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OCR Physics A



Section A

1 The volt is defined as:


A
1 C J–1

B
1 C s–1

C
1 J s–1

D
1 J C–1

Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image95.png]Oxford




(1 mark)

2 Which equation is used to define resistance?


A
resistance  
[image: image2.emf]
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B
resistance  
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C
resistance  
[image: image4.emf]
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D
resistance  potential difference ( current

Your answer 
(1 mark)

3 Figure 3 shows two wires, L and M, made of the same material and connected in series with one another. Wire L has half the diameter of wire M.
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Figure 3

In which of the following rows are both statements true?


Table 3
	
	
[image: image6.emf]
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Drift velocity in L
Drift velocity in M










Drift velocity in 

L

Drift velocity in 

M



	A
	1
	2

	B
	1
	4

	C
	2
	4

	D
	2
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Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image9]

(1 mark)

4 Two identical resistors have a total resistance of 10 Ω when connected in series. The same two resistors when connected in parallel have a combined resistance of:


A
0.40 Ω


B
2.5 Ω


C
5.0 Ω


D
4 Ω


Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image10]

(1 mark)

5 Which of the following electromagnetic radiations has the smallest wavelength:


A
infrared


B
radio

C
ultraviolet


D
visible

Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image11]

(1 mark)

6 An oscilloscope is used to display the waveform of a sinusoidal voltage. Figure 6 shows the trace obtained when the time base of the oscilloscope is set so that one square on the horizontal axis represents 10.0 µs. What is the frequency of the voltage?
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Figure 6


A
25 kHz


B
25 Hz


C
50 kHz


D
12.5 kHz


Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image13]

(1 mark)

7 Figure 7 shows the path of a ray of light through a rectangular glass block. Which of the following expressions is equal to the refractive index of glass?
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Figure 7


A
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Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image19]

(1 mark)

8 Which of the following statements concerning a stationary wave is not true?


A
Particles at an antinode have zero amplitude.


B
Particles between adjacent nodes are in phase with one another.


C
Particles either side of a node are 180° out of phase.


D
Distance between successive nodes is equal to half a wavelength.

Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image20]

(1 mark)

9 Which of the following wave properties cannot be demonstrated with sound waves?


A
reflection


B
refraction


C
polarisation


D
diffraction


Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image21]

(1 mark)

10 Electrons emitted in a solar flare have energy of 80 keV. This energy expressed in joules is equal to:


A
5.0 ( 1023 J


B
1.3 ( 10–17 J


C
2.0 ( 10–24 J


D
1.3 ( 10–14 J


Your answer 
 SHAPE  \* MERGEFORMAT 
[image: image22]

(1 mark)

Section B
11 a
Define electrical resistance.

[image: image23]
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(1 mark)

b
Use Figure 11a to sketch a graph showing the variation of resistance R of a negative temperature coefficient (NTC) thermistor with temperature θ. 
(2 marks)
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Figure 11a


c
Figure 11b shows a circuit used to control a night light. The circuit consists of a light-dependent resistor (LDR), a load resistor, and a power supply of negligible internal resistance.
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Figure 11b

i The light intensity falling on the LDR decreases.



1. State how the resistance of the LDR changes.

[image: image27]
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(1 mark)



2. State and explain how the p.d. between the points A and B changes.
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(2 marks)
ii At a particular light intensity the LDR has resistance of 650 Ω.
Calculate:




1. the current drawn from the power supply




I  
[image: image32] mA (1 mark)




2. the p.d. between A and B.




V  
[image: image33] V (1 mark)
12 a
A technician has been asked to make an electric heater using a length of resistance wire. The heater is to be rated as 12 V and 60 W. The technician measures the diameter of the wire using a micrometer and obtains an average value of 0.42 mm. The wire is made of a material with resistivity 5.2 ( 10–7 Ω m.

iii Determine the resistance required for the heater to meet its specification.




R  
[image: image34] Ω (1 mark)

iv Calculate the length of wire required to make the heater.




L  
[image: image35] m (2 marks)


b
Figure 12 shows a circuit containing two cells and four resistors.


[image: image36.png]





Figure 12



The currents I1, I2, and I3 in the various parts of the circuit are as shown.

v Write down an expression relating I1, I2, and I3.





(1 mark)

vi Use Kirchhoff’s second law to write down a relation between E1, E2, R1, R2, R3, R4, I1, I2, and I3:




1. for loop ABFGA




(1 mark)




2. for loop ABCDFGA.




(2 marks)
vii Use your equations from part ii to determine the values of I2 and R4 when the circuit is completed using the following components:




E1   4.6 V     E2 7.5 V     R1  2.0 Ω     R2  5.0 Ω



R3  4.0 Ω     I1  0.3 A     I3  0.5 A





I2  
[image: image37] A





R4  
[image: image38] Ω 




(3 marks)

13 a
In 1979 the Voyager 2 spacecraft detected evidence of volcanic action on the moon Io orbiting the planet Jupiter. It has been suggested that electrons formed as a result of this action are attracted to the surface of Jupiter with an average velocity of 2.5 ( 104 km s–1. The distance between the surfaces of Jupiter and Io is 4.2 ( 105 km. It is estimated that 2.0 ( 1025 electrons per second flow between the bodies.
viii Calculate the time these electrons will take to complete the journey to Jupiter.




time  
[image: image39] s (1 mark)

ix Calculate the magnitude of the current flowing between the bodies.




I  
[image: image40] A (2 marks)

x State the direction of the conventional current.


[image: image41]

[image: image42]
(1 mark)
14 A variable load resistor is connected to an 8.0 V power supply. The resistance of the variable load resistor is changed and the corresponding power dissipated in it is measured. Figure 14 shows the variation of power, P, with the load resistance, R.
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Figure 14

Use Figure 14 to determine:

a the resistance at which maximum power is dissipated




(1 mark)

b the internal resistance of the power supply




r  
[image: image44] Ω (2 marks)

c the maximum energy converted to electrical form by the power supply in 1 second




E  
[image: image45] J (1 mark)

d the efficiency of the circuit working at maximum power output.




efficiency  
[image: image46] % (1 mark)

15 a
With reference to the vibration of particles, distinguish between transverse and longitudinal waves. Give one example of each type of wave in your answer.

[image: image47]

[image: image48]

[image: image49]

[image: image50]

[image: image51]
(4 marks)

b
Figure 15 shows a steel wire clamped at one end. The wire is passed over a smooth pulley and a weight is applied to the free end. A small oscillator is attached to the wire close to the fixed end. The frequency of the oscillator is varied until a stationary wave is formed on the wire.
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Figure 15

xi Explain how a progressive wave can create a stationary wave on the wire.

[image: image53]
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(3 marks)
xii Mark two nodes, labelled N, on the wire in Figure 15.




(1 mark)

xiii Mark two antinodes, labelled A, on the wire in Figure 15.




(1 mark)

xiv The wave pattern shown in Figure 15 occurs when the oscillator vibrates with a frequency of 150 Hz. The length of the wire between the fixed end and the pulley is 100 cm. Calculate the speed of the progressive wave on the wire.




speed  
[image: image57] m s–1 (3 marks)
16 Figure 16 shows a metal plate, S, placed in front of a microwave transmitter. The plate S has two narrow parallel slits cut into it. A microwave detector, D, and meter are placed in front of S at the point where the meter reading is a maximum. When D is moved along the line PQ, the meter reading varies. At the positions marked M the readings are high while at positions N the readings are low.
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Figure 16

a Name the phenomenon demonstrated by this arrangement.


[image: image59]
(1 mark)
b Explain why the meter reading is a maximum at the point directly opposite the centre of the double slit S.

[image: image60]
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[image: image62]
(2 marks)
c Explain why the meter reading is low at the positions marked N and high at the points marked M.

[image: image63]

[image: image64]

[image: image65]

[image: image66]
(3 marks)
d The perpendicular distance between PQ and the centre of S is set at 2.4 m. The slits in S are 12 cm apart. The transmitter produces microwaves with a wavelength of 3.2 cm. Calculate the distance between successive high readings along PQ. You may assume the trigonometrical assumptions made in the theory are valid.





distance  
[image: image67] m (2 marks)

e The detector is now placed in one of the positions labelled N. A narrow metal plate is used to cover up one of the double slits in S. State and explain what you would expect to observe on the meter.

[image: image68]
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[image: image70]
(2 marks)
17 In 1921 Albert Einstein was awarded the Nobel Prize for Physics for his work on the photoelectric effect. In his work he developed the following formula: 
[image: image71.emf]


hf = ϕ + (KE)max










hf=j+

(KE)

max

, where (KE)max is the maximum kinetic energy of the photoelectrons.


In an experiment to determine the value of (KE)max, a negative p.d., Vs, is applied to stop the electrons such that 
[image: image72.emf]


eVs = (KE)max










eV
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.


Vs is known as the stopping potential.

a State the meaning of the following terms used in Einstein’s equation:
xv h f


[image: image73]
(1 mark)
xvi ɸ


[image: image74]
(1 mark)
b Figure 17 shows a graph of the stopping potential measured for different frequencies of monochromatic light shone onto a particular photoelectric material.
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Figure 17



Use Figure 17 to determine:

xvii the threshold frequency for this material




threshold frequency  
[image: image76] Hz (1 mark)

xviii the Planck constant.





h  
[image: image77] J s (2 marks)

18 a
Define the refractive index of a transparent material.

[image: image78]

[image: image79]
(1 marks)

b
A step-index fibre optic cable has a core of refractive index 1.50 and a cladding of refractive index 1.40. The fibre end is at right angles to the fibre axis. Rays of monochromatic light are incident on the end face of the fibre at an angle of 20° to the normal as shown in Figure 18.
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Figure 18

xix Calculate the speed of light waves in the core glass.




speed  
[image: image81] m s–1 (1 mark)

xx Calculate the angle of refraction at the air–core interface.
Refractive index of air  1.00




angle of refraction  
[image: image82] ° (2 marks)

xxi Calculate the critical angle for the core–cladding interface.




critical angle  
[image: image83] ° (2 marks)

xxii Describe what will happen to the ray of light when it meets the core–cladding interface.
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[image: image86]
(2 marks)
19 The de Broglie hypothesis, formulated in 1924, predicts that electrons should also behave as waves. Using the example of electrons with momentum 
2.5 ( 10–23 kg m s–1, describe and interpret the evidence supporting this hypothesis. Explain why are you unlikely to observe evidence supporting this hypothesis from the motion of a cricket ball with momentum 2.5 kg m s–1.

You should support your answer with suitable calculations.
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(6 marks)
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