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Syllabus content

Section AS

A2

IV Oscillations and waves 14. Oscillations v
15. Waves v
16. Superposition v

Section llI: Matter

Recommended prior knowledge

Candidates should be able to describe matter in terms of particles, with a qualitative understanding of
their behaviour.
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Content Learning outcomes

15.1 Progressive waves Candidates should be able to:

15.2 Transverse and fal describe what is meant by wave motion as illustrated by vibration in
lengitudinal waves ropes, springs and ripple tanks
15.3 Polarisation (b) show an understanding of and use the terms displacement, amplitude,
15 4 Determination of phase difference, period, frequency, wavelength and speed
speed, frequency fc) deduce, from the definitions of speed, frequency and wavelength, the
and wavelength equation v= fi
15.5 Electromagnetic (d! recall and use the equation v=f{
spectrum el show an understanding that energy is transferred by a progressive wave

(fl recall and use the relationship intensity «= lamplitude)®
fg) compare transverse and longitudinal waves

h) analyse and interpret graphical representations of transverse and
longitudinal waves

i) show an understanding that polarnisation is a phenomenon associated
with transverse waves

(il determine the frequency of sound using a calibrated c.r.o.
(k! determine the wavelength of sound using stationary waves

fll state that all electromagnetic waves travel with the same speed in free
space and recall the orders of magnitude of the wavelengths of the
principal radiations from radio waves to y-rays.

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

* Waves carry energy.

» For Example, during an earthquake, the seismic waves
produced can cause great damage to buildings and the
surroundings.

* Whatis a wave?
» Wave is a method of propagation of energy.
For example, when we drop a pebble into a pond of still

water, a few circular ripples move outwards, on the
surface of the water. As these circular ripples spread

out, energy is being carried with them.

https://www.youtube.com/c/Megal ecture
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Sources of Waves

 The source of any wave is a
vibration or oscillation.

* For example, the forming of
the slinky waves as shown.

» Wave motion provides a

v
mechanism for the transfer | Slimkywavescanbemadebyvibrating
the first co1l back and forth m exther

of energy from one pointto | | = . . direction
another without the physical

transfer of the medium
between the two points.
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Two Types of Waves

* Transverse Wave

Rope waves, Water waves,

Light waves, Radio waves,
Electromagnetic waves.

e Longitudinal Wave

Sound waves and waves
produced in a vertical

oscillating spring under
tension.

Transverse Wave
Source moves Coals mowe
up and down up and dowmn

Source moves Corlsmowe
left and nght left and nght

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

* Jransverse waves
propagate in a
direction
perpendicular to the
direction of vibration.
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Longitudinal Waves

e [ongitudinal waves
propagate in a direction
parallel to the direction
of vibration.

Source moves Coals mowe
left and nght left and nght

compr (‘SSlOllS
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Energy Transport

Longitudinal Wave

FParticle Movement
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Reference
Demonstration of waves

http://www.acs.psu.edu/drussell/demos/waves

/wavemotion.html

https://www.youtube.com/c/Megalecture
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Describing Waves - Zo0isimis

* Crests and troughs
— High points and low points that characterise transverse waves only. For

longitudinal waves, compressions and rarefactions are used.

 Amplitude, A, SI Unit: metre (m)
— The value of the maximum displacement from the rest of central position
In either direction.

displacement in metres

crest le— p —»I crest
+A ——— P :
, i ” S y
rest or /Y \A " \& amplitude A
X . b % . 3
central ,I \t , \ distance
osition : - > ¥ - an
;(DundiCturbod 1“ ‘I \¢ /. t 'alonglraii
S - - *\‘ ’i | . In meyes
rope) % :/v ' 4 lamplltudc A
\\ /'/ \'\ —/N

e =

—A \T:_ Y | trough
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Describing Waves

 Wavelength, A, SI Unit : metre (m)

— The shortest distance between any two points on a wave that

are 1n phase. The two easiest points to choose for a distance
of one wavelength are two successive crests or troughs.

displacement in metres

crest fe———— 3 _:L crest
‘ P ; &
¥ S

rest or : o, ¢ il ; amplitude A
central ,I \t ’I Ni distance
position -—q ‘I . /I - = along rops
(undl)sturbcd ‘z\’ # t ¢ | in metres
rope /v ‘ amplitude —A

L4 L4 |

—A T:_ 2 ‘, trough

A transverse rope wave
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Describing Waves

* Frequency, f, SI Unit: hertz (Hz)

— The number of complete waves produced per second. The figure shows
two complete waves and if they are produced in one second, then the

frequency of this wave is two waves per second or 2 hertz.

* Period, T, SI Unit: second (s)

— The time taken to produce one complete wave. T = 1/f

displacement in metres

crest | 2 _:L crest
+.4 /-H\,ﬁ - _ - : . : SN,
'S4 ! Y T
rest or . v \c - “I L amplitude A
central ,I \v4 / *,,‘ distance
position - I > i,I —— - along ropi
(undisturbed t P t ¢ in metres
rope) ‘{: I!w ‘Q\ z l amplitude —A
™, ’_,r XHJ_.-" o
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Describing Waves

 Wave Speed, v, SI Unit : metre per s (m/s)

— The distance travelled by a wave 1n one second.

 Wave Front

— An imaginergy line on a wave wa join all points which are in
phase of vibration.

displacement in metres

crast fe—— 3 _i crest
+A | PN 7 &
= % :
v X 'I/ \:‘y T
" A / (¥ 9 - 1
rest or ” \\.. 7 ¢ amplitude A
central \4 y \f distance
position - I > y - = along rops
(undisturbed t P I ¢ in metres
rope) ‘t v ¢ y amplitude —A
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!

A transverse rope wave
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Describing Waves

e Phase

— Two points (such as x &x’, and y & y’) are said to be in
phase because that are moving in the same direction with the

same speed and having the same displacement from the rest
position. Any two crests or trough are in phases.

displacement in metres

crest e 5 _:L crest
+A : P - - — -
R 4 AR
rest or P /Y ¢ s ¢ | amplitude A
central ,I 4 ,’I ¢ distance
position = 4 p 7Y /I % = along ropi
(undisturbed : N ' /t in mefres
rope) ‘: fv ‘g $ amplitude —A
! \ / \ ’y
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Describing Waves — Phase difference

Phase
Difference

https://www.youtube.com/c/Megalecture
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Describing Waves — Phase difference

A term used to describe the relative positions of the crests or troughs of
two waves of the same frequency is phase. When the crests and troughs of the
two waves are aligned, the waves are said to be in phase. When a crest is
aligned with a trough, the waves arc out of phase. When used as a
quantitative measure, phase has the unit of angle (radians or degrees). Thus,
when waves are out of phase, one wave is half a cycle behind the other. Since
one cycle is equivalent to 2x radians or 360°, the phase difference between
waves that are exactly out of phase is 7 radians or 180°.

Consider Figure { _in which there are two waves of the same frequency, but
with a phase difference between them. The period T corresponds to a phase
angle of 27 rad or 360°. The two waves are out of step by a time {. Thus, phase
difference is equal to 2x(¢/T) rad = 360(#/T)°. A similar argument may be used
for waves of wavelength A which are out of step by a distance x. In this case
the phase difference is 2a{x/A) rad = 360(x/A)°.

Where ¢ is phase
difference, xis distance,

' htips:/fwww.youtube com/c/MegaLgcture 1S the wavelength.

“displacement,
(=)
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The wave equation and principle

« Speed = distance/time

« Wavelength is the distance moved by the wave in one cycle i.e
distance

. Time = period = 1/frequency
« S0 speed = wavelength/period

Speed = wavelength x frequency, I.e V — )u f

https://www.youtube.com/c/Megalecture 17
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The Wave Equation

The relationship of v, A & f

)V —

The relationship of vV,
Bince l — 1/f

https://www.youtube.com/c/Megalecture
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5 Visible light has wavelengths between 400 nm and 700 nm, and its speed in a vacuum Is
t30x10°ms™.

« What is the maximum frequency of visible light?
Solution: .
From v = fA, the frequency fz%, I.e. fis inversely proportional to A.

For maximum frequency, minimum wavelength should be used.

_ v :3x198m5“
A 400x107% m

=7.5x 10" Hz

A sound wave of frequency 400 Hz is travelling in a gas at a speed of 320 m s
What is the phase difference between two points 0.2 m apart in the direction of travel?

Solution:

Wavelength, A =¥ :w: 0.80m
r f 400 Hz
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Example 4

Two boats are anchored 4 metres apart. They bob up and down

every 3 seconds, but when one 1s up the other 1s down. There are
never any wave crests between the boats. Calculate the speed of

the waves.

Beniod 7—=(3x2)s=6s

Wavelength, A =8 m

Speed, v=A/T = (8/6) m/s = 1.33 m/s

https://www.youtube.com/c/Megalecture
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Ripple Tank (Wave production)

 The Structure spherical dipper

for circular waves

— A shallow glass-bottomed tray:

vibrated up and
dovsn Dy maotor

— A light source directly above
the tray; and

siraight v b
dipger for
plare "

WENVSS

— A white screen beneath the
tray used to capture the
shadows formed when water
waves traverse the tray.

glass-bottomed
fray

* Production of waves
— Plane waves by using the
straight dipper
— Circular waves by spherical
dipper nave pattern

N SCreat

e |,‘0'hi[e SCreen

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



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

Energy is transferred by a progressive wave

Wave Motion

* There are also two other ways to classify waves - by
their motion. A wave in which energy is transferred
from one place to another as a result of its motion is
called a progressive wave.

* For example : An ultraviolet light wave, which transfers
energy from the sun to the skin of people lying on the
beach, for instance, is a progressive wave. In general,
waves that move from one point to another transfer
some kind of energy.

* |n a progressive wave, the shape of the wave itself, is
what is transferred, not the actual components of the
medium.

https://www.youtube.com/c/Megalecture
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Look at this animated example

http://library.thinkquest.org/15433/unit5/5-3.htm

L

-

el

This animation of a dog on a leash shows a progressive wave
transferring energy from the boy to the dog, which end up
getting flipped through the air.

https://www.youtube.com/c/Megalecture
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Show an understanding that enerqy is transferred due to a progressive
wave.

« Oscillation (or oscillatory motion) refers to the to-and-fro motion of a particle about
an equilibrium position.

The oscillatory motion of the particle i1s a continuous exchange of potential and
kinetic energy of the particle.

« Wave refers to the combined motion of a series of linked-particles, each of which
1S originally at rest at its respective equilibrium position.
starting from the oscillation of the first particle about its equilibrium position, the
energy of the oscillation is passed to the second particle, which in turn is passed to
the third particle and subsequent particles in the series of linked-particles.

S0 wave motion is the motion of energy passed from one particle to the next in a
series, through oscillatory motion of these particles, in sequence.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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(1) Sound wave:

When a sound wave is propagated from a tuning fork to an ear of a person some
distance away, the vibration of the fork sets the air layer next to it into vibration.

The second layer of air is then set into vibration by the transfer of energy from the
first layer.

This transfer of energy continues for subsequent layers until the layer of air next to
the ear is also set into vibration, which in tum vibrates the ear-drum of the ear,
enabling the person to hear the sound originated from the tuning fork.

Campression i
Tuning Fork Rarefactian
—_— — — — — — — — —
Air particles mova to and fra

https://www.youtube.com/c/MegaLecture
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Continued

Campression i
Tuning Fork \\ /Flarefactmn

Hi"

—— — — e
——— e e

——
o

el — — — — —

$

— — iy e — el e —
Air particiez move to and fra

There is no net transfer of air particles from the tuning fork to the ear. The ear-drum
in the ear can vibrate because energy has been transferred to it from the tuning fork,
through the sequential vibration of the layers of air between the tuning fork and the

ear. (Diagram above)

This sequential vibration of the layers of air forms regions of compression (where
air layers are closer to each other) and regions of rarefaction (where air layers are
further apart). The one-way movement of such regions from the tuning fork to the
ear signifies the propagation of sound wave energy.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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(2) Wave in a rope: WWW. megalecture com OALE ELNOTES COM

The wave travelling in a rope may onginate from the vibration of the first particle at
one end of the rope.

The energy of the vibrating first particle is transferred to the second particle, setting
it into vibration.

This transfer of energy continues to subsequent particles in the rope until it reaches
the other end of the rope.

(3) Water wave:

The energy of the vibrating water molecules is transferred to subsequent molecules
along the surface of water, causing these molecules further from the wvibrating
source to be set into up-down motion.

The examples (1), (2) and (3) are examples of progressive waves, where energy is
transferred from one region to another region through sequential vibration of a series of
inked-particles.

The energy of a first vibrating particle is propagated along a series of linked-particles to
another region. Sound energy 1s propagated from the tuning fork to the ear, energy from
one end of a rope I1s propagated to the other end, and energy from one region of water
surface next to a vibrating source is propagated to another region in the ripple tank.

httine-/a IYVRWI-VEL N1 2VoUP-V_N22V 72N 1 W P2V P2V TRT2N

IILLPQ A7 VVVVVV yuutuuu UUIIIIUIIVI\:qu—\'\JLUI\I
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Intensity 6f the"Wave

One of the characteristics of a progressive wave is that it carries energy.
The amount of energy passing through unit area per unit time is called the
intensity of the wave. The intensity is proportional to the square of the
amplitude of a wave. Thus, doubling the amplitude of a wave increases the
intensity of the wave by a factor of four. The intensity also depends on the
frequency: intensity is proportional to the square of the frequency.

For a wave of amplitude A and frequency f, the intensity /is
proportional to A%f%.

If the waves from a point source spread out equally in all directions, we have
what is called a spherical wave. As the wave travels further from the source,
the energy it carries passes through an increasingly large area. Since the
surface area of a sphere is 4777, the intensity is W/dar?, where W is the power
of the source. The intensity of the wave thus decreases with increasing distance
from the source. The intensity I is proportional to. 1/, where r is the distance
from the source. B

This relationship assumes that there is no absorption of wave energy.

https://lwww.youtube.com/c/MegalLecture
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Recall and use the relationship, intensity « (amplitude)®.

Intensity. I is the rate of incidence of energy per unit area normal to the direction of
incidence.

The rate of incidence of energy can be regarded as power.

The plane of the area, which the wave energy is incident onto, has to be normal
(perpendicular) to the direction of the incidence of the wave enerqgy.

The unit of intensity is W m™2.

Intensity on an area A can be expressed as

where P is the power incident on the area normally.

Intensity «< (amplitude)®

hﬂ'pc II\AI\AAM \]lnl tubhaoe r\nmlr\ll\llonal oacture

A\TA= A ) > aSan cYREToTtare
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A sound wave of amplitude 0.20 mm has an intensity of 3.0 W m™.

What will be the intensity of a sound wave of the same frequency which has an amplitude of
0.40 mm?

Solution:
The relation | == (amplitude)?
can be expressed as | = k(amplitude)

where k is the constant of proportionality.

Substituting,

3.0Wm~ = k(0.20 mm)* ----- (1)
New intensity., | = k(0.40 mm)® ----- (2)
). / =4 =2 [=120Wm~
(1 30 W m

For sound waves, intensity is a measure of loudness.

For light waves, intensity is a measure of brightness.

MUPS 7/ WWW.youtube.com/c/Megarecture
+92 336 7801123
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Analyse and interpret graphical representations of

transverse and longitudinal waves.

* |[n a wave, there are two directions of
motions:

» direction of propagation of energy (whichis the

direction of motion of the wave)

» direction of oscillation of the particles in the
wave.

https://www.youtube.com/c/Megalecture
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A transverse wave is one in which the direction of propagation of energy Is
perpendicular to the direction of oscillation of the particles in the wave.

y Sinunsoidal

wave
4 -
=

& fm/ﬂ -1

slinky spring

direction 1
associated - direchion of travel of wave
with :
The string element’s motion is disturbance l

perpendicular to the wave's direction of
travel. This is a fransverse wave.

In the example of a wave travelling along a string (or a wave travelling along a slinky
diagrams above, the direction of propagation of the wave is along the string. If

the wave is started from one end of the string by the oscillation of the first element In the
direction perpendicular to the string, then this wave ftravelling along the string is an
example of a fransverse wave.

https://www.youtube.com/c/Megalecture
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A longitudinal wave is one inww \|nr’:'t'"|"t%%dﬁ?ﬁalgt[ighbglﬁIpmpagation of energy is parallel to
the direction of oscillation of the particles in the wave.

A visual demonstration of
a longitudinal wave.

When a sound wave set up by the vibrating piston propagates along the pipe of air, the
direction of propagation of sound energy 1s along the pipe to the right. The direction of
oscillation of the air layers Is back and forth, paralle! to this direction. Hence sound wave
15 an example of a longitudinal wave,

hitps-/AwvwwLyoutube.com/c/Megal-ecture
hitp
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Graphs representing waves

https://www.youtube.com/c/Megalecture
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These are plotted with displacement, vy, against distance or position, x.

yi{cmy)
A i=0 t=2g
s ....d—l-n.._‘h
L
g LY
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A . R
o i 1 1 Y x{cm
] 1~ 2 3 s 4 5 B 7 (cm)
LY #
R ra
-. e
_2 —

For a transverse wave moving from left to right along the x-axis, displacement of the
particles in the wave, y, may be given a +ve sign for displacement upwards, and a —ve
sign for displacement downwards.

For a longitudinal wave moving from left to right along the x-axis, displacement of the

particles in the wave, y, may be given a +ve sign for displacement to the right, and a —ve
sign for displacement to the left.

J—one wavelength—4| In Displacement vs. Position graphs,

() | +« the graph represents the actual wave
amplitude ) o
at an instant in time
, distance + the distance between consecutive

crests or consecutive troughs is one
wavelength

The maximum height of the vertical
https://WWW.youtube.corn/c/MegaLentulrmfle of wave
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Graph 2 : Displacement vs. Time graphs www.megalecture.com OALEVELNOTES.COM

In contrast, graphs used to represent an oscillation of a_particle are plotted with
displacement, y, against time, £

displacement y

!

A =
/T\
|
| = time

0 ',rll ar T

—A-

In the graph above, we are tracking the displacement of one particle only as time goes
by. This does NOT represent the wave.

one
period N In Displacement vs. Time graphs,
z ampitude « The graph represents the oscillation
£ ‘ . time of one particle on the wave with time.
LEL ] « the “distance” between consecutive
5 crests or consecutive troughs is one
‘ y period
« The maximum height of the vertical
axis = amplitude of oscillation
https://www.youtube.com/c/Megalecture
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N Im transverse wave in a string, travelling in the +ve

V *d direction of an x-axis (left to right).

| The movement of the wave is indicated by the
(a) A rght-ward progress of the short down-pointing
arrow, pointing at the middle ‘crest’ of the wave

In snapshot (a).

¥y
/\ ‘ /\ /\ . ¢ From snapshots (a) to (e), the short arrow moves

/ \/ \Y to the right with the wave, but each particle in the
. " string moves parallel to the y-axis (up and down).
(b) An example of such a particle is along the y-axis
(shown darkened).
J }
/\ . ¢ [Each snapshot is taken at an interval of ¥4 period.
f ?x One full oscillation takes place from (a) to (e).
()
J i

https://www.youtube.com/c/Megalecture
Fig.2 +92 336 7801123
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Actual positions of layers within the longitudinal wave

iy 4

cguhdeem
PHISILONS

isplacaments
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https://www.youtube.com/c/Megalecture
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Summary For Part (f):

(1) Displacement-time graph is for the oscillation of a particle in the wave.

displacement

4
m \‘%}[T\../‘. -
T2\ 4/ 6 o 1 1 m\E:/zn 22

time / ms

The graph above shows an element oscillating with an amplitude of 4 mm.
Its period of oscillation 1s about 5 ms.

(2) Displacement-distance graph is for a snapshot of a wave motion at an instant.

displacement

18 20 22 24 26
distance /m

02 04 06 OB

The graph above shows an instant of a wave with an amplitude of 4 mm.
Its wavelength is about 1.8 m.

https://www.youtube.com/c/Megalecture
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The diagram below shows an instantaneous position of a string as a transverse pr{:}gresawe
wave travels along it from left to right. !

1 2 3

Whlch one of the following correctly shows the directions of the velocities of the points 1, 2 and

3 on the string?
Solution

Knowing that the wave is traveling from LEFT to
RIGHT, sketch how the wave would look like just an

Instant after:

1 2 3

m-—;______k—/f

moow»
D] | =
e Rt SN
D] | w

Wave
motion

Then look at the points concermed.
Since it is a TRANSVERSE wave, the particles only

oscillates perpendicular to the wave direction.
This eliminates Answers A & B.

Ans D

__Ht_t_b-s_:-/)\-/\_/;/i/-\/v".-);(_)utube.com/c/MegaLecture
+92 336 7801123
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i Example 8
The graph shows the shape at a particular instant of part of a transverse wave travelling
+ along a string.
| displacement
1 P 0 5
ol TN
| R S distance alang

Which statement about the motion of elements of the string is correct?

» A The speed of the element at P Is a maximum

' B The displacement of the element at Q is always zero
i C The energy of the element at R is entirely kinetic

+ D The acceleration of the element at S is a maximum

' Solution:

Although the graph represents the whole wave at an instant in time, the guestion requires you

: to analyse the motion of the individual particles within the wave at this instant.

Element P: At extreme end of oscillation - stationary

+ Element Q: At equilibrium position =  moving fastest

- Element R: At extreme end of oscillation = stationary, no kinetic energy
Element S: At extreme end of oscillation -  max displacement, max acceleration

www.megalecture.com OALEVELNOTES.COM

Ans: D 'J

NtpST//WWW.youtube.com/c/MegaLecture
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The Electrom‘aghe"ti | Spectru m

Electromagnetic Waves

James Clerk Maxwell's (1831 — 1879) crowning achievement was to show that a beam of light
Is a travelling wave of electric and magnetic field, an electro-magnetic wave.

In Maxwell's time, the visible, infrared and ultraviolet form of light were the only electromagnetic
waves known. Heinrich Hertz then discovered what we now call radio waves and verified that

they move through the laboratory at the same speed as visible light.

We now know a wide spectrum of electromagnetic waves. The Sun, being the dominant source
of these waves, continually bathes us with electromagnetic waves throughout this spectrum.

Reference : * This is a very useful video
http://www.youtube.com/watch?v=pYE8UHcL gU

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

Wavelength
fin meters)

Sire of 2
wavelength

Common
name of wave
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Frequency
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second)

Ervergy of
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{electron wolts)

-H]]- “:I? 101 'I -Iu-1 'IEI-J" ]D-; “:I-I 'ID-S '”}-ﬁ ]D-F '”:I-E- -Iu-".:l '”:I-":l
|

“:r'”

-lu-'l.il‘

I|:r|5|=r ,- 1 ot .
{} { ] This Pesiod @ ﬁ ? 2 &
F Bl cal - Prgsin  Water Mickecule

I RALHCH WWAVES IMFEARELD

|
—
shorter

THARLY X EATS |

= ULTEAWRILED
BAICEIAAVES - TROE T K RAYS CARMA BAYS
FiA Radi “km-"-* Eadiprt om
Light Budls Tha ALS K-k
'“'1 Pesgle e L
| 1 ] | ] | ] l ]
g — —_—
Iowaser higheer
| | L | | L | | ] | | L
w® o1ef ow? owf ot o0t o wt ow? o v et w! owr et Wt ef

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




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

Type of EM wave TyPVeAI 'VESMEEWERIFON and QALEVELNOT |5.-5.'.(.:.cm.),lg\,.’!litm:iﬁ-:
corresponding frequency, f. for wavelength, A/ m
) = 1pm = 10"%m 12
Gamma (y) rays f _ 3y 10% Hy 10
) = 100pm = 10" m 10
x-rays f - 3x10"Hz 10
. A = 10nm = 10°m 8
UV ultraviclet f — 3y 10 Hz 10
Aeda = T00nm
- . } = 600 nm =0.6 um -
Visible light ‘green ; 10°
? Aviokt = 400 nm
freen = 5x 10" Hz
. ) = 100um = 10*m 4
IR (infra-red) f — 3y 10" Hz 10
Radio wave (includes A = 3m 10° ~ 102
microwaves, UHF, VHF eic) f = 10°Hz
Properties of Electromagnetic Waves
1) EM waves have the same speed, ¢, in vacuum (c = 3 ¥ 10° m 5‘1]_

2} EM waves consist of oscillating electric and magnetic fields that are perpendicular to

each other.

3) EM waves are all transverse waves.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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Energy (E) and Intensity (I) of a Progressive Wave

When we set up a wave on a stretched string, we provide energy for the motion of the string.

As the wave moves away from us, it transports that energy as both kinetic energy and elastic
potential energy.

Kinetic Energy )

An element of the string of mass Am, oscillating transversely in -— i -
simple harmonic motion as the wave passes through it, has KE ()
associated with its transverse velocity i . Al v
« When the element is rushing through its y = 0 position ' -;

(element b in the diagram), its transverse velocity — and =

thus its KE - Is a maximum. 0 \
« When the element is at its extreme position ¥ = A (element

a), its transverse velocity — and thus its KE — is zero.

ax lax

https://www.youtube.com/c/Megalecture
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The frequency of sound using a calibrated CRO

(This topic was done in Second chapter : Measurement & Techniques)

Iﬁ:hif:mp:lr‘-:::ne \ 2 ™
1J 1'1\rwﬁuekmé#;lﬁ" ‘|| | l *;I
}J] J i ' o
: I /i I Amplitude _ Fq
t&bdmh a é::suuc:-smpeo ) @
a b —

A calibrated c.r.o. (cathode-ray oscilloscope) implies that the time-base is set such that
the period, T, of oscillations of the air layers detected by the microphone may be read.

Using the relation

F=1
T

the frequency, f, of sound produced by the vibrating loudspeaker may be determined.

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




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

www.megalecture.com OALE

Sample problem

(This topic was done in Second chapter : Measurement & Techniques)

ELNOTES.COM— ]

The trace shown appeared on an oscilloscope screen with the time-base set to 2.0 ms cm™.

/ /

<>

T em

What is the frequency of the signal?

A 40 Hz B 125Hz c

Solution

250 Hz D 500 Hz

Period, T=20mscm' <4 cm=28.0ms

Frequency, f:l = I

=125 Hz

T - 8 x 1ﬂ_ehﬂ'pQ'//\l\l\l\l\l\l youtl 1be r‘nm/r‘ll\/lpgal ecture

P

Ans: B

+92 336 7801123



For Live Classes, Recorded Lectures, Notes & Past Papers visit:
WWW.megalecture.com OALEVELNOTES.COM—

The wavelength of sound using stationary waves

* This topic would be studied in detail in next
chapter ‘Superposition’.

* Please refer to notes on Stationary Waves in
the topic Superposition.

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

https://www.youtube.com/c/Megalecture
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Electromagnetic Wave : Electric Field & Magnetic Field

» A light wave is an electromagnetic wave that travels
through the vacuum of outer space.

» Electromagnetic wave is a transverse wave that has
both an electric and a magnetic component.

Electromagnetic Wave
4 Magnetic Field (B)

Electric .~
Field (E)

< Propagation
. Direction
Wavelength (A) =, oy
\/
Figure 1

+972 550 /601125
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Electromagnetic Wave : Electric Field & Magnetic Field

» A light wave that is vibrating in more than one plane is referred
to as unpolarized light.

» Light emitted by the sun, by a lamp in the classroom or by a
candle flame are examples of unpolarized light.

» Such light waves are created by electric charges and vibrate in a
variety of directions.

P y—’ﬁ'ﬂ’_‘g‘"g}h

https://www.youtube.com/c/Megalecture
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with transverse waves

* Process by which a wave’s oscillations are made to occur in
one plane only.

* Associated with transverse waves only.

0= |

I.ight Filter

I.ight

Polarizer
(vertical)

Light beam

Vertically polarized

Light source light waves

https://www.youtube.com/c/Megalecture
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Note : Here, Polarization of light is analogous
to that shown in the diagrams.

The Ficket Fence Analogy

direction, a vertical wibra tion canmake 1t through both fences.

+92 050 /oU1125
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Show an understanding that
Polarisation is a phenomenon
associated
with transverse waves

Reference link :
http://www.youtube.com/watch?v=e
8aYolLj2rO8

https://www.youtube.com/c/Megalecture
+92 336 7801123
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Polatization B, Use.of SR 6 I&SA VN O fes com

The most common method of polarization involves the use of
a Polaroid filter.

Polaroid filters are made of a special material that is capable of
blocking one of the two planes of vibration of an electromagnetic
wave.

In this sense, a Polaroid serves as a device that filters out one-half
of the vibrations upon transmission of the light through the filter.
When unpolarized light is transmitted through a Polaroid filter, it
emerges with one-half the intensity and with vibrations in a single
plane; it emerges as polarized light.

Teacher seen

through two Polaroids

Axes aligned parallel to each other Hxces alipned perpendicular to each other

£92 336 7801123
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"Wn\\
R J AN
— \ ’\/\/\/ il \/\/
‘Ta’l A
i | : : = ; ;
unpolarised light < polarised light transmitted light

polariser analyser

Light travelling parallel to polariser = the transmitted light has (almost) the same intensity as
the polarised light (i.e. the amplitude of the light wave is identical).

T
—’ l
o
—_——— 1 = ———— - -
— L) /= no transmitted light
— S]] W e
unpolarised light polarised light
polariser analyser

When the 2™ polariser, or the Analyser is perpendicular to polariser, no transmitted light is
observed. Hence, intensity is zero. (i.e. the amplitude of the light wave is zero).

https://www.youtube.com/c/Megalecture
+92 336 7801123
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A longitudinal waves cannot be
Polarised. Why?

A longitudinal waves cannot be polarised because the particles in the wave oscillate
parallel to the wave direction and cannot be restricted fo vibrate in any plane.

https://www.youtube.com/c/Megalecture
+92 336 7801123
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Applicati6is8F Polarizations "

1) Polaroid sunglasses

— The glare from reflecting surfaces can be diminished
with the use of Polaroid sunglasses.

— The polarization axes of the lens are vertical, as
most glare reflects from horizontal surfaces.

e IO @Polaroid




ApplicatiGhs-ofRelarioa Ve ks o

2) Polarization is also used in the entertainment industry to produce and
show 3-D movies.

Reference link : http://www.youtube.com/watch?v=qlKzPgo2rNw

HOW 3D WORKS (not in syllabus, just for your information only)

» Three-dimensional movies are actually two movies being shown at the
same time through two projectors.

» The two movies are filmed from two slightly different camera locations.
Each individual movie is then projected from different sides of the
audience onto a metal screen.

» The movies are projected through a polarizing filter. The polarizing filter
used for the projector on the left may have its polarization axis aligned
horizontally while the polarizing filter used for the projector on the right
would have its polarization axis aligned vertically.

» Consequently, there are two slightly different movies being projected
onto a screen. Each movie is cast by light that is polarized with an
orientation perpendicular to the other movie. The audience then wears
glasses that have two Polaroid filters. Each filter has a different
polarization axis - one is horizontal and the other is vertical. The result of
this arrangement of pro%ectors and filters is that the left eye sees the
movie that is projected from the right projector while the right eye sees
the movie that is pro&ected from the left projector. This gives the viewer
a perception of depth.

hitnce-// +tuubaoa. comle/Maoacasloactiica

VAAAAALMOLLELL
1 ILLPQ-II VvV VV VYV .yuutuuu OV O lVlqul—bULUl \ 2
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QUESTION TIME !

Check your understanding on Polarization

https://www.youtube.com/c/Megalecture
+92 336 7801123
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Question No.1

1. Suppose that light passes
through two Polaroid filters
whose polarization axes are
parallel to each other. What
would be the result?

https://www.youtube.com/c/Megalecture
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For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com OALEVELNOTES.COM

Answer - Question No.1

The first filter will polarize the light, blocking one-half of its
vibrations. The second filter will have no affect on the light.
Being aligned parallel to the first filter, the second filter will let
the same light waves through.

_— |Polarizers — |

/ /
%/fi }t -

Unpolarized light L—Polarized light ="

https://www.youtube.com/c/Megal ecture
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Question No.2

2. Which of the following cannot be polarised?

A-infrared waves
B-microwaves
C-sound waves

D- ultraviolet waves

https://www.youtube.com/c/Megalecture
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Answer - Question No.2

e Answer: C-Sound waves

A longitudinal waves cannot be polarised because the particles in the wave oscillate
parallel to the wave direction and cannot be restricted to vibrate in any plane.

https://www.youtube.com/c/Megalecture
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Question No.3

3. Consider the three pairs of sunglasses below.
Identify the pair of glasses which is capable of
eliminating the glare resulting from sunlight
reflecting off the calm waters of a lake?

Explain.

(The polarization axes are shown by the lines.)

https://lwww.youtube.com/c/MegalLecture
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Answer - Question No.3

e Answer: A

 The glare is the result of a large concentration
of light aligned parallel to the water surface.
To block such plane-polarized light, a filter
with a vertically alighed polarization axis must
be used.

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