SUPERPOSITION OF WAVES

8 Superposition m SO\

8.1  Stationary waves 6794,
Candidates should be able to:
1 explain and use the principle of superposition

2 show an understanding of experiments that demonstrate stationary waves using microwaves, stretched
strings and air columns (it will be assumed that end corrections are negligible; knowledge of the concept
of end corrections is not required)

3 explain the formation of a stationary wave using a graphical method, and identify nodes and antinodes
5 understand how wavelength may be determined from the positions of nodes or antinodes of a stationary
wave

8.2 Diffraction

Candidates should be able to:

1 explain the meaning of the term diffraction

2 show an understanding of experiments that demonstrate diffraction including the qualitative effect of
the gap width relative to the wavelength of the wave; for example diffraction of water waves in a ripple
tank

8.3 Interference

Candidates should be able to:
1 understand the terms interference and coherence

2 show an understanding of experiments that demonstrate two-source interference using water waves in a
ripple tank, sound, light and microwaves

3 understand the conditions required if two-source interference fringes are to be observed

4 recall and use 4 = ax/D for double-slit interference using light

8.4  The diffraction grating
Candidates should be able to:
1 recall and use dsin @ =nAi

2 describe the use of a diffraction grating to determine the wavelength of light (the structure and use of
the spectrometer are not included)
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Comparison of stationary and progressive waves

Property Stationary Wave Progressive Wave
Energy & No net transfer from one point | Both move with speed:
Momentum | to another c=fxA
Amplitude Varies from zero at NODES to a | Is the same for all particles

maximum at ANTINODES within a wave
Frequency All particles oscillate at the All particles oscillate at the
same frequency except those at | same frequency
nodes
Wavelength | This is equal to TWICE the This is equal to the distance
distance between adjacent between particles at the
nodes same phase
Phase Between nodes all particles are | Any two particles have
difference at the same phase. Any other phase difference equal to
between two | two particles have phase ‘2rd / N’ where ‘d’ is the
particles difference equal to ‘mtm’ where | distance between the two

‘m’ is the number of nodes
between the particles

particles




S{G\ﬁor\mvé\) W AVLR O&W\\/{:

o strekchhad  SHing (Guubu o Sias

2ting)
RolbLiiship b
S Mode war2firm NG i am/obtd Fre\%wn‘ﬂ.
Lempt of Qirtng
,' T m— —
Fundamenkzﬁ rode S T
9 | oL Firet Barmonsc TS Co
I ho\ >\u = 2L ‘—-"E = 2__\_
2 *Q\avw\om ) L o= > .Y -
3| Fix SM&A ; =Y
um % VMJEQ Lt / -
“g f > ’Ez 2‘-[:7
L 3 Larronic ch‘(\fA ; L - 32/\1 W
’Q‘O*‘" wo PU\ / 2 2L
AM? Rotty ol o xe2b || Besxy 3
;td 2, 0\9“(’1‘ , N = b 2,_) = 31[’0




- %@“Mﬁgﬁ’s:r

NAWNLZA

bedUU—d whowe 4y -

o SetcRod 24

"y

-

2L

l)--CIN\

120 wwave . Standing Waves for Five Resonant Frequencies

, Swliorony bengverse
28, 3%, 8L, .- nEK akie

d N Aepreatg o wgic»opé O\ng

pearance of the | Mode of Vibration |[Number| Wavelength(A]  Frequency ()
Standing Wave of n Terms of L
Loops | {A=2lim)
pr— —a — '
e ’\) Fundamentad 1 n "W
e — Pirst Hazmonk ne ) Misdmom frequency
<-—-><’> First Oversone z L 2,
- Secomd Harmoniic ne2
' - Fig Sevond Oversone ' 2151 W,
kx..{/ Thind Harmonk (=4
4 \ Thind Oversone 4 2 el
Founth Hammenk ne4
J Founh Onerone s 5L Sy
OO0 | i termonie nes




Factors that determine
frequency of a vibrating string

#®The frequency of vibration depends on
® the mass per unit length of the string,
" the tension in the string and,
® the length of the string.

@ The fundamental frequency is given by

I T where T = tension

K = mass per unit length

_E ;
L = length of string
[ [T
M
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26.3.01 Standing waves in air columns

Harmonic Frequency | Standing wave Wavelength
i -V L= 2e
Air -ﬁ) ) k—— L —— Y
column 1st harmonic e A =4L
closed fo=v/4L |pi— a| o
(fundamental) e
a‘d"“" (natural) =
en
Rl =% Tt £=N -V 2(1}
2nd ham?;\mc 31, n(\ a “:Ptf:‘\ a k|=EL ~ L,%—: hL
gy fl = 3‘[‘0
0w, ™Moy LezS
- B v
32 %) IR S VA
r oni n a/n\ a“':l-l a Kz 45T 2 ~ 13'_;.:—" UL
12 = SE,
Air Lf_\v = Do
column o Po K L— 2
open 1st harmonic fo= vI2L| = —= A=2L
a 2 a
at both (fundamental) (natural) R
d -
ends B0 Sr N I V =
2nd h: i ™ o = = —— < — = ~
nd harmonic zfo a,/nf:a >n<\.a A =L N L = —C =92 ,,r
Blso more T
- N.‘——-.\ﬁ-—,- = Va
3rd harmonic | 3£, a{a y’a\{;’a )\2=2f3ﬁ S_’z =N - V . 2(\_/
e efuly B N 2L 2t
3

n = node, a = antinode



Standing sound waves in open-ended tubes

1/4 wave 1/2 wave

Fundamenkd)
mode
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5/4 waves
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Modes of Vibration of Standing Waves
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Some headphones offer noise
cancellation. This feature relies on the
principle of superposition of waves, to
remove unwanted sounds from listener’s
surroundings, allowing them to focus on
the voice.

A microphone on the outside of the
headphone detects the background
noise. The speaker inside the headphone
then produces waves which cancels all
the external sounds.

People use these headphones without
music to allow them to sleep in the noisy
environments like aircraft cabins

HOW this happens is explained in this CH




Principle of Superposition

Two waves in phase Two waves out of phase by 180° '??-ts]e
) e

Wave 1 AN ANNANYAN
vV V.V V V
Wave 2 QUQU%QVQW ent can
Superposition of
Wave 1 and Wave 2 %%%




Stationary Waves

> As the wind blows over the
mountain’s peak a stationary
wave or standing wave is
formed.

» If the air contains enough
moisture the oscillation in the
stationary wave make the
water condense into a shape
of a standing cloud

» Lets understand that what is a
stationary wave

» As the name indicates, a stationary wave does not travel in space
but oscillates unlike a progressive wave which travels in space



Formation of Stationary Wave

» A stationary wave is formed by superposition of two progressive waves of same
amplitude and frequency, travelling in opposite direction

Anti nodes Red wave is moving towards left

Blue wave is moving toward Right
/ \ Black wave is stationary

Nodes

» A stationary wave is one in which some points are permanently at rest (zero
displacement) and are called nodes,

 other point in between these nodes who vibrate or oscillates about their positi
are called antinodes



Properties of stationary waves

» Distance between two consecutive nodes/antinodes is half of the w.

» Frequency of the stationary waves is the same as the frequency of o
progressive waves

» Amplitude of stationary waves is the sum of the amplitudes of the pro
waves, it varies from zero at nodes to maximum at antinodes

» There is not net energy transfer by a stationary wave unlike aa progressi
wave

Maximum Amplitude

avelength




Phase difference along a stationary wave

> In between the adjacent nodes all the particles are oscillating in
phase with each other that is they reach their maximum and minim
position at same time

» On different sides of nodes, the particles are at anti-phase with each
other that is when the particles of the waves on one side of the node
reach their maximum position the particles of the wave on the other
side of the node reach their minimum position and vice versa

Maximum displacement Po

Minimum displa



Harmonics

» Different harmonics are produced
with several different wavelengths

» If the string is plucked exactly
from the center, it vibrates with
its fundamental mode of vibration
also called fundamental frequency
(shown in first case of figure) with
the distance between the two
nodes equal to half of the
wavelength

» String can form higher harmonics
depending upon the position from
which they are plucked

~ When the frequency of vibration
increases, wavelength decreases

Three sets of pickups sample the
string modes at different points,
giving different quality sounds.

0o
Aé?':‘i —t - :lllll 999
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Melde’s Experiment

>

Length

Melde’s experiment is a simple way to
investigate stationary wave on a string

A vibration generator is used to change %] i :
the frequency until a stable stationary Bridge Oscillator

wave is produced

Pulley

With this apparatus the length of the
string can be varied and tension in the
spring can also be varied Weight

Problem: —

If the fundamental frequency of a string
is 300 Hz sketch the shape of the string
when the frequency of vibration
generator is

> 300 Hz For fundamental frequency we have half wave between the
» 600 Hz fixed point
F - W
> 450 Hz
> 900 Hz 300 Hz = half wave
600 Hz = one full wave

900 Hz one complete and one ha



Formation of stationary waves
using microwaves

» Stationary wave can be formed by reflecting microwave of a metal sheet so
that two micro waves of same frequency are travelling in opposite directions

» Setup the equipment as shown in figure

» We know that the distance between two consecutive nodes or two consecutive
antinodes is A/2

» The distance between the transmitter and the metal sheet is adjusted so that
it becomes equal to (n A/2) where n is an integer

» When n will be equal to 1 fundamental frequency will be formed and the shape

of the string between the transmitter and the metal plate will be

microwave metal reflector
source probe detector .

-

-
- -
—— ———
e e ————

Voot O St Wl W SIS ) s WS W ST S s W W
to meter

Figure 15.26 Using microwaves to demonstrate stationary waves



Formation of stationary waves in air

columns

> Stationary waves are not only formed
in transverse waves like
electromagnetic waves but they are
also formed in longitudinal waves like
sound waves

» Most woodwind instruments produces
notes from stationary waves in air
columns

» Gently blowing over the top of a tube
creates a standing wave inside it which
produces a sound note at a particular
frequency

» The length of the tube determines the
wavelength of sound note it produces



Stationary wave in tube closed at one end

» In order to form a stationary wave in a tube 1/4 wave
closed at one end there must be a node at —
the closed end and an antinode at the open L —"=z==ececoeccoos:
end.

» At the closed end the air can not move so
there must be a node at closed end

> At the open end the air is free to oscillate so
there is an antinode at the open end

» Fundamental mode of vibration will simply
have a node at the closed end and antinode
at the open end

» Because there can never be a node at the
open end and an antinode on close end so a
complete wave with nodes at both the ends
can not be formed for example for 2f,, 41, ...




Stationary wave in tube open at both ends

> At the open end the air is free 1/2 wave
to oscillate so there is an
antinode at the open end

» So a tube opened at both the
end will have antinodes at both
the end

» Unlike a closed tube, harmonics 3/2 waves
of all the forms are possible in iy
open ends tube i.e. fo, 2fy, 3fo, 4
fo .....

Fundamental
15t Harmonic

2nd Harmonic

3rd Harmonic

-
.-

4th Harmonic

5th Harmonic




Speed of sound in resonance tube

>

>

In this experiment the speed of sound in air is to be found by
using tuning forks of known frequency.

The apparatus of the experiment consist of a long cylindrical
plastic tube attached to water reservoir and a tuning fork

The wavelength of the sound will be determined by making
use of resonance of air column

In the apparatus the length of the tube can be changed by
raising and lowering it in the water

A vibrating tuning fork is placed just above the tube,
listening for amplification of tone. When the resonance is
found, a pronounced reinforcement of the sound will be
heard

When the frequency of tuning fork matches the fundamental
frequency the length of the tube above water L= A so the
wave length, A = 4L

The speed of the sound in the air column can be found by
using the formula v=fA. Where f is the frequency of the
tuning fork

First
resonance

Second
resonance
(third
harmonic)  Third
resonance
(fifth

harmonic)




If you watch the ripples in pond when rain
drops fall, you will see an interference
pattern.

As the wave formed by a rain drop moves
outwards, it interferes with waves formed
by other rain drops

Raindrops which fall randomly forms an
unstable interference pattern.




Coherence
> If the waves emitting from a COhere Nt Laser nght

source have same frequency,
wavelength, amplitude and are
in phase with each other then
they are coherent waves

» For stable pattern of
interference, the waves should
be coherent

» Filament bulbs do not emit light
waves of same frequency and
wavelength so they are not
coherent

» Whereas a laser light emits the
light waves who have same
frequency and wavelength and

are in phase with each other Incoherent LED nght




If two waves are in phase with each other i.e. if their
crests arrive at a point exactly at same time they will

Constructive Interference

interfere constructively 1 2

A resultant wave will be produced which will have the ; ; ; ; ; 1 /\ /
crest much higher than either of the two individual -1 T - l \ l I |
waves and the trough much deeper. ; - l \ I I
For example in the figure if the amplitude of both the z \ ‘ \ ‘ ; V

waves is 1 at the crest then the amplitude of the -

resultant wave will be 1 + 1 = 2 at the crest.

If two waves are out of phase with each other i.e. if
their crest of one wave arrive at a point exactly the
same time as the trough of the second wave, they will
interfere destructively

A resultant wave will be produced which will have the
crest much smaller (or may be zero in some cases) than
either of the two individual waves.

For example in the figure if the amplitude of first wave
is 1 and at the same time the amplitude of the second
wave is -1 then the resultant wave willbe 1 - 1 =0 at
that moment.

w




5A

These blue and red lines represent the crest and at
4\ the middle of two crests we have trough
When a crest interferers a crest for example at point A & B
it will be constructive interference and the resultant wave
3A - will have a maxima
When a crest interferers a Trough for example at poin
will be destructive interference and the resultant wav:

Source 1 . ..
o will have a minima
Point A Point B Point C
- Red Wavelength 1A 3A
Blue wavelength 5A 3A
source 2 Path difference  5.1=4a 3-3=0A  5-3.5= 1.5)
Phase 4(2m) = 8m 02m) =0
s In Phase In Phase Out of Phase
T Maxima Maxima
_____
Path Difference 2)\ 0.5)\ | 1 5)\

Phase Difference ATT 21 0 m 3m



Young’s double slit experiment

LN

» |n 18th century Newton
rejected the idea of light
being a wave.

» He proposed that light is a
stream of tiny particles. The
idea remained ‘the accepted
scientific theory’ for nearly
100 years

» Then a scientist named
Young performed a
wonderful experiment to
demonstrate that light
streams can interfere with
each other, hence
concluding that light must
be a wave




Young’s double slit experiment

>

yvy

Yyvyvy

olor filter

Apparatus of this experiment need a filament lamp, a color filter, single slit, double slit and a s
Two coherent waves are needed to make a stable interference pattern
Young achieved this by using a monochromatic light (to produce two waves of same frequency wavelength and a

He produced a monochromatic light by placing an color filter in front of a lamp allowing only a sp
frequency of light to pass

He then placed a narrow sheet having single slit in front of this monochromatic light to diffract it
Light diffracting from the single slit arrives the double slit and it again diffracts from the double sl
The coherent waves getting out of double slits make an interference pattern on the screen

Young’s double slit experiment successfully demonstrated the wave nature of light

Double slit Interference pattern screen

/

\ single slit

MonocHromatic light



We can derive the formula to calculate the wavelength of light used to form interference pattern

In figure the separation between the two slits S1 and S is a. an interference pattern is observed on the
screen at a distance D from the slits. Where D is much greater than a D>>a

X on the screen is the distance between two bright fringes
The path difference S;A is equal to one wavelength A. And the angles 8 & 6, are equal as showi'in
figure

As the angles are very small
SO we can use the
trigonometric approximation
that sin 64 = tan 0,

So in triangle ASS;

And in triangle xyz
Tan 62 = x/D
As sin 61 = tan 6,




Diffraction

» The bending of a wave around the edges of an opening or an obstac
called diffraction.

» Diffraction is a wave characteristic and occurs for all types of waves
» The amount of bending is more extreme for a small opening.
» Speed wavelength and frequency of a wave does not change after

diffraction
1L W | .
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9702/02/M/J/07

5 Light reflected from the surface of smooth water may be described as a polarised transverse

wave.

(a) By reference to the direction of propagation of energy, explain what is meant by

(i) a transverse wave,

(b) A glass tube, closed at one end, has fine dust sprinkled along its length. A sound source

is placed near the open end of the tube, as shown in Fig. 5.1.

sound
source

dust heap

)/

39.0cm

Fig. 5.1

tube

The frequency of the sound emitted by the source is varied and, at one frequency, the
dust forms small heaps in the tube.

() Explain, by reference to the properties of stationary waves, why the heaps of dust

© UCLES 2007

are formed.

9702/02/M/J/07

For
Examiner’s
Use



For
Examiner’s

u
(ii) One frequency at which heaps are formed is 2.14kHz. ”

The distance between six heaps, as shown in Fig. 5.1, is 39.0cm.
Calculate the speed of sound in the tube.

(c) The wave in the tube is a stationary wave. Explain, by reference to the formation of a
stationary wave, what is meant by the speed calculated in (b)(ii).

© UCLES 2007 9702/02/M/J/07 [Turn over
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