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

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

3. Notion of center of mass
reference fame

4. Introduction to scattering theory

8/30/2017 PHY 711 Fall 2017 — Lecture 2

8/30/2017

PHY 711 Classical Mechanics and Mathematical Methods

MWF 9 AM-8:50 AM|OPL 107 hip: edu/~natalie/7phy 711!

Instructor: Natabe Holzwarth Phone:758-5510 Office:300 CGPL e-mall:natabe@whs edu

Course schedule

(Preliminary schedule — subject to frequent adjustment.)

Date F&W Reading 'I'dplc Asslgnnielll Due
1 Mon, BIZBIZ017  (Chap. 1 Intraduction # /82017
Q'Wed. B/30/2017 [Chap. 1 Scattering theory w2 BE201T
Fri, 810172017 )

{4 Mon, 810472017
s \Wed, DI0B/Z017
& [Fri, 91082017

7 Mon, 8112017
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PHY 711 - Assignment #2

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

1. In class, we “derved"” the differential cross section for the scattering of two hard spheres of mutual radius
D in the center of mass frame. Find the differential cross section for this sysiem in the lab frame in which
Miarget IS Matially at rest and evaluate the expression for the following cases

. MyiMearger=0.1
B Myl Marger=1
£ M1/ Mearget= 1000
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Fall 2017 Schedule
for N_A_ W. Holzwarth

Wednesday Friday
Classical
Machanics
PHYT11
| 10:00-12:00 Lecture
Preparation/
Office Hours
12:00-1:00
1:00-2:15

3:30-5:00

Schedule additional office hours by email:

8/30/2017

natalie@wfu.edu
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WFU Physics

Aug. 31, 3007 #1 13 nean
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. Comment on quiz questions
1. g(t)=.0[(x2+t)dx dg _ ! d(x2 +t) dt+(x2 +t)|
dt ) dt x=t

dt+ (£ +1)=1+2t

ot—

dz
2. Evaluate the integral #— for a closed contour about the origin.
z

Suppose that z = ¢
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dz _fe’idg
_ i . He _ .
dz =¢e"id0 (ﬁz —'0[ o =27i
3. %:f = f(x)=4e"  f(x)=1 =>4=1
N a_aN+l N
4. Z:;auﬁ LetSzZ:I:a" Note that aS—-S=a"" —a




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 &

o
(di] dpbdb b db‘

Q)"

" dpsinddé  sind|do)

db a L

1 Ay
Scattering
center

dA=2xbdb

Figure from Marion & Thorton, Classical Dynamics

8/30/2017 PHY 711 Fall 2017 - Lecture 2

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) dpbdb Note: We are assuming

b |db
(Ej " dpsin0do  sind ‘(Ta that the process is
isotropic in ¢
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Simple example — collision of hard spheres

()Ll
@—'—e— dQ) sin0|do
Microscopic view: b(@) =9

‘ . o
b(8)=Dsin r 2
2 2

(dg D

dQ ) 4
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Simple example — collision of hard spheres -- continued

Total scattering cross section:

o= (d—o-de
dQ
do)_D*
dQ 4
oc=xD’

Relationship of scattering cross-section to particle interactions --
Classical mechanics of a conservative 2-particle system.

ap, _ P, _
1 a4 12 dt 21
2

F,=-V/V(r-r,) :>E=%mlvf +%m2v22 +V (r,—r,)
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Typical two-particle interactions —

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

Hard soi V( ) o r<a
ard sphere: r)y=
P 0 r>a
. . K
Coulomb or gravitational: V(’” ) =
r
A B
Lennard-Jones: V(r)=—5-=
r r

>HY 711 Fall 2017  Lecture 2
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Relationship between center of mass and laboratory
frames of reference

Definition of center of mass R ,,,
mx, +myr, = (mI + mz)RCM
mr, +m,r, = (ml +m, ) RCM = (ml +m, )VCM

1 1
E=Em,vl2 +5m2vz2 +V(r,-r,)

1 1
:E(m1 +my )V, +Ey|v1 ~v,[+V(r,-1,)
where:  u = M
m, +m,
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Classical mechanics of a conservative 2-particle system --
continued

E :%(ml m)V2, +%,u|vl v 4V (r-1,)

For central potentials: V' (r,—r,)=V (|, -r,|) =V (r,)

Relative angular momentum is also conserved:
L,=r,xuv,

2

1 1 L
E:E(m1 +m2)VC2M +E/UV122 + 2/;2 +V(r12)

12

Simpler notation:

1 . r”
E:E(m1+m2)VC2M +E'ur2+2,ur2 +V(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
[ e
my
[ ] Vem

_ mlmmrgm m
- target

my A+ My

£=[rxuv,|

Also note: We are assuming that the interaction between
particle and target V(r) conserves energy and angular
momentum.
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For a continuous potential interaction in center of mass
reference frame: 2

1
E  =—u’+ +V(r
) rel 2 zlurz ( )
8 > +V(r)
7
6 / Need to relate these parameters to
51 differential cross section
Val => to be discussed on Friday
3
2 \ Erel
1N
0
1 2 3 4
r

Tmin
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Itis often convenient to analyze the scattering cross
section in the center of mass reference frame.

Relationship between normal laboratory reference
and center of mass:

Laboratory reference frame:

Before After
m
1 ° r-n2 v
Uy u,=0 \
VNG
Center of mass reference frame:
Before
my
o— <o
U, U,
30/2017 PHY 711 Fa®2017 - 18




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

Since m, is initially at rest :

m

Ve = u, u=U+V, =1U-= u = Veu
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
\A v,
vV, =Vi+ Vg
v, siny =V, sin @
v, cosy =V, cos O +V,,,
sin 6 sin 6

tany = = )
4 cos O +Vy, 1V, cosO+m,/m, For elastic
K scattering
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Digression — elastic scattering
1 2 1 2 1 2
mU; +7mU5 + E( T m, )VCM
_ 1 2,1 21 2
=ymVy +om)V; +E(m1 Z)VCM
Also note:

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

m
U, :72VCM U,=-Vq,
m
=|U[=Vi| 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)

Vo

Vi

V=V, + Vg, Vi

v, siny =V, sin

v, cosy =V, cos O +V,,

sin @ sin @
tany = =
cos@+V,, /V, cos@+m /m,
O+m,/
Also: cosy = COSTx M, [

\/1+2m1/m2 cos @+ (m, /m,)
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Differential cross sections in different reference frames

(dau,,(u/)} _ [dam (€)j dQq,

dQLAE dQCM dQLAE
dQ,, _\sinaﬁ‘ |dcosd)|

dQy, ., _‘Sil’ll// dy :‘dcosy/‘
Using :
cos@+m, /m,
cosy

- \/1+2(m1/mz)cosl9+(ml /m2)2
‘dcosx//‘z (m, /m, Jeos 6 +1
‘dcos@‘ (1+2(m1 /my)cos @ +(m, /m2)2)3/2
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Differential cross sections in different reference frames —
continued:

(dam(t//)j _ [dom (0)]d cos 0|

dQ Qg )‘ d cos ‘/"

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

[dam (u/)j ) (dUCM (9)] (1+ 2,/ my cos 0+ (m, P )

sin 6
where: tany =———
cos@+m,/m,

8/30/2017 PHY 711 Fall 2017 - Lecture 2 24




8/30/2017

do (y/) _[dogy, (9) (1 +2m,/m,cos 6+ (m1 /mz)z)z/2
s, s dQ., (m, /m,)cos@+1
sin @
where: tany =———
cos @+m, /m,
Example: suppose m; =m,
sin & 0

Sy=—
cos @ +1 v 2

In this case: tany =

note that 0<y S%

{dam('//)j _ (dUCM (2'//)]-400511/

dQ Q.

LAB
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