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1. The diagram shows the shape of a wave 

on a stretched rope at one instant of time. 

The wave is travelling to the right.

Determine the wavelength of the wave.
Mark on a copy of  the diagram a point on 

the rope whose motion is exactly out of 

phase with the motion at point A. Label 

this point X. Mark on the diagram a point 

on the rope which is at rest at the instant 

shown. Label this point Y. Draw an arrow 

on the diagram at point C to show the 

direction in which the rope at C is moving 

at the instant shown. [4]
The wave speed is 3.2 m s-1. After how long will the rope next appear exactly the same as in the diagram above? [2]
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2. The graph shows how the intensity of 

light from a light-emitting diode (LED) 

varies with distance from the LED.

Use data from the graph to show that the 

intensity obeys an inverse square law.

What does this suggest about the amount of 

light absorbed by the air? [3]

The light from the LED has a wavelength 

of 620 nm. Show that the energy of a 

photon of this light is approximately 

3 x 10-19 J. [2] 
A student observes the LED from a 

distance of 0.20 m. The pupil of her eye 

has a diameter of 6.0 mm. Calculate the 

number of photons which enter her eye 

per second. [4]
Explain in terms of photons why the light intensity decreases with increasing distance from the LED. [1]
3. Define simple harmonic motion (s.h.m.).[2]

Figure (i) shows a mass performing vertical oscillations on the end of a spring. Figure (ii) is a free-body force diagram for the mass.

The tension T is proportional to the extension of the spring. In the equilibrium position, T = W. With reference to the relative magnitudes of  T and W at different points in the motion, explain why the mass oscillates. You may be awarded a mark for the clarity of your answer. [4]
A datalogger, display and motion sensor are set up to study the motion of the mass. (The motion sensor sends out pulses which enable the datalogger to register the position of the mass.)
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The datalogger produces on the display graphs of 
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displacement y and velocity v against time t. The 

diagram opposite shows an idealised version of the 

displacement-time graph. Copy the the lower graph and

sketch the velocity-time graph which you would expect 

to see. (No scale is required on the v axis.) [2]

Using information from the displacement-time graph, 

calculate as accurately as possible the maximum velocity 

of the mass. [4]

4. Describe how you would demonstrate experimentally 

that electromagnetic waves can be polarised, using either 

light or microwaves. Include a diagram of the apparatus 

you would use. [4]
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What does the experiment tell you about the nature of 

electromagnetic waves? [1]

5. The electron in a hydrogen atom can be described by 

a stationary wave which is confined within the atom. 

This means that its de Broglie wavelength must be similar 

to the size of the atom, of the order of 10-10 m.
Calculate the speed of an electron whose de Broglie 

wavelength is 1.0 x 10-10 m.
Calculate the kinetic energy of this electron, in electron volts. [5]
When β radiation was first discovered, it was suggested that the atomic nucleus must contain electrons. However, it was soon realised that this was impossible because such electrons would possess far too much energy to be bound within the nucleus. Using the ideas of the earlier parts of this question, suggest why an electron confined within the nucleus would have a very high energy. [2]
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6. A laser emits green light of wavelength 540 nm. 

The beam is directed onto a pair of slits as shown.

The light from the two slits superposes on the 

screen forming an interference pattern. Calculate 

the fringe separation. [2]

Without any further calculation, state what would 

happen to the fringe separation if, separately, 

(i) the slit separation were reduced, 

(ii) the distance from the slits to the screen were 

increased, 

(iii) the laser were replaced with one which 

emitted red light. [3]

Draw the diffraction pattern you would observe 
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if one of the slits were covered up. [3]

 7. The graph shows how the maximum kinetic energy 

T of photoelectrons emitted from the surface of 

sodium metal varies with the frequency f of the 

incident electromagnetic radiation.

Use the graph to find a value for the Planck constant. [3]
Use the graph to find the work function Φ of sodium 

metal. [2]

Calculate the stopping potential when the frequency of 

the incident radiation is 9.0 x 1014 Hz. [3]
8.  Below are three physical quantities:

(i) Activity of a radioactive source

(ii) Angular speed

(iii) The Hubble constant
For each quantity give: (a) Any commonly used unit. (b) The combination of base units which gives the correct unit for the quantity. [4]    



























