Waves and Superposition
Common questions and their suggested solution.
Q
State the meaning of wavelength and frequency as applied to wave motion

A
The wavelength of a wave is the distance between 2 consecutive points in the wave 
that are at the same stage of oscillation (or in phase).

The frequency of a wave refers to the number of complete oscillations per unit time 
made by a point in the wave.

Q
State an example of a longitudinal wave.

A
Sound wave

Q 
State an example of a transverse wave.

A
Electromagnetic wave (EM waves)

[Note that EM waves include Radio waves, Microwaves, Infrared, Visible light, 
Ultraviolet, X rays and Gamma rays.]
Q
Distinguish between longitudinal and transverse waves.

A
Longitudinal wave:
one where direction of vibration is parallel to direction of wave 



propagation


Transverse wave:
one where direction of vibration is perpendicular to direction 



of wave propagation

Q
What phenomenon is associated with transverse waves but not longitudinal waves?
A
Polarisation
Q
Explain what is meant by a plane-polarised wave.
A
It is a wave whereby the wave’s oscillations occur in one plane only.

Q
Explain briefly whether it is possible to polarise a sound wave.
A
It is not possible to polarise a sound wave. This is because the wave’s oscillations are along the direction of wave propagation, i.e. parallel and not perpendicular to the direction of wave travel.
Q
State what is transferred by a progressive wave.

A
Energy and momentum
Q
State what is meant by a progressive wave.

A
A progressive wave is one where the energy is transmitted from the source of disturbance to the surrounding regions.  This is normally manifested in the form of movement of wave fronts  away from the source.

Q
Explain what is meant by the term stationary wave.

A
A stationary wave is one where the wave fronts of the wave do not advance or are 
stationary.  Energy is considered to be trapped within the waves.
Q 
Distinguish between a progressive wave and stationary wave by making reference 
to energy transfer.

A
Progressive wave: 
energy is transported in the direction of wave travel


Stationary wave:
no net energy transfer

Q 
Distinguish between a progressive wave and stationary wave by making reference 
to amplitude of vibration of neighboring particles.

A
Progressive wave: 
amplitude is same for all particles


Stationary wave:
amplitude varies with position, 





with zero amplitude at nodes and maximum at antinodes.

Q 
Distinguish between a progressive wave and stationary wave by making reference 
to phase angle between particles.

A
Progressive wave: 
within a wavelength, every particle has a different phase angle

Stationary wave:
all particles are in phase with one another in the same segment, and in anti-phase with the particles in the adjacent segments.
Q
In terms of the motion of particles of a medium in which there are sound waves 
(longitudinal), describe one similarity and two differences between a progressive 
sound wave and a stationary (standing) sound wave.

A
Similarity:
air particles vibrate parallel to the direction of wave travel.


Difference 1:
for progressive wave amplitude of particles are same, but 




for stationary waves amplitude of particles varies from zero at the 



nodes to maximum at the antinodes.


Difference 2:
for progressive wave particles within a wavelength has a different 



phase angle, but

for stationary wave particles are in phase with one another in the same segment, and in anti-phase with the particles in the adjacent segments.

Q
Suggest how stationary electromagnetic waves might be set up.

A
A microwave transmitter is placed a distance from a metal plate that reflects the 
emitted waves. When the position of the transmitter is adjusted to achieve a suitable 
resonant length between transmitter and reflector, stationary waves would be formed 
by the superposition of the emitted and reflected waves.
Q
State the conditions necessary for the formation of a stationary wave.

A
Two waves of the same type travelling along the same line in opposite direction, 


with same amplitude, same speed, and same frequency / wavelength.

Q
State the conditions necessary for observable interference.

A
Waves must be coherent, 


have similar amplitudes, 


and for transverse waves either un-polarised or polarised in the same plane.
Q
Explain the term interference.

A
The superposition of two or more waves meeting at a point in space to give a 
resultant wave, amplitude given by the principle of superposition.

Q 
Explain what is meant by coherent sources.

A
Sources of the same type that have constant phase difference.

Q
Explain the principle of superposition
A
When two of more waves of the same type meet at a point, the resultant 
displacement is equal to the vector sum of the individual displacements.
Q
Explain what is meant by diffraction of a wave.

A
Diffraction is the bending of waves at the edge of an obstacle or when waves pass 
through an aperture.

Q
What is meant by a monochromatic light source.

A
Visible light of a single wavelength.

Q
Show how the principle of superposition of light waves can be used to explain the 
formation of interference fringes when Young’s double-slit is used.

A
The bright lines on the screen are regions of maxima where the difference in path lengths from the double-slit are equal to an integer number of wavelengths, (e.g. 0(, 1(, 2(, 3().  The waves arrive in phase and superposition of the two wave results in constructive interference.

The dark lines on the screen are regions of minima where the difference in path lengths from the double-slit are equal to an odd integer number of half wavelengths, (e.g. 0.5(, 1.5(, 2.5(, 3.5().  The waves arrive in anti-phase and superposition of the two waves results in destructive interference.
Q
Explain why interference fringes can be seen only if light from a single source is 
split into two.

A
Because a single source cannot produce interference, and light from two separate 
sources are usually not coherent.
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