PHY 711 Classical Mechanics and
Mathematical Methods
10-10:50 AM MWF Olin 103
Plan for Lecture 10:
Continue reading Chapter 3 & 6

1. Summary & review

2. Lagrange’s equations with
constraints
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PHY 711 Classical Mechanics and Mathematical Methods

[MWF 10 AM-10:50 PM [OPL 103 |nttp://www.wfu edu/~natalie/f12phy711] |

Instructor: Natalie Holzwarth [Phone:758-5510 |Office:300 OPL e-mail:natalie@vﬂu.edu‘

Course schedule

(Preliminary schedule -- subject to frequent adjustment.)

|Date |F&W Reading |Topi|: |Assignment

|T|Wed, 8/29/2012 |Chap. 1 |Review of basic principles; Scattering theory |ﬂ
2 [Fri, 8/31/2012 [Chap. 1 |Scattering theory continued 42
|37|h-1|::n: 9/03/2012 |Chap. 1 |Scaﬁering theory continued |ﬁ
|?|Wed, 9/05/2012 |Chap. 1&2 |Scattering theory/Accelerated coordinate frame |@
|;|Fri, 9/07/2012 |Chap. 2 |Accelerated coordinate frame |ﬁ
6 [Mon, 9/10/2012 [Chap. 3 Calculus of Variation #6
7 [Wed, 9/12/2012 [Chap. 3 Calculus of Variation continued

8 [Fri, 9/14/2012 [Chap. 3 ILagrangian #7
@ [Mon, 9/17/2012 [Chap. 3& 6 [Lagrangian #8
10 \Wed, 9/19/2012|Chap. 3 &6  |Lagrangian %0
11 [Fri, 9/21/2012 [Chap.3 &6 |Lagrangian #10
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Wake Forest Physics...

Natienally recognized for

9/19/2012

Dr. Thomas Moore to Give Public
Lecture September 26

Article by Lacra Negureanu

of the Salsbury Group Selected
for Inaugural Contribution to
Proteopedia from JBSD

Prof. Thonhauser receives
NSF CAREER award

Carroll Group's Power Felt Featured
7 on CNN International

PHY 711 Fall 2012 -- Lecture 10

Wed Sep 19, 2012
Dr. VValentino Cooper
Oak Ridge National
Laboratory

4:00 PM in Olin 101
Refreshments at 3:30 in

Sat Sep 27]
Homecoming Reception
and Demo Show

10:00 AM in Olin 101
Refreshments after in
Salem 210

Wed Sep 26, 2012
Professor Thomas Moore
Rollins College

4:00 PM in Olin 101
Refreshments at 3:30 in
Lobby

Wed Sep 26, 2012

Pl s v & il il



Department of Physics

WFU Physics Colloquium

TITLE: Getting the lead out: A first principles approach to Pb-free
piezoelectrics

SPEAKER: Dr. Valentino R. Cooper,

Materials Science and Technology Division,
Oak Ridge National Laboratory

TIME: Wednesday September 19, 2012 at 4:.00 PM
PLACE: Room 101 Olin Physical Laboratory

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

ABSTRACT

The electro-mechanical responses of many ABO, perovskite oxides have resulted in their

application in a wide range of devices; such as piezoelectric fuel injectors where material
responses can be exploited for the precise control of fuel delivery in automotive engines.
Unfortunately, many of the oxides which are known to have high piezoelectric responses have
unacceptable concentrations of Pb. A relatively recent direction is the exploration of Bi
containing perovskites, as Bi can produce very high polarization. Bi's stereochemical activity

(resulting in large Born effective charges, Z*) and small ionic radius (allowing for large ionic
displacements) makes it a good alternative to Pb; producing compounds with high
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Comment on problem set #6

x(0) = a(@—sin 9)
y(6) = a(l-cos )

-y -1 s=—4acos(%6)
- 1.5
_2_| ' | ' | ' r | ' I ' I
0 1 2 3 4 5 6

Lagrangian for mass traveling alon¥ s :

L(s(t),$(t)) =1 ms* —mgy =1 ms* —mg Za[ltij J
4a
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Lagrangian for mass traveling along s:

da

L(s(t),$(t)) =i ms® —mgy =1 ms* —mg Za(l—(ij )

d 8L_8L_O
dt 0 Os
:>m§:—ms
4a
:>S':—is

4a



Comments on generalized coordinates:

= L({o, O} {a, O} t)
d oL oL _,
dt 6q. o6q.

Here we have assumed that the generalized coordinates
g, areindependent. Now consider the possibility that
the coordinates are related through constraint equations
of the form:

Lagrangian: L =L({qg, (t)},{d, ®)}t) lr_nathJI{iaﬂgres
Constraints: f, = f,({q, (t)},t)=0 P

l

Modified Euler - Lagrange equations: ((jjt 8q P Z ,




Simple example:

L(u(t),u(t)) =< mu’ +mgusin g

y L(X, Y, %, ¥) =2m(x? +y? )+ mgy
f(x,y)=sindx+cosfdy=0
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Casel:

L(u(t),u(t)) =< mu® +mgusin @
doL oL
dt ou ou

Case 2: =U=gsing

L(X, Y, % ) =2 m(¥? + y2 )+ mgy
f(x,y)=sin@x+cos@y=0
doL oL N of

A—=0=mX+A1siné
dt ox ox  ox

d 5|.__5L+/1ﬂ:0:my_mg+/10086’
dtoy oy oy

sin@ X+cos@ y=0

— A =mgcosé

(—~cos@ x+sin@ y)=gsin o

=0=mli-mgsin@=0




Rational for Lagrange multipliers

Recall Hamilton's principle:

;- T L(fo, O} 4, O} )

_ _jE (d oL angqgjdt
dt 6q. o2q,

With constraints: f, = f.({q, (t)},t)=
Variations oq_ are no longer independent.

of .
& :0:255% at each t

— Add 0 to Euler - Lagrange equations in the form:




Euler-Lagrange equations with constraints:

Lagrangian: L= L({q_(t)}{q, ®)}t)
Constraints: f, = f.({q, (t)},t)=0

Modified Euler - Lagrange equations: ;jt 6q P Z

O' J 0'

Example:

m(r? + r262 )+mgrcos@

Lagrangian: L=
f = =0

1
2
Constraints : r—

mg
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Example continued:

m(r? + r292)+ mgr cos &

Lagrangian: L =
f=r—/=0

1
2
Constraints:: r—

imr—mré’z—mg cos@+A=0

dt

d 2' -

—mr°é+mgrsind =0

dt

r=0=r r=>/,
= 5=—%Sin9

= A=mlO*+mgcosd



Another example:

A A A P A A

Lagrangian: L =1m/?+im,/%+m,gl, +m,g/,
Constraints: f=/¢,+¢,—¢=0

— d .
' —m/l, —-mg+A4A=0
g ,1 T dt 11 1g
Y s .
ll ﬂ jl %mzéz—ngwlzo
m=' Figure 19.1 Atwmd‘smlchin:.kl_*_kz:():zl—l_zz
NP 2m,m,
m, +m,
Iy ==, =1
m, +m,
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