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The correct answeris C because:

e Theinterference patternis affected by both the slit width band the

wavelength of light A

e Diagram 1 has alarger fringe spacing:
o |notherwords, the distance between the centre of the bright

fringesislarger than in diagram 2
o Thelarger fringe spacing means that the angle of diffraction G of

lightis also larger

Diagram 1
Fringe Width

N

b
Py

Diagram 2

Diagram 1 < s
Diagrama €——-—-==- >
) A
e S0,since 8= E,then:
’11 ’12
o For 6 to belargerthan &, 7— must be largerthan N
1 2
‘11 ‘12
o So,thecorrectanswerisC:. — > —
bl bz
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‘Iﬂ‘ andBare both wavelength and slit width need to be considered
Incorrectas in the expression

.11 A A i,

— >—— andnot — <+ because

b b, b, ",

Disincorrectas
e Awillbelongerthan A;
e bywillbe narrowerthan bs

Remember that when dividing fractions, if the denominator is bigger then
the fraction itself will be smaller.

The correct answeris C because:

e Considerthe equation for the angle of diffraction of the first
minimum, &= i
b
o Where Ais the wavelength of the light and bis the width of the
single slit
o The wavelength of blue lightis shorterthan the wavelength ofred light
o Inthe equation, when Ais smaller and bis constant then @is also
smaller
o Sostatementlisfalse
e Thesmallerthe slit width bthen the bigger the diffraction angle
Gwhen Ais constant
o Sostatementllis true

e So, thecorrectanswerisC

A,BandDare |onlyll.iscorrect. Redlight creates a diffraction pattern
incorrect as with a bigger angle of diffraction, 8than blue light.

Itisimportant to memorise how the diffraction pattern changes with
changes in wavelength, slit width and distance from slit to screen.
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The correct answeris B because:

o A10-slit diffraction gratingis the grating with the most slits, so it will
have the most number of subsidiary maxima between the highest
intensity maxima, /in the interference pattern

o There are 8 equally spaced subsidiary maxima between the
highest intensity maxima

o The subsidiary maxima decrease inintensity from the highest
intensity maxima to halfway along to the next highest intensity
maxima

o Theintensity of the first subsidiary maxima are 1/15 th of the
intensity of the highest intensity maxima and 1/3 rd of the width

e Singleslitinterference has:

o Acentral maximum with the highestintensity, /
o Equally spaced subsidiary maxima, successively smallerin
intensity and half the width of the central maximum

e Double slitinterference has:

o Equally spaced maxima
o Allmaxima are of equalintensity, /
e Five-slitinterference has:
o The highest intensity maxima, all have the same intensity, /
o There are three equally spaced subsidiary maxima between the
highest intensity maxima
o The central subsidiary maxima has a slightly smaller intensity than
the subsidiary maxima on either side
o Theintensity of the first subsidiary maxima are 1/10th of the
highest intensity maxima and 2/3 rd of the width
Itisimportant to remember the features of the intensity pattern of light
when diffracted through a single slit, different sized diffraction gratings,
and adouble slit. Being able to describe the intensity patterns in terms of
maxima and subsidiary maxima can help with structured questions too.
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The correct answeris C because:

e When the slit widthis increased:
o The central peakintensity isincreased, so there is a higher central
peak onthe graph
o Fringe spacing between subsequent maximais reduced

* S0, thecorrectanswerisC

Aisincorrectas the fringe spacing has beenincreased and not reduced

+ The central peakintensity is notincreased, the new
patternis notdrawn higher than the original pattern

e The newspacing betweensubsequent maxima has
beenincreasedandnotreduced

Bisincorrect as

the central peak intensityis not increased, the new

Disincorrect as : ; &
pattern is not drawn higher than the original pattern

Remember that slit width affects the maximum intensity of the central
fringe on anintensity pattern. If the slit width increases, the maximum
intensity increases, because more lightis incident through the slit. You
should also remember, ifthe slit width increases, the fringe spacing
decreases, such that each bright fringe is'closertogether. This makes
sense: if the slit widthincreases to infinity (i.e., there is no more slit!) then
diffraction reduces to zero: the intensity observed will simply be a central
area of brightness which fades away on both sides of the maximum.

5

The correct answeris C because:

¢ Forthe first minima, the angle of diffraction, 8=
wavelength of light A
slit width b
¢ Use the graphto find the diffraction angle from the central maximum
to the first minima=1x10"2rad
e Convert the slit widthfrommmtom:2x103m
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o Rearrange the equation for the angle of diffraction to find the
wavelength,A=6x b
0 A=(1x107)x(2x107%)=2x10"°m=20x10"*m=20 ym
e 50, thecorrectanswerisC

The correct answeris C because:

e The maximum amount of constructive interference occurs at the
centralmaxima
o Sothe central maxima is all white
o Whenwhite light diffracts through a single slit:
o longerwavelengths (red light) have alarger angle of diffraction
o shorterwavelengths (violet light) have a smaller angle of
diffraction
e Sovioletlight appears closer to the central maximum and red light
further away
e This gives optionC

Aisincorrectas the centralmaximum is white and not coloured

this shows the positions of violet and red light the
Bisincorrectas wWrongway around. Red light should be diffractedthe |
most and viclet light the least ,

the central maximum is white and the outer fringes
Disincorrect as coloured, thisis the opposite to what is shown in this
diagram

This questionis not tricky but requires you to look carefully at each
diagram to identify the correct interference pattern.

The correct answeris A because:

e Decreasing the wavelength of the light will decrease the width of the
centralmaximum peak

For more help visit our website www.exampaperspractice.co.uk


https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

Ea]

Exam Papers Practice

e According to the equation for the angle of diffraction of the first

minima, 6= % forwavelength Aand slit width b

o When Ais smaller for constant bthen Bwill also be smaller
o @isproportionalto A
¢ Redlight has alonger wavelength than blue light, so changing the
colour will decrease the wavelength of the light

increasing the wavelength of the light willincrease the
width of the central maximum and not decrease it

Bisincorrect as

making the slit width narrower will

Cisincorrectas | , decrease the intensity of the central maximum

¢ increase the fringe spacing

moving the screen furtheraway willincrease and not
decrease the width of the' central maximum

Disincorrect as

You should memoeorise the properties that affect the width of the central
maxima.

8

The correct answeris D because:

e |letthe width of the central maxima be given by w

1
o Sohalf the central maximum width = E W
e Usingtrigonometry:
0, site
o tan 8= &
adjacent

¢ Usingthe small-angle approximation for the angle of diffraction, tan
= @forverysmall 8

1
opposite E“
o Therefore, tan 8=8= Al = D

o Rearrangingthis gives: 8D= Pt
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s Therefore, the width of the central maximum w= 280D
A

» The angle of diffraction for the first minimum, 6= 3
= Substituting finto the expression for the central maximum gives:
o 260=w

o ngxﬂ':W

24D
o So, the width of the centralmaximum w= T

they are the incorrect rearrangement and substitution
of the angle of diffraction of the first minima and the
trigonometry of this angle of diffraction

A.BandDare
incorrect as

This question requires very careful consideration of the geometry and
equations involved in single slit diffraction and what this means for the
width of the central maximum., Make sure you write down all the
equations you know and draw a diagram tomake it easier to understand
whatis happening.

Angle of
diffraction

Single slit

A A
Laser 1
5 W
Y. Width of central maximum
i w
lw
2
W W

Distant screen /
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The correct answeris B because:

» Reducing the single slit width will reduce the intensity, /of the central
maximum

» The angle of diffraction, 8to the first minima willincrease, so the
fringe spacing will be wider
o This can be shown using the equation for the angle of diffraction

A

forthe first minima 8= E

o bisthe slit width and Athe wavelength, which remains the same

o when bis made smaller then @is made bigger

the intensity, /will decrease and the angle of
diffraction, @increase, and not any other combination
of these options.

A,BandCare
incorrect as

You should confidently know how changing the slit width affects the

Page 8

angle of diffractionand the intensity of the centralmaxima on the screen.

10

The correct answeris C because:

» Usingthe equation for wave speed, frequency, and wavelength:
c=1A

c

o So,f= I

» When the frequency is doubled this means the wavelengthis halved
(as cisthe speed of light and is the same for any frequency of light)

e
o 50,2f=1—

El
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¢ Using the equation for the angle of diffraction to the first minima: 6=

A

b

= Sothe angle of diffraction, Y= +—

1
e When the slit width is halved, b— — b

¢ Combining the change in slit width and wavelength ¥'=

b

2

b | =
e
1l
o |

b

ba| =

o So, the new angle of diffraction of the first minimum =Y

Aisincorrect as

Bisincorrect as

Disincorrect as

4Yisthevalue of th_e new angE of mﬁfractiom if the
wavelength was double and not halved and the slit
width was still halved

1
> Yis thawvalue of the new angle of diffractionif the

frequency was doubled, so the wavelength was halved

and the slit width remained the same |
|

1
i Yis the value of the new angle of diffractionif the

frequency was quadrupled, so the wavelength was now

Ix’:
4

Use what you know to carefully substitute the correct values into the
equation for angular diffraction of the first minimum and obtain the
correctnew angle Y.
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