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PHY 742 Quantum Mechanics II
12-12:50 PM  MWF  Olin 103

Plan for Lecture 7
Scattering theory (Chap. 14) –

1. Introduction and geometry
2. Scattering from spherically symmetric target
3. Scattering phase shifts
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Introduction to scattering theory for quantum particles  -- Chap. 14 of textbook; 
also see other quantum textbooks 

detector

Geometry of ideal 
scattering measurement

This geometry can also be used for quantum 
systems ..



1/26/2022 PHY 742 -- Lecture 7 4

θ

θσ

 angleat               
detector into scattered is that beamincident  of Area           
areaunit per  particlesincident  ofNumber 

particle per target at  particles detected ofNumber 
section cross alDifferenti

=

=






Ωd

d

 
sin sin 

  
θθθθϕ

ϕσ
d
dbb

dd
dbbd

d
d

==






Ω

In classical mechanics, for an isotropic target, it is possible to calculate the cross 
section in terms of the impact parameter b:

In quantum mechanics, the same phenomenon is formulated in terms of the 
probability amplitudes.   We will specifically focus on free particles scattering from 
a spherically symmetric target.
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Continuum solutions of the time independent Schrödinger equation.

ö

r

2
2 ( ) ()

2
)( E EV

m
Er

 
∇ Ψ = Ψ− + 

 
r r

x

z

y

Representation of a free particle in quantum mechanics --
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If the system has spherical symmetry about a given origin,
it is then convenient to expand the eigenfunctions into 
spherical h
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Free particle partial waves -- continued
2

2 2 2

2

2

0

2
0

2

( ) 0      for 0

2Define        

2 ( 1) 2

2 (

 

01)

 

1 ( )

El

El

r E

mEk z

d d l l mE R
dr r dr r

d d l l R
dz z dz z

kr

z

= >

≡ ≡

 +
+ − + 

 

 +
+ − + 

 
=





≥



1/26/2022 PHY 742 -- Lecture 7 8

Properties of spherical Bessel functions

http://dlmf.nist.gov/10.47

http://dlmf.nist.gov/10.47
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Spherical Bessel 
functions of order n

Cylindrical Bessel 
functions of order n+1/2

(1) ( )( () )n nn z i zh yz j +=
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Forms of spherical Bessel and Hankel functions:     (also see Jackson ≥ 426)
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How to determine phase shifts 
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( )
Continuity conditions at     continued:
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Why use term “phase shift”?
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For hard sphere potential 
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Illustration of phase shift for l=0 and infinite wall potential
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Phase shift is a measure of scattering strength
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Probability of particle scattering
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We can show that the scattering phase shift  is a measure of the quantum mechanical 
scattering cross section:

More details on Friday
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