PHY 711 Classical Mechanics and

Mathematical Methods
9-9:50 AM MWF Olin 107

Plan for Lecture 5:
Reading: Chapter 2 of Fetter & Walecka
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1. Linear acceleration
2. Angular acceleration

3. Foucault pendulum
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Physics described in accelerated coordinate frames

Events

9/06/2017

PHY 711 Fall 2017 - Lecture 5

Catogutem: Sep. b
s

T A Pw

WFU Physics Colloguium
TITLE:

An Introduction fo Kalesdaum, your local
& children’s mus 3

SPEAKER:Traci Connoe

‘ice President of Planning
Kaleadaum Museums
\Winston-Salem.

TIME: Wed. Sep. & 201

PLACE: George P William:
101

ABSTRACT

are planning now that they have merged ints one institution, Kalexeum

PHY 711 Fall 2017 - Lecture 5




WTWF 9 AM-3:50 AM | OFL 107 | ittp-Mwwrw wi edui-natalie 17 phy 711/

@-mallinatatee,

Instructer: Natalle Holzwartn Phone: 753-5510 Office; 3

Course schedule

(Preliminary schedude — subject (o freguent adjustment |

Date F&W Reading Topic Assignment Due
1 [Man, B2E2017 Chap. 1 Introdusctian E EEZOT
3 [\Wed. 8017 Chap. 1 Scaiering heory Wz QB0
3 FrB0i2007  Chap 1 Scattecing thaory
4 [Man, 8042017 [Chap 1 Scattering theory I s
I:>s Wed, 8052017 Ghap 2 Fhysica In an non-inertial refarance fama &4 SR
& [Fi B0BE01T
7 Man, 81112017
B Wed #132017
9 Fn 85017
9/06/2017 PHY 711 Fall 2017 -- Lecture 5 4

9/6/2017

Physics in accelerated reference frames
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Physical laws as described in non-inertial coordinate
systems

» Newton’s laws are formulated in an inertial frame of
reference {ép}

» For some problems, it is convenient to transform the
the equations into a non-inertial coordinate system

.0}
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Comparison of analysis in “inertial frame” versus “non-
inertial frame”

Denote by &/ a fixed coordinate system

Denote by ¢, a moving coordinate system
3 3
040 N
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Properties of the frame motion (rotation only):

de, = dQe,
dano e, »
g | Here dQ=dOx de. =-dQe,
' _da, = dé = dQx &
dt dée dQ .
ae _a= e
dt dt
e, d, @ —Wxe
> & dt
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Properties of the frame motion (rotation only):
do e
de, de dQ e de A

dé=dQxe —=—x& —=oxeé
dt dt dt

e dQ.
e,

Rotation about x-axis:

) e )
e b)) e L)
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Properties of the frame motion (rotation only):

do e
e de=dQxe @:@xé @:mxé
dt dt dt
e dQ.
e,

Rotation about x-axis:

de, 0 —dQ)(e, . N a A
[ ’] z[ ]( ‘j=dQe‘—dQeZ:dexe
de, dQ 0 Jle. ’
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Properties of the frame motion (rotation only) -- continued

-
&) o) g
inertial dt body dt

dr

(). (%)
— =|— +oxV
dt inertial dr body

Effects on acceleration (rotation only):

d dV ( d A%
—_— =||— +ox [§| — +oxV
dr dr inertial dr body dt body

2 2
[d—YJ =[d—§/j +2m><(ﬂj +d—me+c)><c)><V
dt inertial dt body dt body dt
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Application of Newton’s laws in a coordinate system which

has an angular velocity ¢ and linear acceleration ( d’a
dr?

inertial

Newton’s laws;

2
m(ﬂ] -F,
dt inertial
do

d’r d’a dr
m —- =F,, —ml — —2mox| — —M——XI —MOXOXT
o dt” dt )y, dt ,T‘
body inertial ody

dr’ T
Coriolis Centrifugal
force force
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Let r denote the position of particle of mass m:




Motion on the surface of the Earth:

®= 2z 7.3x10°rad/s
T

(" Fm=—GM"mf~+F'
'/‘/!7’%{%/ r’
Earth’ it
arth’s gravity Support
force
\
—~wX(@xr)

Main contributions :

d’r GMm . . dr do
m — =————1+F'-2mox| — —M——XIr—mmx®Xxr
earth earth

dr’ r dt dt
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Non-inertial effects on effective gravitational “constant”

d’r GM,m . dr do
m — =— r+F -2mox| — —M——XI—MOXOXr
at ). . carth dt

rZ
2,
For [ﬂj =0 and L; =0,
dt earth dt earth
0=—GMZ"m r+F -moxoxr
r
F'=—mg
GM, .,
= g=——7"TI-OxX0Xr
r r=R,
\
:[—%4— ®’R,sin’ 6]F+sin 0cos 0’ R O Texlexn
0.03 m/s?
9.80 m/s?
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http://www.si.edu/Encyclopedia_Sl/nmah/pendulum.htm

Foucault pendu_lum

The Foucault pendulum was displayed for many years in the Smithsonian's
National Museum of American History. It is named for the French physicist
Jean Foucault who first used it in 1851 to demonstrate the rotation of the earth.
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Equation of motion on Earth’s surface

d’r GM,m . . dr do
m — =— r+F'-2mox| — —M——XT —MOXOXr
earth r earth

? dt

o~-wsink+wcosbz
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Foucault pendulum continued — keeping leading terms:

z_GMg’” f'+F'—2mm><[£j
earth R dt earth

o

GM m
rZ

F'~-Tsiny cosgk — T siny sin gy + T cosyz

I~ -mgz

o ~—-wsin K+ wcos Gz

mx(%) ~ o~ ycos & + (i cos O+ zsin O)j — ysin 6z)
earth

9/06/2017 PHY 711 Fall 2017 - Lecture 5 17

Foucault pendulum continued — keeping leading terms:

d’r GM,m . dr
m| ——- ~— P+ F'—2mox| —
dt earth R dt earth

e

mi ~ =T siny cos @ + 2mey cos 6

my =~ =T siny sing — 2mw(fccosz9+ 2sin9)

mZ = T cosy —mg +2mwysin @

Further approximation :

y<<l; 2=0; T~mg

mX =~ —mgsiny cos @ +2may cos
my =~ —mg siny sin ¢ — 2meax cos O
Also note that :

x =~ (siny cos¢

y = /sinysing
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Foucault pendulum continued — coupled equations:

ix —%lecos@}
¥ z—%y—Z&)COS@\"
Try to find a solution of the form:

x(t)=Xe™  y(t)=Ye™
Denote ®, = wcosé

- +% 2w.4q X*O
-i20.q -+ \Y

Non - trivial solutions :
g.matp=o o+
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Foucault pendulum continued — coupled equations:

Solution continued :
x(t)=Xe™ y(t)=Ye™

-’ +% 2wq X—O
-20,q9 —-¢°+<\Y

Non - trivial solutions :

- = 2,2
g, =atf=o o +%

Amplitude relationship: X =iY

x
General solution with complex amplitudes C and D :
x(t) = RefiCe ¥ 1 iDe~#) }
() = RefCe “ ¥ 1 perile |
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General solution with complex amplitudes C and D :
x(t) = Re{iCe'“’”” +iDe @) }
y(t) = Re{Ce”‘(’”ﬂ ¥ 4 Deleh )’}

_ — 2,8 g
g, =axf=0 o +F=0 %

since @, *7x107 cos® rad /s << \/%

Suppose:  x(0)=X, )=0
Note that

x(t) =X, cos(\/gt)cos(a)g,‘) 2

“T 243600 5
) y(t) =-X, cos(\/%t)sip(

H

=7x10"° rad/sec
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Summary of approximate solution for Foucault pendulum:
Suppose:  x(0) = X, y(0)=0

x(t) =X, cos(\/gt)cos(a)j)
= -X, cos(\/%t)sin(a)g)
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®, =w,cosb

x(t) = X, cos(\/%t)cos(a)g)
)= - X, cos(\/%t)sin(a)j)
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