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9.3 Interference

Question Paper

Course DPIB Physics
Section 9. Wave Phenomena (HL only)
Topic 9.3 Interference
Difficulty Medium
Time allowed: 70
Score: /57
Percentage: /100
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Questionla

Several students are conducting investigations with Young’s Double Slit Experiment.

Inthe firstinvestigation, monochromatic light passes through a double-slit arrangement. The intensity of the fringes varies
with distance from the central fringe. This is observed on a screen, as shown in the diagram below.

Intensity
Bright fringe
\/\/ Dark fringe
0 Distance

Theintensity of the monochromatic light passing through one of the slits is reduced.

(a)
Explain the effect of this change on the appearance of the dark and bright fringes.
(2]

[2 marks]
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Question1b

Ininvestigation, two white lightis incident on an orange filter, a single slit, and then a double-slit. An interference pattern of
lightand dark fringes is observed on the screen.

Not to
scale
Double
slit
Orange
filter I I
Source of I
white light
Single
slit Screen

(b)

(i)

The orange filteris now replaced by a green filter. State and explain the change in appearance, other than the changein
colour, of the fringes on the screen.

(1l
(ii)
The green filteris now removed. State and explain the changein appearance of the central maximum fringe, as well as the

fringes away from this central position.
[3]

[4 marks]
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Questionlc

In a third experiment, the white lightis replaced by orange light of wavelength 600 nm. The double-slit has a separation of
0.350 mmandthe screenis 6.35 maway.

(c)

Calculate the distance between the central and first maximum as seen on the screen.

(2]
[2 marks]
Question1d
Thelight sourceis now changedto a blue LED of wavelength 450 nm.
(d)
Explain the features of the interference pattern that willnow be observed on the screen.
[3]
[3 marks]
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Question 2a

The diagram below shows an arrangement for observing the interference pattern produced by laserlight passing through
two narrow slits S;and S,.
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Thedistance S¢S, is d, and the distance between the double slitand the screenis Dwhere D » d, so angles #and ¢are small.
Mis the midpoint of S;S,and itis observed that thereis a bright fringe at point Aon the screen, a distance f,, from point O on
the screen. Light from Sytravels a distance S,Y furtherto point Athan lightfrom S;.

(a)
The wavelength of light from the laseris 650 nm and the angular separation of the bright fringes on the screenis 5.00 x 10~4
rad. Calculate the distance between the two slits.

(3]

[3 marks]
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Question 2b

Abright fringeis observedat A.
(b)

(i)

Explain the conditions requiredin the paths of the rays coming from S;and S, to obtain this bright fringe.

(2]
(ii)
State an equationin terms of wavelength for the distance S,Y.
[l
[3marks]
Question 2¢
(c)
Deduce expressions for the following angles in the double-slitarrangement shown in part a:
(i)
finterms of S,Y and d
(2]
(if)
¢interms of Dandf,
(2]
[4 marks]
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Question 2d

(d)
The separation of the slits S;and S;is 1.30 mm. The distance MO is 1.40 m. The distance f,, is the distance of the ninth bright

fringe from O and the angle 9is 3.70 x 10~3 radians.

Calculate the wavelength of the laserlight.

(2]

[2 marks]
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Question 3a
Monochromatic lightis incident normally on four, thin, parallel, rectangular slits.

IMAGE
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The graph shows the variation with diffraction angle 6of the intensity of light/on a distant screen.
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lois theintensity of the light at the middle of the screen from one slit.

(a)
Statethevalue of thelightintensity in terms of I when 6= 0 and explain where this value comes from.
(4]

[4 marks]
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Question 3b
The width of each slitis 2.0 um.
(b)
Usethe graph to estimate the wavelength of the light.
(2]
[2 marks]
Question 3¢
()
Usethe graphto calculate the number of lines per meter on the diffraction grating.
(3]
[3marks]
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Question 3d
The fourslits are now changed for a grating where the number of slits becomes very large. The separation of the slits and their
width stays the same.

(d)
State two changes to the graph that willappear as a result of this modification.
(2]
[2 marks]
Question 4a
Monochromatic lightis incident on a thin film of transparent plastic as shown below.
_— B
_—
_____ > e e
_—
_—
Monochromatic x—" | T~y
light ‘\
Film
Theplastic filmis in the air.
Lightis partially reflected at both surfaces Xand Y on the film.
(a)
State and explain thereasons forthe phase change that occurs whenlight is reflected from:
(i)
Surface X
(2]
(if)
SurfaceY
(2]
[4 marks]
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Question 4b
Theredlightincidenton the transparent plastic has a wavelength of 630 nm. Therefractive index of the plasticis 1.50.

(b)
Calculate the minimum thickness of the plastic for the light reflected from surface Xand surface Y to undergo constructive
interference.

[2]
[2 marks]

Question 4c

Inthe secondinvestigation, a thin film of colourless oil floats on water as shownin the diagram below. The refractive index of
theoilis .47 andthe wateris 1.52. The sameredlightis now incidenton the ail.

Air

Qil

Water

(c)
Complete the diagram to show the two light rays reflected from the two surfaces of the oilandlabelthem P and Q.
[3]

[3marks]
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Question 4d
The observernotices that theredlightreflected from the oilis now darker than that reflected from the transparent plastic.
(d)
Calculate how many times thicker the thinnest film of oilis compared to the thinnest film of transparent plastic.
(4]
[4 marks]
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Question 5a

Monochromatic lightis incident on a double-slit diffraction grating. After passing through the slits the lightis broughtto a
focus onascreen. Theintensity distribution of the light on the screen is shown in the diagram below.

AN AN N\/\/\ PaVaVaWaN
Cc D

Distance along the screen

I

The double-slit diffraction gratingis now changed to a grating with many narrower slits, the same widths as the slits above.

(a)
Sketch the new intensity pattern for the light between points C and D on the screen.

(3]
[3marks]
Question 5b
The wavelength of the monochromatic lightincident on the diffraction gratingis 550 nm. The slit spacing of the diffraction
gratingis 1.34 x107°m.
(b)
Calculate the angle between the two second-order maxima.
(2]
[2 marks]
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Question 5¢
(c)

Calculate the totalnumber of orders of diffractedlight that can be observed on the screen.

[2]
[2 marks]

Question 5d
Two sources of light now replace the lightincident on the diffraction grating. Oneis the same as the wavelength of the
previous source and the otherhas a slightly longerwavelength.

(d)
Compare and contrast the new intensity pattern with the original. Comment on the intensity of the centralmaxima and the

width of allmaxima.
[3]

[3marks]
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