than the e.m.f. of the battery.

(i) Calculate the potential difference across resistor X.

potential difference = .......ccccoeeiiiiiiiiii e V [2]
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(d) Another battery Q of e.m.f. 1.2V and negligible internal resistance is now connected into the
circuit of Fig. 5.1 to produce the new circuit shown in Fig. 5.2.

1.2V
Q
1.2V
- F——1
P
1.8Q 0.60Q
—L __F—
X Y
Fig. 5.2
State whether the addition of battery Q causes the current to decrease, increase or remain
the same in:
) IS (o P PEPP OO PPRRPR [1
) T o= (=T VA PR PPR [1

(e) The circuit shown in Fig. 5.2 is modified to produce the new circuit shown in Fig. 5.3.
1.2V

e
3.6Q

1

1.8Q 0.60Q
—f
X Y
Fig. 5.3

Calculate:

(i) the total resistance of the two resistors connected in parallel

resistanCe = ... Q [1]

(ii) the currentin resistor Y.

(o104 =Y o P A [2]

[Total: 12]
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6 Auniform electric field is produced between two parallel metal plates. The electric field strength is
1.4 x 10N C~". The potential difference between the plates is 350 V.

(a) Calculate the separation of the plates.

Separation = ... m [2]

(b) A nucleus of mass 8.3 x 102"kg is now placed in the electric field. The electric force acting
on the nucleus is 6.7 x 10~15N.

(i) Calculate the charge on the nucleus in terms of e, where e is the elementary charge.

(ii) Calculate the mass, in u, of the nucleus.

(iii) Use your answers in (b)(i) and (b)(ii) to determine the number of neutrons in the nucleus.

NUMDET = e [1]

[Total: 7]
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5 (a) Metal wire is used to connect a power supply to a lamp. The wire has a total resistance of
3.4Q and the metal has a resistivity of 2.6 x 108 Qm. The total length of the wire is 59m.

(i) Show that the wire has a cross-sectional area of 4.5 x 10" m2.

(2]
(ii) The potential difference across the total length of wire is 1.8 V.
Calculate the current in the wire.
CUITENT = e A [1]
(iii) The number density of the free electrons in the wire is 6.1 x 1028 m=3,
Calculate the average drift speed of the free electrons in the wire.
average drift Speed = .......c.ccoeciieeieeeieeee e ms~! [2]

(b) A different wire carries a current. This wire has a part that is thinner than the rest of the wire, as
shown in Fig.5.1.

wire thinner part

U b )

Fig. 5.1
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(i) State and explain qualitatively how the average drift speed of the free electrons in the
thinner part compares with that in the rest of the wire.

(ii) State and explain whether the power dissipated in the thinner part is the same, less or
more than the power dissipated in an equal length of the rest of the wire.

(c) Three resistors have resistances of 1802, 90Q and 30 Q.

(i) Sketch a diagram showing how two of these three resistors may be connected together
to give a combined resistance of 60 Q2 between the terminals shown.
Ensure you label the values of the resistances in your diagram.

(1]

(ii) A potential divider circuit is produced by connecting the three resistors to a battery of
electromotive force (e.m.f.) 12V and negligible internal resistance. The potential divider
circuit provides an output potential difference V5, of 8.0V.

Fig. 5.2 shows the circuit diagram.

—_
| O
12V,
£
® O

Fig. 5.2

On Fig. 5.2, label the resistances of all three resistors and the potential
difference V-

(2]

[Total: 12]
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5 (a) Define the volt.

............................................................................................................................................. [1
(b) Fig. 5.1 shows a network of three resistors.
300Q
—1_
55Q
Xo +—1L  +—ov
100Q
—
Fig. 5.1
Calculate:
(i) the combined resistance of the two resistors connected in parallel
combined resistanCe = ..........ooviiiiiiiii e Q 1]
(ii) the total resistance between terminals X and Y.
total resistance = ... Q [1]

(c) The network in (b) is connected to a power supply so that there is a potential difference
between terminals X and Y. The power dissipated in the resistor of resistance 55Q is 0.20W.

(i) Calculate the current in the resistor of resistance:

1. 55Q

current = A

2. 300Q.

current = A



9702 Physics Paper 2 - Electricity

Topical questions | 56 questions

35. Question part 2/2 | 9702 May-June 2020 P2 V3 Q5

(ii) Calculate the potential difference between X and Y.

potential difference = ... V [1]

[Total: 7]
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6 The current I in a metal wire is given by the expression
I=Anve
where v is the average drift speed of the free electrons in the wire and e is the elementary charge.

(a) State what is meant by the symbols A and n.

A e e e oo eaeeeeeeeeeeeeeeeeeeeee e e aeeaeeeeeeeeeeeeeeeeeeeaaannnttaneeneeeeeaaeeens
SR
[2]
(b) Use the above expression to determine the SI base units of e.
Show your working.
base Units .........evvvviiiiiiiiii, 2]

(c) Two lamps P and Q are connected in series to a battery, as shown in Fig. 6.1.

P Q

&

Fig. 6.1

The radius of the filament wire of lamp P is twice the radius of the filament wire of lamp Q.
The filament wires are made of metals with the same value of n.

Calculate the ratio

average drift speed of free electrons in filament wire of P
average drift speed of free electrons in filament wire of Q

[Total: 6]
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7 (a) Define the ohm.

(b) A uniform wire has resistance 3.2Q. The wire has length 2.5m and is made from metal of
resistivity 460 nQm.

Calculate the cross-sectional area of the wire.

cross-sectional area = .......cccceeeeeeeeee e m?2 [3]

(c) A cell of electromotive force (e.m.f.) E and internal resistance r is connected to a variable
resistor of resistance R, as shown in Fig. 7.1.

___________________

___________________

Fig. 7.1
The current in the circuit is I.

(i) State, in terms of energy, why the potential difference across the variable resistor is less
than the e.m.f. of the cell.
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(if) State an expression for E in terms of I, R and r.

E o= e [1]
(iii) The resistance R of the variable resistor is changed so that it is equal to r.

Determine an expression, in terms of only E and r, for the power P dissipated in the
variable resistor.

[Total: 8]
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6 (a) Anetwork of three resistors of resistances R,, R, and R, is shown in Fig. 6.1.

74
- -
I R1
1
> * > || || ®
I
12 Rz
, _Fs
Fig. 6.1

The individual currents in the resistors are I1, I2 and I3. The total current in the combination
of resistors is I and the potential difference across the combination is V.

Show that the combined resistance R of the network is given by

1 1 1

_ = 5 + + =
R3

1
R~R "R,

[2]

(b) A battery of electromotive force (e.m.f.) 8.0V and internal resistance ris connected to three
resistors X, Y and Z, as shown in Fig. 6.2.

0.45A 16 Q

Fig. 6.2
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Resistor Y has a resistance of 16 Q. The current in resistor X is 0.49A and the current in
resistor Y is 0.45A.

Calculate:

(i) the currentin the battery

CUMTENT = e A [1]

(ii) the internal resistance r of the battery.

(c) Resistors X and Y in Fig. 6.2 are made from wires of the same material and cross-sectional
area. The average drift speed of the free electrons in X is 2.1 x 10™*ms™.

Calculate the average drift speed v of the free electrons in Y.

(d) Resistor Z in Fig. 6.2 is replaced by a new resistor of smaller resistance.

State and explain the effect, if any, on the terminal potential difference of the battery.

[Total: 9]
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5 (a) Define the ohm.

(b) Awire is made of metal of resistivity p. The length L of the wire is gradually increased. Assume
that the volume V of the wire remains constant as its length is increased.

Show that the resistance R of the extending wire is proportional to L2.

(2]

(c) A battery of electromotive force (e.m.f.) E and internal resistance r is connected to a variable
resistor of resistance R, as shown in Fig. 5.1.

Fig. 5.1

An ammeter measures the current I in the circuit. A voltmeter measures the potential
difference V across the variable resistor.
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The resistance R is now varied to change the values of I and V.

The variation with I of Vis shown in Fig. 5.2.

3
VIV
2 —~
1
0
0 2 4 I/A 6
Fig. 5.2
(i) Use Fig. 5.2 to state the e.m.f. E of the battery.
E = e V [1]

(ii) Use Fig. 5.2 to determine the power dissipated in the variable resistor when there is a
current of 5.0A.

[Total: 8]
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2 Acharged oil drop is in a vacuum between two horizontal metal plates. A uniform electric field is

produced between the plates by applying a potential difference of 1340V across them, as shown
in Fig. 2.1.

top metal plate
+1340V |

oil drop,
14x1072m / O \weight4.6x10-N
v ) |
oV uniform electric field bottom metal plate

Fig. 2.1
The separation of the plates is 1.4 x 102m.
The oil drop of weight 4.6 x 10~"N remains stationary at a point mid-way between the plates.

(@) (i) Calculate the magnitude of the electric field strength.

electric field strength = .......cooooiiiieeeeeeeeeeeee NC [2]

(ii) Determine the magnitude and the sign of the charge on the oil drop.

magnitude of charge = ... C

sign of charge

(b) The electric potentials of the plates are instantaneously reversed so that the top plate is at a

potential of 0V and the bottom plate is at a potential of +1340V. This change causes the oil
drop to start moving downwards.

(i) Compare the new pattern of the electric field lines between the plates with the original
pattern.



9702 Physics Paper 2 - Electricity

Topical questions | 56 questions

40. Question part 2/2 | 9702 Oct-Nov 2021 P2 V2 Q2

(ii) Determine the magnitude of the resultant force acting on the oil drop.

resultantforce = ... N [1]

(iii) Show that the magnitude of the acceleration of the oil drop is 20ms—=2.

(2]

(iv) Assume that the radius of the oil drop is negligible.

Use the information in (b)(iii) to calculate the time taken for the oil drop to move to the
bottom metal plate from its initial position mid-way between the plates.

(c) The oil drop in (b) starts to move at time t = 0. The distance of the oil drop from the bottom
plate is x.

On Fig. 2.2, sketch the variation with time t of distance x for the movement of the drop from
its initial position until it hits the surface of the bottom plate. Numerical values of t are not
required.

0.7

x/102m

Fig. 2.2
(2]

[Total: 14]
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6 Acell of electromotive force (e.m.f.) 0.48V is connected to a metal wire X, as shown in Fig. 6.1.

| 048V intemal
| resistance
| | 1 |
| |I — |
_________ -
0.80A
wire X,

resistance 0.40Q

Fig. 6.1
The cell has internal resistance. The current in the cell is 0.80A.
Wire X has length 3.0m, cross-sectional area 1.3 x 10~"m? and resistance 0.40 Q.

(a) Calculate the charge passing through the cell in a time of 7.5 minutes.

(b) Calculate the percentage efficiency with which the cell supplies power to wire X.

efficiency = ...,
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(c) There are 3.2 x 1022 free (conduction) electrons contained in the volume of wire X.
For wire X, calculate:

(i) the number density n of the free electrons

(ii) the average drift speed of the free electrons.

average drift speed = ......iiiiiiiiiiii ms~! [2]

(d) Awire Y has the same cross-sectional area as wire X and is made of the same metal. Wire Y
is longer than wire X.

Wire X in the circuit is now replaced by wire Y. Assume that wire Y has the same temperature
as wire X.

State and explain whether the average drift speed of the free electrons in wire Y is greater
than, the same as, or less than that in wire X.

[Total: 11]
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4  An a-particle moves in a straight line through a vacuum with a constant speed of 4.1 x 105ms~".
The a-particle enters a uniform electric field at point A, as shown in Fig. 4.1.

uniform
electric
field
o N ° °
a-particle, A B
speed 4.1x108ms™’
Fig. 4.1

The a-particle continues to move in the same straight line until it is brought to rest at point B by the
electric field. The deceleration of the a-particle by the electric field is 2.7 x 10" ms=2.

(a) State the direction of the electric field.

(b) Calculate the distance AB.

distance = ... m [2]

(c) Calculate the electric field strength.

electric field strength = .......cocoovioiiieeeeeeeeeeeeee Vm [3]
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(d) The a-particle is at point A at time = 0.

On Fig. 4.2, sketch the variation with time t of the momentum of the a-particle as it travels
from point A to point B. Numerical values are not required.

A
momentum
0 5 ;
Fig. 4.2
(1]
(e) State the name of the quantity that is represented by the gradient of the graph in (d).
............................................................................................................................................. 1

(f) AP~ particle now enters the electric field along the same initial path as the a-particle and with
the same initial speed of 4.1 x 105ms™".

(i) Calculate the kinetic energy, in J, of the ™ particle at point A.

Kineticenergy = ..o, J [3]

(ii) State and explain the differences between the electric force on the B~ particle in the
electric field and the electric force on the a-particle in the electric field.

(ili) The p~ particle is produced by the decay of a nucleus. State the name of another lepton
that is produced at the same time as the B~ particle.

[Total: 15]
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6 The ends of a metal resistance wire are connected to a battery of electromotive force (e.m.f.) 8.0V
and negligible internal resistance, as shown in Fig. 6.1.

8.0V

=

resistance wire

Fig. 6.1
The power dissipated by the resistance wire is 36 W.
(a) Calculate:

(i) the current in the resistance wire

CUMTENT = oo A [2]

(ii) the number of free electrons that pass through the resistance wire in a time of 50s

NUMDEI = e [2]

(iii) the resistance of the wire.

resistance = ... Q [2]
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(b) The metal of the resistance wire in the circuit has a resistivity of 1.4 x 10°Qm. The
cross-sectional area of the wire is 0.25mm?2.

Determine the length of the wire.

(c) The circuit shown in Fig. 6.1 is modified by replacing the original resistance wire with a second
resistance wire. The second wire has a greater diameter than the original wire. There are no
other differences between the second wire and the original wire.

By reference to resistance, state and explain whether the power dissipated by the second
wire is more than, less than or the same as the power dissipated by the original wire.
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(d) The circuit shown in Fig. 6.1 is modified by connecting a second battery, of e.m.f. 8.0V and

negligible internal resistance, in parallel with the original battery and the original resistance
wire, as shown in Fig. 6.2.

—|--1F—o

original
resistance wire

Fig. 6.2
By reference to the current in the resistance wire, state and explain whether the addition of

the second battery causes the power in the original resistance wire to decrease, increase or
stay the same.

[Total: 12]
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6

(@) (i) On Fig. 6.1, sketch the I-V characteristic of a filament lamp.

I A
0 >
0 v
Fig. 6.1
[2]
(ii) Explain the shape of the line in (a)(i).
..................................................................................................................................... [3]

(b) A conducting wire has length 5.8 m and cross-sectional area 3.4 x 108m?2. The resistivity of
the metal of the wire is 5.6 x 108 Qm.

Calculate the resistance of the wire.

resistance = ... Q [2]



9702 Physics Paper 2 - Electricity

Topical questions | 56 questions

44. Question part 2/2 | 9702 May-June 2022 P2 V3 Q6

(c) Aresistor of resistance R is placed in a circuit with a cell of negligible internal resistance, two
switches S, and S,, a second resistor of resistance 2R and three ammeters X, Y and Z. The
circuit is shown in Fig. 6.2.

x(®) s, R Y
. et
2

Fig. 6.2
The reading on X'is 1.0Awhen S, is open and S, is closed.

Complete Table 6.1.

Table 6.1
position of switches ammeter readings
S, S, reading on X/A | readingon Y/A | readingon Z/A
open open 0 0 0
open closed 1.0
closed open
closed closed

(4]

[Total: 11]
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6 A metal wire in a circuit has a length of 1.8m and a cross-sectional area of 1.5 x 108m?2,
The total number of free electrons (charge carriers) in the wire is 2.3 x 1023,

There is a current in the wire so that a charge of 172C moves past a fixed point in the wire in a
time of 2.5 minutes.

(a) Show that the number density of the free electrons in the wire is 8.5 x 1028 m3,

(1]

(b) Calculate the average drift speed of the free electrons.

average drift Speed = .......c..coovieeieeeeee e ms~! [3]

[Total: 4]
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6 (a) The currentin a filament lamp decreases.

State and explain how the resistance of the lamp changes.

(b) A cylindrical wire has length L and resistance R. The total number of free electrons (charge
carriers) contained in the volume of the wire is N. Each free electron has charge e. The
potential difference between the ends of the wire is V.

Determine expressions, in terms of some or all of the symbols e, L, N, R and V for:

(i) the current in the wire

CUIMTENT = e [1]
(ii) the average drift speed of the free electrons
average drift speed = ... [2]
(iii) the average time taken for a free electron to move along the full length of the wire.
timetaken = ..., [1]

[Total: 5]
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5 A student sets up a circuit with a battery, an ammeter, a heater and a light-dependent resistor
(LDR) all in series.

The battery has negligible internal resistance.
A voltmeter is connected across (in parallel with) the heater.

(a) On Fig. 5.1, complete the circuit diagram of this arrangement.

-

Fig. 5.1
[3]

(b) The heater is a wire made of metal of resistivity 1.1 x 1078 Qm. The wire has length 2.0m and
cross-sectional area 3.8 x 107" m2.

The reading on the voltmeter is 4.8 V.
Calculate:

(i) the resistance of the heater

resistance = ........cccce Q2]

(ii) the reading on the ammeter.

reading on ammeter = ... A [1]
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(c) The heater is replaced by a new wire. The new wire is made of the same metal as the wire in
(b) and has the same length but a larger diameter.

The resistance of the LDR remains constant.

(i) State and explain whether the new wire has a resistance that is greater than, less than or
the same as that of the wire in (b).

(ii) State and explain whether the new reading on the voltmeter is greater than, less than or
equal to 4.8V.

[Total: 10]
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6 (a) A metal wire has a resistance per unit length of 0.92Qm='. The wire has a uniform
cross-sectional area of 5.3 x 107" mZ.

Calculate the resistivity of the metal of the wire.

resistivity = ..o, Qm [2]

(b) A battery of electromotive force (e.m.f.) E and negligible internal resistance is connected in
series with a fixed resistor and a light-dependent resistor (LDR), as shown in Fig. 6.1.

—

(V)
Y

\}« 1600Q
1
| I |

Fig. 6.1

The resistance of the fixed resistor is 1400Q. The intensity of the light illuminating the LDR
causes it to have a resistance of 1600 Q. A voltmeter connected across the LDR reads 6.4 V.

(i) Show that the current in the LDR is 4.0 x 1073A.

(1]

(ii) Calculate the number of free electrons passing through the LDR in a time of 3.2 minutes.

number of free electrons = .............ooiiii 2]
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(iii) Calculate the e.m.f. E.

(iv) Determine the ratio

power dissipated in LDR
power dissipated in fixed resistor

(c) The environmental conditions change causing a decrease in the resistance of the LDR in (b).
The temperature of the environment does not change.

State whether there is a decrease, increase or no change to:

(i) the intensity of the light illuminating the LDR

..................................................................................................................................... [1]
(ii) the current in the battery

..................................................................................................................................... [1]
(iii) the reading of the voltmeter.

..................................................................................................................................... [1]

[Total: 12]
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7 (a) State Ohm’s law.

(b) A battery of electromotive force (e.m.f.) 6.2V and negligible internal resistance is connected
in a circuit to a uniform resistance wire, a voltmeter, a fixed resistor and a switch, as shown

in Fig. 7.1.
=

wire of resistance 18 Q

Fig. 7.1

The resistance wire has resistance 18 Q, length 0.94 m and cross-sectional area 7.2 x 108 m2.
The slider S is positioned half-way along the length of the wire.

(i) Calculate the resistivity p of the material of the resistance wire.

(i) The switch is open.
State the reading on the voltmeter.

voltmeter reading = ......ccceeeiiiiii V [1]
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(iii) The switch is now closed.
State whether there is an increase, decrease or no change to:
e the current in the battery

e the voltmeter reading.

(iv) The switch remains closed. The slider S is moved along the resistance wire so that the
voltmeter reading is 3.1 V.

On Fig. 7.1, draw a cross (x) on the resistance wire to show a possible new position of
the slider. (1]

(c) The circuit in (b) is altered by changing the battery for one of a different e.m.f.
The switch is open.

A student records the following data for the resistance wire:
current in the wire 0.93A
mean drift speed of charge carriers 1.3 x 103ms™!

number density of charge carriers 9.0 x 1028 m=3,

(i) Determine the charge q of a charge carrier in the wire suggested by this data.

(i) With reference to the value of g, explain why the data recorded by the student cannot be
correct.

[Total: 11]
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3

Lightning occurs when charge builds up in the atmosphere, creating a potential difference between
the ground and the atmosphere.

During a lightning strike there is an average current of 3.3 x 104A for a time of 2.6 x 10~°s.

(a) Calculate the charge transferred during the lightning strike.

(b) The potential difference between the ground and the atmosphere is 3.0 x 107 V.

Calculate the average power, in GW, transferred during the lightning strike.

(c) A lightning rod is attached to a tall building to conduct charge safely to the ground. The
lightning rod is modelled as a uniform cylindrical copper cable of total length 95m that runs
from the ground to the top of the building, as shown in Fig. 3.1.

lightning rod

building

ground

Fig. 3.1
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WADTAWRRmwn, -

(i) The resistance of the lightning rod is 9.6 Q.
The resistivity of copperis 1.7 x 108Qm.

Determine the radius of the lightning rod.

(ii) The radius of the copper lightning rod is doubled with no change to its length.

State the effect of this change on the resistance of the lightning rod.

(d) A section of the lightning rod of length 0.12m is removed for testing. A tensile stress of

1.9 x 108Pa is applied, as shown in Fig. 3.2.

lightning rod

fixed support

tensile stress 1.9 x 106 Pa

0.12m

Fig. 3.2 (not to scale)

The section of the rod obeys Hooke’s law. The Young modulus of copper is 1.3 x 10" Pa.

Calculate the extension of the section.

EXEENSION = oo,

[Total: 11]
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5

(a) Define electric potential difference (p.d.).

(b) A power supply, three resistors and a component X are connected in the circuit shown

in Fig. 5.1.

230V

70A + -—
< O O

ossa |

Fig. 5.1

The power supply has an electromotive force (e.m.f.) of 230V and negligible internal
resistance. The current in the power supply is 7.0A.

(i) Identify component X.

(ii) Show that the p.d. across the resistor of resistance 0.86Q is 6.0V.

(1]

(iii) Determine the current I,.



9702 Physics Paper 2 - Electricity

Topical questions | 56 questions

51. Question part 2/2 | 9702 Oct-Nov 2024 P2 V2 Q5

(iv) Calculate the p.d. across component X.

X RS V 2]

(v) Calculate the power dissipated in component X.

POWET = et W [2]
(vi) The purpose of the circuit is to provide power to component X.

Determine the percentage efficiency of the circuit.

efficienCy = ... % [2]

(vii) The resistor of resistance 170Q is removed, leaving an open circuit in the lower branch
of the circuit. There is no change to the resistance of component X.

State whether the current in the power supply increases, decreases or remains the same.

[Total: 12]
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6 (a) Define resistance.

(b) Acylindrical metal wire of length 2.4 m and cross-sectional area 8.0 x 108 m? has a resistance
of 0.33Q. There is a current in the wire of 4.7A.

(i) Determine the resistivity of the metal from which the wire is made.

resistivity = ..o Qm [2]

(i) Calculate the charge that passes through the wire in a time of 5.0 minutes.

(iii) The free electrons (charge carriers) in the wire have an average drift speed of
0.16mms~".

Determine the number density of charge carriers in the metal.

nuUMber density = ..........cccooveeveeeeeece e m=3 [2]
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(c) The wire in (b) may be considered to be a fixed resistor. It is connected in series with a
thermistor to a battery that has negligible internal resistance.

(i) Use circuit symbols to complete Fig. 6.1 to show the circuit diagram of this arrangement.

-

Fig. 6.1
[1]

(ii) Explain, without calculation, how the power dissipated in the wire changes as the
temperature of the thermistor is increased.

[Total: 10]
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i 0.24m

(1
\

Fig. 6.1 (not to scale)

N~

The current in the wire is 0.85A.

The resistance of the wire is 3.3mQ.

The total number of charge carriers N in the wire is 2.6 x 10%2.
The resistivity of copper is 1.8 x 10°8Qm.

(a) Calculate the potential difference between the two ends of the wire.

potential difference = ........cccoiiiii V [2]

(b) (i) Show that the cross-sectional area of the wire is 1.3 x 107 5mZ.

(2]

(ii) Show that the number density of charge carriers in the wire is 8.3 x 1028 m3.

(1]

(iii) Calculate the average drift speed of the charge carriers (electrons) in the wire.

average drift speed = ... ms~! [2]
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(c) Adifferent copper wire Q has the same volume as wire P, but non-uniform radius, as shown in
Fig. 6.2.

Fig. 6.2 (not to scale)
The radius r, at end X of wire Q is the same as the radius of wire P. Radius r,is less than r,.

(i) State and explain how the resistance of wire Q compares with the resistance of wire P.
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(ii) On Fig. 6.3, sketch a graph of the variation of the average drift speed of the charge
carriers with distance from end X of wire Q.

A

average drift speed

0 =
distance from X

Fig. 6.3
(2]

[Total: 13]



9702 Physics Paper 2 - Electricity

Topical questions | 56 questions

54. Question part 1/2 | 9702 May-June 2025 P2 V1 Q6

6 A nichrome wire X of length 45cm and cross-sectional area 4.7 x 107" m? is connected into the
circuit shown in Fig. 6.1.

Fig. 6.1

The resistance of X is 1.1Q. The cell has electromotive force (e.m.f.) 1.3V and negligible internal
resistance.

(@) (i) Calculate the currentin X.

CUMTENT = oo A [1]
(i) The number density of charge carriers (electrons) in nichrome is 8.5 x 1028 m™3.

Calculate the average drift speed of the charge carriers in X.

average drift speed = .......cccoviiiiiiiiii ms~! [2]

(iii) Calculate the resistivity of the nichrome.

resistivity = ..o Qm [3]
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(b) Wire Y is identical to wire X. Wire Y is added to the circuit in parallel with wire X, as shown in
Fig. 6.2.

®

Fig. 6.2
State and explain the effect, if any, of this change on:

(i) the reading on the ammeter

(ii) the average drift speed of the charge carriers in X.

[Total: 9]
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..................................................................................................................................... [1]
(i) On Fig. 5.1, sketch the I~V characteristic of a filament lamp.
I
A
0 >
0 %
Fig. 5.1
(2]

(b) A battery of electromotive force (e.m.f.) E and negligible internal resistance is connected in
parallel with two filament lamps A and B, as shown in Fig. 5.2.

—

33A 4
15a A I8W
— ®
R
Fig. 5.2

The current in the battery is 3.3A and the current in lamp Ais 1.5A. The power dissipated in
lamp Ais 18 W.
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| 0N OO O Y
(i) Calculate the e.m.f. E of the battery.

E o e ee e V 2]

(ii) The filament wire of lamp B has a cross-sectional area of 1.4 x 10-°m2. The number
of free (conduction) electrons per unit volume in the metal of the filament wire is
3.4 x 108 m=3,

Calculate the average drift speed of the free electrons in the filament wire of lamp B.

average drift speed = ......cccviiiiiiiiiiiie e ms~! [3]

[Total: 8]
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determine the resistance of a length of nichrome wire.

(@) (i) Define resistance.

(ii) Draw a circuit diagram to show how the components should be connected. Use the
symbol for a resistor to represent the nichrome wire.

(2]

(b) The student also measures the length and the diameter of the wire. Table 5.1 shows the
measurements recorded for each quantity.

Table 5.1
quantity measurement
length (0.864 £ 0.001)m
diameter (0.496 = 0.002) mm
voltmeter reading (1.38 £0.02)V
ammeter reading (0.276 + 0.001)A

(i) Show that the resistance of the wire is 5.00 Q.

(1]
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(ii) Calculate, to three significant figures, the resistivity p of the nichrome.

D S s Qm [3]
(iii) Calculate the percentage uncertainty in p.
percentage uncertainty = .......cccccciiiiiiiii e % [2]
(iv) Determine the absolute uncertainty in p.
absolute uncertainty = ........ccccccvviiiiiiiieie e Qm [1]

[Total: 10]



