UVI WAVES QUESTIONS    -    MODULE 4

Specimen Paper

5. Draw a labelled diagram of the microwave apparatus you would use to produce and detect a two-slit interference pattern. (3 marks)

Suggest an appropriate slit separation for this experiment. (1 mark)

How could this experiment be used to obtain a value for the wavelength of the microwaves?  (3 marks)

(Total 7 marks)
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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

[image: image1.png]Radio waves

Sound waves




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

D - The wave of highest frequency   [4]

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]

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]
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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 

if one of the slits were covered up. [3]

Jan 2003

3. Radio waves and sound waves are sometimes confused by the general public. 

Complete a copy of the table below to give three ways in which they differ. (3)
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It is proposed to place a solar power station in 

orbit around the Earth. The solar power station 

will convert sunlight to microwave energy. 

Microwave collectors on Earth will convert the 

microwaves into electricity.

The solar power station orbits the Earth at a 

constant distance from the surface of 36 000 km. 

The total area of the collectors is equivalent to 

a rectangle with dimensions of 120m by 250m.
The collectors are used to generate 600 kW of 

power. Calculate the intensity of the microwaves 

at the collectors. State any assumption that you make. (3) 
Calculate the total power which the orbiting station would have to emit if it transmitted all directions. 

State any assumption that you make. (3) 

Suggest a more efficient method of transmitting the microwave energy to the collectors on Earth. (1)
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6. The diagram shows, not to scale, an experimental 

arrangement for studying the transmission of light 

by a double slit.

Monochromatic light from a laser falls normally 

on two narrow, closely spaced parallel slits. 

The intensity of light transmitted is studied by 

moving a small light sensor along the line PQ, 

at a perpendicular distance of 6.0 m from the slits. 

The graph shows how the light intensity varies with 

distance y from the mid-point 0.

Explain with the aid of a diagram why the two 

light waves from the slits produce a minimum intensity at X. (2)                                                           
Point 0 is equidistant from the slits. 

State, in terms of the wavelength λ, the path difference between the waves arriving at Y. 

What is the phase difference, in radians, between the waves arriving at point Y? (2)
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The spacing of the slits in the experiment was 0.20mm. Use this, together with information from the diagrams, to calculate the wavelength of the light. (3)

One of the two slits is now covered up and the experiment is repeated. 

Add a line to a copy of the graph to show how you would expect the light intensity to vary with the distance y. (2)
7. Describe with the aid of a diagram how you could produce stationary waves on a string. (3)
Explain how you could use a stationary wave to determine the speed of travelling waves on the string. 

You may be awarded a mark for the clarity of your answer. (4)

June 2003

7. Each of the diagrams below shows a series 

of wavefronts, one wavelength apart, approaching 

a gap between two barriers in a ripple tank.                             
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What is a wavefront?  (1)

Add further wavefronts to a copy of each diagram to show what happens as the waves pass through each gap.  (3)

The station BBC Radio 4 broadcasts both on the Long Wave band at 198 kHz and on VHF at approximately 94 MHz.

In mountainous parts of the country, reception is better on Long Wave than on VHF. Suggest why.    (2)

[image: image9.png]—

Dim




8. In an experiment on superposition, light from a laser 

was incident normally on a double slit, and the interference 

pattern was observed on a screen situated a distance D from

the slits. The fringe spacing x was measured for a number of 

different values of D and the graph below was plotted. 

Determine the gradient of the graph.   (1)
Use your result to find a value for the spacing of the slits, given

that the wavelength of the light was 620 nm.   (2)
Add a second line to a copy of this graph to show the results 

you would expect if the experiment were repeated with the 

slit spacing doubled.   (1) 

Jan 2004
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1. The diagram shows an experiment with sound waves.

A loudspeaker connected to a signal generator is mounted, pointing 

downwards, above a horizontal bench.  The sound is detected by 

a microphone connected to an oscilloscope. The height of the 

trace on the oscilloscope is proportional to the amplitude 

of the sound waves at the microphone. 

When the vertical distance x between the microphone and the 

bench is varied, the amplitude of the sound waves is found to vary 

as shown on the graph below.
Explain why the amplitude of the sound has a number of 

maxima and minima. 

You may be awarded a mark for the clarity 

of your answer. [5]
The frequency of the sound waves is 3.20kHz. 
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Use this, together with information from the graph, to 

determine a value for the speed of sound in air. [4]

The contrast between the maxima and minima becomes less 

pronounced as the microphone is raised further from the 

surface of the bench. Suggest an explanation for this. [2]
5. The diagram shows, in principle, an experiment which can be used to 
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demonstrate two-slit interference patterns with light.

The sodium lamp emits yellow light of wavelength 589.0 nm. 

The fringe spacing for this wavelength is 3.9 mm.

Calculate the separation between the centres of the slits. [2]
The diagram below shows how the intensity varies with 

distance across the screen for the central part of the 

interference pattern produced by light of a single wavelength.

Add a second line to a copy of the diagram to show the intensity 

variation you would expect if the wavelength were increased. [1]
In addition to the wavelength of 589.0nm, the 

sodium lamp also produces light of wavelength 

589.6nm. The two emissions have similar 
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intensities. Explain whether you would expect 

the presence of these two wavelengths to be 

a problem in observing a clear interference pattern. [2] 

June 2004

4. Describe, with the aid of a diagram, an experiment to demonstrate stationary 

waves using microwaves. [4] 

Using the idea of wave superposition, explain what is observed in 

your experiment.  [2]
Describe how you could use the experiment to measure the wavelength 

of microwaves. [2] 
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3. You are provided with a double slit whose slit separation is known to be 0.20 mm. 

Describe how you would use it to measure the wavelength of the light from a 

monochromatic source. Mention any step you would take to make the measurement as accurate as possible. 

You should include a diagram of the experimental arrangement, and state a suitable value for any other important dimension.   [7] 
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4. A stationary wave is produced on a stretched string by 

a vibration generator attached to one end. The graph 

shows part of the wave. The two full lines represent 

the extreme positions of the string.

State the wavelength of this wave.  [1]

Mark a letter A on a copy of the graph to label 

an antinode.  [1]

The stationary wave is formed by the superposition 

of two waves travelling along the string in opposite 

directions. The frequency of the vibrator is 36.0 Hz. 

Calculate the speed of the travelling waves.  [2]

State the phase relationship between the two travelling waves at an antinode.  [1]

Determine the amplitude of each of the travelling waves.  [1] 

5. The graph shows how frequency varies with wavelength 

for electromagnetic waves in a vacuum. Note that the scales 

are logarithmic.
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Three different waves are labelled by the letters A, B and C 

on the graph. In a copy of the table below, write the appropriate 

letter to identify each of the waves described. [2]
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How does the graph confirm that frequency is inversely 

proportional to wavelength?  [1] 

What does this tell us about electromagnetic waves?  [1] 
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