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e Solvethe time-independent SE for various X
potential energy functions
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Time-Independent SE
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Time-Independent SE

« Solution to time-independent SE 1n 3-
dimensions uses Spherical Harmonics
(generalization of Legendre Polynomials)

 |dentical particles requires symmetric (anti-
summetric) wave function depending on
whether particles are bosons (fermions)
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Free Particle

Hp(x) = E¢(X)

199 U090 = EB (4

U(x)=0
d¢ 2m
d2 B’
d“¢
dx?

E¢(x) =0

¢(x) =0  Sameasharmonic oscillator eguation
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Free Particle

2
k? = ZI;QE = % Wave Function
N
h W(x,t) = Ag k)
P= 3

SE includes deBroglie hypothesis
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Free Particle

o Solution to SE for afree particleisa
travelling wave with angular frequency and
wave number k

* The constant A Is determined by the
normalization condition E =hvu = Aw

LY
P=3
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U(X)Z£0

o Key to solving SE for U(x)#0 Isto Impose
poundary conditions at points where U(X)
nas significant changes.

e Wave function must be continuous
everywhere

* For realistic potentials, first derivative of
wave function must also be continuous
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Infinite Square Well

J=oo for x<-aand x > a
J=0for-a<x<a

Probability that particle exists at X where
J =00 1S0

So, wave functionisOfor x <-aand X > a

and wave function has some finite value
with a probability integral of one in well
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Infinite Square Well

o Infinite square well isafirst approximation
to acase where particle is bound in some
region

 Example: electron bound in an atom
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Infinite Square Well

Wave function Is zero outside sguare well
and on boundary

Inside square well, SE Isthe same asfor a
free particle

Time-independent wave function for afree
particleis ¢ = Ae*™

How can we make free particle wave
function satisfy boundary conditions?
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Infinite Square Well
Ae™™ = Bcoskx +iCsinkx

¢ = Bcoskx
ka=' n=135,...
2
0=k = hntt _ nh
(2m2a 4a
2 212 Infinite square well has
E = p~ __n'h quantized energy levels

om  32ma?
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Infinite Square Well

E_p_z_ n’h® (6.6 x107*)?
om 32ma?  (32)(9.1x10)(10)?

E=15x10"® = 9 eV

Correct order of magnitude for atomic energy levels
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Infinite Square Well

Normalization condition to determine B
I_aBZ cos’ kx =B%a =1

1

B:ﬁ

2mE

0=
Particle most Ilkely found in middle of well
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