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Chapter. 5
Bound States: Simple Case

Outline:

• The Schrödinger Equation (for interacting particles)

• Stationary States

• Physics Conditions: Well-Behaved Functions

• A Review of Classical Bound States

• Case 1: Particles in a Box – The Infinite Well

• Case 2: The Finite Well

• Case 3: The Simple Harmonic Oscillator

• Expectation Values, Uncertainties, and Operators

The spatial part of !(!(!(!(x,t)

The time-independent

Schrodinger equation:

!(!(!(!(x) is Real,

but !(!(!(!(x,t) is Complex, because

"("("("(t)=e-i####t

NOTE:

Spatial part

Replace C by E, multiply both sides by y(x);

Normalization of !(!(!(!(x,t)

Smoothness of !(!(!(!(x,t)

Well-behaved wave 

functions

Total Probability of finding the particle = 1
The procedure by which we ensure that the wave funct. gives a unit probability is called

Another requirement is that a wave function be …



Normalization of !(!(!(!(x,t)

The particle must be 

somewhere in the universe 

at any time

(the total probability should 
be = 1)

Smoothness of !(!(!(!(x,t)

1. Continuity of !(!(!(!(x,t)

2. Continuity of (d!!!!((((x)/dx)

Smoothness of !(!(!(!(x,t)

Discontinuity

in !(!(!(!(x)

x

)(x!

Short wave length become zero wave length.

i.e. infinite momentum & K.E.
(physically unacceptable…)

Smoothness of !(!(!(!(x,t)

Discontinuity

in !(!(!(!(x) dxexk
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Extremely large k (or short %%%%) ) ) ) """"> > > > 

""""> > > > Infinite Momentum impossible



Spatial part

Temporal part

Total wave 

function

Normalization of !(!(!(!(x,t)

Smoothness of !(!(!(!(x,t)
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5.5 Case. I
Particle in a Box: The Infinite Well

The situation in which the particle-confining U(x) 

allows the simplest solution of the time-independent 

Schrödinger equation is called “particle in a box”, or 

“infinite well”

CM: simply bounce back & forth

QM: standing waves ß Schrödinger Eq.

Case I: Particle in a box –

Infinite Potential well

E-field in each capacitor 
exerts a force, F =(-e)E, 
inward on the electron

With total E < eV0, the electron is bound: Its KE 
drops to “0” before it can reach a capacitor’s 
outer plate, and it returns in the opposite 
direction.

So its PE is higher 
outside:
U = qV = (-e)(-V0) 



Case I: Particle in a box –

Infinite Potential well

1. Continuity of !(!(!(!(x,t)

2. Continuity of (d!!!!((((x)/dx)

General solution 

for region I

See Appendix K for 
more detail



positive

e-ax diverges as x à negative infinite.
i.e. mathematically OK, but physically 
unacceptable.
so, D must be zero!!

Region II covers only negative values 
of x, where Ce+ax is never infinite.

!"

±!"

#

x
F = D = 0






