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

Plan for Lecture 3:

9/2/2014

1. Comment about Maple
2. Scattering theory — some details
3. Rutherford scattering
4. Hard sphere scattering
5. Transformation between lab and
center of mass reference frame.
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Scattering theory:
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Figare 85 The scattering problem and relation of cross section to impact parameter.
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Differential cross section
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Figure from Marion & Thorton, Classical Dynamics
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In center of mass frame:
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Some details: conservation of angular momentum:
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0= 22
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Transformation of trajectory variables:
(1) < r(p)
dr_drdy _dr ¢
dt do dt do ur
Conservation of energy in the center of mass frame:
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d=dr
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Further simplification at large separation:
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When the dust clears:
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Relationship between ¢,,,, and 6:
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Scattering angle equation :
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Rutherford scattering example :
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Rutherford scattering continued :
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db| k1
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What happens as
6 >07?

107

Theorstical scattering
of one point charge
off anather

Sealtered alpha particles

Rutherford
[ |fermula

0 20F 4F 60T BOF 100° 1207 140P
Seattering anglé

From webpage: http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/rutsca2.html#c3
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Hard sphere scattering

For your homework you will show that

b:Dcos(lj
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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:

Before After
m
o— oM v
Uy u,=0 v
VNG

Center of mass reference frame:

Before
my
o— <o
U1 UZ
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Relationship between center of mass and laboratory
frames of reference
Definition of center of mass R,
mx, +myr, = (ml +m, )RCM
mx, +myr, = (ml +m, )RCM
mu, +myu, = (ml +m, )VCM =myv,+mv,
In our case :
"o, =My +m,v,

Veu = 1
m; + m, m; + m,

U, v, Ve
u=U+V, ] Jom v,=V,+V,, Vﬁ
—_ v 1

Uy
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Relationship between center of mass and laboratory
frames of reference -- continued

Since m, is initially at rest :

__m _ __m _m
V(_'M - u, u, = Ul +VL'M = Ul - u, 77VL’M
m, +m2 m, +mz m,
n,
u,=U,+Vy, =U,=- u; =-Vg,
m +m2
v, =V, +V,

v,=V,+V,,
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Relationship between center of mass and laboratory
frames of reference

Ve
\%
1 vy
Vi =Vi+ Vg
v, siny =V, sin @
v, cosy =V, cosO+V,,,
= sin 6 _ sin &
c0s O+ V., IV, cos@+m,/m, g Forelastic
K scattering
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Digression — elastic scattering
1 2 1 2 1 2
mU; +7mU5 + E( +m, )VCM
_ 1 2,1 21 2
=ymVy +ym)V; +E(m1 Z)VCM
Also note:

mU, +m,U, =0 mV,+m,V, =0

m
U, :72VCM U,=-Vg,
m
=>[U =V and |U,|=|V,|=|Vey|
Also note that : ml‘Ul‘ = mz‘Uz‘
So that : Ve Vi =V /U, =m/m,
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Relationship between center of mass and laboratory
frames of reference — continued (elastic scattering)

Veu
Vi
Vi =Vi+ Vg Vi
v, siny =V, sin
v,cosy =V, cos0+V,,
sin 6 _ sin &
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tany = =
cos@+V,, /V, cos@+m /m,
cos@+m,/m
Also: cosy = L2
\/1 +2m, /m, cos 0+ (m, /m,)
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Differential cross sections in different reference frames

[dam(w)J _ (daw (9)j dQq,

dQLAE dQC\/I dQLAE
dQ ‘smH do ‘dcos&‘
dQLAB Sll’ll// dy _‘dcosy/‘
Using :

cos@+m, /m,
\/]+2(m1/m2)0050+(m1 Im,)
‘dcosy/‘_ (m, /m,)cos @ +1
‘dcos&‘_ (]+2(m1/m2)0050+(m1/m2)2)3/2

cosy =
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Differential cross sections in different reference frames —
continued:

(dam (v/)j [dom )| dcos0]

dQ, dQy, }‘ d cos V/‘

[dom (!//)j _ (dO'CM (9)] (1+ 2,/ my cos 0+ (m, . P )

aQ, dQ.,, (m, /m,)cos@ +1

sin 6
where: tany =———
cos@+m,/m,
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dO'LAB(l//) _ dogy, (9) <1+ 2m, / m, cos 6?+(m1 /mz)z)w2
dQ, Q. (m, /m, Joos 6 +1

where : tany = __sinf

cos @+m, /m,

Example: suppose m; =m,

sin @ 4
Sy =—

In this case: tany =
cos @ +1 2

note that 0<y S%

[daLAl,(W)Hd% (v)

aQ LAB aQ M
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Example of cross section analysis — CM versus lab frame

. KE 7,2,
Rutherford scattering : V(r)=—= £1£2¢
r r
(Note that E is center of mass energy)

(do) 2 i
dQ ), 16sin*(0/2)
For m, =m,

[dam (V/)] :(dam (zl//)]~4cost// _ K cosy.

dQ, s dQ.,, 4 sin*y
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