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#1 fa) Adding to the diagram, derive the equation nd = dsinf for a diffraction grating. [3]

diffraction grating

monochromatic light

(b) A diffraction grating has 250 lines per mm and light of wavelength 532 nm is incident
normally upon it. Calculate the angle between the first and second order light beams. [4]

(c)  Another diffraction grating has half the angle between the first and second order light
beams when light of wavelength 532 nm is incident upon it. Estimate the number of lines
per mm of this second diffraction grating. [2]
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H#H2 1. fa) State what iz meant by two coherent sources. [1]

(b} Inthe 1700s, light was thought to consist of a stream of particles. In the 1800s, it was said
to be a wave but since the early 1900z it has been accepted that light behaves both like a
wave and like a particle (wave particle duality). Explain briefly the part that Young's double
slit experiment played in thiz history. [2]

e} Young's double slit experiment is carried out using laser light.

} Slit separation
LASER | a=0.30mm
T
4.66m
Fringe pattem Screen

(i) Calculate the fringe separation from the above diagram. [2]
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(iiy The distance between the slits and the screen iz 4 66 m. Calculate the wavelength
of the laser light. [2]

(i) State one advantage and one disadvantage of using a large slit-to-screen distance.

[]

Question taken from Edugas examination paper 842103, June 2018
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#3 2. (a Explain what properties of light from a laser can be determined using polansation and
interference. Give practical details. [6 QER]
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(b)  The polansation of light is used in Liquid Crystal Display TVs. These have been developed
from research into new organic matenals. Discuss the importance of research and
development into new matenals, in general, by giving a benefit and an issue that may arise
from using new materials. [3]

Question taken from Edugas examination paper 842002, June 2019
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2. (3 Single slit diffraction of light is demonstrated by using a red laser and the results are shown
below. The two different diffraction patterns are obtained by varying the slit width only.

() Explain whether Figure 2a or Figure 2b has the wider slit. [€]

(i) State what can be done to the single slit to obtain the greatest amount of diffraction.
[

(b} Tick (/) the appropnate boxes to show which of the following arrangements allow an
interference pattern to be observed/heard.

| Yes Yes
Sig speakers U
gen 1 Sodium lamp |
:.
No Singlg No
slit Double
slit
Yes Yes
Microwave
Metal
source plates No MNo
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) Laser light is shone at a diffraction grating with slit separation 2. 4pm and a total of
nine brght beams are produced (see below). Determine the maximum and minimum

possible wavelengths for the laser light. 4]
Dvagram not fo scale
LASER >

Question taken from Edugas examination paper 842103, June 2019
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#5 1. The apparatus below is used to demonstrate stationary waves on a string. Both the weight, and
the distance between the pin and the pulley are kept constant.

vibration

generator ~~__ ﬁ

The following stationary wave pattern is observed on the stning.

Loop
< e el e e e >

fa) Explain why stationary waves are formed at particular frequencies only. [3]
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{b)  Another stationary wave is formed when the frequency is 450Hz and the length of each
loop is 12.0cm long.

(1) Calculate the speed of the waves on the string. [3]

() At a higher frequency there are two more loops formed than at 450Hz and each is
of length 10.0cm. Determine the number of loops observed at 450Hz. [4]

Question taken from Edugas examination paper 842002, June 2019
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#6 (a) Explain how two source interference patterns arise. [4]

(b}  The diagram shows the two source interference pattern due to two in-phase sources in a
ripple/water tank.

A

source 1 \ ‘
' ' ' Diagram is actual
- ' —— - ' . ' l size (scale 1:1)
)
source 2 4—-. ' ‘ '
/
B

(1) Place an X on the line AB at any point where there is a path difference of
3 wavelengths between wawves from the two sources.

(ii) Place a ¥ on the line AB at any point where there is a path difference of
1.5 wavelengths between waves from the two sources.

(c) (1) The diagram is actual size. Measure the wavelength of the waves accurately by
using the distance between wavefronts. [2]

(in) Hence check whether or not the equation: A= a‘%r is a good approximation for the

given diagram. Show yvour working. [3]

Question taken from Edugas examination paper 842103, June 2017
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#7 {a) Bruce throws a lump of coal towards Dani which she catches. Bruce claims that, because
chemical energy is being transferred from himself to Dani, the lump of coal is a wave.
Explain whether or not Bruce is correct [2

(b) The door of a microwave oven has a metal grille and this grille has holes in it of diameter
2mm so that the food can be seen within the oven.

(i) Explain why the food can be seen through the door while the user is safe from
dangerous microwaves of wavelength 12cm 31

(i) State or calculate a typical photon energy of visible light. [1
(i) Explain whether or not a microwave photon has a greater or smaller energy than a
visible photon. [1

(c) Two water waves of equal amplitude but different frequencies meet. The variation of the
displacements of each wave is shown in the graph at the meeting point of the two waves
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Use the principle of superposition to plot the resultant displacement of the two waves
at times 0.00s, 0.40s, 1.00s, 1.25s, 1.50s, 2.10s, 2.50s on the same grid and draw a
suitable curve. M

Question taken from Edugas examination paper 842103, November 2020
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#8 Rachel carries out an experiment to measure the wavelength of light emitted by a laser. Her
measurements and set-up are shown in the diagram below.

. . ) ) screen
diffraction grating with
300 lines per mm

1.487 £ 0.002 m|
S

0.704 = 0.002 m

1.950 = 0.002 m

(a) (1) Show clearly that the measured wavelength of the laser light i1s 592 nm using the
n = 1 data in the diagram. [3]

() Show clearly that the » = 1 data in the diagram leads to an uncertainty in the
wavelength of £2nm. You may assume that the manufacturer's labelling of
300 lines per mm for the diffraction grating is exact and that tan8 = sin8= & [4]

=) The manufacturer of the laser states that its wavelength is exactly 593.5nm. The »n = 2
data in the diagram lead to a measured laser wavelength of 594 + 1 nm. Explain whether
or not these values and the value from part (a) are all consistent. [2]1

(c) Explain why the n = 1 data (592 + 2 nm) lead to a larger uncertainty than the n» = 2 data
(594 + 1 nm). [2]

Question taken from Edugas examination paper 842103, November 2020
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#O 5. An experiment is camied ocut using stationary waves to measure the speed of sound in air. A
loudspeaker is placed at one end of a hollow tube 50 that both ends are closed. The frequency,
I, of the =signal generator connected to the loudspeaker is varied and those frequencies
corresponding to loud noises recorded.

| ';"*, Signal
"V generator

(@) Describe the differences between a stationary wave and a progressive wave in terms of
energy, phase and amplitude. [3]

(b}  Show that the frequencies corresponding to stationary waves are given by:

where n iz any whole number (n = 2 in the above diagram). [3]
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fc}  The data obtained are plotted on the grid below.

Frequency / Hz

i

500

i

N

100

Ak

Explain to what extent the graph agrees with the equation: [3]
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{d} The experiment iz repeated with the tube filled with nitrogen dioxide (MO ), a gas that is

1.5 times denser than air. The speed of 2ound in a gas is inversely proportional to the
square root of the density, o

1

'I-"D-C;F;

Explain what effect this will have on the gradient of the graph. [3]

(e} A car company is fined £15 billion for excessive r~.Il:Zl2 emizsions of its diesel engines.
However, there is little or no reliable evidence that NDE produces any detrimental health

effects at the concentration levels present in the atmosphere. Discuss whether or not the
car company or pedestrians have been treated unfairhy. [3]

Question taken from Edugas examination paper 842103, June 2018
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#‘IO The apparatus shown below is used to produce a visible Interference pattern on the screen.

>
Screen
(o]
Laser
Slits B and C act as cofrerent sources.
a) (i) Explain what is meant by this statement. 1
(ii) Explain why destructive interference is observed at certain points on the screen.

31

(=] i) The separation of the slits, B and C is 0.090 mm and the perpendicular distance
between the slits and the screen is 3.60m. The slits are illuminated with light of
wavelength 4.4 = 107 m. A point X on the screen is 52_.8 mm away from the central
bright fringe at O. Brian states that a bright fringe will be formed at X. Evaluate

whether or not he is correct. -1
(i) Determine the distance from X to the next dark fringe formed._ [21
<) Explain the historical significance of this experiment. [21

cf) A beam of electrons is fired at a thin sheet of aluminium. A pattern of light and dark
circular frnges is observed as shown below.

()] Explain how this pattermn is formed. 21
i) The thin sheet of aluminium is replaced with a foil of copper. The distance between
the copper atoms is smaller than in aluminium. Describe how you expect the pattern
to change. =21

Question taken from Edugas examination paper 842002, June 2017
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