PHY 711 Classical Mechanics and Mathematis
Methods
9-9:50 AM MWF Olin 107

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

9/3/2017

PHY 711 Classical Mechanics and Mathematical Methods

MWF 8 AM-9:50 AM|[OPL 107 | hitp:liwww.wiu edu/~natalie/f17phy 711/

Instructor: Matalie Holzwarth Phone:758-5610 |Office: 300 QOFL e-mail:natalief@wiu edu

Course schedule

{Preliminary schedule - subject to frequent adjustment |

Date F&W Reading Topic Assignmant Due
1 Mon, 828/2017 [Chap. 1 Introduction 1 lEi2017
2 Wed, 8302017 |Chap. 1 Scattaring theary #2 9062017
Fri, 30172017  |Chap. 1 Scattening theary
14 Mon, 9/04/2017 [Chap. 1 Scattering theory #3 91612017
B \Wed, 91062017 [

& [Fri, 91082017
7 Mon, 01172017
18 [Wed, 9132017
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PHY 711 -- Assignment #2

Aug. 30,2017
Read Chapler 1in Fetter & Walecka.

1. In class, we “derived” the differential cross section for the scallering of two hard spheres of mutual
radius 0 in the center of mass frame. Find the differential cross section for this system in the ab
frame in wWhich Miarger 1& initially at rest and evaluate the expression for the following cases

A M1/ Miarget=0.1
b T/ Marger=1
. M Mpayger= 1000

PHY 711 -- Assignment #3

Sepl. 4, 2017
Continue reading Chapler 1 in Fetter & Walecka

1. Work Problem #1,15 at the end of Chapter 1 in Fetter and Walecka,
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Scattering theory: : detector
e

Scattering
center

Aren = dd =

Large sphere of radius &

Figure £5 The scattcring problem and relation of cross section to impact parameter.
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Differential cross section
do ) _ Numberof detected particlesat & per target particle
dQ Number of incident particles per unit area

= Area of incident beam that is scattered into detector

atangle &

do = dghdb
) "7 da=apsineds

%Jg do)  debdb b |db
K i P A A Lt
{6: S(anjring dQ) dpsin@d6 sinf|do

center

dA=27bdb

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

o A @— dgbdb

H au
Scattering
center

dA=2xbdb

Figure from Marion & Thorton, Classical Dynamics

do)\__debdb _ b |db Note: We are assuming
dQ) dgpsinfdé sind|do that the process is
isotropic in ¢




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

Cl

Lab (6) vs CM (v) . N
v, = V,+Vg, 1 v
tany = sin@

cos@+m, / m,

B cos@+m, [ m,
cosy = -

\/1+2m1/m2cost9+(m1/m2)
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Differential cross sections in different reference frames —

(dam (w)j _ [dam (0) ) dcosd|

dQ, dQy }‘ d cos ‘/"

(do—m ('//)J _ [dom (a)j (14200, /o3 0+ (m, P}

sy, dQ.,, (m, /' m, )eos @ +1
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Differential cross sections in different reference frames —

[dau,g(w)j:[dm (9)] (122 mycos0+ (m s )

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

sin &
where: tany =———
cos @+m, /m,

Example: suppose m; =m,

sin @ 4
Sy ==

In this case: tany =
cos @ +1 2

note that 0<y S%

[dam(l//)j _ (dUCM (2V’)J-4cost//

aQ LAB aQ M
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Example of hard spheres

DZ
e
Cross section in lab frame when m, = m,
sin@ 0 7r
tany =—— =Sy =— = notethat 0<y <—
v cosf+1 v 2 4 2
d d 2
[ GL"B(W)]:[ Teu ( W)]-4COS1//=DZCOS‘//
dQLAB dQCM
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Scattering cross section for hard sphere in lab frame
for various mass ratios:

1.0+
0.9 _‘\\

0.8

Ex0) oo™

aQ 0.51

LAB

0.4
0.3 ™ _o
0.2 m,

0.1

20 40 60 80 120 160
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For visualization, is convenient to make a "parametric" plot of
do, .,

—LHE(F) | vs 0
[ 40 ( ) v ( )

Maple syntax:
"> plot( { [psi(theta, 0), sigma(theta, 0), theta=0.001 ..3.14], [psi(theta, .1), sigma(theta, .1), theta

=0.001..3.14], [psi(theta, .5), sigma(theta, .5), theta=0.001..3.14], [psi(theta, .8),
sigma(theta, .8), theta=0.001..3.14], [psi(theta, 1), sigma(theta, 1), theta=0.001..3.14]},
thickness =3, font = [ 'Times',bold', 24, gridlines = true, color = [ red, blue, green, black,
orange])
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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) =— €
r
A B
Lennard-Jones: V(r)==-—
r r
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For a continuous potential interaction in center of mass

reference frame: 1 ., 2
E, =—u+ > +V(r)
2 2 2ur
87 > +V(r)
7
6 Need to relate these parameters to
51 differential cross section
Vg do—i
3 Qe
2 Erel
1
0
1 2 3 4
I, mm r
mn o p=—12_ /=angular momentum
m, +m,
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1 7
E  =—urH +V(r
rel 2 2;11”2 ( )

Trajectory of relative vector in center of mass frame

r(4)

=>Need to find an equation for r(¢)

Lo
A
&
@ r(¢)
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Conservation of energy in the center of mass frame:
1 oo

E, EEzfﬂ(ﬂ] + ! S +V(r)
27\ dt 2ur

Transformation of trajectory variables:

() < r(e)

dr_drdy_dr ¢

dt de dt  do ur’

. d
Here, constant angular momentum is: £ = ur” (—(p

dr
1 (ar ¢
r
3E=2u(2j+ V()

)
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Solving for (¢ ) < ¢(7):
2 2
From: Ezl,u ﬂiz + ! S +V(r)
2" \do ur 2ur
2 4 2
LnEL A ) a0
do 14 2ur

1/

42
\/2;1(15 . V(r)J

do=dr
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Special values at large separation (r — o):
= y‘rx V‘HW =uv, b
1
E=—w?
5 HVy,
= (=,2uEb
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When the dust clears:
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2
do=dr f/r2
/
2u| E— -V
\/ ﬂ[ 2ur? (r)j
2
do=dr bl/r
b V(r)
1——2—
r E
:?@max(baE):(P(,’f_),@)_@(r:rmin
[ © 2
J~d¢_ Idr b/r
o " b’ V()
r? E
where :
2
D V)
rmin

Relationship between ¢,,,, and 6:
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o 2
(ﬂmax—£+ngdr oIy
2 2 b* V(r)
1-=-
r E
© 2
O=-z+2b | dr L
b V()
r E
Urn 1
O=-r+2b | du
N o)
E
Scattering angle equation: where:
U Figin bz V(rmin )
0=7rz+2b_‘.du% 1= =0
0

[y 70D O
E

Rutherford scattering example:

Vi _x T
E r Tow V' omin

1 1 K x Y
=—| ==+, = | +1
Tmin b[ 2b (ij ]

Vi
O=-m+2b j du[%j “osint|— L
o \WI-b%’ —ku (2b/x) +1
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Rutherford scattering continued :

9=2sin"| —1
(26/x) +1

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

(do-]_ b
dQ ) sin@

K

L
d6|” 16 sin*(9/2)
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(22)- Lol =1
dQ) sin@|dd| 16 sin*(0/2)

What happens as
6 >07?

of one point charge
off ancther

100° 120° 1407

formula I

TR 200 400 e0F
Seattering 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

2
K _ zZ,Z,.e

4 Sreuv’
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