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0.1 Construction of Schrodinger Equation using wave-packet

A wave packet may be expressed as:

ψ(x, t) =

∫
dk g(k) eikx−iωt

Using de Broglie's hypothesis p = h̄k and E = h̄ω we may express the above equation in terms of p and E:

ψ(x, t) =
1√
2πh̄

∫
dp φ(p) ei(px−Et)/h̄

We have already seen that the group velocity vg associated to a particle may be expressed as

vg =
dω

dk
=

p

m

A time derivative of the wavefunction ψ(x, t) gives:

δψ(x, t)

δt
=

1√
2πh̄

∫
dp φ(p)ei(px−Et)/h̄

(
−iE
h̄

)

ih̄
δψ(x, t)

δt
=

1√
2πh̄

∫
dp φ(p)Eei(px−Et)/h̄

ih̄
δψ(x, t)

δt
=

1√
2πh̄

∫
dp φ(p)

p2

2m
ei(px−Et)/h̄ (1)

Di�erentiating the wave function ψ(x, t) with respect to x:

δψ(x, t)

δx
=

1√
2πh̄

∫
dp φ(p) e(i(px−Et)/h̄)

(
ip

h̄

)
Di�erentiating again,

δ2ψ(x, t)

δx2
=

1√
2πh̄

∫
dp φ(p) e(i(px−Et)/h̄)

(
ip

h̄

)2

δ2ψ(x, t)

δx2
=

1√
2πh̄

∫
dp φ(p) e(i(px−Et)/h̄)

(
−p2

h̄2

)
(2)

Comparing equation (1) and equation (2) we may write:

ih̄
δψ(x, t)

δt
= − h̄2

2m

δ2ψ(x, t)

δx2
(3)

Equation (3) is the Schrodinger equation for a free particle (where the potential energy V=0). We shall discuss
the details in next sessions.
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