PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM MWEF Olin 103

Plan for Lecture 3:
Chapter 1 — scattering theory

continued; center of mass versus
laboratory reference frame.
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Course schedule

(Preliminary schedule -- subject to frequent adjustment.)

Date [F&W Reading [Topic |Assi gnment
Wed, /2672012 [Chap_1 Review of basic principles Scatlering theory [#1
[Fri, /312012 [Chap. 1 Scattering theory continued 2
on, 00372012 [Chap. 1 Scattering theory continued =]
[wed, 9/05/2012 [Chap 1 Scattering theory continued [ea
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Scattering geometry:
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Relationship between scattering angle 6 and impact
parameter b for interaction potential V(r):

where :
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Example of cross section analysis

Rutherford scattering :

0 =2sin? _
(b/x) +1

b _|cos(0/2)
& |sin(@/2)

db _K2 1

(dgj_if 1
dQ) sing|de| 4 sin*(9/2)

9/3/2012 PHY 711 Fall 2012 -- Lecture 3

Example of cross section analysis

Hard sphere scattering:

For your homework you showed that
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The results above were derived in the center of mass
reference frame; relationship between normal
laboratory reference and center of mass:

Laboratory reference frame:
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Center of mass reference frame:

Before After
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Relationship between center of mass and laboratory
frames of reference

Definition of center of mass R,

myr +m,r, = (m1 +m, )RCM

m,f, +m,f, = (m1 +m, )RCM

mu; + myu, = (m1 + mZ)VCM =myV,+Mm,V,

Inour case :
V
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o™ = u, = Vy V.
m, +m, m, +m, v
vV, =V, +Vgy
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Relationship between center of mass and laboratory
frames of reference

Voy Note that for an elastic collision

Vm U,=V, and U,=V,=V,,
Also note that: mU, =m,U,

Vi=Vi+Voy Sothat: Vg, /V,=m/m,

v, siny =V, sin @

v, cosy =V, cos 0 +V,,
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T c0sO+Vg, IV, cos@+m, /m,
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Differential cross sections in different reference frames

(dow (1//)) _ (docm (9)] dQg,
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From the previous result and/or conservation
of momentum and energy, it is possible to show that :
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Differential cross sections in different reference frames —
continued:
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where: tany =———
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Example: suppose m; =m,
sin @ 0

Sp=—
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where: tany =

Inthis case: tany =

note that O<y s%
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