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Concept of Phase velocity, Group velocity and relation between them

When a progressive wave of amplitude a propagating with velocity v along the positive direction
of X axes can be written as

y = aSinω(t− x

v
) (0.1)

Where ω is the angular frequency . Usually, this wave velocity v is known as phase velocity vp.

from eq (0.15) the phase φ of the wave at any time t at position x

φ(x, t) = omega(t− x

v
) (0.2)

Differentiating both sides of the equation

dφ

dt
= ω(1 − 1

v

dx

dt
) (0.3)

For constant phase

dφ

dt
= 0 (0.4)

i.e

ω(1 − 1

v

dx

dt
) = 0 (0.5)

or

v = (
dx

dt
)φ (0.6)

= the velocity with which a displacement having a constant phase move forward. This is called
phase velocity vp.
So eq (0.15) can be written in the form of phase velocity vp as

y = aSinω(t− x

vp
) = aSin(ωt− ω

vp
x) = aSin(ωt− kx) (0.7)

Where k = ω
k is the propagation constant of the wave.

So phase velocity vp = ω
k

1



Group Velocity:
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