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The correct answeris C because:

1
» Fordestructive interference pathdifference = (n + E)A =0.3m

o Where nis the number of the maxima away from the central order
ofn=0
o This means the path difference has to be a multiple of half
wavelengths
e Now consider the wavelength at different values of n
o Aisnotequidistant betweenVandW, soitis not the central
maxima of the interference pattern, sowe know n#0
e Forthe first ordermaximaat n=1

1
o (1 + E)ﬂ: 0.3

3,103
o 54=0.

o 3A=0.6
o A=0.2m

* Hence,theanswerisC:A=0.20m

Aisincorrect as Lthis is when n=0, but Ais not nearthe central maxinmum
|

this Is the path difference givenin the question and not
the wavelength of the wave. It would also be Afor n=1if
constructive interference (nA = path difference) took
place, not destructive

Bisincorrect as

this would be Afor n= 2, but the question asks forthe
Disincorrect as maximum possible wavelengthi.e. the smallest value
of nthat gives one of the possible values

Itisimportant you remember the path difference equations for both
constructive and destructive interference and can spot when you need to
use them.

The diagram below shows a possible destructive interference pattern of
waves coming fromVand W.
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The correct answeris C because:

e Pisthe next bright fringe, so it is the next point of constructive
interference onthe screenfromO
s« Constructive interference at P means that 5P - 5P = nA
s AsPisthe next point of constructive interference then P isthe first
order maximum, so n=1
o Therefore, SoP-5P=A
+ Recallthe wave equation:

o c=TA
e Rearrange for Agives:
A c
o =T
'3
e Therefore:
S32P - 5P =
=T Lo | S
f

This guestion requires you to remember the conditions for constructive
interference. This is when two crests or two troughs that meet at the
same point and their amplitudes add accordingly.
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Peak + Peak =—> Constructive Interference

wn

Light

Wil

The correct answeris A because:

e The maximum intensity of the light will be present at the central
maxima O

¢ Theintensity of the light on the screen will oscillate from zero intensity
where there are dark fringes, to high intensity where there are bright
fringes

o All the fringes will have an equalintensity in a double slitinterference
pattern

this is the intensity, distance graph for a single slit

Bisincorrectas |
interference pattern

O s the central maximum so should have the maximum

Cisincorrectas | , , ;
intensity and not anintensity of zero

the intensity pattern should have a sinusoidal shape and

Disincorrect as , , : ,
not wide fringes of zero intensity

Itisimportant to know and recognise the difference between the
intensity, distance graph of a double slit diffraction pattern and the
diffraction pattern that will be cbserved on the screen.
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The graph of intensity is shown here:
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The image of the diffraction pattern onthe screen is shown here:
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This is why the answer is graph A and not graph D.
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The correct answeris A because:

e Forthediffraction pattern

o p=2
o fornA=asin@
¢ Forthesingle slit
A
o The diffraction angle of the first minimum, 6= T

¢ Forthe angle of the first minimum of the single slit sin@= fdue to
small angle approximation
e Substitute 8into the diffraction grating equation for sin&:

Adi
° nA=dy

nl _d
L P
e So,nb=d
o Whenn=2,d=2b
e Sothecorrect answeris A
Sketching animage, like the one below, of the two diffraction patternsin

the correct placeswill help understand what this question.is asking.
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The correct answeris Bbecause:

e The number of slits Nis related to the number of secondary maxima
between the primary maxima
o Number of secondary maxima= N-2
e There are 4 secondary maxima, so there must be 6slitsinthe
diffraction grating
o This eliminates options Cand D
e Therelationship betweenslit separation, dand wavelength Ais given
by the diffraction grating equation:
o nA=dsing@
e The angle of the first maxima n=1is 30°
e So, thediffraction grating equationbecomes:
o 1x A= dsin(30)
1
o A= dE
o So,d=24
 Therefore, optionBis correct
Understanding and using the correct terminology for primary and
secondary maxima and minima is key to understanding the graph for this
guestion. Check your knowledge against the diagram below.

_. Central Maxima
Intensity 7y o

35

_First primary
/ Maximan=1

Secondary
15 Maxima

104

TVvEY &N
30 20 10 0 N1°" 20 30
Angle of Diffraction (*)| /

Minima (Dark fringes)
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There are some key trigonometric values foryou to rememberin this
topic:

1
s Sin(30)= E

e Sin(90)=1

The correct answeris D because:

¢ Theintensityis aminimum, so destructive interferenceis observed
The equation for destructive interference in the thin filmis: 2an=mA
o Where dis the thickness of the film, nis the refractive index of the
film, mis anintegerrelated to the number of wavelengths inside
the film and Ais the wavelengthof the light
Substituteinthe correct values forn and A
o 2dx(1.5M=mx(6A)
o 3dn=6mA
Rearrange to obtain an equationin terms of the thickness of the

transparent plastic
2md

n
Try different values of muntil an answer optionis obtained
o Whenm=1

o d=

P Yok 21
| | d: e e
H H
o Whenm=2
44
R =—
H
o Whenm=3
64
" =—
H
e Sothecorrect answeris D, when m=6, as none of the other answer

. . 2mAd
options are multiples of —

There are two important aspects to consider when answering this
question correctly.
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o The firstis that the intensity is a minimum so this must mean that there
is destructive interference in the light coming from the two surfaces
of the transparent plastic.

» Thesecondisthatit does not say that the thickness of the filmis a
minimum, so mdoes not have to equal one. The question asks for a
possible thickness, so m could be any integer.

The diagram below shows the setup. It can be helpful to make a sketch
like this for this question so you are clear with what is happening and how
to formulate an answer best.

e

A ()

i ¢

The correct answeris B because:

» pshows apatternthatis equally spaced maxima of similarrelative
intensity and brightness
o This is characteristic of a double slit diffraction pattern
» qgshows apattern that has one central maximum with the highest
intensity. This fringe is much wider than the secondary maxima
o Thisis characteristic of a single slit diffraction pattern
» rshows a pattern that consists of many equally spaced very thin
maxima of equal intensity
o Thisis characteristic of a diffraction grating
» Therefore, rowBiscorrect
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Itisimportant to remember how a diffraction pattern changes depending
onthe number of slits. You can see clearly in the diagram below that as the
number of slits increases, the width of the slit decreases and so does the

width of the maxima fringes.

SINGLE SLIT | DOUBLE SLIT | THREE SLIT FIVE SUT
DIFFRACTION
KEY: ----- = SINGLE SLIT ENVELOPE

8

The correct answeris C because:

o Whenthereis aphase change ata boundary betweenaless dense
and amore dense material, the reflected wave undergoes aphase

change
o Part of the wave is also transmitted into the denser material of the

thin film
* Thisisoutlinedinstatementllso Cis correct

Itisimportant to fully understand why the other statements are incorrect.

Statement|:
Statementlis incorrect because:

e Aphase change occurs between a boundary when a light ray passes
from a less dense materialinto a more dense material and not the

other way around
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You can see the phase change below at the boundary between the less
dense and more dense material

Relbesred vove
180 prose Cnonoe.
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U_______________-‘H-l-"_"—'—__"
Statementll:
Statementllisincorrect because:

e The wavelength of a wave transmitted between materials changes
depending on the refractive index and the density of the material

e The denser a materialthe slower the'wave will traveland the shorter its
wavelength becomes

You can seeinthe diagram that transmission and reflection both take
place at aboundary between a less dense and a more dense material
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Statementlll:

You can seein the diagram below that when the density and the refractive
index of the material increase then the wavelength of the wave and also
the speed of the wave decrease.
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Statement |V
StatementlVisincorrect because:

e Lighttravels the same distance within a thin film whetheritundergoes
constructive or destructive interference

You can see from the diagram below that the light enters from one surface
of the thin film, passes through the thin film of thickness dis reflected off
the other surface travelling a further distance of dto the original surface.
So the total distance travelled whether the light interferes constructively
ordestructivelyis 2d.
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The correct answeris C because:

e The width of the primary maxima, and other subsidiary maxima,
increaseswith adecrease inthe number of slits in the diffraction
grating:

¢ \When the number of slitsis < 20, there are now secondary maxima
visible betweenthe primary maxima

e So,statementsllandlll are correct

Itisimportant to know from memory exactly how an intensity graph will
change as the number of slits in the diffraction grating changes.

e Asthenumber of slitsincreases:
o Betweenthe maxima, secondary maxima appear
o Theintensity of the central and otherlarger maxima increases
o The central maxima and subsequent bright fringes become
narrower

The diagram below shows the relative intensity for a single slit, adouble
slit, athree slit grating and a five slit grating.

SINGLE SLIT | DOUBLE SLIT |
DIFFRACTION
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The changes that can be observed are summarised below:

e When there are 3 slits, 1 secondary maxima can be seen betweenthe
primary maxima
e When there are 5 slits, 3 secondary maxima can be seen between the
primary maxima
o Therefore, with N slits (when N > 2), there are (N - 2) secondary
maxima
e Since the overall amount of light being let throughis increased, the
pattern increases in intensity by a factor of N2/,
o Where /pis the intensity of the central maximum by a single slit
« Oncethe numberof slitsincreasesto N = 20:
o The primary maxima will become thinner and sharper (since slit

1
width, d-:cﬁ}
o The(N - 2) secondary maxima willbecome unebservable

So, statement lisincorrect because:

e Theintensity of the primary maxima decreases with a decreasein the
number of slits.

e Thereislessinterference, as there are fewer slits for the light to
diffract through

10

The carrect answeris D because:

e The equation for the fringe spacing in a double-slitinterference

pattern:
AD

e

o Where sis the fringe spacing, Ais the wavelength of the light, Dis
the distance from the double slit to the screen and dis the slit
separation

e Rearranging the equation for Agives:
sd

DAﬁE
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e Considering the trigonometry of the double-slit diffraction pattern
we can see that 'tan’' of the angle of diffraction 8 is:

s opposite s
R e e e
adjacent D
250 S
g Opposite
e
-
| ™ Adjacen
Double Optical Optical screen
slit screen (front view)
Opposite S

tan © = A djacent = D

e Usingthe small-angle approximation for the double-slit diffraction

patterntanf=@8
Ry
e Substituting 8= D into the equation for A gives:
o A=06d

e S0,thecorrectanswerisD
Reading this question carefully and considering the trigonometry
involved inthe angle of diffraction will enable you to find a suitable
equation for sinf. You must also remember the small-angle

approximation of sin@= 6. You can see thisin the diagram below.
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8
= /

Zs

Small angle approximation: tan@ =sinB=8

D

tana=§ — = g=

s
D
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