PHY 711

Classical Mechanics and

Mathematical Methods
10-10:50 AM MWF Olin 103

Plan for Lecture 7:

Continue reading Chapter 3

1. Lagrange’s equations

2. D’Alembert’s principle
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PHY 711 Classical Mechanics and Mathematical Methods

[MWF 10 AM-10:50 PM |OPL 103 |nttp:fiwww.wfu.edu/~natalie/f14phy711/

[Instructor: Natalie Holzwarth Phone:758-5510 [Office:200 OPL [e-mail:natalis@wfu.edu

Course schedule

(Preliminary schedule — subject to frequent adjustment.) rrr>

Date F&W ReadIng Toplc

1 |Wed, 8/127/2014 [Chap. 1 Review of basic principles #1

2 |Fri, 8/29/2014  |Chap. 1 Scattering theory 2

13 |Mon, 9/01/2014 |Chap. 1 Scattering theory continued #3

|4 |Wed, 9/03/2014 |Chap. 2 Accelerated coordinate systems |#4

|5 |Fri, 9/05/2014  |Chap. 3 Calculus of variations #5

& |Mon, 9/08/2014 [Chap. 3 Caleulus of variations s
- 7 [wed, 9/10/2014 [Chap 3 Hamilton's principle [z

8 |Fri, 9/12/2014

@ |Mon, 9/15/2014

10 \Wed, 9/17/2014

11 |Fri, 9/19/2014
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ndrea Belanger Awarded
Poster Prize

Wed. Sept. 10, 2014
Physics Colloquium:
Studant Prasentations
Olin 101 3:45 PM
Refreshmens at 3:15 §
Olin Lobby

watse 73014
Physlcs Colloquium:

Ryan Godwin Awarded Dark snaray a iter
Predoctoral Fallowship Prof. Erickeek, -CH

Olin 101 4:00 PM
Refreshments at 3:30 PM
Glin Lobby
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WFU Physies Colloquium
TITLE: "Welcome to the WFU Physics Department - Part 2"
TIME: Wednesday Sept. 10, 2014 at 3:45 PN
PLACE: George P. Williams, Jr. Lecture Hall, (Olin 101)

" Note: early starting time.

Refreshments will be served at 3:15 PM in the lounge. All interested
persons are cordially invited to attend.

PROGRAM

This colloguium continues the welcoming program of Iast week. After refreshments in the
loungs in the lobby of Olin Fhysical Laboratory (starting at 3:15), we will meet in the
George P. Williams, Jr. Lecture Hall (Qlin 101) at 3:45 PM for some presentations by
undergraduate students, highlighting their summer research experiences, and senior
gracuate students presenting overviews o their research areas
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Summary of results from the calculus of variation

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

I- Jf[{y(x)%},x]dx

A necessary condition is the Euler - Lagrange equations :

()&l

dfp o _(@j
de\” oldy/dx)dx ) \ox

0
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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—tegt’
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Now consider the Lagrangian defined to be :

L {J’(t),%},t =TL\

Potential
energy

Kinetic
energy
In our example :
dy 1 (@Y
L O,—nt|=T-U=—=m —| -
{y() dt} 2m(dt) ey

Hamilton's principle states :

t 2
S= _[ %m(%) —mgy |dt is minimized for physical y(¢):
4
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http://www.hamilton2005.ie/

Wednesday, September 11th, 201

Tribute to Sir William Hamilton

Hello and we'coma! 1 his page s dedicated ta the Iife and work of sir willem
Rowan Ham Ion

willom Rowen Hamlton was Ircan
mathematican, physicist, and ast
optics, dynamics, and agebra

greatest sdentist. He was an
cmer and made important works in

llis contributicn n cynamies plays a mpartant role in the later developed
quantum mochanics. His name was perpatuated in one of the fundamental
concepts in quantum mecharics, caled ‘Hamizonan®.,

The Distvery of Quaremions is prmbmbly is his most familiac invention
today.

Sitemap

Home

2005 was the Hamiton Yezr, celebratng his 230th birthday. The year was
ded caled Lo celebrete Tish e 2005 was called Uhe Einslein yzar also,
reminding of three great papars of the year 1905, So INESCO designaterd
2005 to the World Yeer of Fhysics

Thanks for uisTing this site| Please enjoy your stay while browsing through
the pages
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Condition for minimizing the action :

_1/ 1 dy 2
S:J(Em(d[} —mgy |dt

Euler - Lagrange relations :
OL d oL 0

oy droy
d
= -mg-—mj=0
mg dtmy

_ddv_
dt dt

v =y, +vi -5’
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Check :

Y1
SEJ(EW{HI—);) —mgy]dt
Assume £, =0, y,=H=1gT* t,=T, y,=0
Trial trajectories : y,(f)=1gT*(1-¢/T)=H L gTt
() =311 17°)= H~1gr
yy(()=1gT (1= /T*)=H-Lgr’IT

Maple says :
S, =—0.125mg’T*
S, =-0.167mg"T*
S, =-0.150mg’T*
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Jean d’Alembert 1717-1783
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D’Alembert’s principle:

ds Generalized coordinates :
L )

Newton's laws :
F-ma=0 = (F-ma)-ds =0

9/10/2014

Fas=Y S F Sy,
-7 g,
For a conservative force: F, = v
0x,
oU ox, oUu
F-ds=- — g, =) —
Z,“Z ox, 0q, 7 Za: oq, e
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Generalized coordinates :
ds

4,(bx.})

Newton's laws :

F-ma=0 = (F-ma)-ds =0
ma-ds = ;me, %&h

d oy . d oy
- ;Z(E(W' 6%] " e, ]&l”

. ox, O, d ox 0 dx, 0Ox
Claim : L=—L and ——F=—--——"t=—"L
oq, 04, di oq, 0q, di 0q,
1 .2 1 .2
ma~ds:zz d 6zr‘nxl ' _6!zmx[ ) i
- T\de o4, 04,
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Generalized coordinates :
ds

4,({x.})
_ d 6(‘7nv'clz N 6(%7;1)&,2)
w3 g ) Aol
Define - - kinetic energy: 7= Ltmi,

s =3[4T _OT
dtogq, oq,) °

o

Recall :

oU ox U
F-ds= iy =YL

) ;Z‘ﬁ& 6(1(,6% ;6% %

U d oT oT
F-ma)ds=Y Loy -S| L2 % |y =0
(F-ma)-ds =33, %o g(dtaqa ag, |
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ds Generalized coordinates :
R

oUu d o oT
F-ma)-ds=-Y &, — Y | = |5q, =0
(Foma)-ds =33, ~%te g(dtaqa 20, )"
[iM_M}m:O
—\dt 04, 04,

L(qa,qg;t)zT—U
Note: This is only true if
U _
oq,

0
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ds Generalized coordinates :
P R

Define-- Lagrangian: L=T-U

L=1lig, .14, 1)

d oL oL
Foma)-ds=-Y| L oL L ls o
(F-ma)-ds Z(d;aqo oq, |

o

= Minimization integral: S = IL({qa Lg, Lo

4
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Euler — Lagrange equations: L =L({g, },{g, },1)=T-U

L=1(0,0)=1md*0> ~mg(d —d cos 0)
4 a_L —B—L:O 3imd2€—mgdsin€:0
dt 64, 0q, dt

d—-?:gsinﬁ
dt* d
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Another example:  L=L({g, },{g, },1)=T-U
daoL_oL

dt oG, oq,
L=L(@,f.y.a.f.7) =1 1,(asin® B+ )+ L I,(crcos B + 7 — Mgd cos 8
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