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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.

➢ 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).

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.

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.
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).
𝟏
➢ Frequency can be calculated by using the formula: 𝐅 = 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

❑ 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 = 𝐓 𝐅 = 𝟎.𝟓𝟎 = 2Hz
(c) Calculate the speed of the wave.
Ans: V = f λ = 2 × 8 = 16 cm/s

Reflection of wave
➢ When a wave strikes a barrier and changes its direction or bounce back
from the surface is known as reflection. In reflection the angle of
incident and angle of reflection become equal.

➢ 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.

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.

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.
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Properties of electromagnetic waves
➢ All the electromagnetic waves are transverse wave.
➢ They all travels at the same speed, that is speed of light (3𝑥108 m/s).
➢ They all can travel through the vacuum.

Describing Waves – Phase difference
➢ Phase is used to describe the relative position of the crests or troughs of
two waves of the same frequency. 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 are out of phase.
➢ When used as a quantitative measure the phase has a unit of angle
degree or radians. Thus when waves are out of phase, one wave is half a
cycle behind the other. Since one cycle is equal to 360 degree so half
cycle means phase difference is 180 degree.

Phase Difference Calculation:

Intensity and amplitude

The intensity of a wave generally decreases as it travels
along. There are two reasons for this:
➢ The wave may ‘spread out’
➢ The wave may be absorbed or scattered (as when light
passes through the Earth’s atmosphere).

POLARISATION
➢ Polarization is a property applying to transverse waves that specifies the
geometrical orientation of the oscillations.
Polarization is a phenomenon associated with transverse waves
➢ Process by which a wave’s oscillations are made to occur in one
plane only.
➢ Associated with transverse waves only.
➢ 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.
➢ 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.

Redshift:
➢ In physics, redshift is a phenomenon where electromagnetic radiation (such
as light) from an object undergoes an increase in wavelength.
➢ Whether or not the radiation is visible, "redshift" means an increase in
wavelength, equivalent to a decrease in wave frequency and photon
energy, in accordance with, respectively, the wave and quantum theories of
light.

The Doppler effect:
➢ The Doppler effect (or the Doppler shift) is the change in frequency or
wavelength of a wave in relation to an observer who is moving relative to
the wave source. It is named after the Austrian physicist Christian Doppler,
who described the phenomenon in 1842

The Doppler effect:

Constructive Interference
➢ Refer the figure on right with two
waves arriving at a point at the same
time in opposite directions.
➢ If they arrive in Phase – that is,
if their crests arrive at exactly the
same time – they will interfere constructively.

➢ A resultant wave will be produced which has crests much higher than
either of the two individual waves and troughs which are much deeper.
➢ If the 2 incoming waves have the same frequency and equal amplitude A,
the resultant wave produced by constructive interference has an
amplitude of 2A.
➢ The frequency of the resultant is the same as that of incoming waves.

Destructive Interference
➢ Refer the figure on right with two
waves arriving at a point at the same
time.
➢ If they arrive out of Phase – that is,
if the crests of one wave arrive at
same time as the troughs from the other – they will interfere destructively.

➢ A resultant wave will have a smaller amplitude. (based on case to case)
➢ In the case shown in figure where the incoming waves have equal
amplitude, the resultant wave has zero amplitude.
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➢ When two waves meet they
will interfere and superpose.
After they have passed they
return to their original forms.
This is true if they are coherent
or not.
➢ At the point they meet, the two waves will
combine to give a resultant wave whose
amplitude (or intensity) may be greater or
less than the original two waves.
➢ The resultant displacement can be found
by adding the two displacements
together. This phenomenon leads to the
Principle of Superposition.

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

Stationary Wave
➢ A stationary wave is set up by the superposition of two progressive waves
of the same type, amplitude and frequency travelling in opposite
directions.

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

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

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

Conditions required for two-source interference
fringes to be observed

Few Important Formulas:

Diffraction grating
➢ A diffraction grating is a plate on which there is a very large number of
identical, parallel, very closely spaced slits.
➢ If a monochromatic light is incident on this plate, a pattern of narrow bright
fringes is produced.

➢ A diffraction grating can be used to
make a spectrometer and a
spectrometer is a device that
measures the wavelength of light.

