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1. Listed opposite are four types of wave: microwave; sound; ultraviolet; infrared

From this list, choose the wave which matches each description in the list below (You may choose a type of wave once, more than once or not at all.)

A - A wave capable of causing photoelectric emission of electrons

B - A wave whose vibrations are parallel to the direction of propagation of the wave

C - A transverse wave of wavelength 5 x 10-6 m

D - The wave of highest frequency   [4]

2. Neutrons of mass 1.67 x l0-27 kg are travelling at 2.10% of the speed of light.
Calculate the de Broglie wavelength for these neutrons. [3]
Discuss briefly whether neutrons or electrons travelling at this speed would be more suitable for atomic diffraction studies. [3]
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3. A clever method of "weighing" very small objects 

such as tiny carbon particles is to attach them to a 

nanotube. The carbon particle is set into vibration.

In one such experiment, the carbon particle vibrates 

with maximum amplitude when at a frequency of 970 kHz.
What name is given to the frequency at which an object vibrates with maximum amplitude?  [1]

This arrangement can be modelled as a mass on a spring. Calculate the mass of the carbon particle, assuming that the spring constant is 0.81 Nm-1  [3] 

What assumption about the motion of this tiny object has been made? [1]
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4. The diagram is a plan view of an experiment 

to measure the wavelength of microwaves.

As a microwave detector is moved around the 

arc from A to B, alternate maxima and minima 

of intensity are observed. Explain why. [4] 

A maximum is observed at point O, and the 

next maximum at point X. By means of suitable 

measurements on the diagram, determine the 

wavelength of the microwaves. NOTE: In the 

experiment the slits are exactly 2. 4 cm wide 

[3] 

A teacher demonstrating this experiment finds 

that, even at the maxima, the wave intensity is 

small. A student suggests making the slits wider 

to let more energy through. Explain why this 

might not be a good idea. [2]
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For an interference pattern to be observed 

between waves from two sources, the sources 

must be coherent. Explain what is meant by 

coherent, and what makes the two sources in 

this experiment coherent. [2]

5. A simple pendulum of length l has a bob of 

mass m. A student studies the variation of its 

time period T with the angle θ (which is a 

measure of the amplitude of the motion), the 
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mass m and the length l.

Copy the axes opposite and show 

how T varies with θ 

and with m. [2] 

Describe how the student could verify experimentally 

that T α √l. [4] 

[image: image6.wmf] 

Opposite is a graph of  T2 / 4π2 against l.

Calculate the rate of change of T2 / 4π2 against l.
Find the rate of change of l with T2 / 4π2  and 

comment on your answer. [4]
6. The diagram below shows monochromatic radiation 

falling on a photocell connected to a circuit.
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The incident radiation has a wavelength of 215 nm. The metal surface of the photocathode has a work function 

of 2.26 eV. Calculate the energy in eV of a photon of the incident radiation. [4]
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What is the maximum kinetic energy in eV of the 

emitted electrons? Write down the value of the stopping 

potential. [2]
If the wavelength and intensity of the incident radiation

is kept constant, a graph of the current I through the

photocell against applied p.d. V is as shown opposite.

Copy out this graph.

Mark a letter S on the graph to show the stopping 

potential.
The photocathode is replaced with one whose metal 

surface has a greater work function. On the graph, sketch how I would vary with V given that the wavelength and intensity of the incident radiation remain unchanged. [3]

7. A tennis ball connected to a long piece of string is swung around in a horizontal circle above the head of a pupil.
The pupil feels that there is a tension in the string and argues that for equilibrium there must be an outward "centrifugal" force acting on the ball. Criticise his argument and explain why there is a tension in the string. [5]
The pupil lets go of the string. Draw a free-body force diagram for the ball at the instant after release. [1]
8. The Doppler shift may be used in the study of distant galaxies. Explain what is meant by a Doppler shift and how it is used to deduce the motion of distant galaxies. You may be awarded a mark for the clarity of your answer. [5]
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The graph opposite shows the variation of the 

size S of an open universe against time t.

Copy out this graph.

On the same axes, sketch a second graph 

showing how S varies with t for a closed 

universe. [1]
It can be shown that the Universe is closed

if its density exceeds a critical value ρ.
This is determined from the Hubble 

constant H using 

ρ = k H2 

where k is a known constant.
Outline the experimental difficulties in 

determining ρ accurately. [3]



























