Advanced Higher Physics
Past Paper Questions

2.5 Interference
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2017

10. The internal structure of some car windscreens produces an effect which can
be likened to that obtained by slits in a grating.

A passenger in a car observes a distant red traffic light and notices that the
red light is surrounded by a pattern of bright spots.

This is shown in Figure 10A.

Figure 10A

(a) Explain how the two-dimensional pattern of bright spots shown in Figure
10A is produced. 2

(b) The traffic light changes to green. Apart from colour, state a difference
that would be observed in the pattern of bright spots.

Justify your answer. 2

(c) An LED from the traffic light is tested to determine the wavelength
by shining its light through a set of Young’s double slits, as shown in
Figure 10B.

The fringe separation is (13-0 = 0-5) mm and the double slit separation is
(0-41 £0-01) mm.
screen

double

slit “
& red
(8-11+0-01)m - Q LED
not to scale v

Figure 10B
(i) Calculate the wavelength of the light from the LED. 3
(i) Determine the absolute uncertainty in this wavelength. 5

(iti)) The experiment is now repeated with the screen moved further
away from the slits.

Explain why this is the most effective way of reducing the
uncertainty in the calculated value of the wavelength. 1
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2015
8. Abeam of electrons is incident on a grating as shown in Figure 8A.

zinc sulfide coated screen

grating

electron gun

Figure 8A

(a) After passing through the grating the electrons are incident on a zinc
sulfide coated screen. The coating emits light when struck by electrons.

Describe the pattern observed on the screen. 1

(b) Scientists perform similar experiments with large molecules. One such
molecule is buckminsterfullerene (C60) with a mass of 1-:20 x 107*kg.

For C60 molecules with a velocity of 220ms™ estimate the slit spacing
required to produce a pattern comparable to that observed for the
electrons. You must justify your answer by calculation. 4
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Revised 2015

Marks

8. A student carries out a Young's double slit experiment in order to determine the
wavelength of monochromatic red light.

The student uses the apparatus shown in Figure 8§ o produce an interference
pattern on the screen.

/\

double shit PO

/red light

Figure 8

The double slit separation 4 is measured using a travelling microscope. The
distance D between the double slit and the screen is measured using a steel
measuring tape. The length L of the interference pattern is measured using a

plastic ruler.
The student records the following data.

D= (4250 £ 0-005)m
L=(67 £2)mm
d=(0-25 £ 0-01)mm

(@) (1) State why it is possible to produce an interference pattern using only a

single light source. 1
(11) Calculate the wavelength of the light from the source. 3
(11) Calculate the absolute uncertainty in the wavelength. 3

(6) The student repeats the experiment with the same apparatus but uses a
monochromatic blue light source. D remains fixed.
State the effect this will have on the percentage uncertainty in the calculated
value for the wavelength of the blue light.

You must justify vour answer. 2
FdSL Fdper LQuesLorns Z.D lnLeriererice 3



Revised 2014

9. A series of coloured LEDs are used in the Young's slit experiment as shown in
Figure 9. The distance from the slits to the screen is (2-50 * 0-05)m. The slit
acparation ia (3-0 £ 0-1) 107" en.

SCreen

double

"‘-‘\ slit m green LED

(2-50 £ 0-05) m

v

Figure 9
Colowr of LED Warvelength (nm)
Red 650+2
Green 510+ 2
Blue 470+ 2

(@) State whether the pattern on the screen is caused by the division of wavefront
or the division of amplitude. 1

(&) (1) Calculate the fringe separation observed on the screen when the green

LED is used. 2
(1) Calculate the absolute uncertainty in the fringe separation. 3
(6)
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10. {a) When sunlight hits a thin film of oil floating on the surface of water, a complex
pattern of coloured fringes is observed.

light of wavelength, A

oil

water

\

Figure 10

Explain how these fringes are formed.

() The surface of a lens is coated with a thin film of magnesium fluoride.
Calculate the minimum thickness required to make the lens non-reflecting at a
wavelength of 5355 nm.

{¢) The lens of a digital camera appears to be purple in white light.

Explain this observation.
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Mark
8. High quality aptical flats made from glass are often used to test components of
optical instruments. A high quality optical flat has a verv smooth and flat surface.
{a) During the manufacture of an optical flar, the quality of the surface is tested by
placing it on top of a high quality flat. This results in a thin air wedge between
the flats as shown in Figure 8A.
monochromatic light
thin air wedge
flat being tested
|4
- : = 50 mm -
high quality flat
not to scale
Figure 8A

The thickness d of the air wedge is 6-2 % 10 m.

Monochromatic light 13 used to illuminate the flats from above. When viewed

from above using a travelling microscope, a series of interference fringes is

observed as shown in Figure 8B.

C 12x10%m
Figure 3B
Calculate the wavelength of the monochromatic light. 3

(k) A second flar is tested using the same method as in part (a). This flat is
shghtly curved as shown in Figure 83C.

/
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(¢) Good quality optical flats often have a non-reflecting coating of magnesium
fluoride applied to the surface as shown in Figure 8D.

magnesium fluoride

optical flat

Figure 8D

(1) With the aid of a diagram explain fully how the coating reduces
reflections from the flat for monochromatic light. 2

(11) Calculate the minimum thickness of magnesium fluoride required to
make the flat non-reflecting for vellow light from a sodium lamp. 2

(8)

Traditional 2012

11. A student uses laser light of wavelength of 5329 nm to determine the separation of
the slits in a Young’s double slit arrangement as shown in Figure 11A.

D

laser |

double slit

screen
Figure 11A

A pattern of bright green dots is observed on the screen. The distance between the
central maximum and the next bright dot is Ax as shown in Figure 11B.

Ax
r-——

©Q ©¢ © 9 O

Figure 11B



Hm

The distance Ax is measured with a metre stick. The distance I is measured with a

tape mMeasure.

The screen i1s moved and Ax and D) are measured for six positions of the screen.

Each pair of measurements is repeated five times.

The student uses the results to plot the graph shown in Figure 11C.
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Figure 11C
{a) (1) Using the gradient of the graph, calculate the separation of the double
glits. 2
{11} Suggest a reason why no error bars are shown for the slit to screen
distance, IJ. 1
(111) Other than repeating the measurements, suggest two improvements to
the student’s experimental technique. 2
(b) The experiment is repeated using a very bright LED in place of the laser. The
LED emits light in the wavelength range 335 to 555 nm.
Other than a slight colour change, state two differences in the pattern
observed on the screen compared to the pattern shown in Figure 11B. 2
(7)
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Traditiona{2011

9. A laser-based quality control system to measure thread spacing in fabric samples
is being evaluated. The 2-dimensional interference pattern is displayed on a
screen shown in Figure 9A.

screen

laser

Figure 9A

(a) Explain how this 2-D interference pattern is produced.

(6) When a fine beam of laser light of wavelength 488 nm is used, the separation
of the maxima in the horizontal direction is 8:00 mm. The distance from the
fabric sample to the screen is 3-60m.

Assume the spaces between the threads act like Young's slits.

Calculate the spacing between the threads in the sample.

(e} The mterference pattern from a standard fabrc sample using a 488 nm laser
is shown in Frygure 9B,
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Figure 9B

(1) The 488 nm laser 1= replaced with a 667 nm laser. Which interference
pattern from Figure 9C best represents the new interference pattern?
Justify your answer.
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() TU'he original 483 nm laser 15 restored and the fabrice sample 1=
streteched as shown i Frgure 90

hefure afrer
Figure 90

Which pattern from Figure ®C best represents the new pattern?
Justify vour answer. 2

(&)
Traditional 2010

10. (a) Explain the formation of coloured fringes when white light illuminates a
thin film of oil on a water surface. 2

(b) Thin film coatings deposited on glass can be used to make the glass
non-reflecting for certain wavelengths of light, as shown in Figure 10A.

The refractive index of the coating is less than glass, but greater than air.

reflected light

light of wavelength, A

coating material

glass ——

N

transmitted light

Figure 10A

Show that for near normal incidence

A
d=—
4n
where n is the refractive index of the coating material and d is the thinnest

coating that will be non-reflecting for light of wavelength, A. 2

(¢) The relationship in (b) also applies to radiation of wavelength 780 nm.
A thin film coating has a refractive index of 1-30. For radiation of
wavelength 780nm the minimum thickness for a thin film that is non-
reflecting i1s 0-150pum. In practice, this thickness is too thin to
manufacture.

Calculate the thickness of the next thinnest coating that would be non-
reflecting for this wavelength. 2



Traditiona}2009
9. (a) A student i1s measuring the thickness of a prece of paper using a thin air
wedge, The ain wedge s fusied between two glass plates that aic
contact at one end and separated by a sheet of paper at the other end.

Monochromatic hight 15 reflected down onto the air wedge. A travelling
microscope 1s used to view the resulting interference pattern as shown in

Figure 9A.
60 % 107 m
e
mic:rosco_pe ne\\
: . Cross wires
vy
——"4
travelling
microscope
44
;iodium o beam splitter
wht 3 at 45°
L
— =3
glass plates paper
Figure 9A

(1) The air wedge produces mterference by division of amplitude.
State what 1s meant by the term division of amplitude. 1
(11) The following data s obtained.

10 fringe separations = (6-0 £ 0-5) x 10™'m
Wavelength, A =580nm % 10nm
Length of glass plate, [ =(4-0 £ 0-1) x 107 m

Calculate the thickness of the paper. 3
(m) Calculate the percentage uncertuinty in the thickness. 2



Marks
9. (continued)

(6) A beam of monochromatic hght of wavelength 5830 nm illuminates a film of
soap that s held in a wire loop. An interference pattern i1s produced as
shown in Figure 9B.
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monochromatic hght . —~
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Figure 98B

An expanded view of part of the film is shown in Figure 9C.

soap film

monochromatic light

Figure 9C

(1) Destructive mterference occurs when light is reflected at position X.
Explamn why destructive interference occurs. You may include a
diagram as part of your answer. 2
(11) At position X the thickness of the film is 4-00pm.
The refractive index of the film of soap 15 1-45.
Calculate the optical path difference produced by this film at

position X. 2
(1) The next position where destructive mterference occurs is position Y

where the film s shghtly thicker.

Calculate the optical path difference produced by the film at

position Y. 2

Y e s M™Mivt 1 ™ - . St



Traditional 2008
Marks

11. Light from a heliumeneon laser 15 incident on a double shit. A pattern of hght
and dark fringes 15 observed on a screen 3-50m beyvond the slits as shown in
Figure 20.

Figure 20

(a) State whether these fringes are caused by division of amplitude or division
of wavefront. 1

() The distance between two adjacent bright fringes on the screen 15 7-20mm.
Calculate the separation of the two slits. 2

{¢) The distance between the double slit and screen s increased to 5-50m. The
distance between the fringes 13 remeasured and the calculation of the sht

separation s repeated.
(1) Explain one advantage of moving the screen further away from the

double slhit. 2
(11) State one disadvantage of moving the screen further away from the
double sht. 1
(6)
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Marks
10, (continued)

i#1 A thin air wedge 15 formed between two glass plates whach are in contace at
one end and separated by a thin metal wire at the other end.

Figure 16 shows sodmum hight being reflected down onto the air wedge, A
travelling microscope 15 used o view the resulting mterference pattern.

U TOSCOpPE
VIEW
ey CTOSS Wires
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¥ ¥
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- é ) wire
— ]
glass plates
Fugure 16

Explamn how the dmameter of the wire 1= determmed using measurements
obtamed with this apparatus.

Aszzume the sodium hght = monochromatic.
Your answer should melude:

* the measurements reguired
* any data requered
* the eguation used.

(&)



Traditionai,%ggm

11. (a) An air wedge s formed between two flar glass plates of length /, which are
in contact at one end. They are separated by @ human hair of diameter 4 at
the other end, as shown in Figure 15,

human
glass plates hair

Figure 15

The air wedge is illuminated from above by a monochromatic light source
of wavelength . When viewed from above a series of interference fringes

of separation Ax 1s observed.

(1} Use this information to derive an expression for the diameter of the
human hair. 2

(1) The wavelength of the monochromatic light is 589 nm, the length of
the glass plates is 75 mm and the separation between two adjscent dark
fringes 1s 3.4 x 10%m,

Calculate the diameter of the hair. 1

(b) A camers lens can be made non-reflecting by coating it with a thin laver of
magnesium fluoride.

(1) Calculate the thickness of magnesium fluoride required to make the
lens non-reflecting for light of wavelength 548 nm. 2

(1) The lens has a thin film of transparent liquid placed on its surface as
shown in Figure 16. The refractive index of the liquid is 1-45.

Magnesium Transparent liquid

fluoride of nzfraclin
TR

Figure 16
Explain why the coating is no longer non-reflective. 2
(¢} Explain why colourcd fringes can be observed when a thin film of oil forms
on a puddle of water, 1
(8)
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Tradition}sugOS

10, A student sets up a Young's slits experiment in order to measure the wavelength
of monochromatic hght emutted by a laser The light from the laser pasaes
through a double shit before reaching a sereen, where a pattern of light and dark
fringes 12 seen, as shown in Figure 19.

SCTeen
f m double slit
Figure 19
The student records the following messurements:
double shit sepanstion = 025 £ 0-01
distance between double shits and screen = 3N 040N m
distance between two adpacent bright fringes = 840 £ 0-3 mm.
(@) (i) Calculate the wavelength of the laser hight. F
()} Show that the absolute uncertainty in the calculated wavelength is
+4 % 108 m. 2
(iii} Srare why an answer of £3-78 x 10%m for part (a)(ii) would not be
acceptable. 1

(b} The student now messures the distance between 9 brght fringes (8 spaces).
The result 15

distance between 9 fringes (8 spaces) = 64-0 £ 0-5 mm.

Calculate the new shsolute uncertmnty in wavelength, assuming the other
measurements remain unchanged, 2

(¢} (1) The student then suggests that measuring the distance between
12 bright 'E'ring-“._ would significantly reduce the absolute uncertainty
in the wavelength. Explain why this is not correct, 1

(1) State which measurement must be made more accurately to reduce
significantly the absolute uncertainty in the wavelength. 1



Traditional 2004

Marks
13. A student sets up a “Young's double slit™ experiment, as shown in Figure 18, to
measure the wavelength of laser light,

double slit

M
laser hight
Figure 18
The student obtains the following results.

Separation of 11 fringes 26 (£2)mm

Distance to screen from slits 200 (£001)m

Separation of slits 0:52 (£002) mm
(@) Calculate the wavelength of the laser light, 2
(8) Calculate the percentage uncertainty in this wavelength, 3

(¢) Suggest an improvement to the expenment that would reduce the
uncertainty in the calculated value of the wavelength.

Justify your answer. 2
(d) Which principle does this experiment illustrate, interference by divisson of
wavefront or by division of amplitude? 1
(%)
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11, (a)

Traditional 2003

(1) State the condition for two light sources to be coherent.

(1) Monochromatic light is directed towards a glass slide as shown in

(1i4)

(iv)

Figure 19. The glass has a refractive index of 1 4.

monochromatic ray X
hight

Fiwgure 19

Ray Y has travelled further than ray X

State the relationship between the path difference and the optical
path difference between the rays.

In terms of optical path difference, state the conditions for.
(A) constructive interference of rays X and Y,
(B) destructive interference of rays X and Y.

A glass slide, set up us shown in Figure 19, is observed st near
normal incidence. Constructive interference is observed.

The glass slide is now placed on the surfuce of a liquid of refractive
index greater than 14, Destructive interference is now observed at
near normal mcidence.,

Explain this observed change.

(6) Good quality lenses reflect very little light.

A thin coating of magnesium fluoride on the surface of » lens reduces
reflection,

(1) Explain briefly why this coating reduces reflection.
(1) Calculate the thickness of magnesium fluoride that minimises

reflection for hight of wavelength 550 nm.

Marks
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{in)

Traditional 2002

Explain, with the aid of a diagram, how a thin coating on the
surface of a camera lens can make it non-reflecting for
monochromatic hight at near normal incidence.

Calculate the thickness of a laver of magnesium fluonide required to
make the surface of a lens non-reflecting for light of wavelength
00 nm

When white light s incident upon a lens with this coating, a purple
hue 15 observed in the reflected hight. Explain how this colour effect
is produced

(b) Light from a red laser is incident upon a double slit which has a sht

separation of 5:0 x 10 m. A screen is placed 2-0m beyond the double slit

as shown in Figure 9

double

sht sCTreen

laser light |
——’ |

240 m

Figure 9

A pattern of hight and dark fringes, as shown in Figure 10, is observed on

the screen

[ P — »

P

100 mm

Figure 10

Calculate the wavelength of the laser light

Marks

b))
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Traditional 2001
Alarks
10. A thin air wedge is formed between two flar glass plates which are in contact at
one end and separated by a thin copper wire at the other end.

The experimental arrangement in Figure 16 shows how interference fringes can
be observed using a travelling microscope.

Figure 16

{a) In this arrangement, state whether the interference fringes are produced by
division of amplitude or by division of wavefront. 1

(4 Measurements are taken as follows:

separstion of fringes = (HIEO mm
length of each glass plate = 75-0mm
wavelength of monochromat hght = 589 am.

The separation of thin air wedge fringes is given by the expression

M-—i—

2 eanidl

where the symbols have their usual meanings.
Caleulate the dinmeter of the copper wire. 2

(¢} Water enters the wedge and replaces all the aiz, as shown in Figure 17.

WRLET ..

T L L e e e wn  WIFE

horizontal bench
Fagure 17

{i) Describe the change that occurs in the interference pattern.
(i) Explan this change. 3
[X0&e%/T01]) Page fourteen 18)
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