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Lecture 19

Chapter. 8
Spin & Atomic Physics

Outline:

• Evidence of Angular Momentum Quantization
•  Identical Particles
•  The Exclusion Principle
•  Multi-electron Atoms & the Periodic Table
•  Characteristic X-Rays
It’s open said that in Q.M. there’re only 3 bound-state problems 
solvable (w/o numerical approximation tech.) 
1. Infinite well, 2. Harmonic oscillation, 3. hydrogen atom 
      – all 1-particle problem.
Most real application: multiple system. so, let’s start an atom with 

multiple electrons

Schrodinger Equation for two 

Electrons

Schrodinger Equation for two Electrons

a: x
1

b: x
2 ?



Simple: 2 Particles in a Box

Schrodinger Equation for two Electrons 2 particles in the same box

2 particles in the same box



2 particles in the same box

The total E of the two-particle system is the sum of the individual 

infinite well energies in state n&n’

Inserting C1 & C2 

into (8-16) 

yield “E”

2 particles in the same box:

Example: n = 4, n’ = 3

The system’s multi-particle wave function:

Total Probability density:

2 particles in the same box:

Example: n = 4, n’ = 3

Total Probability density:

P(x1,x2) as a function 

of 2 variables x1, x2

3 bumps

4 bumps



Example: n = 4, n’ = 3

This Should NOT happen because 

particles 1 and 2 are indistinguishableparticles 1 and 2 are indistinguishable

Inserting x1 = (1/2)L

Prob. of finding particle 2 at the center (i.e. x2 = (1/2)L) is non-zero

Identical 
particles 

sharing the 
same space 

are said to be

The Solution: Symmetry for |!|!|!|!|2

2 possibilities:

Symmetric Solutions

The largest values of PS occur where the particles are close together (near x1 = x2)
PA has its largest bumps when x1 ~ L & x1 ~ 0          
                                                     x2 ~ 0 & x2 ~ L x1 = x2à 0



All Elementary Particles: either 

Bosons or Fermions

Bosons

Fermions

particle for which s = 

0,1,2,…

particle for which s 

=1/2, 3/2, 5/2, …

Q: Why is spin so crucial to the 

behavior of multi-particle system?

Some Bosons and Fermions 

The Pauli Exclusion Principle

for Fermions

!
2

1
+=

z
S !

2

1
+=

z
S

spin quantum number

The Exclusion Principle for 

Fermions
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The Exclusion Principle for 

Fermions
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The Exclusion Principle for 

Fermions
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