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Syllabus content
Section AS A2
IV Oscillations and waves 14. Oscillations v
15. Waves v
16. Superposition v

Section IV: Oscillations and waves

Recommended prior knowledge

Candidates should be able to describe basic wave behaviour, gained through a study of optics. They
should be aware of the basic ideas of reflection and refraction in light.
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16. Superposition

Content

16.1 Stationary waves
16.2 Diffraction

16.3 Interference

16.4 Two-source interference
patterns

16.5 Diffraction grating

www.megalecture.com

Learning cutcomes
Candidates should be able to:

(a)
(b)

(c)
(d)
(e
(f)
(gl
(hl
(i

(1

explain and use the principle of superposition in simple applications

show an understanding of experiments that demonstrate stationary
waves using microwaves, stretched strings and air columns

explain the formation of a stationary wave using a graphical method,
and identify nodes and antinodes

explain the meaning of the term diffraction

show an understanding of experiments that demonstrate diffraction
including the diffraction of water waves in a ripple tank with both a
wide gap and a narrow gap

show an understanding of the terms interference and coherence

show an understanding of experiments that demonstrate two-source
interference using water, light and microwaves

show an understanding of the conditions required If two-source
interference fringes are to be observed

recall and solve problems using the equation A =% for double-slit
interference using light

recall and solve problems using the formula d siné = ni and describe
the use of a diffraction grating to determine the wavelength of light
(the structure and use of the spectrometer are not included).

https://www.youtube.com/c/Megalecture
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Recap....

* Refer Ripple tank experiment

» Demonstration of Ripple tank experiment to
show wave properties.

> http://www.youtube.com/watch?v=-
8a61G8Hvi0

https://www.youtube.com/c/Megalecture
+92 336 7801123
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Construttivetiterference

» Refer the figure on right with two

waves arriving at a point at the same /\/\/ [\/\j

time in opposite directions. g Ry P =
* If they arrive in Phase —that is, f\/\/
if their crests arrive at exactly the SIS ARG

same time — they will interfere constructively.

* A resultant wave will be produced which has crests much higher
than either of the two individual waves and troughs which are
much deeper.

* If the 2 incoming waves have the same frequency and equal
amplitude A, the resultant wave produced by constructive
interference has an amplitude of 2A.

* The frequency of the resultant is the same as that of incoming

waves. https://www.youtube.com/c/Megal ecture
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Destructivetriterference

» Refer the figure on right with two

Wave

waves arriving at a point at the same

time. + —
 |f they arrive out of Phase — that is \/\/\

if the crests of one wave arrive at Destructive interference

same time as the troughs from the other —they will interfere
destructively.

* A resultant wave will have a smaller amplitude. (based on case
to case)

* In the case shown in figure where the incoming waves have
equal amplitude, the resultant wave has zero amplitude.

https://www.youtube.com/c/Megalecture
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Interference aidSupérpssition of Waves

* When two waves meet they /T ‘/—\

will interfere and superpose. f_\" T\

After they have passed they /_\" ﬁ

return to their original forms.

This is true if they are coherent “‘f_\ /_\"

or not. ﬁ 7’\
N It

* Atthe point they meet, the two waves will combine to give a
resultant wave whose amplitude (or intensity) may be greater
or less than the original two waves.

* The resultant displacement can be found by adding the two
displacements together. This phenomenon leads to
the Principle of Superposition.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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The principle of Superposition

* The Principle of Superposition states that
when two or more waves meet at a point, the
resultant displacement at that point is equal
to the sum of the displacements of the
individual waves at that point.

Note : Displacement is a vector, so remember to add the individual
displacements taking account of their directions.

https://www.youtube.com/c/Megalecture
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Application of the Principle of Superposition

How Noise €
Incoming m'irl::dent Sound
(Flane=, train: or bus engine)

/N

1:
Sound is picked up by microphone
and sent to nodse cancellation cirowitry

ncellation Works:

4:
Orignal ambient sound and nevdy added
waveform cancel each other cut

Active Noise Cancellation

The muffling of ambient noise using
insulating matenal in the headphones is
called passive noise cancellation.

Active noise cancellation utilizes the
principle of superposition to pick up the
ambient noise, inverts the wave and
generates this sound wave within the
headphone. This inverted wave cancels the
ambient noise, preserving only the sound
waves that the listener wants to hear.

Note : The transverse shown in above figure is for the demo of
cancellation of noise only. Remember, sound waves are to be

https://WWWJS&%&%%#HI&W%B&E&% jgrm.
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Stationary Wave

* A stationary wave is set up by the superposition
of two progressive waves of the same type,

amplitude and frequency travelling in opposite
directions.

e A stationary (or standing) wave is one in which
some points are permanently at rest (nodes),
others between these nodes are vibrating with
varying amplitude, and those points with the
maximum amplitude (antinodes) are midway
between the nodes.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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on stationa ry waves

Melde's apparatus to illustrate stationary waves in stretched string

By adjusting the weight of the scale pan, stationary waves are set up as shown below.

wbroting rod light string

ST

>~ pulley
1 wheel

http://www.youtube.com/watch?v=4BoeATJk7dg

https://www.youtube.com/c/Megalecture
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Uses and applicatienafdielde’s experiment
(for your information only)

Melde's experiment teaches us creation of standing
waves.

One can create a great product of neutralising the
sounds by creating sounds with same wave length and
frequency as the source.

For example : If we know exactly the frequency of any
machine ( say an aeroplane flying over your building
every day during take off and landing) and if we can
measure the wave length of sounds that machine
creates..create a product that can create similar waves
in opposite direction, so that they undergo mechanical
interference and the machine sound is neutralised.

https://www.youtube.com/c/Megalecture
+92 336 7801123




For Live Classes, Recorded Lectures, Notes & Past Papers visit:

www.megalecture.com

Characteristics of Stationary Waves

V.

Vi

VIL.

There Is no sign of any progressive wave in either direction.
Individual particles are oscillating with the same frequency, except at the nodes.
The amplitudes of oscillation of the particles vary from a maximum at the antinodes (A)

to zero at the nodes (N).

All particles in the same seagment or loop (region
between 2 adjacent nodes) are vibrating in phase.
Adjacent segments are anti-phase.

Adjacent nodes or adjacent antinodes are half a

wavelength apart, i.e. NN = AA :g

-

A node and the next antinode are % apart.

Energy i1s trapped (stored) in stationary waves,
since there is no energy is transferring away.

—2a-

https://www.youtube.com/c/Megalecture
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Formation of Stationary Waves \iW\Stripegalecture.com

' Fundamental mode
- I_ - or 1¥ harmonic
(@) g e s £

nd .
2" harmonic

l'd -
3 harmonic

(c)

Let a string be stretched between two clamps separated by a fixed distance L.

When the string is plucked, struck or bowed, it can vibrate in several modes simultaneously.
The simplest possible pattern of the stationary wave consists of one loop (fundamental
mode), with the nodes at the 2 ends of the string - diagram (a).

The next simplest pattern has 2 loops, and the next has 3 loops.. etc.

In short, just add nodes between the 2 ends, for subsequent modes of vibration.

https://www.youtube.com/c/Megalecture
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Formation of Stationary Sound Waves in air in Pipes

1. Stationary sound waves in air can be formed in both closed and open pipes.

2. In a closed pipe, when a sound wave is originated from the open end, the sound wave
propagated into the pipe is reflected by the cylindrical wall and from the closed end.
A stationary wave is then formed.

At resonance,

a) node N is always formed at the closed end of the pipe
- the air layer at this end is permanently at rest

b) antinode A is formed at the open end of the pipe

- the air layer at this end is free to vibrate

3. In an open pipe, when a sound wave Is originated from the open end, the sound wave
propagated into the pipe to the other open end where it is reflected by the walls and on
encountering air at the other open end.

A stationary wave is set up.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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At resonance, since the ends of the pipe are open, both ends are antinodes.

I
I
% i B

=

OO

Open Pipe ! It Closed Pipe i
' (at one end)

=

The resonance of sound In pipe may be varied by changing either the frequency of the
sound wave, or length of the pipe.

https://www.youtube.com/c/Megalecture
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Formation of Stationary Sound Waves in air

loudspeaker - A A A A A A
PR Y N 5 )
__,.I"r”‘\'h,_____,.- N*-q.__h___..-" N __‘_____.-"' NH..___._,.-":JHH.”_‘___."H.'
meatal
reflector
signal generator micronhone
known freguency
— .

i trace obtained at antinoda

CRO

oscilloscope

Stationary sound waves in air can be demonstrated using the set-up as shown above.

Note : In A level Physics syllabus, this part

appears in previous chapter ‘waves’.
+92 336 7801123
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Formation of Stationary Wctu re.com

loudspeaker » A A A A A A
N, \}J,/F““\\’(’- l“\ "’._‘-ﬁ\{/-’ﬁ\
'\ Y
e N NF-1-T N ‘-—J"KN“‘—-PJN

metal
reflector

signal generator microphane

=
known frequency

— trace obtained at antinode

Stationary sound waves in air can be demonstrated using the set-up as shown above.

The Incident sound wave 15 generated by the loudspeaker attached to a signal
generator.

The ncident wave s reflected by the metal reflector (which must be appropnately

positioned at a node). The reflected wave and the incident wave superpose to form a
stationary wave.

The detection of nodes and antinodes 1s done using a microphone attached to a CRO.

By moving the microphone slowly forward and backward, the wvertical trace (or
amplitude) on the CRO screen is seen to vary from minimum to maximum, indicating
the positions of nodes and antinodes.

https://www.youtube.com/c/Mega Continued in next slide
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Al

B]

Cl

To measure the wavelength of the sound wave:

Measure the distance moved by the microphone, d, between 2 successive maxima or
minima (e.g. d = 33 cm).

Since this corresponds to % the wavelength A = 2d = 2(33 cm) = 66 cm

To measure the frequency of the sound wave:
By measuring the period, T, of the sound wave, the frequency can be determined.

Set the time base of the CRO to a suitable value (e.g. 0.5 ms ecm™). Place the

microphone where the CRO shows a sinusoidal trace. The period, T, is determined
by measurning the distance between 2 crests or 2 troughs, (e.g. 4 cm).

- theperiod, T = 4cmx0.5mscm’
= 2ms = 2x10%s
1 1
Hence the frequency. f=—= =500 Hz
. A b ST

Hence, speed of sound can be calculated from v = fA = (500 )(66 = 'ID'E} =330ms”

https://www.youtube.com/c/Megalecture
+92 336 7801123
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A string Is stretched under constant tension
between fixed points X and Y. The solid line
shows a stationary wave at an instant of greatest
displacement. The broken line shows the other
extreme displacement.

Which one of the following statements is correct?

The distance between P and () 1s one wavelength.

A short time later, the string at R will be displaced.

The stning at P* and the stning at Q will next move in opposite directions to one
another.

At the moment shown, the energy of the standing wave is all in the form of kinetic
energy.

The standing wave shown has the lowest possible frequency for this string stretched
between X and Y under this tension.

m O OmrP

Solution:
A Incorrect. For a stationary wave, one wavelength contains two complete “loops”™ (i.e.

distance XR). Hence, PQ is only 2 wavelength.
B Incorrect. R 1s a node, hence it will permanently be at rest.

C Correct! In a stationary wave, particles in adjacent loops will always be moving
opposite to each other (i.e. P" will move down, and Q" will move up).

D Incorrect. The energy is alternating between KE and PE, depending on the location of
each particle in the wave.

E Incorrect. The lowest msmle frequen[:: Is the fundamental frequency, in which there
will only b }ﬁ@(‘f‘om /c/Megal.ecture (Ans: C)

+92 336 7801123
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Sample problem 2

A boy blows gently across the top of a piece of glass tubing the lower end of which is closed
by his finger so that the tube gives its fundamental note of frequency, £ While blowing, he
removes his finger from the lower end. The note he then hears will have a frequency of
approximately

A fl4 B fir2 c f D 2Zf E 45

Solution

At resonance, for a closed tube (with one end closed), the stationary wave (at fundamental
frequency) formed is shown in (1). When the lower end is removed (2 open ends), the
stationary wave (in fundamental mode) formed looks like (2).

A A
INn(1):L=%A=>A=4L IN(2) L=2A=2>A=2L
Given that the frequency =f | If the frequency = L
_ V Vv . Vo Vv
Us =fl=2>f=—=— Usingv=fi=2fh=—=—=2f
ing v A a 257757
(Ans: D) \ W

(1) (2)

https://www.youtube.com/c/Megalecture
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Sample problem 3

A suspension bridge is to be built across a valley where it is known that the wind can gust at
2 s intervals. It is estimated that the speed of transverse waves along the span of the bridge
would be 400 m 5™

The danger of resonant motions in the bridge at its fundamental frequency would be greatest
If the span had a length of m.

Solution:

In fundamental mode, the stationary wave has a single
“loop” at resonance, with nodes at the 2 ends.

Hence, if the length of the bridge, L, i1s equal to ¥z A, the
bridge will resonate with the fundamental frequency.

Given that the wind gusts at 5 sintervals =2 faiver ===

Usingv=12 > 4=2=29 5600 m
f02

Hence, the bridge has the danger of resonating (fundamental mode) if L =% A =1000 m

https://www.youtube.com/c/Megalecture
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Sample problem 4

An organ pipe of effective length 0.6 m is closed at one end.

Given that the speed of sound In air s 300 m s the two lowest resonant frequencies are

Solution: M
For fundamental mode:
WA=06m =2 A=24m 0.6 m
v 300
ffundan‘remal 1 —ﬂ =125 Hz
W

Fundamental Mode
(lowest frequency)

For 2™ lowest frequency: M
YaA=06m =2 A=08m
v 300 0.6 m
fond lowest =— =——= 375 Hz
2nd | 1 0.8

W
2™ lowest frequency

Hence the two lowest resonant frequencies are 125 Hz & 375 Hz.
https://www.youtube.com/c/Megalecture
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Sample problem 5

A taut wire is clamped at two points 1.0 m apart. It is plucked near one end.

What are the 3 longest wavelengths present on the vibrating wire?

Solution

Step 1: Draw the 3 modes comresponding to the 3 longest wavelengths (between X & Y).
Step 2: Since the wire is clamped at the 2 points (X & Y), they must be nodes.

L S —

10m 1.0m

Step 3: Relate the length of wire to the corresponding wavelength, A, in each case.

“A=10m A=1.0m (15)4A=10m
A= im

- A=2.0m = 0.6

https://www.youtube.com/c/Megalecture
+92 336 7801123
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The formation of a stationary
wave using a graphical method
Nodes and Antinodes

https://www.youtube.com/c/Megalecture
+92 336 7801123
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A stationary wave is formed when two progressive waves of the same type, wavelength
and amplitude travel in opposite directions superpose in the same medium.

A PF T o

‘f} X - . X X ——— T

“c/j]‘ |
A

T ;:%T

we =

In the diagrams above, of the two progressive waves in a string, one is travelling to the left
(a), and the other to the right (b).
The resultant wave (c) Is a stationary wave, obtained by applying the superposition principle.

Note :
a) there are positions along the string which do not move — called nodes (marked by
dots)

b) haliway between successive nodes are antinodes, where the amplitude of the
resultant wave is maximum (double the amplitude of the individual waves).

c) wave patterns shown in diagram (c) are those of a stationary or standing wave
because the wave pattems do not move left or right (i.e. the positions of the nodes and
antinodes do not chgRge)l/\mmww.youtube.com/c/Megalecture

+92 336 7801123
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Comparison between Stationary W\F@ﬁaﬁﬁ%@ﬁbtions

y f 1 —--:wave velocity v
a8 =

Stationary Wave

Progressive Wave

Amplitude Varies according to position, from Is the same for all particles in the
zero at the nodes (permanently at path of the wave (amplitude = a).
rest) to a maximum of 2a at the
antinodes.

Frequency All particles vibrate in SHM with the All particles vibrate in SHM with
same frequency as the wave (except | the frequency of the wave.
for those at the nodes which are at
rest).

Wavelength | 2 x (distance between a pair of Distance between adjacent
adjacent nodes or antinodes) = 2NN = | particles which have the same
2AA phase.

Phase Phase of all particles between 2 All particles within one wavelength
adjacent nodes is the same. have different phases.

Waveform Does not advance. (The curved string | Advances with the velocity of the
becomes straight twice in each wave.
perod.)

Energy MNo transfer away of energy, but there | Energy is transferred in the

Is energy associated with the wave.

direction of travel of the wave.

https:/lwww.youtube.com/c/MegaLecture
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Sample problem 6

A standing wave is set up on a stretched string XY as shown in the diagram.
At which point(s) will be oscillation be exactly in phase with that at point P?

X

Solution:

In a stationary wave, all points between 2 successive nodes are in phase. Inthis case, 1 & 2
are in phase with each other, but are in anti-phase with P. Hence, only 3 is in phase with P.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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Diffraction

» Diffraction is the
spreading of waves

through an aperture or
round an obstacle.

> It is observable when
the width of the
aperture is of the same

order of magnitude as
the wavelength of the
waves.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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* The extent of the diffractiol || |||
effect is dependent on the LEPE X\
relative sizes of the aperture _ | | | XA
to the wavelength of the wav:

Hillll 4

 The smaller the size of the aperture, the greater

the spreading of the waves (if the width of the

aperture is about the same size as the wavelength, A, the
diffraction effect is very considerable).

* Size of the aperture refers to the width of the slit or gap.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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Experiments which demonstrate
diffraction including the diffraction
of water waves in a ripple tank with

both a wide gap and a narrow gap

UYEE

oNIS Not

https://www.youtube.com/c/Megalecture
+92 336 7801123
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Generally, the bigger thewvavelairgtheieprelation to the width of
the aperture, the greater is the spreading or diffraction of the

waves.

* The diagrams below show the plan view of diffraction of plane water
waves through gaps of different width, in a ripple tank. Note that the
wavelengths do not change after passing through the gap.

~ N 5 )
y - |
A J g
-
vy
Diffraction effects
get less obyious

as the gap gets larger

* |tis the relative sizes of the aperture to the wavelength that is important.

* http://www.acoustics.salford.ac.uk/feschools/waves/diffract.htm
https://www.youtube.com/c/Megalecture

+972 550 /601125
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Application of Diffraction

The forms of jetties
are used for
directing currents
and they are
constructed
sometimes of high
or low solid
projections.

https://www.youtube®con /c/Mega
+92 336 7801123
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The diagrams below are INCORRECT! Why?

Vo
J))

(c) (d)

In (c), diffraction effect is nght, but wavelength increases, which is incorrect.

In (d), diffraction effect is too much for the given large slit size and the wavelength
should not be increasing.

Note : Huygen’s explanation of diffraction is not
mentioned in syllabus

https://www.youtube.com/c/MegaLecture
+92 336 7801123
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IftEFfErérice

» Interference is the superposing of two or more waves to give
a resultant wave whose displacement is given by the Principle
of Superposition.

______________

I;I l'll I‘Ill .Ir a-"ll._ = | II' '_l - I"'l.. x""l_ .'.", -llll II'I
! | : ! - 1 - Y i |I.l -i : . \ ' ' A
'Tlfl"f?’-"*.:-’:II
FPeal: Tfnugh
_ Constractive
Destructive interference
intetferenice
http://www.youtube.com/watch?v=dNx700rCPnA
alecture
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Interference (continued)

At regions of maxima,
constructive interference
occurs (i.e. the waves arrive
at these points in phase),
resulting in maxima
amplitude, hence high
intensity.

At regions of minima,
destructive interference
occurs (i.e. the waves arrive
at these points in anti-phase),
resulting in minima or zero
amplitude, hence low or zero
intensity.

e
T Pl "LM,F'
Peak Trough

https://www.youtube.com/c/MedAL &¢ture
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Experiments that demonstrate
Two-source Interference

Reference :
http://www.youtube.com/watch?v=9UkkKM1lkKg

https://www.youtube.com/c/Megalecture
+92 336 7801123
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Thomas YoungsnRoudhle St Experiment

Screen with
Single Slit

Diffracted

Screen with Coherent
Two Slits Spherical
avefront

» . K .
- v ’
W\
LA /
AP A
Line VA aPa Line of
of Waves AYIPava Waves
In Step ay e " .ume Out of Step

ki \J

Detector Screen Dark Bright Interference
https:/Mmw S8 B e com/c/MeJalidHRe Fringes
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In diagram (a) above, the narrow double slits act as wave sources. Slit Sy and S>
behave as coherent sources (waves coming from them are always at a constant
phase difference) that produce an interference pattern on screen C.

This interference pattern (fringe pattern) is shown in diagram (b). Separation
between successive bright fringes (centre to centre) is the fringe spacing.

https://www.youtube.com/c/Megalecture
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The bright fringes are formed due to constructive interference (i.e. the waves arrive at

these points in phase), while the dark fringes are due to destructive interference (i.e.
the waves arrive at these points in anti-phase - hence no resultant amplitude, which
then appears dark).
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Schematic diagram of Young's double-slit experiment is shown above.
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Two-source interference with wa1f_e_|; °

An interference pattern involving water waves is produced by two vibrating sources at the
water surface. The lines represent crests, and the spaces between the lines represent
troughs. The regions where the lines intersect (spaces also intersect) have constructive
interference. The regions where lines intersecting spaces have destructive interference.
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Conditions required ¥ "6{AR<YGFER interference fringes
to be observed

For interference fringes to be observable:

« The sources must be coherent; that is, they must maintain a constant phase
difference.

« [he sources must have the same frequency (for light waves, this means that they
must be monochromatic).

e The principle of superposition must apply (the sources must produce the same
type of waves).

« The sources must have (approximately) the same amplitude .

+« For light waves.

%+ the wavelengths used should be in the visible range (400 nm to 700 nm).
¥ the source (slit) separation (d) is around the order of 10 m.
%+ the screen-slits distance D is around 1T -2 m.

https://www.youtube.com/c/Megalecture
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Just for your understanding only : (not in syllabus)

What is the meaning of 'a constant phase difference’ between two
coherent waves' ?

» The primary source of light is transition of electrons. This happens
for every source be it the fluorescent tubes or the sun .

» As an electron jumps to its higher level it reaches an unstable
excited state. It stays there for about
10 ns and comes back to the ground state. Thus every 10ns a new
stream of light is produced.

» If we have two sources of light then the phase difference between
any two waves would be random. In fact it would change every
10ns or so. This is why we don't find interference in practical life.

» To have a constant phase difference between two waves (i.e. to be
coherent.) the waves should be from a common source, so that
there is no ab-nitio phase difference to get a constant phase
difference and two waves (from the same source) can be made to
have some path difference.

https://www.youtube.com/c/Megalecture
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Conditions for constructive interference
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The 2 thick lines intersecting at P represent the paths of water waves from the 2
sources to produce a constructive interference at P.

Length SoP = 144, length S4P = 134 - their path difference = 144 - 134= 4

For other points with constructive interference, the path difference must be nA,

where n is an integer. The assumption here is that the source are in phase.
https://www.youtube.com/c/Megal.ecture
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The 2 thick lines intersecting at Q represent the paths of water waves from the 2
sources to produce a destructive interference at Q.

Length S;Q = 144, length S1Q = 1234 > their path difference = 144 - 123 4= 134

For other points with destructive interference, the path difference must be (n+3 )4,
where n is an integer. The assumption here is that the source are in phase.

https:/iwww.youtube.com/c/Megalecture
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Using the equation A = C;)—x

for double-slit
interference using light

Note aAs per syllabus, you need to have an
understanding of young’s double slit experiment, but
you don’t have to prove/derive the equation.

https://www.youtube.com/c/Megalecture
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Young's Double Slit

In the double slit expenment, bright & dark fnnges alternate at equal separation.

The double slit interference i1s given by the equation

A 15 the wavelength of the light

Is the separation of the slits

X Is the separation of the fringes on the screen (fringe spacing. separation
between centres of bright fringes, or centres of dark fringes)

D is the separation between the screen and the double-slit

Vi)

https://www.youtube.com/c/Megalecture
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Check Yourtindérstanding!

Do headlights from a car form interference
patterns? Why?

The interference would be ‘visible’ if the two sources are oscillating
in phase or have a constant phase difference. This is why a single
light source (as in young’s double slit experiment) is split to produce
two which are then coherent.

In addition the separation of the headlamps is so large that any
interference fringes would be too close together to be easily
measurable, and the path difference between waves would render
them no longer coherent.

Note that, because the wavelength of light is so small (of the order
of 107’m) to produce observable fringes ‘D’ needs to be large and

‘a’ as small as possible. (This is one of the application of equation of young’s double
slit experiment)

https://www.youtube.com/c/Megalecture
+92 336 7801123




For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com

Sample problem 7

Which of the following statements must be true about two wave-trains of monochromatic
light arriving at a point on a screen if the wave-trains are coherent?

They are in phase.

They have a constant phase difference.

They have both travelled paths of equal length.
They have approximately equal amplitudes.
They interfere constructively.

mooOomxe

Solution (Ans: B)

Only [B] is true as this is the meaning of coherence.

https://www.youtube.com/c/Megalecture
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Sample problem 8

When a two-slit arrangement was set up to produce interference fringes on a screen using a
monochromatic source of green light, the fringes were found to be too close together for
convenient observation.

In which of the following ways would it be possible to increase the separation of the fringes?

Decrease the distance between the screen and the slits.

Increase the distance between the source and the slits.

Have a larger distance between the two slits.

Increase the width of each slit.

Replace the light source with a monochromatic source of red light

mooOomre

Solution: (Ans: E)

Since it is a double slit setup, using the equation i:%
a a

A decrease ) =2 x will decrease

B Increase distance between source & slits does not affect the fringe separation

C Increase a =2 x will decrease

D Increasing the width of the shit will not affect x, but will allow more light through, hence a
brighter pattern

E  replace green light with red light. Aedq > Agreen = If A Increases, x will increases.

https://www.youtube.com/c/Megalecture
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* Calculate the observed fringe width for a
young’s double slit experiment using light of
wavelength 600nm and slits 0.50nm apart.
The distance from the slits to the screen is

0.80m.

Solution :
ax

Using A = >
X =600x10"°x0.80/0.50x107°
=960 m

https:/fwww.youtube.com/c/Megalecture
+92 336 7801123



 Adiffraction grating is a plate on which there is a very large
number of identical, parallel, very closely spaced slits.

* If a monochromatic light is incident on this plate, a pattern of
narrow bright fringes is produced.

alecture
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How a Diffraction Grating Works

Interference pattern

When you look at a diffracted light
you see:

— the light straight ahead as if “ First  Central
the grating were transparent. order _ spot

8

— a "central bright spot". Screen

— the interference of all other
light waves from many
different grooves produces a
scattered pattern called a
spectrum.

N

https://www.youtube.com/c/Megal ecture
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Application of Diffraction Grating

e A diffraction
grating can be
used to make a THE VISIBLE E‘fECTHUM-Wavele?gth in Nanometers
spectrometer and
a spectrometer is a
device that .
measures the
wavelength of
light.

] 1 1 ] I 1
400 450 500 550 600 650 700 750
{ultra) Violet Blue  Cyan Green Yellow Orange Red (infra)
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The equdtiBi™'d%in 6 = nA

Figure 8.54 shows a parallel beam of light incident normally on a diffraction
grating in which the spacing between adjacent slits is . Consider first rays 1 and
2 which are incident on adjacent slits. The path difference between these rays
when they emerge at an angle #is d sin 6. To obtain constructive interference in
this direction from these two rays, the condition is that the path difference should
" be an integral number of wavelengths The path difference between rays 2 and 3,

" 3 and 4, and so on, will also be d'sin 6. The condition for constructive interference
is the same. Thus, the condition for a maximum of intensity at angle 8 is

dsin 8 = nA

where A is the wavelength of the munﬁchrﬂmatm light used, and n is a whole
number,

path difference = dsin b

—_— e i Em Em o Em mm o e o mm o v

d = slit spacing

_________n_-.-.

o fds e N =

light diffracted
at @ to normal

- - https://www.youtube.com/c/Megalecture
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The equation : d sin B = nA

(continued from previous slide)

When 1 = 0, sin § =0 and 6 is also zero; this gwes the straight-on direction, or
- what is calle:d the zero-order maximum. When n = 1, we have the first-order
diffraction maximum, and so on (Figure 8.55).

-Srd nfder

incident light normal

_ _2nd ord
- to the grating - ne order

1st order

zero order

1st arder

2nd order

3rd order

Figure 8.55 Maxima in the diffraction pattern of a diffraction grating
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Sample problem 10

‘Monochromatic light is incident normally on a grating with 7.00 x 10°
lines per metre. A second-order maximum is observed at an angle ot
diffraction of 40.0°. Calculate the wavelength of the incident light.

The slits on a diffraction grating are ereaied by drawing parallel lines
on the surface of the plate. The relationship between the slit spacing d
and the number N of lines per metre is d = 1/N. For this grating,
d=1/7.00 x 10° = 1.43 % 10~ m. Using nA = d sin 6,

A = (dIn) sin 8 = (1.43 x 107%2) sin 40.0° = 460 nm.

https://www.youtube.com/c/Megalecture
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