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Wave motion
A wave transmits energy from one place to another. In physics, a wave is a
disturbance that transfers energy through matter or space, with little or no
associated mass transport.
For example, energy can be carried by a water wave generated by a boat out at sea
to the shore, or by a sound wave from the loudspeaker to an audience’s ears.

The most common waves found in daily life are water waves,
sound waves and electromagnetic waves.

There are two types of waves:

➢Transverse wave
➢Longitudinal wave

1. Transverse wave:
A transvers wave is a wave in which the vibrations of the particles are
perpendicular to the direction of travel of the wave.
Transverse wave can illustrate by vibrating ropes and springs as shows
below.
In order to produce transverse wave by using rope, one end of the rope
should be attached and from the other end the rope must move up and
down as shown below.
So the vibration of the rope is perpendicular to the direction of wave
travels.

To produce transverse wave by using spring one student
can hold spring while another student can move spring left
and right as shown below. So the vibration of the spring is
perpendicular to the direction of wave travels.

Examples of transverse wave: water wave and all the
electromagnetic waves.
(radio waves, microwaves, infra-red, visible light, ultra-violet,
X-rays and gamma-rays).

Amplitude

The amplitude of a wave is the maximum displacement of the wave
from its rest position.
Wavelength (λ)

The wavelength of a wave is the distance between two successive crests
or troughs. Or the distance of one complete wave.

Longitudinal wave

A longitudinal wave is a wave in which the vibrations of the
particles are parallel to the direction of travel of the wave.
Longitudinal wave can illustrate by vibrating springs as shows below.
To produce longitudinal wave by using spring, one student can hold
spring while another student can move spring forward and backward
as shown below. So the vibration of the spring is parallel to the
direction of wave travels.

Example of longitudinal wave: Sound waves.

Compression
Compression is the region where the particles are close together
and has high pressure.

Rarefaction
Rarefaction is the region where the particles are further apart and
has low pressure.

Frequency

The frequency of a wave is the number of complete waves
produce in one second. It is measured in Hertz (Hz).
Frequency can be calculated by using the formula: 𝑭 =

𝟏
𝑻

Speed of the wave
The speed of a wave is the distance travelled by any point
on the wave in one second.
The speed of the wave can be calculated by using the wave
equation:
Speed = frequency × wavelength, V = f λ

Example Question
Diagram below shows how the displacement of water wave
varies with time. The wavelength of the wave is 8.0 cm.

(a) State the amplitude of the wave.

Ans: 2 mm
(b) Calculate the frequency of the wave.
𝟏
𝟏
Ans: 𝑭 = 𝑭 =
= 2Hz
𝑻

𝟎.𝟓𝟎

(c) Calculate the speed of the wave.
Ans: V = f λ = 2 × 8 = 16 cm/s

Example Question
A radio station broadcasts on a wavelength of 250m. The
speed of radio waves is 3 × 108 m/s. calculates the
frequency of the wave.
Ans: V = f λ
f = V/ λ = 3 × 108/250 = 1200 000 Hz
or 1200 kHz.

Ripple Tank
A ripple tank is a shallow glass-bottomed tank containing
small amount of water. A light shining downwards through
the water cast shadow of the ripples on the floor below,
showing up the pattern that they make.

Reflection of wave

➢ When a wave strikes a barrier and changes its direction in such a
way that the angle of incident and angle of reflection become equal
then the phenomena is known as reflection of wave.
➢ Reflection of the water wave can be demonstrated by putting metal
barrier on one side of ripple tank. When the straight ripples
(‘plane waves’) strikes the flat surface of the barrier, the ripples
bounce off (reflected) as shown below. The ripples are reflected by
the metal barrier so that angle of incidence is equals to angle of
reflection.

Wave fronts:

• The lines in the diagram shown above are called
wavefronts. The separation of the wavefronts is equals to
wavelength of the ripples.
• Line joining points of same phase is called Wavefronts.
OR
• A line joining all the crests or troughs is called the
wavefronts.

Refraction of wave
• The change in direction of a wave passing from one
medium to another caused by its change in speed is
known as refraction of waves.
• Refraction of the water wave can be demonstrated by
immersing the glass plate into the ripple tank to make
the water shallower in that part of the tank. When the
straight ripples produce by the tank moves from the
deep region to shallow region, it changes the direction of
ripples (refracted) as shown below.

• When the wave is travelling from deep
region to shallow region it refracts, because
the speed of the wave decreases. So the
wavelength of the wave also decreases but
the frequency of the wave remains constant.

Diffraction of waves:
Diffraction occurs with all waves , including sound waves ,
water waves and electromagnetic waves such as visible light ,
X-ray and radio waves.
➢ Spreading of waves when it pass through a narrow gap
or edge of an obstacle is known as diffraction of waves.

ELECTROMAGNETIC
SPECTRUM

DISPERSION OF LIGHT
➢ The splitting of white light into its seven components of colors
(ROY GBIV) is known as dispersion of light.
The colors of spectrum are Red, Orange, Yellow, Green, Blue,
Indigo and Violet.

➢ So what happens in a prism to produce a spectrum? As the white
light enters the prism, it slows down. We say that it is refracted
and, direction changes as shown above. Dispersion occurs
because each colour is refracted by different amount.
➢ Violet light slows down the most, so it is refracted the most and
has Shortest wavelength and highest frequency.
➢ Red light is least affected and has longest wavelength and
lowest frequency.
➢ Laser light is not dispersed by a prism. It is refracted so that it
changes the direction, but it is not split up into a spectrum. This
is because it is light of single colour and is described
monochromatic.

Rainbow:
➢ Rainbow is naturally occurring spectrum. White light from the
sun is dispersed as it enters and leaves droplets of water in the
air. It is also reflected back to the viewer by total internal
reflection, which is why you must have the sun behind you to
absorb a rainbow.

ELECTROMAGNETIC SPECTRUM
The full range of electromagnetic waves is called electromagnetic
spectrum as shown below.
Increasing frequency

106Hz

103m

109Hz

1m

1012Hz

10−3m

1015Hz

10−6m

Increasing wavelength

1018Hz

10−9m

1021Hz

10−12m

Properties of electromagnetic waves

➢All the electromagnetic waves are transverse
wave.

➢They all travels at the same speed, that is
8
speed of light (3𝑥10 m/s).
➢They all can travel through the vacuum.

Uses of electromagnetic waves
Radio waves
Radio waves are the lowest frequencies and highest wave length in
the electromagnetic spectrum, and are used mainly for radio and
television communications.

Microwaves
Microwaves are used to satellite television and telephone. Beam of
micro waves send between dish aerials, carry television and telephone
signals to and from satellites and across country.
Microwaves also used in microwave ovens to cook many types of
food.

Infrared radiation
Infrared radiation is used in household electrical appliances, television controllers
and intruder alarms. Remote controllers for TV and video recorders worked by
transmitting infrared pulses. Apart from remote controls, one of the most common
modern uses for IR is in the field of security. "Passive Infra-Red" (PIR) detectors
are used in burglar alarm systems, and to control the security lighting that many
people have fitted outside their houses. These detect the Infra-red emitted warm
body of anyone who approaches.

Visible light
Light is used in optical fibres in medical uses and sending telephone
signals. In endoscopes light is send through bundle of optical fibers to
look inside the body. Also in optical fibres pulse of laser light is used
carry telephone calls.

Ultraviolet radiation
Ultra-violet is used in sunbeds, fluorescent tubes and for sterilisation. Ultra-violet
from the sun is used by our skin in producing vitamin D and also gives us sun tan.
UV rays kill microbes, and are used to sterilise food so that it will keep fresh for
longer.

X – ray
X-rays used in hospital for medical imaging and killing cancerous
cells, and engineering applications such as detecting cracks in metal.

Gamma – ray
Gamma-rays used in killing cancerous cells, and engineering
applications such as detecting cracks in metal.

REFLECTION OF LIGHT

➢The change in direction of a ray of light when
it strikes a surface without passing through it
is known as reflection of light.
Angle of
reflection (r)

Mirror

Incident ray
A ray of light striking a surface

Reflected ray
A ray of light that has been reflected after striking a surface

Angle of incidence
The angle between a incident ray and the normal to the surface at
point where it reflects from a surface

Angle of reflection
The angle between a reflected ray and the normal to the surface at
point where it meets a surface

Normal
The line drawn at right angle to a surface at the point where a ray
strikes the surface

Law of reflection
➢The angle of incidence is equals to angle of
reflection (i = r)

➢The incidence ray ,the normal and the
reflected ray all lay on the same plane.

Experiment to illustrate the law of reflection
Equipments:, A4 paper, ruler, plane mirror, pencil and ray box.
Procedure:

• Draw a line AB on a piece of paper.
• Mark M the midpoint of AB.
• Draw MN the line perpendicular to AB at M.

• Draw OM the line making an angle of 45° with MN.
• Place the mirror on the line AB.
• Position the ray box so that the ray is directed along the line

OM.
• Mark the position of the reflected ray, IM.
• Remove the mirror and measure the angle between MN and

IM.
• Repeat the experiment for different angles of OMN.
Observation & Conclusion

It is found that angle OMN is equal to angle IMN, i.e. the angle of
incidence is equal to the angle of reflection.

Experiment to find the position and characteristics of an optical
image formed by a plane mirror.
Equipments: optic pins, A4 paper, ruler, plane mirror, pencil.

Procedure
• Draw a line AB on a piece of paper and place a mirror
vertically on AB.
• Stick a pin O in front of the plane mirror.
• View the image of O from position X

•
•
•
•
•
•
•

Place pin P so that it covers the image of O.
Place another pin Q so that it is in line with pin P and the image of O.
Repeat the same procedure from position Y.
Place a pin R to cover the image of O.
Place another pin S in line with both R and the image of O.
Remove the mirror and mark the position of the pins.
Draw line from X which pass through point P and Q, also draw line from Y
which pass through point S and R and mark I where both lines meet.
• Join O and I to meet the mirror AB at M.
• Measure the distances IM and OM.

Observation & Conclusion
• It is found that IM = OM.
• This shows that the image in a mirror is as far behind the
•
•
•
•

mirror as the object is in front of it.
Image is same size as object.
Image formed is laterally inverted.
Erect (up right) image
Image is virtual

REFRACTION OF LIGHT
The bending of a ray of light on passing from one medium to
another is called refraction of light.
Incident ray

Angle of incident
normal

Glass block
refracted ray
Angle of
refraction
emergent ray

Snell’s Law :
• When the light is travelling from optically less dense medium
to denser medium the light ray bend towards the normal,
because the speed of the light decreases.
• When the light travelling from optically dense medium to less
dense medium the light ray bend away from the normal,
because the speed of the light increases.

Angle of refraction
The angle between a refracted ray and the normal to the surface
at point where it passes from one material to another.

Refractive index
➢ The property of material that determines that extent to which
it causes ray of light to be refracted.
sin 𝑖
Refractive index =
sin 𝑟

ɳ

sin 𝑖
=
sin 𝑟

(Ray from air to materials)

➢ The ratio of the velocity of light in a vacuum to its
velocity in a specified medium is called refractive index

1 sin i
=
n sin r

(Ray from materials to air)

Experiments to show refraction of light through glass blocks
Equipments : A glass block, ruler, protractor, pencil, A4 paper and
4 optic pins.
Diagrams:

Procedure:
• Keep the glass block in the middle of the paper and mark its
outline with the pencil.
• Select point A as shown in the margin and draw a normal line
to the point using the protractor.

•
•
•
•
•
•
•

•
•

Draw a line AB making an angle of 45o with the normal.
Along that line fix two optic pins P1 and P2 as shown.
Replace the glass block accurately along its outline.
Move your eye to the position shown (eye) as shown diagram 1
and fix the other two pins P3 and P4 so as to make a straight
line with the images seen in the glass bock.
Remove the glass block and the pins, draw the line in such a
way that the line passes through points of pins P3 and P4 and
mark line as CD as shown in diagram 2.
Draw a line to connect the line AB and CD as shown in diagram
3.
Measure the angle of refraction and write the reading on the
table given below.
Calculate the values for sin i / sin r in the table given below.
Repeat the same with angle of incidences 30o, and 60o.

TOTAL INTERNAL REFLECTION
➢ When the light is travelling from optically dense medium to
low dense medium the refracted ray bend away from the
normal and also some ray of light reflected in the dense
medium as shown below.

➢ If the angle of incident is increased, more light is reflected
inside the block. The refracted bends even further away from
the normal

➢ Eventually at one particular angle, the refracted ray emerges
along and parallel to the surface of the block and
perpendicular to the normal as shown below.
➢ When the refracted ray is perpendicular to the normal, the
angle between incident ray and normal in the dense medium is
called critical angle.
Or the largest angle that refraction occur.

Critical angle (c)

➢ If the light ray incident on the block is greater than the critical
angle, the light is entirely reflected inside the glass block. This
phenomenon is known as total internal reflection .

Angle of incidence is greater
than critical angle (c)

➢ The relation between refractive
index and critical angle is given by :

n=

1
sin c

Optical fibre:
➢ Optical fibres are thin and flexible. When light enters
it is totally reflected many times until it comes from
the other end.
➢ Telephone or computer messages can be transmitted
by light along optical fibres.
➢ There are some advantages of using optical fibre rather
than copper wire:
➢ Each of these fibres is capable of carrying thousands of
telephone calls simultaneously.
The speed of signal is also faster.

LENSES
Convex (converging) lens
Convex lenses are thicker in the middle and thin round the edge.
When parallel light rays pass through a convex lens , they are bent
inwards. The point F were they converge(meet) is called the
principal focus (f) or focus point.
The distance from centre of the lens to the principal focus is called
the focal length.
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Concave (diverging) lens
Concave lenses are thin in the middle and thickest round the edge.
When parallel light rays pass through a concave lens , they are bent
outwards. The principal focus is the point from which the rays
appear to diverge (spread out). A concave lens is a diverging lens.
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Images Formed by convex(converging) lens
Object between center of the lens and pricipal focus

2F

I 1F

O

1F

2F

Characteristics of image formed:

Image is virtual, magnified (enlarged), upright
This type of image is formed in magnifying glass
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Images of by convex(converging) lens
Object at principal focus F

2F

1F
O

1F

Characteristics of image formed:
At infinity
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2F

Images of by convex(converging) lens
Object between 1F and 2F

I
2F

O

1F

1F

2F

Characteristics of image formed:

Image is real, magnified (enlarged), upside down (inverted)
This type of image formed in projectors and photographic
enlarger
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Images of by convex(converging) lens
Object at 2F

I
2F
O

1F

1F

2F

Characteristics of image formed:

Image is real, same size as object, upside down (inverted)
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Images of by convex(converging) lens
Object beyond 2F

I
O

2F

1F

1F

2F

Characteristics of image formed:

Image is real, smaller than object (diminished), upside down
(inverted)
This type of image formed in camera
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Images Formed by concave(diverging) lens

2F

O

1F

I

1F

2F

Characteristics of image formed:

For concave lens the image formed has same characters,
when the object is at any position. That is virtual, upright and
image is smaller than object (diminished).
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Linear magnification
An image can be MAGNIFIED so that it appears larger than the
object (i.e. the magnification is greater than 1) or DIMINISHED
so that it appears smaller than the object (i.e. the magnification
is less than 1)
ℎ𝑖𝑒𝑔ℎ𝑡 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒
𝑖𝑚𝑎𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
Linear magnification =
=
ℎ𝑖𝑒𝑔ℎ𝑡 𝑜𝑓 𝑜𝑏𝑗𝑒𝑐𝑡

𝑜𝑏𝑗𝑒𝑐𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

Example:

Linear magnification =

ℎ𝑖𝑒𝑔ℎ𝑡 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒 2.4
= BD)
= 1.5
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ℎ𝑖𝑒𝑔ℎ𝑡
𝑜𝑓 𝑜𝑏𝑗𝑒𝑐𝑡
1.6

Image form in human eye
Normal eye
In the human normal eye the image is formed in retina.
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Short sight eye
In the short sight eye the image is formed infront of the retina.

Correcting short sight
Short sight can be corrected by using concave lens infront of
the eye.

Md. Arzu Islam (iSTEM BD)

Long sight eye
In the long sight eye the image is formed beyond the retina.

Correcting long sight
long sight can be corrected by using convex lens infront of the
eye.
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23.8 The Lens Equation
In this section we derive the lens equation, which describes the position and size of
an imaged formed by a lens.
The derivation is simple geometry, and can be done for both converging and
diverging lenses.
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The result is

1
1
1
+
=
dO di
f

where f is the focal length of the lens, do is the distance from the object to the lens,
and di is the distance from the lens to the object.

This equation uses these sign conventions:
F is + for converging lenses and – for diverging lenses

dO is + if object is on side of lens that light comes from (and –
otherwise)
di is + if image is on opposite side of lens to light source (and otherwise)
image height hi is + if image is upright and – if image is inverted
(object height hO is always +)
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The magnification of a lens is the image height divided by the object height, and from the
figures used to derive the lens equation,

hi
di
m =
= hO
dO
Images formed by convex lenses may be real… or they may be virtual.
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Images formed by convex lenses are always virtual.
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Example 23-11 What are the position and size of the image of a 7.6 cm high
flower placed 1 m from a +50 mm focal length converging lens?

1
1
1
+
=
dO di
f
1
1
1
+
=
100 cm di
5 cm
di = 5.26 cm

di
5.26 cm
m = = = - 0.0526
dO
100 cm

hi = mh0 = ( -0.0526 )( 7.6 cm ) = - 0.40 cm
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Example 23-12 What is the position and size of the image of an object placed 10
cm away from a +15 cm focal length converging lens?

1
1
1
+
=
dO di
f
1
1
1
+
=
10 cm di
15 cm
di = - 30 cm

m = -

di
-30 cm
= = 3
dO
10 cm

The image height is three times the object height.
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Example 23-13 Where must a small insect be placed if a 25 cm focal length
diverging lens is to form a virtual image 20 cm in front of the lens?

1
1
1
+
=
dO di
f
1
1
1
+
=
dO -20 cm
-25 cm
dO = 100 cm
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Production of sound
When you place your fingertips against the front of your
throat, you can feel the vibration of your vocal cord
when you make a noise.
If we bang a tuning fork on a cork, the prongs vibrate
and we hear a sound. If the vibrating prongs quickly
dipped into water, we see that water splashes.
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These examples shows that sound is caused by
vibration. Any vibrating object can be a source of
sound waves. Sound waves are longitudinal in nature.

Propagation of sound wave
When a loudspeaker cone vibrates, it moves forward
and backward very fast. This squashes and stretches air
infront. As a result a series of compressions
(‘squashes’) and rarefactions (‘stretches’) travel out
through the air. These are sound waves. When they
reach your ears, they make your ear-drum vibrate and
you hear a sound.
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Compression
Compression is the region where the particles are
close together and has high pressure.
Rarefaction
Rarefaction is the region where the particles are
further apart and has low pressure.
Audible frequencies
Human ear can only hear sounds with a frequency of
between 20Hz to 20 000Hz (20Hz to 20kHz). This
frequency range is called range of audible frequencies.
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Sound waves need a material to travel through
This material is called a medium. Without it, there is
nothing to pass on any oscillations. Sound cannot
travel through a vacuum (completely empty space).
The experiment below is to prove that sound waves
need a medium to travel through:
Put the electric bell into a jar and
remove all the air inside the jar with
the help of vacuum pump. Then
connect the bell into the battery and
switch on, since the bell ring no
sounds hear the outside of the jar.
This means sound required medium
to travel through.
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Speed of sound wave
Sound can travel through solids, liquids, and gases. Speed of
sound varies with the medium through which it travels.
Sound travels faster in solids (concrete 5000m/s), then in
liquids (1400m/s in pure water) and then in gases (330m/s in
air). High speeds in solids are due to the strong force of
attraction between molecules. Speed of sounds depends on
temperature.
At high temperature sound travel faster and low
temperature sound travel slower.
Speed of sound at 0 degree celcius is 330 m/s
The relation of Temperature and speed of sound is
Speed ∞ √ Temperature
Or Speed = 330 + 0.6 T ( Temperature in degree celcius)
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Measuring of speed of sound in air
Apparatus needed: stopwatch, starting pistol and measuring tape(trundle
wheel).

Procedure:
• Observers A and B are positioned at a known distance d apart in an open
field. Record the distance d with the measuring tape. (d must be about
1km)
• Observer A fires the pistol
• Observer B, on seeing the flash of starting pistol, starts the stopwatch and
then stops it when he hears the sound. The time interval t is recorded.
• Repeat the time taken t and find the average value of time.
• Then calculate the speed of sound s in the air by using the following
formula.
d
s=
t
Md. Arzu Islam (iSTEM BD)

Echo sound
Sound waves can be reflected by large, flat and hard
surfaces like walls and cliffs. If the reflected sound is
heard after an interval of time, it is called an ECHO.
Echo sound can be calculated using the formula:
2d
s=
t
Worked example:
To estimate the width of a valley, a climber starts a stopwatch as
he shouts. He hears an echo from the opposite side of the valley
after 4.0 s.
2d
s=

t
2d = s x t
2d = 340 x 4
1360
d=
2
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d = 680

Tuning Forks Experiments: ( Speed of Sound)
You will need:
· Tuning forks
· Graded cylinders
· Water
· Metric ruler
Method:

1. Pour some water into a 500 ml graduated cylinder.
2. Tap the tuning fork on a soft surface and place it near the opening of the
cylinder.
3. When the sound gets loud, measure the distance from the top of the water level
to the top of the cylinder. Record this distance. (If the sound does not get loud,
experiment a bit, by adding or removing water and repeating steps 2 & 3.)
4. Convert the distance you have recorded to meters.
5. Multiply the distance recorded by 4 to give you the wavelength of the sound
wave.
6. Check out the number on the tuning fork, this is the frequency of the sound
wave.
7. Now use the following equation to calculate the speed of the sound wave:
Md. Arzu Islam (iSTEM BD)

Md. Arzu Islam (iSTEM BD)

Measuring the speed of sound using double beam oscilloscope:

Connect two microphones to a double-beam oscilloscope.
Set up a signal generator and loudspeaker to give sound waves of
frequency 1 kHz. (Their wavelength is thus about 0.3 m.)
Place one microphone close to the loudspeaker, and observe its
trace.
Place the second microphone further from the loudspeaker, in the
same straight line. Observe its trace. Move it back and forth, noting
the changing phase difference between the two traces as you move
through the sound waves.
Measure the wavelength (with a ruler) by finding how far the
microphone is moved between adjacent positions where the signals
are in phase. Calculate the speed of sound
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Characteristics of sound
The characteristics of sound can be shown by connecting sound
producing source to C.R.O.
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Loudness
The loudness of a sound wave depends upon the amplitude of
the wave.
A sound wave with a larger amplitude contains more energy and
is therefore louder.
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Pitch
The pitch of a sound wave depends on the frequency of the
wave.
Sound of higher frequency (shorter wavelength) has a higher
pitch.
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Sound quality (timber)
The quality of the sound depends on the shape of the waveform.
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Ultrasound
The sounds above the range of audible frequency (20Hz to 20
kHz) are called ultrasounds.

Uses of ultrasound
• Ultrasounds are used to pre-natal scanning (womb scanning)
and also to examine the inside of human body.
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• It is also used cleaning delicate (sensitive) machinery. The
machinery is immersed in tank of liquid, then the vibration of
high power ultrasound are used to dislodge (remove) the bits
of dirt’s and grease.

Md. Arzu Islam (iSTEM BD)

• Ultrasound is also used to quality control (detect flaws in
metals). The echo sounding principle can be used detect flaws
in metals. A pulse of ultrasound is sent through the metal, the
there is a flaw (tiny gap) in the metal, the reflected pulse are
picked up by the detector and shows on C.R.O screen.
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Pulses of ultrasound are sent into the metal from a
transmitter. A detector is placed next to the transmitter
on the front surface of the metal.
Diagram below shows the oscilloscope trace of the
ultrasound pulses produced if the metal contains no
cracks.
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• Ships use echo – sounders to measure the depth of water
beneath them. An echo – sounder sends pulses of ultra sound
downwards towards the seabed, then measures the time
taken for each echo (reflected sound) to return. The longer the
time, the deeper the sea.
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The diagram below shows cathode-ray oscilloscope
(c.r.o.) trace of the pulses of ultrasound sent from the
ship and the reflected pulses.
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Bat uses ultrasound to find insects and other things
in front of it. It send out ultra sound pulses and use
its specially shaped ears to pick up the reflections.
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