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Lecture #8: Stationary Solutions
Read Chapter 5,6 of Eisberg,Resnick

A di H IAppendix H,I
Read French/Taylor Chapter 3

John Bowers
HW 4 due Tuesday at class

Makeup class Friday at 1 pm Oct. 24th, Fri., Webb 1100
Nov. 14th, Fri., 1-3pm: Phelps 1431

N 24th M 12 3 Ph l 1425Nov. 24th, Mon., 12-3pm: Phelps 1425



Harmonic OscillatorHarmonic Oscillator

• V(x)=1/2 C x2V(x)=1/2 C x
• Very common because it represents any 

small vibration about a point of stablesmall vibration about a point of stable 
equilibrium
E l• Examples
– Diatomic molecules
– Atoms vibrating on a lattice.
– Particle on a string.



Solution in Appendix I
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For large u:
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What Boundary condition can be applied?What  Boundary condition can be applied?



For large u:
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Solutions to Harmonic Oscillator
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Where En=(n+1/2)hν where n=0,1,2,…



EigenvaluesEigenvalues

En=(n+1/2)hν where n=0,1,2,…En (n 1/2)hν where n 0,1,2,…
And Cν

2
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• The series H(u) are called Hermite 

mπ2

polynomials.

• Page 223,224



Harmonic oscillator 13th mode



3 Dimensional Time Independent 
S h di E tiSchroedinger Equation
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Free Particle in a 3D BoxFree Particle in a 3D Box
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Separation of VariablesSeparation of Variables

• Voltage is separableVoltage is separable
• Boundary conditions 

are separablep
So try:
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3D Particle in a Box
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Simplest to use Sines and Cosines 
h b d di ito match boundary conditions
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Time Dependence of SolutionTime Dependence of Solution
• Solve for stationary solutions ψn(x) with energies Enn n

)()( tiAtΨ −∑ ω

h/

)(),( ti
n nn

E

exAtx n

=

=Ψ ∑
ω

ψ ω

h/nn E=ω

• Find the values for An that satisfy the intial 
conditions.
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Motion of a Particle in a BoxMotion of a Particle in a Box
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Wave 
functionfunction 
evolution
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Time EvolutionTime Evolution
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Sketch the three lowest energy solutions for 
each potentialp



Sketch the three lowest energy solutions for 
each potentialp


