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OCR Physics A


Refer to the Physics A datasheet for data, formulae and relationships information.

1
A toy car is operated by a small electric motor. The potential difference across the motor is 6.0 V and the current in it is 0.20 A. What is the energy used by the motor in 120 s?

A
2.40 J

B
60.0 J

C
144 J

D
3600 J
Your answer

2
Figure 1 shows part of a resistor network.
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Figure 1

What is the total resistance between the points X and Y?

A
0.20 (

B
1.25 (

C
20 (

D
5.0 (
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
3
The resistance of a length of copper wire is 8.0 (. A second piece of copper wire has twice the length and twice the cross-sectional area. What is the resistance of the second piece of copper wire?

A
4 (

B
8 (

C
16 (

D
32 (
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
4
A charged particle moves at constant speed between two points in an electric field. What is the work done in travelling between the two points determined by?

A
the value of the charge on the particle and the path taken

B
the path taken by the particle

C
the value of the charge on the particle

D
the speed of the particle
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
5
The two graphs shown in Figure 2 represent the variation with distance, d, of the electric field and the electric potential surrounding an isolated point charge.
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Figure 2

What is the work done by an external force in moving a test 
charge (Q from d ( 2r to d (r?

A
Q × (the shaded area under graph 1)

B
Q × (the shaded area under graph 2)

C
Q × (the average value of the electric field)

D
the average value of the electric potential
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
6
Figure 3 shows a scale drawing of plane wave fronts incident on a boundary between medium 1 and medium 2.
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Figure 3

What is the ratio of
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A
2.0

B
1.5

C
0.67

D
0.50
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
7
What is the wavelength of a stationary wave equal to?

A
twice the distance between a node and an adjacent antinode

B
twice the distance between two adjacent nodes

C
half the distance between two adjacent nodes

D
the distance between two adjacent nodes
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
8
A metal surface is illuminated by a constant frequency light source whose frequency is greater than the threshold frequency.

What is the magnitude of the photoelectric current produced?

A
it is directly proportional to the intensity of the light

B
it is inversely proportional to the intensity of the light

C
it is independent of the intensity of the light

D
it is directly proportional to the square root of the intensity of the light
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
9
Figure 4 shows a junction in a circuit. At the junction the current, I, divides into three separate currents I1, I2, and I3.
[image: image12.jpg]




Figure 4

These currents are related by the equation
I (I1 (I2 (I3

Which of the following best identifies the law this equation illustrates and the principle on which it is based?

A
Kirchhoff’s second law based on conservation of charge

B
Kirchhoff’s second law based on conservation of energy 

C
Kirchhoff’s first law based on conservation of charge

D
Kirchhoff’s first law based on conservation of energy
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
10
Figure 5 shows a capacitor network.
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Figure 5

What is the total capacitance between X and Y?

A
18 nF

B
13 nF

C
1.8 nF

D
5 nF
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
11
A thin copper rod which is 0.5 m long has a mass of 0.050 kg. It is placed at right angles in a magnetic field of 0.20 T. What is the minimum current that must pass through the rod in order for the magnetic force to cancel the weight of the rod?

A
0.20 A

B
0.50 A

C
4.9 A

D
9.8 A
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
12
A sample contains a small amount of a radioactive material with a half-life of 3.5 days. After two weeks what is the fraction of the radioactive material remaining?

A
84%

B
25%

C
6.3%

D
0%
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
13
The radii of nuclei can be estimated from experiments. What do these experiments need to involve?

A
the scattering of charged particles

B
the Bainbridge mass spectrometer

C
emission spectra

D
Compton scattering
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
14
The following three statements concern radioactive decay.

1
Alpha particles have discrete energies. 

2
Beta particles are emitted with a continuous distribution of energies.

3
Gamma rays are emitted with discrete frequencies. 

Which statements are evidence for the existence of nuclear energy levels? 

A
1

B
2

C
1 and 2

D
1 and 3
Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
15
Which row in the table correctly indicates the prefixes micro, nano, and pico?
	
	10(12
	10(9
	10(6

	A
	nano
	pico
	micro

	B
	micro
	pico
	nano

	C
	pico
	nano
	micro

	D
	pico
	micro
	nano


Your answer
 SHAPE  \* MERGEFORMAT 



(1 mark)
16
a
Explain what is meant by the work function of a metal.
 SHAPE  \* MERGEFORMAT 



(1 mark)

b
Electromagnetic radiation from a fixed frequency source is incident on an aluminium plate. The electrons released from the plate are shown to have a range of kinetic energies up to a maximum value of 1.1 eV.


Work function energy of aluminium ( 4.1 eV


i
Calculate the frequency of the incident radiation.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)


ii
Explain why the electrons have a range of energies.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


iii
The source of electromagnetic radiation in i is replaced by a source having the same frequency but double the intensity. State the change, if any, to the maximum speed of an electron emitted from the surface of the aluminium.
 SHAPE  \* MERGEFORMAT 



(1 mark)
17
a
Silicon is a semi conducting material with less free electrons per unit volume than a metal. A block of copper and a block of silicon have exactly the same dimensions. When a current of 100 mA flows in the copper block, the average drift speed of the electrons is 2.0 × 10(5 m s(1. Calculate the average drift speed of electrons in the silicon block when an identical current is passed through it.


nCu ( 8.0 × 1028 m(3


nSi (  3.0 × 1018 m(3
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)

b
i
On Figure 6 draw the I–V characteristic for a silicon semiconductor diode showing both forward bias and reverse bias.
[image: image31.jpg]7





Figure 6

(2 marks)


ii
Figure 7 shows the I–V characteristic for a filament lamp. 
[image: image32.jpg]





Figure 7



Explain the shape of the characteristic.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)

c
i
State a word equation that defines the resistivity of a conducting material. 
 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
An electrical heating element is made from a length of uniform resistance wire. The element is required to generate 500 W when it is connected to the 230 V mains supply.



The cross-sectional area of the wire is 7.5 × 10(8 m2 and its resistivity is 
1.2 × 10(6 ( m.



Calculate the length of the resistance wire that is required.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)


iii
Two of the heating elements used in a are connected to the 230 V mains supply:



1
in series



2
in parallel.



Explain why only one of the circuits will provide an output of 1.0 kW.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)
18
A cell of e.m.f., , and internal resistance, r, is connected to a variable resistor R of resistance, R, as shown in Figure 8. The current through the cell and the terminal p.d. of the cell are measured as the resistance of R is decreased. 
[image: image43.jpg]




Figure 8

Figure 9 shows a graph drawn from the results obtained.
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Figure 9

a
Explain why the terminal p.d. decreases as the current increases.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)

b
i
Use the graph to find the e.m.f., E, of the cell.
 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
Use the graph above to find the internal resistance, r, of the cell.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)

c
Draw a line on the graph above that shows the results obtained from a cell with:


i
the same e.m.f. but double the internal resistance of the first cell.
Label your graph A.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


ii
the same e.m.f. but negligible internal resistance. Label your graph B.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)
19
a
The diagram below represents a progressive wave travelling from left to right along a stretched string.
[image: image54.jpg]direction of wave travel






Figure 10


i
Calculate the wavelength of the wave.
 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
The frequency of the wave is 25 Hz.



Calculate the speed of the wave.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


iii
State the phase difference between points X and Y on the string.
 SHAPE  \* MERGEFORMAT 



(1 mark)

b
Describe how the displacement of point Y on the string varies in the next half‑period.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)

c
Describe how a student with access to normal laboratory equipment can determine the wavelength of microwaves by generating a stationary wave pattern.


You should include:
· a labelled diagram of the apparatus
· a description of the procedure and measurements that need to be taken
· a description of how the wavelength may be determined from the data obtained.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(6 marks)
20
a
Liquid crystal displays (LCDs) are made from two parallel glass plates, 12 (m apart, with liquid crystal molecules between them. The glass is coated with a conducting material. 
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Figure 11


The molecules are positive at one end and negative at the other. They are normally aligned parallel with the glass plates as shown. 


The switch S is closed and 1.8 V is applied across the glass plates. 


i
Calculate the electric field strength between the plates. 
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


ii
Explain what happens to the liquid crystal molecules. 
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)

b
State Lenz’s law of electromagnetic induction. 
 SHAPE  \* MERGEFORMAT 



(1 mark)

c
A bar magnet is dropped from rest through the centre of a coil of wire which is connected to a resistor and data logger. 
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Figure 12


i
State the induced magnetic polarity on the top side of the coil as the magnet falls towards it and mark an arrow on the wire in Figure 12 to show the direction of the induced current produced. 
 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
Figure 13 shows the variation of induced current in the resistor with time as the magnet falls.
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Figure 13



Explain why the magnitude of I2 is greater than I1. 
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)
21
A student is required to design an experiment to measure the acceleration of a heavy steel ball as it rolls down a ramp of constant gradient. She suggests an arrangement that uses a capacitor−resistor discharge circuit to measure the time taken by the ball to travel between two fixed points on the slope. Figure 14 shows her suggested arrangement.
[image: image78.jpg]electromagnet

/ steel ball

light gate
light gate
switches
off S,
when ball
passes through






Figure 14

When S1 is opened the steel ball is released by the electromagnet and rolls down the ramp. As the ball passes through a movable light gate the switch S2 is opened. Both switches remain open after operating.

a
Describe the procedure the student should follow, including the measurements she should make, when using this arrangement. Explain how she should use the measurements taken to calculate the acceleration of the ball down the slope.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(6 marks)

b
When the student set up her experiment using the arrangement shown in Figure 14 she used a 22 (F capacitor, C, and a 200 k( resistor, R. In one of her results, the initial p.d. was 12.0 V and the final p.d. was 5.8 V. The distance travelled was 2.5 m.


i
From the student’s result, calculate the time taken for the ball to reach the light gate.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)


ii
What value does this result give for the acceleration of the ball down the slope, assuming the acceleration is constant?
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)
22
a
Hadrons are a group of particles composed of quarks. Hadrons are categorised into two families dependent upon their quark structure.


i
What other property defines a hadron?
 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
Name the two families of hadrons and give the quark structure of each.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)

b
State one similarity and one difference between a particle and its antiparticle.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)

c
An ion of thorium, 
[image: image96.wmf]Th

232

90

, has an overall charge of (1.6 × 10(19 C.


For this ion state:


i
 the number of protons in the nucleus


ii
 the number of neutrons in the nucleus


iii
the number of electrons in stable orbit around the nucleus.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)

d
Alpha decay is a process by which an unstable isotope of an element may decay.


i
State what is meant by the term isotope.
 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
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Complete this equation for alpha decay.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)
23
a
Radioactive decay is a random and spontaneous process.


What is meant by the term:


i
random
 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
spontaneous.
 SHAPE  \* MERGEFORMAT 



(1 mark)

b
Explain what is meant by each of the following:


i
radioactive half-life
 SHAPE  \* MERGEFORMAT 



(1 mark)


ii
radioactive decay constant.
 SHAPE  \* MERGEFORMAT 



(1 mark)

c
The radioactive isotope of iodine-131 has a half-life of 8.04 days.


Calculate:


i
the decay constant of iodine-131
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


ii
the number of atoms of iodine-131 necessary to produce a sample with an activity of 5.0 × 104 Bq
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(2 marks)


iii
the time taken, in hours, for the activity of the same sample of iodine-131 to fall from 5.4 × 104 Bq to 5.0 × 104 Bq.
 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



 SHAPE  \* MERGEFORMAT 



(3 marks)
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