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* IS a disturbance that travels through a medium or vacuum.
Examples

Mechanical Waves

= examples include sound and water waves.
* the disturbance refers to the displacement of particles of
the media form their equilibrium position.

Electromagnetic Waves
» the disturbance refers to the varying electric and magnetic field.




le of Superposition

* When two or more waves of the same nature meet at
a point, the resultant displacement is the vector sum
of the individual displacements at that point.

| Inerference

* Interference is the phenomenon where 2 or more waves
of the same type superpose to produce a resultant wave.

*all waves of the same nature can superpose and interfere with one another.




Constructive Interference o (‘!
S \//\\//\\//\\//\\/3‘\ = occurs when 2 waves meet in phase with one
in phase e Py % 7y another, so that there is reinforcement of the &

VW W N VGR waves at that point.

ResuibrE | = The resultant displacement is larger than the
et 22 individual displacements.

Destructive Interference

= occurs when 2 waves meet In antiphése (180
" degrees or 1 radians out of phase), so that there
YN IS a weakening of the waves at that point.

Two waves \//\\//\ A /\\/‘A
XA XXX

in antiphase

—— = The resultant displacement will be equal to O or
wave less than the larger value of the individual
displacements.




* results from the superposition of two progressive waves of the
same frequency, amplitude and speed, travelling along the same
line but in opposite directions

General conditions to form a Stationary Wave

VFAT:

1.V (speed): The individual waves must be travelling in opposite
direction with the same speed.

2. F (frequency): The frequency of the waves must be the same.

3. A (amplitude): The amplitudes must be the same.

4. T (type): The two waves must be of the same type. (i.e. water
wave, sound wave, EM wave).




II Station aly \V\V-\V =Y@Properties of a Resultant Waveform

1. It does not propagate. As such, it is also called standing wave.
2. Every particle oscillates (expect at the nodes) with the same frequency, but different amplitudes.

nodes

OO
\ /

antinodes

3. The amplitude of oscillation at the antinodes is double that of the component waves.

4. Within two consecutive nodes, every particle oscillates in phase. (Note that these
particles do have the same amplitude.)

5. Distance between two adjacent nodes (or antinodes) is

1A
2

6. Particles in neighboring segments vibrate 180° (or = rad) out of phase with each other.
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Practice Example 2




II Ste ary Waves in Strings

* By plucking a string at different points along the wire, stationary waves
can be set up at various frequencies.

Resonant/Natural Frequency
» frequency at which standing wave are produced.

Resonance

= phenomenon when an object vibrates at a frequency equal to its
natural frequency.




II Ste ary Waves in Strings

There will be different standing wave patterns as shown below. These are the
different resonant modes of vibration.

ﬁaf=5ﬂ========-== =========== —— 1
B {‘3‘ 2 Fundamental Frequency
_ : = Jowest resonant frequency at which a
Fundamental or first harmonic, f; . .
B standing wave is produced.
L~ “*\ =1, = The other (higher) natural frequencies are
~—_ - called overtones.

First overtone or second harmonic, f5 = 2f;

Harmonic Frequency

T o
3
8 \ / l=3A3 = When overtones are whole-number

(integral) multiples of the fundamental, they
Second overtone or third harmonic, f3 = 3f; are called harmonics.

= examples include vibrating string




ary Waves in Strings

Modes of Graphical Also known
Vibration Representation Wavelength . Frequency as...
Fundamental L = - L= 1[i) v
2 =— L i
mgdeffrequency Ii:t::j = ‘.{1 i 2L 'ri 3L 1 ham‘lnnlc
Pl N s L= z[ﬁ) v nd
1* overtone ST 2 f,=2 o 2™ harmonic
o ==L
L= 3[523-) )
2" avertone _— — 9 f = 3[5;:) 3™ harmonic
.- o= _:_;:

(n-1)th overtone or nth harmonic
2L v
Anzn fn=nf1=n(ﬁ)

where 1 = wavelength of the stationary f1 = fundamental frequency of the string = Z—VL
f = frequency of the stationary wave L = length of the string

v = speed of the progressive wave




II Stationary Waves in Strings

e At the fixed ends, there must be nodes (since the strings
A cannot vibrate).

e In reality, multiple harmonics give the timbre or characteristics
of an instrument.




II Stationary Waves in Air Columns or Pipes

* By sending sound waves into an air column or pipe, it Is
possible to generate stationary waves in the pipe.
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closed pipe open pipe
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= Aclosed pipe is a pipe with one end open while the other end is
closed.

= |[nan open pipe, both ends are open.




II Sta y Waves in Closed Pipes

» Wave propagates to the end of the pipe and is reflected.
* The reflected superposes with the incident wave and forms a
stationary wave.

Z/////////////////////////////////////////r
A
A
7
7

= displacement node is formed at the closed end,
> X while a displacement antinode is formed at the
open end
A = The bottom figure shows arrows indicating the
amplitudes of vibration of air molecules.

Harmonic Frequency

» For stationary waves in closed pipes, there are no even harmonics




II Stationary Waves in Closed Pipes

Tf%?ae:o?: Resrr:s?:rllf:tllon R Frequency AISO known
L

Fundamental - - L =1[%) f= v 18t .

frequency — "=l harmonic
=4 =4L
)

1% overtone 4 h = 3(4%'] 3™ harmonic
"3
L= 5(—,1—45—]

2" overtone ai fs = 5[%} 5 harmonic
= /]5 = ?

(n-1)" overtone or (2n-1)"" harmonic
) 2 fu=@n-1f = 2n-1)(5)
2n-1= 57 n 1 41,
where A = wavelength of the stationary wave f1 = fundamental frequency of the string = 4—”L
f = frequency of the stationary wave L = length of the string

v = speed of the progressive wave



II Stationary Waves in Open Pipes

= As sound wave travels down an open pipe and reaches the
other end, part of the wave is reflected.

= A displacement antinode is formed at |
both ends.

Harmonic Frequency

= Overtones and harmonic frequencies are the same as in the strings.




-
Practice Example 3 | |

(" )
A 1.0-m long string of a piano weighs 8.00 g . The string vibrates at a
fundamental frequency of 125 Hz.

(a)What is the speed of the wave produced by the string?
_(b)Find the frequencies of the first five harmonics

Practice Example 4 |

(An organ pipe, 0.33 long, Is open at one end and closed at the other.\
The speed of sound in air is 330 m/s. Assuming that the end
corrections are negligible, calculate

(a)the frequencies of the fundamental and the first overtone,

(b)the length of a pipe which is open at both ends and which has a
fundamental frequency equal to the difference of those calculated
\__In (&) %




* |s the bending of waves after passing through an aperture or
around an obstacle.

(a) (b)

Water waves passing through a (a) slit, and an (b) obstacle.




Effect of Aperture

= Diffraction is more pronounce

when the aperture is narrower.

Effect of Wavelength

= Diffraction is more pronounced
when the wavelength of the
wave is larger.
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Generally

= Diffraction is pronounced when the wavelength if the wave is the
same order of magnitude as the with of the aperture or obstacle.
A~a

where a = gap width or length of the obstacle.




[ Sile i oiracion

As a light beam from a laser, passes through the single aperture, the
light diffracts, and an intensity pattern is seen on the screen.

Fringe
pattern

Screen with a
single narrow slit

— i)

Monochromatic Light waves
light source emitted by
(laser) the source

3" maxima

2" maxima

1" maxima

Central
maxima

Light waves
diffracted
by the slit Screen

Intensity of
the fringes

The bright regions (maxima)
In the interference fringes are
where each fray from the slit

Interfere constructively,
whereas the dark regions

(minima) are where each ray

Interfere destructively.

%




|| single-Slit Diffraction

[dsin@zml mzil,iZ,iSJ

where d = slit width,
A = light’'s wavelength,
6 = angle relative to the original direction of
light, m = order of the minimum

Fringe
pattern

Screen with a
single narrow slit
——

3" maxima
2™ maxima

1" maxima

Central
maxima
Monochromatic Light waves
light source emitted by
(laser) the source Light waves
diffracted
by the slit Screen Intensity of

the fringes




rce Interference Pattern

By having 2 point sources, S1 and S2, the interference patterns of waves can be
studied. In Young’s double slit experiment, we are able to observe the interference
pattern of light, as alternating bright and dark fringes are seen on the screen.

double slit

single slit acts constructive
as a point A, interference

source of light % "N

| e

monochromatic ) ; ; 45— central
light source ‘ '-':, P bright fringe
diffracted light acts as a o of & 4 ,\— destructive

coherent light source for the regiono X S taifarence

double slits interference

intensity distribution for
interference fringes

screen

= At points of constructive interference (maxima), bright fringes are observed.
= At points of destructive interference (minima), dark fringes are observed




yurce Interference Pattern

central maxima
pd=0

1% maximum

st . 2™ maximum
17 maximum

2" maximum pd=21
hlgher higher
order order

/ﬂ w/ v 2\
" minimum minimum minimum " minimum
pd 0.51 pd= 1.52
D x = fringe separation
{ X = — ] a = slit separation,
a A = light's wavelength,

D = distance between slits and screen

A Formula is valid only if rays are parallel (a «< D) and slit width is much greater than
light wavelength (a > A).




Practice Example 5

Practice Example 6




Practice Example 7




[ [oifeetion Gratino 4 1

= consists of a large number of parallel, equally spaced lines (or slits) of equal width.
= typically consists of 100 to 1000 lines per mm.

Grooves are cut

out at regular
spacings d dsin @ = nA

where d = % = slit separation (N= number of lines per mete
n = nth order of bright fringe (maxima)
A = light's wavelength
0 = angle relative to the original direction of light



V& !
R\
When two light sources are very far away from the observer, due to the diffraction pattern, the two
light sources may overlap and appear as one point source.

Rayleigh’s criterion talks about the minimum angle such that these 2 point sources can be told apart
from one another and identified as individual distinct sources.

| [Rajisihs rierion o

resolved Raylelgh crlterlon unresolved

where 8 = minimum resolution angle
A = light’'s wavelength,
b = slit width




Practice Example 8

Practice Example 9







Practice Example 1

As seen In the figure above, explain
how the lady above managed to create
a stationary wave from the string.

. J

(A

As the woman moves her hand up and down, she creates a wave
that travels to the direction of the tree. The tree Is a boundary, so the
wave Is reflected back to the direction of the woman then
superposing with the incident wave. The reflected wave has the
same frequency, type, and amplitude as the incident wave. These
conditions satisfy the VFAT conditions, thus a standing or stationary
wave must be produced by the travelling waves generated by the

\vvoman. /

nswer.




Practice Example 2

(Solution: h
v=fA
v = (300)(1.5)
v =450m/s




Practice Example 3

(Solution:
(a)At the fundamental, A = 2L = 2(1) = 2.0m
v=fA
v = (125)(2)
v =250m/s

\(b) 125 Hz, 250 Hz, 375 Hz, 500 Hz, 625 Hz.




Practice Example 4

/Solution:

(a) At the fundamental,

First overtone,

(b) f, = 750 — 250 = 500 Hz

fi=

v 330
4L  4(0.33)

= 250 Hz

f3 — 3f1 = 750 Hz

v 330

= — = =066
1= 7500 m
A 0.66
\ A =2L - L=2= > =0.33m




Practice Example 5

4 )
Answer:

Diffraction I1s more pronounced for sound waves because the
wavelength of sound is much greater than the wavelength of light.

This means sound waves ‘bend’ more to the extent that it reaches the
_person round a corner.

J




Practice Example 6

-

Solution:
(@m=2,2=750x%x10"°m, 8, = 30°

mid  (2)(750 x 107°)

d=sin9_ sin 30

O)m=1,1=750%x10""m,d =3 x 10~°m

o _mi_ (D750 107 _
S T T T 3% 106

< 6, = 14.5°

=3 x 10~%m = 3.0um

= 0.25




Practice Example 7

(Solution:

Between the 5™ and the 1st bright fringe, there are 4 fringes. So, we divide 2.5 mm by
4 to get the fringe separation x.

25X 1073

2 = 0.625 mm

X

_AD (620 x107%)(0.8)
 x  0.625x10°3

a = 0.80 X 1073m = 0.80 m

~




Practice Example 8

How many bright fringes can we observe using a diffraction grating of 600 lines per
mm illuminated normally with light of wavelength 633 nm?

(s

olution:

d sin 6
A

=>n < % since sine function ranges from0to 1 (0 < 8 < 90)

dsind =nA =n-=

d=—="""_ 167x10
N~ 600
1.67 x 10~
n<e33x10 03

n must be an integer so n must be 2. This means that there are 2 bright fringes on
either side. Including the central fringe, there is a total of 5 bright fringes.

\_

~N




Practice Example 9

4 .
Solution:

H—A—6OOX1O_9—030 d or 0.017°
= = 55103 — 030mrador0.

_Convert radian in degree by multiplying 180/7.




