10/27/2016

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

Plan for Lecture 23:

Chap. 8 in F & W: Summary of two-
dimensional membrane analysis

Chap. 9 in F & W: Introduction to
hydrodynamics

1. Motivation for topic

2. Newton’s laws for fluids

3. Conservation relations
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20 Mon. 1V1772016 Chap. 5 Mechanics of rigid bodies Exam due
21 \Wed, 10112016 Chap. 5 Mechanics of rigid bodies #16 124720168
Fri, 10/21/2016 Fall break -- no class
22 Mon, 1V2472016 Chap. B Mechanics of Elastic Membranes #17 10282016
‘ 23 \Wed, 1072672016 Chap. 9 Introduction to hydrodynamics

24Fri, 10282015
28 Mon. 1312016
26/ Wed, 110272016
27 Fri, 1110472016
28 Mon. 11/07/2018
20Wed 190972016
30[Fri, 111122018
31 /Mon. 1171412018
32 Wed, 111612016
33Fn, 11182016 |

Thanksgiving Holday — no class

Thanksgiving Holiday - no class

Wed, 12107/2016 Presentations |
Frl, 12082016 | Presentations ||
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WFU Physics and Chemistry Joint Colloguium

TITLE: Nanoscale optical speciroscopy for the study of
heterogenecus systems

SPEAKER: ['raf:

Department of Chemistry
University of North Carolina
Chapel Hill, Morth Carolina

TIME: Wednesday Cctober 26, 2016 at 4:00 PM
PLACE: Room 101 Olin Physical Laboratory

T b0

Atkin,

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

ABSTRACT
Many matarals cizsses atia 5 mportant for
hunciceal proparias. ranging rom bilagical s mun-nml:n elatians to caman
Tamaticn In soagly T scanning prooe

tips 8a optical antennas nwmamnsmmmmmmmnn it and extand
optical speciruscopy 1o the nancacale, in order to imvestigate the Causes and effects of
these spatial helsrogensitios. This approach i compatbie with a broad range of cpscal
modaities, inch erabiing the study of
su-anmemble and sut-domain behawr | wil dhec.as ssversl of cur recent resuls In
sealtering scanning naar-feld optieal misroscopy {s-SNOM) 1M have ceenanatrated an
unpracedertsd dagema of spRcicly. sanstivity, ard salectivity In probing nanessais
SySIBMS. In paricaiar, with infrared and Raman woraional s-SNCM SpeciTcscapy, we can
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diractly access information about variations in semicanducing nancwiIres and
low-cimensicnal materials, that ts impartant for designing and optimizing thelr usa in
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Review --

Two - dimensional wave equation :

o%u

a——czvzu:O wherec® = —

t

Standing wave solutions :
u(x,y,0)=R(e ™ p(x, )

[0
(V2 + 5 )o(x,) =0 where k =2
c
. Free boundary conditions:
Consider a square boundary:
q Y 000 _dptay) _optea) _apn0)
ox ox oy oy
a = ()= Acos(%“)cos[?]
2 2
k, Z:[m—”) +(ﬂ) w,, =ck,
= »
10/26/2016 a PHY 711 Fall 2016 Lecture 23 5

Forn=m=1:

Pn(x,y)=Acos (ﬁ)cos (Q]
a b
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Hydrodynamic analysis
Motivation
1. Natural progression from strings, membranes,
fluids; description of 1, 2, and 3 dimensional
continua
2. Interesting and technologically important
phenomena associated with fluids

1. Newton'’s laws for fluids
2. Continuity equation

3. Stress tensor

4. Energy relations

5. Bernoulli’s theorem

6. Various examples

7. Sound waves
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Newton’s equations for fluids
Use Euler formulation; following “particles” of fluid

Variables:  Density p(x,),zt)
Pressure p(x,y,zt)
Velocity v(x,y,zt)
ma=F
m— pdV
av
a—>—
dt
F - Fapplied + Fpressure
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) =

p(x) p(x+dx)

= (= p(x+dx,y,2)+ p(x, y,2))dvdz

(_p(x+dx’yc’lz)+p(x’y’z))dxdydz
X

pressure

_ Py
Oox
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Newton’s equations for fluids -- continued
ma=F,_ .. +F

app pressure
dv
pdV ar =K oppica PAV = (Vp)dV
dv
E = applied - Vp
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Detailed analysisof acceleration term:
v=v(x,y,2,1)

dv_ovdx ovdy ovdz oOv
— =t ——+—
dt Oxdt Oydt oOzdt ot
dav _ov ov ov ov

—V AV, —V, +—

=y :
dt ox " oy’ oz " ot

av_ (v-Vv+ ¥
dt Ot
Note that :

ﬁvﬁa—vv&a—vv,:V(lVW)—VX(VXV)
ox oy ' oz T 2
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Newton’s equations for fluids -- continued

dv
pE = applied — vp
1
p[v(g V- V) —VX (V X V)+ %] = pfapp/ied -Vp

Q+V(§v2)—vx(va):f vp

at applied -
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Solution of Euler’s equation for fluids
ov \Y
—+V(§v2)—vx(VxV):f P

at applied -
Consider the following restrictions:
1. (Vxv)=0 "irrotational flow"
=>v=-VO
2. f,..=—VU conservative applied force
3. p=(constant) incompressible fluid
o-Vo v
Q+v(%v2): yu-P
ot Yo
(]
=S| LUy’ _
P ot
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Bernoulli’s integral of Euler’s equation

V(p+U+;v2—aq)J—0
P ot

Integrating over space:
Py -2 _cq
P ot

where v =-Vd(r,1) = -V(D(r,1)+ C'(¢))

oD .
=2,y +%v2 r =0 Bernoulli's theorem
P

Examples of Bernoulli’s theorem

Pyt _®
P ot

Modified form; assuming 662 =0
t

£+U+%v2 = constant -

P i

Py = P> = Pam ¥
U-U,=gh @ I8 lv

| i
v, =0 Ll SR
@
n

ﬂ"'Ul"'%vlzzp2 "'l]2‘+'%vz2 |
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Examples of Bernoulli’s theorem -- continued
T Pi= P2 = Pam
U -U,=gh

:
@. | |Jif' v 0
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p 2
| @>;+U1+5v1 :;2+U2+%v2
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Examples of Bernoulli’s theorem -- continued

Py 1y? = constant

P )
- o
P = r * Pu pP,=p
A atm atm
U, =0,
vwA=v,a continuity equation

Py +ivi=L2hu, 410
P
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Examples of Bernoulli’s theorem -- continued

Py 1y? = constant

P ;‘
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Examples of Bernoulli’s theorem — continued
Approximate explanation of airplane lift
Cross section view of airplane wing
http://en.wikipedia.org/wiki/Lift %28force%29

Upper

lower
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Continuity equation connecting fluid density and velocity:

op
Loviow)=0
- V()
%;'+p(V~v)+(Vp)-v =0
. dp Op
Consider: —=—+(Vp)
onsider i +(Vp)-v
= 2—"; +p(V-v)=0 alternative form
of continuity equation
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Some details on the velocity potential
Continuity equation :

op
Fiv. =0
o (ov)

Z—f+p(V-V)+(Vp)~v =0

For incompressible fluid: o = (constant)

=V-v=0

Irrotational flow: Vxv=0 =>v=-VOd
S>VO=0
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Example — uniform flow
b
a
z
VO =0
o’ o'd 9D
2 + 2 + 2 = 0
ox” Oy 0z
Possible solution :
O=—vz
v=-VO=v1

Example — flow around a long cylinder (oriented in
the Y direction)

A
2 X
Vo =a A
— A voZ
— 4 [E—
e
[— —
_
VD=0
ob
=0
6}’ r=a
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Laplace equation in cylindrical coordinates
(r,6,defined in x-z plane; y representing cylinder axis)
2 2
V2®:0:1 0 r6¢>+ia O 0D

ror or r* 06 " oy’
In our case, there is no motion in the y dimension
= CD(r,@,y): (D(r,H)
From boundary condition : v_(r — oo) =v,
oD

- (r > )=, = ®(r - ©,8)=—v,rcos 6
z

2
Note that : 9 cost =—cosf

00

Guess form: ®(r,0)= f{r)cos
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Necessary equation for radial function

f(ry=Ar+ B where A, B are constants
r

Boundary condition on cylinder surface :
oD

orl,_,

%(r=a)=0=A—£2
dr a

=0

= B=Ad’
Boundary condition atco: = A4 =-v,
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2
O(r,0)=—-v, (r + aJ cos
r

2
v, = _o = vo(lazjcosﬁ
or r

1 0D a ).
v, :—rﬁg:vo[1+r2jsm6?

For 3-dimensional system, consider a spherical obstruction

Laplacian in spherical polar coordinates:

vio-0-L0(p200) 1 0fg 00, 100
re Brk or ) r'sinf 060 06 ) rsin” @ op

o be continued ...
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