9/13/2016

PHY 711 Classical Mechanics and
Mathematical Methods
11-11:50 AM MWF Olin 107

Plan for Lecture 6:

Continue reading Chapter 3

1. Calculus of variation with
constraints

2. Application to classical
mechanics
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Department of Physics

Events

O0pm - Ofin 101
Rofreshments served

3:30pm - Ofin Loungs

cal Systems.
12:00pm - Olin Lounge
Pizza Served

9/14/2016 PHY 711 Fall 2016 - Lecture 6

WFU Physics Colloguium

TITLE: "WFU Physics Research -- Part |I
TIME: Wednesday Sept. 14, 2016 at 4:00 PM
PLACE: George P. Williams, Jr. Lecture Hall, (Olin 101)

Refreshments will be served at 3:30 PM in the lounge. All interested
persons are cordially invited to attend.

PROGRAM

Thiz colloquium is the second of two which will highlight physics research at Wake Forest
University, During the colloquium, Physics Department faculty members will present shorl
overviews of their research programs in the Physics Department. This forum for sharing
ideas will hopefully inspire collaborations between students and facuity and between
research groups.

9/14/201¢ PHY 711 Fall 2016 — Lecture 6




PHY 711 Classical Mechanics and Mathematical Methods

MWF 11 AM-11:50 AM OPL 107 http:/www.wiu_sdui~natalie/Fi8phy711/

Instructor: Natalie Holzwarth Phone:T58-5510 Office:300 ©FL e-mail:natabe@wiy edu

Course schedule

{Preliminary schedule — subject to requent adjustment )

Date F&W Reading Topic ‘Assignment Due
1 [Wed, B312016 Chap. 1 Rewem‘nrnaslcpnnclples #i aTi2me
2 |Fri, 9/0272016  |Chap 1 Scatiering theory #2 2016
[Mon, 810572016 Labor day — no class
3 [Wed, 8/07/2016 [Chap. 1 |Scattering theary #3 w2016
4 [Fn, G/08/2616 [Chap 1&2 |Scattering theory and rotations 4 BM2z018
5 |Mon, 81122016 |Chap, 3 Calculus of variations T mE 9142016
- 6 [Wed, 51472016 |Chap. 3 Calculus of variations #5 BI162016
7 |Fri, 9162016
8 Mon, 0192016
9 Wed, 8212018
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PHY 711 — Assignment #6

September 13, 2006

{n] Evaluate
i df o df

(h) Evaluate

(] Evaluste

(el) Nowe supgose thod

to chock your previo .
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Summary of the method of calculus of variation --
Consider a family of functions y(x), with the end points

»(x;)=y, andy(x,) = y, and an integral function
dy 't dy
1 X),—— p,X |= x),—;x |dx.
y), Jf y),

Find the function y(x) which extremizes / y(x),j—y ,X |
X

0l =0 = Euler-Lagrange equation:

2 d o

=0 forallx,<x<x
oy) & dx 6(dy/dx)
Tdx

!
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Euler-Lagrange equation:

(af] d [ of J
g 49 )
oy b dx a(dy/dx) .

Alternate Euler-Lagrange equation:

df o) ()
dx a(dy/dx) dx ] ox
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Another example optimization problem:

Determine the shape y(x) of a rope of length L and mass
density p hanging between two points

X1Y1

X2Y2
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Potential energy of hanging rope :
Xy dy 2

E= I+ —| dx

pgxf]y [ dx]
Length of rope:

X, 2
L=| 1+(dyj dx

5 dx
Define a composite function to minimize :

W=E+AL
= Lagrange multiplier
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w =I(pgy+/1)\/l+[?;jzdx
(2w
[

ot

a(dy / dx) dx

= (pgy+4 1+(
dx

2
1 (“J’j
dx
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(%)
5 a9y
(pgy+4) 41+ Yy __\d) | g
dx dy 2
1+(—)
dx
1
(o +2) ——— |-k
1+(d—yj
dx

1 xX—a
y(x) = —pg(/’i, +K COSh(l{/pgj]
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1 X—a
y(x) = —pg(l + KCOSh(MgJJ

Integration constants : K, a, A
Constraints: y(x,) =y,
y(x)=y,

X, 2
| 1+(@j dx=1
5 dx
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Summary of results

For the class of problems where we need to perform an extremization
on an integral form:

1= ff({y(x),%},xjdx ol =0

A necessary condition is the Euler-Lagrange equations:

24z -

4l o & ,(%)
de\” o(dy/dv)dx ) \ex
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Application to particle dynamics

x—t (time)

y—¢q (generalized coordinate)
f — L (Lagrangian)
I —> A (action)

. d
Denote: qE—q

dt

A= [tllgdyie)a

)
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Application to particle dynamics

Simple example: vertical trajectory of
particle of mass m subject to constant
downward acceleration a=-g.

d’y
m =-m,

dr’ €
W)=y +vit—tef’
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http://www.hamilton2005.ie/

Sir William Rowan Hamilton

Widresday, Septemier 111, 01

Tribute to Sir Willlam Hamilton

Helky and weicame! This page ts dedicated to the We and work of Sr Willam
Rower Hamitan

st scentist. He was an
o made mpoctant works

vie 1N the Inter
g of thir

is probobly i his most femilar meention

|. h f,mnr: 2005 was cabed the EINETEIN yaar 50,
2 papers af the year 1505, So UNESCO designated
m || «,a of Physes

Thiariks For VEmNG This Sitel Fease enjoy your Sty whike browsing thiaogh
the pages.
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http://rilipton.wordpress.com
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Now consider the Lagrangian defined to be :

( (t)* =

Kinetic
energy
In our example:

dy 1 (dyY
LI y(@), =}t |=T-U==m| =
{y() dt} 2 [dtj

Hamilton's principle states:

Potentlal
energy

Iy
S= _[L { y(t),%},t dt is minimized for physical y(¢) :
t
l' &
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Condition for minimizing the action in example:

1 (avY
S= J(Em[zj —mgdet
Euler-Lagrange relations:
OL doJL
o didy
= -mg — imj/ =0
dt

ad__ _ 12
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Check:

“1 (ayY
S=||-m|— | —mgy |dt
,j[z [dt) gy]
Assume =0, y,=h=1gT* 1, =T, y,=0

Trial trajectories: y,(1)=+gT*(1-¢/T)=h—%gTt

¥, () =4gT*(1-2 /T*)=h—4gr’

3
3 () =3eT*(1-£/T")=h-Lgt* /T
Maple says:

S, =-0.125mg’T*

S, =-0.150mg’T*
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