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Reading:
GrifÞths QM 1.1, 1.
QM Wiki - ch 6 & spins (TDSE)
Main 15.0, 15.1

SCHROEDINGER WAVE EQUATION
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Schršdinger wave equation:

More-or-less Ògod-givenÓ, just like NewtonÕs law F(x) = dp/dt.
It works, and if we can show that it fails, weÕll get a more reÞned
version that takes account of the failures.

How do we solve this for ψ(x,t)?  The operator H (the Hamiltonian
or energy operator) represents a measurable quantity, the energy.  So
the energy basis for expanding a general wave function is special!
Note the eigenstates are NOT time dependent.

öH! En
(x) = En! En

(x) Ĥ !
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Expand wave function in energy basis; time dependence
comes from coefÞcients:

Substitute
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So we have (almost) ÒsolvedÓ SchršdingerÕs time dependent
equation!  We know the time dependence, but we donÕt yet know
the eigenstates and energies.  WeÕll spend the rest of the time
doing this, by solving the Eigenvalue Equation (SchršdingerÕs
time independent equation - so-called by some).
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There are usually many functions that
solve the eigenvalue problem, each
function with its own associated
eigenvalue.  Label them with index n.
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In general, state of particle is NOT an eigenstate, but a
superposition of eigenstates  É

Very important that the energy in the exponent
matches the corresponding eigenstate.
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Example:  V(x) = 0 (free particle)
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1st term is traveling wave (to right) and 2nd is traveling to
left.  Same eigenvalue E - ÒdegenerateÓ

  

� 

!
!
2

2m
d2" (x)

dx2
= E" (x)

 ! (x,t) = C 'e
i

2mE
!

x"
E

!
t

#

$%
&

'( +Ce
" i

2mE
!

x+
E

!
t

#

$%
&

'(



Schršdinger Wave Equation

8

Note the relationship between ω and k for a free particle
DISPERSION RELATION:
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Not the same!!!



Schršdinger Wave Equation

9

Now solve the TISE for different potentials and Þnd
examples where there are many solutions with different
energies
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¥ Time dependent Schršdinger equation
¥ Energy eigenvalue equation (time independent SE)
¥ Eigenstates
¥ Time dependence
¥ (Connection to separation of variables)
¥ Mathematical representations of the above

SCHROEDINGER WAVE EQUATION
REVIEW
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Schršdinger wave equation:

As in 1-D non-dispersive eqn, use technique of separation of
variables.
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Eigenvalue problem! Solution
depends on particular V(x). E
represents the energy of a
particle in that particular
eigenstate.
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What shall we call the separation constant?
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