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

Plan for Lecture 2:
. Brief comment on quiz
. Particle interactions

. Notion of center of mass
reference fame

4. Introduction to scattering theory
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Comment on quiz questions

dt 4 dt

x=t

dz
Evaluate the integral é— for a closed contour about the origin.
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Classical mechanics of a conservative 2-particle system.

F,=-V/V(r-r,)

F N

1
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1
:>E=5mlvf +Em2vz2 +V (r,—r,)




Relationship between center of mass and laboratory
frames of reference

Definition of center of mass R ,,,
mlr, +m,r, = (mI + mz)RCM

myx, +m,x, = (m, +m2)RCM :(mI +m2)VCM

1 1
E=Em1v,2 +5m2vz2 +V(r,-r,)

1 1
:E(m1 +my )V, +Eﬂlvl ~v,[+V(r,-1,)

mm
where:  u=—1-2
m, +m,
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Classical mechanics of a conservative 2-particle system --
continued

1 1
E:E(ml +my )V +E/“|V1 _Vzlz +V(r-r.)

For central potentials: V' (r, —r,)= V(|r1 —r2|) =V (n,)

Relative angular momentum is also conserved:
L,=r,xuv,
1 2 1 2 LIZZ
E= E(m1 +m2)VCM +E,uv12 + 2,uré + V(rlz)

Simpler notation:
e 1 P2 1, 7 v
_E(ml+m2) oM +E/” +2,ur2+ (r)
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Note: The following analysis will be carried out in the center

of mass frame of reference.

In laboratory frame: In center-of-mass frame:
\Z
Gl
my
[ ] Vew

_ mlm(argc( m
- target

my A+ My

£=|rxpv,|

Also note: We are assuming that the interaction between
particle and target V(r) conserves energy and angular
momentum.
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Scattering theory:
}/Mu;
N

Scauering
senler

Large sphere of sadius R

Figare 85 The scattering problem and relation of cross section to impact parameter.
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Differential cross section

do ) _ Numberof detected particles at & per target particle
dQ Number of incident particles per unit area
= Area of incident beam that is scattered into detector

atangle &

dobdb

Figure from Marion & Thorton, Classical Dynamics

(EE}BAAAA,,lLEQ
dQ) dpsindf sinf|do
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In center of mass reference frame: )
1 .2
2 EM:E,ur +2 r2+V(r)
——+V(r) H

71 ““ ZWZ

78 9 10
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Conservation of angular momentum:

=l3)

Transformation of trajectory variables :
) < r(9)
dr _drdg dr !

dt d¢ dt  dp w?

Conservation of energy in the center of mass frame:

2 2
E=l,u(ﬂj + ‘ > +V(r)
27 \dt 2ur

1 (drﬁz £

_z'u d¢'uy~2 +2Aur2+V(V)
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2 2
3E:lu(ﬂ) + ‘ S +V(r)

27 \dt 2ur
2 2
LY (LR,
2°\d¢ wr 2ur
Solving for r(¢) < @(r)
2 4 2
) 2y
d¢ 4 2ur
2
dg=dr f/r2
14
\/2;1[E— = —V(r))




2/
[2
Zy(E— e —V(r)j

Further simplification at large separation:

= b

dg=dr

Lo,
E=—

S
= 0 =\2Eb
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Differential cross section

[ do j _ Numberof detected particles at @ per target particle
dQ

Number of incident particles per unit area

= Area of incident beam that is scattered into detector

atangle &

db)
do

" dpsin@dé  sinf

(E]_ dpbdb b
dQ

Figure from Marion & Thorton, Classical Dynamics
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When the dust clears :

2
dé = dr llr
2
\/Zy(E ‘ sz(r)J

2ur

2

dé = dr blr
b V()

-~
r E

= ¢, E)




[ o 2
fap=Jan —

0 i _b7_ V(r)

r’ E
where :
2
1 bT V(rmin) — 0
rmin E
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Relationship between ¢,,,, and 6:
r -
b
'
2= )+O=1
T 0
= ¢max =575
2 2
kol 2
b =2 -0 = [ar| 2L
LI B N 4 )
r? E
o 2
0=r-2b[dr r
AN AG)]
> E
1V Fgin 1
0=r-2b [du -
0 lszusz(l u)
E




Scattering angle equation :

1 Fpin
O=rn-2b jdu !
0 1—b2u2—V(1/u)
E

Rutherford scattering example :
2
rey_« 1 1) _x_ |(x)
E r r.. bl 2b 2b

O=r-2b J.du{lj=25in'
0 1- zuz—l(u (

1
2b/1c)2+1]

19
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Rutherford scattering continued :

g=2sin| —— 1
(2b/x) +1

2b _ cos(0/2)
sin(6/2)

(dg] __b
dQ ) sind

K

|k
dé|” 16 sin*(0/2)
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