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Lecture #7: 3D,Time Dependence
Read Chapter 6 of Eisberg ResnickRead Chapter 6 of Eisberg,Resnick

Chapter 5 of French/Taylor

John Bowers
Bowers@ece.ucsb.edu
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Solutions to SESolutions to SE

• Free particleFree particle
• Step potential

I fi it b• Infinite box
• Finite box
• Harmonic oscillator
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Square WellSquare Well
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Solution in Appendix HSolution in Appendix H

• 4 Equations (ψ and dψ/dx at two interfaces)4 Equations (ψ and dψ/dx at two interfaces)
• 4 Unknowns (A,B,D,G)
• Solution for :Solution for :
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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.
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Solution in Appendix ISolution in Appendix I
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For large u:
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Solutions to Harmonic Oscillator
DEH itthttSEiS b tit t

HdHuHd

DEHermitethegettoSEinSubstitute

0)1(2

:

2

2

=−+−
β

uauaauH
du

u
du

...)(

0)(

2
210

2

+++=
α

eA

aofvaluestheCalculate
u

i :
2/

00

2

= −ψ

euA

ueA
u

u

)21( 2/2

2/
11

00

2

2

=
−

−

ψ

ψ

stoptoseriesthecausesnwhere

euA

12/

)21(22

+=

−=

αβ

ψ

ECE/Mat 162A

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
1
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• The series H(u) are called Hermite 

mπ2

polynomials.

• Page 223,224
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Harmonic oscillator 13th mode
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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:

)()()(),,( zZyYxXzyx =ψ
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3D Particle in a Box
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Simpler 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
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• 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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