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Announcements

1. Comments about Exam 4  and final exam format

2. Extra credit sessions:

Monday evening at 8 PM – 4 students so far

Tuesday evening at 8 PM – 3 students so far

Wednesday evening at 8 PM – 0 students so far

3. Today’s topic:    (Chapters 39 & 40 of your text)

Continued discussion of quantum mechanics

Lasers 

4. Wednesday – general review
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Quantum physics –

Electromagnetic waves sometimes behave like particles

one “photon” has a quantum of energy E=hf

momentum p=h/λ=hf/c

Particles sometimes behave like waves

“wavelength” of particle related to momentum:

λ=h/p

quantum particles can “tunnel” to places classically 
“forbidden”

Stationary quantum states have quantized energies
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Wave equations

Electromagnetic waves:

Matter waves:       (Schrödinger equation)
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Phonomenon is spread out 
over many positions at an 
instant of time.

Finite probability that 
particle can be found in 
regions other than E≤U(r).

Interference effects.

Position as a function of 
time is known -- r(t)

Particle is spatially 
confined when  E≤U(r). 

Particles are independent.

Wave propertiesParticle properties
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Mathematical representation of particle and wave behaviors.

Consider a superposition of periodic waves at t=0:
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∆k = 10

∆k = 1

∆x ∆k ≈ 2π

∆x smaller more particle like

∆k smaller more wave like



4/25/2005 PHY 114 -- Lecture 32 7

∆x ∆k ≈ 2π   Heisenberg’s uncertainty principle
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De Broglie’s particle moment – wavelength relation:

Heisenberg’s hypotheses: 2
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h = 6.6×10-34 Js = 4.14×10-15 eVs
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Scalar – probability amplitude
First order t dependence
Examples:

“bound” states

Vector – E or B fields
Second order t dependence
Examples:

Matter wavesElectromagnetic waves
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What is the meaning of the matter wave function Ψ(x,t)?

Ψ(x,t) is not directly measurable

|Ψ(x,t)|2 is measurable – represents the density of particles 
at position x at time t.

For a single particle system, 

For many systems of interest, the wave function can be 
written in the form Ψ(x,t) = ψ(x)e-iEt/           

|Ψ(x,t)|2 = | ψ(x)|2
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Wave-like properties of particles

Louis de Broglie suggested that a wavelength could be 
associated with a particle’s momentum

λ
hp =

“Wave” equation for particles – Schrödinger equation
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Electrons in an infinite box:
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Electrons in a finite box:

finite probability of electron 
existing outside of classical 
region 
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Tunneling through a barrier

surface region
vacuum

tip
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How a scanning tunneling microscope works:

Developed at IBM Zurich by Gerd
Binnig and Heinrick Rohrer who 
received Nobel prize in 1986.
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Visualization of  | ψ(x)|2

A surface if a nearly perfect Si crystal

Physical Review Letters -- March 20, 2000 -- Volume 84, 
Issue 12, pp. 2642-2645 
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The physics of atoms –

Features are described by solutions to the matter wave 
equation – Schrödinger equation:
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Form of probability density for ground state (n = 1)
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Angular degrees of freedom

-- since the force between the electron and nucleus depends 
only on distance and not on angle, angular momentum L ≡ r x p
is conserved.    Quantum numbers associated with angular 
momentum: ( ) ( )
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Summary of results for H-atom:

n = 1

n = 4
n = 3

n = 2

Balmer series

spectra

degeneracy associated 
with  each n: 2n2
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Atomic states of atoms throughout periodic table:
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Example:   Cu     (Z=29)   1s22s22p63s23p63d104s1

s

p

d
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Physics of molecules and solids
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electron in molecule 
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Example:  electron density associated with

H2 molecule:                                  CH4

molecule:
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Molecular binding of nuclei due to electron “glue”:

ionic interaction
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Dissociation 
energy
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Physics of solids 
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Energy spectrum of  
atom or molecule :

highest filled state 
for insulator

highest filled state 
for metal
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Example:  2 materials made of pure carbon:

diamond (insulator)
graphite (semi-metal)
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Laser technology:

System with ground and excited state at desired λ
(Eex-Eg=hc/λ).

Standing EM wave

Mechanism for “population inversion”
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Normal 
population

“Inverted” 
population

E2

E1

E2

E1


