PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM MWF Olin 103
Plan for Lecture 8:
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 \httg:!.‘www.wfu.eduhnatalielﬂ22hy?‘|1f‘

[Instructor: Natalie Holzwarth Phone:758-5510 [Office:300 OPL e-rnail:nalalie@wfu.edul

Course schedule

(Preliminary schedule -- subject to frequent adjustment.)

Date F&W Reading | Topic A
’T Wed, 8/28/2012|Chap. 1 Review of basic principles;Scattering theory  [#1
[2[Fri, 8/31/2012 [Chap. 1 Scattering theory continued 2
[3Mon, 9/03/2012 [Chap. 1 Scattering theory continued 3
[4Wed, 910812012 Chap. 1& 2 i y inate frame #4
s[Fri, /07/2012  [Chap. 2 Accelerated coordinate frame 5
[6[Mon, 8/10/2012 [Chap. 3 Calculus of Variation #
ﬁ Wed, 8/12/2012|Chap. 3 Calculus of Variation continued

Fri, 9/14/2012 |Chap. 3 Lagrangian B
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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:

| :XJ: f[{y(x),%}, xjdx

A necessary condition is the Euler - Lagrange equations :

5w -2

dfy o dy ,[ﬁ)
dx a(dy/dx) dx )\ ox
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Application to particle dynamics

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

Y
mdy
dt?
y() =y, +vt-$gt?

=-mg
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Now consider the Lagrangian defined to be:

LN

Potential
energy

Kinetic
energy
In our example:

L({y(t),%},t]zT -u :%m(%) —mgy

Hamilton's principle states :

ty 2
S= j (% m(%] —mgy]dt is minimized for physical y(t) :
[
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Condition for minimizing the action :

ty 2

1 (dy
S=||=m —| —mgy |dt
J(z (dt) gy]

Euler - Lagrange relations:
oL daL

oy droy
d
— — v=0
= -mg - my

ddy

oY

y(t) =y, +vit-$gt*
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Check:

t 2
f(1 (dy

S=||=m —=| - dt
J(Zm(dtJ mgy]

Assume t, =0, y;=H =1gT? t, =T, y, =0
Trial trajectories: y,(t) =1gT2A-t/T)
yo(t)=4gT* (-t 177)
v:(t)=40T*0-1/7°)
Maple says:
S, =-0.125g%T*
S, =-0.167g*T?
S, =-0.150g°T*
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ds Generalized coordinates :
L

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

F-ds=ZZFi%a‘qc

. ouU
For a conservative force: F, =-—
OX,

U . U
F'ds__;ZéTX.aqa 7 gﬁqnaq“
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ds Generalized coordinates :

a, ()

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

ma-ds=>">"mg, %(i‘qo

d( . o . d ox
=33 mg - my -,
- G\dt oq, dt oq,

. 0X O d ox 0 dx,  ox
Claim: L="1 an s B IS B
oq, od, dtog, g, dt aq,
ma-ds=Y > g 0(%(T]Xiz) _6(%m>'(iz) i
~ <\ dt oq, aq,,




ds Generalized coordinates :

a, (i)
o) A

Define - - kineticenergy: T = Z%mxiz

ma.dszz(iﬂ_fi

dtog, oq,
Recall :
ouU ax
F.ds=
b= o ™ aq Z
d or ot |,
(F-ma)- ds_z 5q Z[&H"aq JAq‘,_O
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ds Generalized coordinates :
L

U d ot or
F-ma)-ds=-3"< 290 9 1%, =0
Fma)es- 3 -4 -

do(T-u) aT-u)
- Z[dt aq, aq, Jo‘quo

Note: Thisisonly true if
ou
od,
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ds Generalized coordinates :
\/t q,({x })

Define -- Lagrangian: L=T-U
L=L({a, }{d, 1)

d oL oL
Fma)-ds=-3 [ s o
(F-ma)-ds Z[dtaq oq, ) °
ty
= Minimization integral : S :_[L({qo}, {g, ht)dt

4
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Euler — Lagrange equations: L =L({g, },{g, t)=T -U
da o
dtog, oq,

Example:

L=1(g,8)=2md?? - mg(d —d cos )

iifﬁzo 2imd29—mgdsin0:0
dtoq, oq, dt

2

df:gsine
dt d
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Anotherexample:  L=L({g,},{d,},t)=T-U
doa _a_,
dtoq, aq,

L=L(a,B,7,a, B,7)=% Il(dzsin2ﬂ+ﬁ'z)+% 1,(cccos g+ f —Mgd cos g
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