
Chapter 2  Time-independent Schrödinger equation 
 
2.1  Stationary state 
 

From Ψ+
∂
Ψ∂

−=
∂
Ψ∂ V

xmt
i 2

22

2
h

h ……..(2.1) 

 
Assume V is independent of t , use separation of variables 
 

                    )()(),( tfxtx ψ=Ψ
 

        have    2

2

2

2
,)(

dx
df

xdt
dfx

t
ψψ =

∂
Ψ∂

=
∂
Ψ∂  

 
   Deduce from equation (2.1) , then 
 

        fV
dx
df

mdt
dfi ψψψ +−= 2

22

2
h

h            V
dx
d

mdt
df

f
i +−= 2

22 1
2

1 ψ
ψ

h
h  

 

          











=+−

=

EV
dx
d

m

E
dt
df

f
i

2

22 1
2

1

ψ
ψ

h

h

         










=+−

=
−

)2.2........(
2

)(

2

22

ψψψ EV
dx
d

m

etf
iEt

h

h

 

 

           h

iEt

extx
−

=Ψ )(),( ψ  
    
 

         ψψ
ψ EV

dx
d

m
=+− 2

22

2
h      is time-independent Schrödinger equation 

 
 
 
   properties of Ψ  
 

(i) Stationary state 
 

2*2),( ψψψ ==Ψ
−
hh

iEtiEt

eetx  
 

for every expectation value   is constant in time ∫
∧∧

=〉〈 dxpxQpxQ ψψ ),(),( *

 
 
 
 

Quantum mechanics lecture                                                                 5 



(ii) Definite total energy 
 
   Classical mechanics : total energy is Hamiltonian 
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2.3  Harmonic oscillator 
 
     Classical treatment : 
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    compare equation(2.3)  
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     (ii) scattering state :  E > 0 
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              R is reflection coefficient , T is transmission coefficient 
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