
Chapter 2

Free particle:
2 2 2

2 2 2

2
2

d d mEE
m dx dx

ψ ψψ ψ−
= → = −

k

kx

i

i

xA e

A eψ

ψ+

−
− −

+

=

=

22 /k mE=

Note:  x can take on any value, but px is either
or          (consistent with uncertainty principle)
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independent of x.

traveling wave

traveling wave

k k−

Equal probability of finding the particle anywhere

L →∞ in the case of a free particle

(V ≡ 0) c o s s i n
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For proper wavefunction, D = 0
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Particle incident on a step potential

ψ exponentially decaying in region II



Transmission, T = 
# particles transmitted

# particles incident

Reflection, R =
# particles reflected

# particles incident
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Barrier of finite width
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resonances:
particle can
escape by
tunneling

resonance

bound

Examples:   • radioactive decay

• temporary anions:
Be-, N2

-, benzene-

electron falls off
in ≈10-14 sec V(r)

How can one measure something with such a short lifetime?
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Scanning tunneling microscopy (STM) – invented ~20 years ago at IBM
Research Labs, Zürich

adsorbate
surface

Apply voltage – measure 
current

often run so that as the tip is 
scanned over
the surface, the height is varied 
so as to keep
the current constant

the tip does not actually touch 
the surface

electrons tunnel between tip 
and surface

tip

Water chains on the Cu(110) 
surface, from Yates et al.



Particle the 1-D box
particle cannot escape from the box

Inside the box
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Consistent with the uncertainty principle.
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Because x is constrained to be
between 0 and L, the momentum
cannot be zero.       E ≠ 0.
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Energies get closer together as
m → ∞
L → ∞
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ethylene
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Can use as a crude model for understanding the electronic spectra
of polyenes.



ethylene:   2  π electrons   ΔE:  n = 1 → n = 2

butadiene: 4 π electrons   ΔE:  n = 2 → n = 3

hexatriene: 6 π electrons   ΔE:  n = 3 → n = 4
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π orbitals

butadieneethylene

UV
3.1 eV
(400 nm)

violet
red

1.8 eV
(700 nm)

IR

HOMO LUMO

HOMO LUMO



tunneling

Particle in a finite box

Finite # of bound levels

Tunneling into classically 
forbidden regions


