A-LEVEL PHYSICS « EXERCISE SHEET

8.3 Interference
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Objective

Build the skills to answer exam questions on interference coherence, path
difference, and the double-slit experiment.

You must be able to:

« explain interference and coherence | T, and how fringes form
« use path difference for constructive/destructive interference

ax . . .
o use A = o finding x by measuring across several fringes

e go on to the frequency with ¢ = fA

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Interference and coherence

Interference is the superposition of two coherent waves giving a steady pattern.
Coherent = a constant phase difference (so the same frequency). Two separate
lamps are not coherent — their phase changes randomly.

B Path difference

At a point, the result depends on the path difference Az from the two sources:
« constructive (bright): Az = n); destructive (dark): Az = (n+ 1)\

So bright fringes appear where the waves arrive in phase, dark fringes where they
arrive exactly out of phase.

B Young’s double slit
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Two-source interference of waves

axr AD
= — r = —
D’ a’

where a = slit separation, D = slit-to-screen distance, © = fringe spacing. A single
slit before the double slit makes the two slits coherent.

B Measuring x accurately
The fringes are close together, so you never measure one gap. Measure across several
fringes and divide:

Worked example. 9 bright fringes span 18 mm. That is 8 gaps, so * =
18 T
— = 225 mm. With ¢ = 040 mm and D = 15 m: X\ = a

8 D
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(0.40 x 1073)(2.25 x 107%)

15 =6.0x 1077 m.

B Frequency from wavelength
3.0 x 108

c
Light is an EM wave, so f = —. For the example above, f = — = 5.0 x
& wave, 50 f = 3 xample above, f = (Gm 05

10* Hz.
2 Practice
Now apply the methods above.
2.1 Define interference. 1]
2.2 State what it means for two sources to be coherent. 1]
2.3 State the path difference for constructive and for destructive interference. 2]
2.4 State why two separate lamps do not give a steady interference pattern. 1]

2.5 In a double-slit pattern, 11 bright fringes span 20 mm. State the fringe spacing
. (1]

3 Exam-style questions

3.1 For destructive interference, the path difference is: 1]

A nA

CIC (n+ A
C \/4
D zero only
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3.2 A laser shines on a double slit. The slits are 0.40 mm apart and the screen is 1.5 m
away. On the screen, 9 bright fringes span 18 mm.

(a) Calculate the fringe spacing x. [1]

(b) Calculate the wavelength of the laser light.

(c) Hence calculate the frequency of the light. (¢ = 3.0 x 108 m s™1.) 2

3.3 Explain how the pattern of bright and dark fringes is formed in the double-slit
experiment, using the idea of path difference. 3]

3.4 State what happens to the fringe spacing if (a) the slit separation a is increased,
(b) the screen distance D is increased. 2]
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