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

Plan for Lecture 4:
Reading: Chapter 1 F&W

1. Summary of previous discussion of
scattering theory; transformation between
lab and center of mass frames

2. Scattering theory in the center of mass
frame; Calculation of the scattering cross
section

for Rutherford scattering
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PHY 711 Classical Mechanics and Mathematical Methods

MWF 10 AM-10:50 AM | OPL 103 http:/hwww.wiu.edu/~natalle/f18phy 711/

Instructor: Matalie Holzwanh Phone:758-5510 Office:300 OFL e-mall:natalie@wiu edu

Course schedule

{Preliminary schedule - subject to frequent adjustment.)

Date F&W Reading Topic Assignment Due
1 Mon, 8/27/2018 Chap. 1 Introduction #1 72018
Wed, 8292018 No class
2 Fri, 8/31/2018 Chap. 1 Scattering theary ##2 H72018
3|Mon, 910372018 Chap. 1 Scattering theory
|:> 4|Wed, 9/05/2018 Chap. 1 Scatlering theory #3 9110/2018
5 Fri. 90772018 Chap. 2 Non-inertial coordinate systems
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PHY 711 -- Assignment #2
Aug 31, 2008

Fiaad Chapier 1 in Fetier & Walecks

i 2008 Sechion for e scamering of two hard spheres
182CrBLNY W3t 1 WIRCP: (e A1 Of MES Mpymper 8 iNLially 42 Fest
Consices e Iolowing two Cases, Binding the dMerential cross vecton a8
your arawers using the centir of mass expEssOnY. )

PHY 711 - Assignment #3

9/5/2018

Sept 5, 2018
Contnue readng Chapter | n Fetter & Walscka
1. Weork Problem 81 16 ai T end of Chapter 1 in Fether and Walecka
PHY 711 re 4
Scattering theory:
9 ¥ detector

Scattering
center

Large sphere of radius &

Figure £5 The scattering problem and relation of cross section to impact parameter.
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Differential cross section

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

at angle 6

do =dghdb
_dQ=dgsinod6

— (L) jleban__ o
,_n__—:r;‘l:‘m— dQ) desinfdd sind|do

Figure from Marion & Thorton, Classical Dynamics
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Note: Notion of cross section is common to many areas of
physics including classical mechanics, quantum
mechanics, optics, etc. Only in the classical
mechanics can we calculate it using geometric
considerations

. A dgodb

Figure from Marion & Thorton, Classical Dynamics

[dﬁ) __dpbdb b |db Note: We are assuming
dQ) desinddd sind|de that the process is
isotropic in ¢

9/5/2018

Transformation between center-of-mass and laboratory
reference frames: (assuming that energy is conserved)

Lab (8) vs CM (y) y -
v, = V,+Vg, ' <
siné
tany = ——
cosf+m,/m,
cosf+m, /m,
cosy =

J1+2m, /m,coso-+(m, /m,)’

Differential cross sections in different reference frames —

( doye (w)j _ [ docy (6) ] d cosd|

dQ s dQey, }‘d cosz//‘

(do-LAB (V/)J _ [dO'CM (9)J (1+2ml /m, cos 6+ (m, /mz)z)wz

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




Differential cross sections in different reference frames —

(dO'LAB(l//)] _ (dO'CM (e)j (1+2m, /m, cos @+ (m, /m, ) )

dQ, . dQg,, (m, /m, Jeos @ +1

sin &
cosd+m,/m,
Example: suppose m; =m,
sin & 1%

Inthiscase: tany =— =y =—
v cosf+1 v 2

where: tany =

note that 0<y S%

(dGLAB ('//)J _(do-cm (2v)

dQ LAB dQCM

j-4cosy/

9/5/2018

Focusing on the center of mass frame of reference:

Typical two-particle interactions —

Central potential: ~ V (r, —r,) =V (|r, —1,|) =V (r)

o r<D
Hard sphere: V(r)= X
0 r>D
o K
Coulomb or gravitational: V (r) - e
r
Lennard-Jones: V(r)= % — Eﬁ
r- r

For a continuous potential interaction in center of mass
reference frame: 1 2

E. =—uf’+ +V (r
) rel 2/1 2,Llr2 ( )
8 > +V(r)
7
6 Need to relate these parameters to
5 differential cross section do
Va Wr —Zcm
3 dQCM
2 EreI
/
1 3
S
0. ‘Llr N
1 2 3 4
r mm, "
mn y=—12_ {=angular momentum
m, +m,
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/2
2ur’

E. :%yr‘z-r +V(r)

Trajectory of relative vector in center of mass frame

r(4)

=>Need to find an equation for r(g)

9/5/2018

Conservation of energy in the center of mass frame:
2 2
EreI = E :lﬂ(gj + Z 2 +V(r)
27 \dt 2ur
Transformation of trajectory variables:
rt) < r(p)
dr_drdp_dr ¢
dt de dt de ur?

. d
Here, constant angular momentum is: £ = ur? [d—(fj

2 2
SE=t v
2" \de ur 2ur
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Solving for r(¢) < ¢(r):

2 2
From: E:l,u ELZ + ! > +V(r)
27 do ur 2ur

LA N7 (R,
do 0 2ur’

/r?

ZZ
\/Zy[E 2 —V(r)]

dp=dr




2
dg = dr Z/r2
¢
24l E - -V
\/ #( 2ur? (r)j
v, — T

9/5/2018

Special values at large separation (I — o):

(= y‘rx V‘Hm =uv,b
1

E=—u
SHV

= (=,/2uEDb

When the dust clears:

2
dp=dr f/r2
‘
2u| E- —V(r
\/u( ur ()j
2
do=dr b/r
_b* v
r> E

2 P 0E)=0(r > 0)—p(r =

r

min

)

J-d¢ Id b/l’
V(@)
r2 E
where :
2
_ b2 V(i) -0
Fonin E




Relationship between ¢,,,, and 6:

9/5/2018

o 2
Do :£+€: Idr b/ir
22, b2 V(r)
min 17727
r E
© 2
=-z+2b [ dr __ e
. b>  V(r)
min 17727
r E
1 hin 1

O=-7+2b J' du

0 h_bzuz_v(l/u)
E
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Example: Diagram of Rutherford scattering experiment
http://hyperphysics.phy-astr.gsu.edu/hbase/rutsca.html

Flash of
Microscope
Fluorescent

........ 0 screen
Scattering
angle
/ Polonium Gold
7 sample il
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Scattering angle equation: where:

9:—n+2bj du ! -5

D T e Y o E
E

Rutherford scattering example:

v _x T
E r | AT

1ty
0=-7+2b | du[%j:zmn" S
0 N1-b*u® —ku (2b/x) +1

9/5/2018

b* V() _

Rutherford scattering continued :

6 =2sin™ S
(2b/x) +1

2b _ cos(6/2)

K sin(9/2)

(d017 b ‘@712 1
dQ) sin@|do| 16 sin*(0/2)

(2)- 2 |0l ]
dQ) sind|dg| 16 sin*(0/2)

What happens as
6 >0?

Theoretical scattering
of one point charge
off another

Scattered alpha particles

600 80T 1007 1207 140
Scattering angle

From webpage: http:/hyperphysics.phy-astr.gsu.edu/hbase/nuclear/rutsca2.html#c3
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Original experiment performed with o particles on gold

Kk 2,2, 7,7,

4 8meuv:  167€,E

rel

9/5/2018

Recap of equations for scattering cross section in
the center of mass frame of reference

(o). b o

dQ ) sinf|do
o 2

0:7”+2b,[ dr e
; b*> V(r)
‘min 1_72_

r E
where 1, is found from
2
17b77 (rmin):()
r, E

min




