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de WAVE VELOCITY OR PHASE VELOCITY

▪ The velocity of advancement of a monochromatic wave (i.e., a

wave of single frequency and wavelength) in a medium is known

as wave velocity, or phase velocity.

• The velocity of propagation of planes of constant phase

through a medium is known as wave velocity, or phase

velocity.
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NEED FOR WAVE PACKET REPRESENTATION

▪ For the material particle (including electron and proton), u is

always less than c.

▪ It means that, according to v=c2/u, the phase velocity of the wave

associated with the material particle is always greater than c.

▪ Now, it can be concluded that the particle and its corresponding de

Broglie wave cannot travel together.

▪ Hence, the particle should be left behind to its de Broglie wave.
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NEED FOR WAVE PACKET REPRESENTATION
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NEED FOR WAVE PACKET REPRESENTATION

• From the earlier discussion, it seems that the

particle will not be able to keep pace with the

associated de Broglie wave.

• However, it is not so. In order to explain the

conflicting idea of velocity relationship

between material particle and its de Broglie

wave, Schrödinger himself introduced the idea

of wave packet.

• According to the idea of wave packet, a

moving material particle is equivalent to a

wave packet (number of waves) instead of a

single wave.
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Wave Packet 

• A wave packet is the resultant of a group of waves, slightly differing in

velocity and wavelength, with such phase and amplitude that they

interfere constructively over a small region of space where the particle

can be located.

• Outside this space, they interfere destructively so that the amplitude

reduces to zero.
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GROUP VELOCITY

The velocity with which a wave packet (or the group of waves)

associated with the moving particle travels is called the group

velocity, whereas the velocity with which the individual waves

comprising the wave packet travel is referred to as wave velocity,

or phase velocity.
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EXPRESSION FOR GROUP VELOCITY
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EXPRESSION FOR GROUP VELOCITY
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RELATION BETWEEN GROUP VELOCITY AND WAVE 
VELOCITY
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RELATION BETWEEN GROUP VELOCITY AND 

PARTICLE VELOCITY



27-08-2020 Side 12

Madan Mohan Malaviya Univ. of Technology, Gorakhpur

GROUP VELOCITY OF de BROGLIE WAVES

According to the relativistic consideration
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GROUP VELOCITY OF de BROGLIE WAVES

Differentiating  ω and k with respect to v  
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Example

Show that the de Broglie wave velocity is a function of wavelength even 

in free space.
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Assignment Based on this Lecture  

• Define phase velocity and obtain the expression for phase 

velocity.

• Discuss the need for wave packet representation.

• Define group velocity and obtain the expression for group 

velocity. 

• Obtain the relation between phase velocity and group velocity 

• Prove that the particle always travel with group velocity. 


