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

(shifted to 9-9:50 AM for 10/4/2016)

Plan for Lecture 14:
Continue reading Chapter 4

1. Normal modes for extended one-
dimensional systems

2. Normal modes for 2 and 3
dimensional systems
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3 [Wed, @07/2016 Chap. 1 Scatening theory wa QBN
4 [Fri 9022016 Chap 1&2 ory and ratations B4 91212016
5 [Mon, 9122016 Chap. 3 Caculus of vanations #5 9142016
6 Wad, 9114/2016 Chap 3 Caiculus of vanations #5 AMER016
7 [Fri, 9962016  Chap. 3 Lagrangian mechanics " 192016
B Men, 31302016 Chap. 3and & Lagrangian mechanice and constraints w8 QZ1I0I6
9 [Wad, 921/2016 Thap. 3 and & Constants of tha motion #5 WZAA0TE
10/Fn, 8232016 Chap. 3 and & Hamitansan and cananical equabons of motian 2164 Q262016
11 |Mon, 9262076 Chap. 3and & Phase space #1 AZA2016
12|Wed, /282016 Chap. & Canamcal ransfarmations Wz
13[Fri, 9302016 Ghap, 4 Small cacitations #13
14 Tue, 1042016 Chap. 4 MNormal modes 14
15Wed, 101572016 Chap. 7 Ivave motlon in cne dmension (5 1NOT/2016
16(Fn, 10072016 Thap, 7 [

17 |Men, 1011072016 Chap, 7 Take-nome exam
18 Wed, 101122016 Take-noime exam
19[Fri, 1011472018 Take-noma axam
20/Mon, 101772016 Exam due
21 Wed, 101122016

Fri, 106212016 Fall break — no class

22 Mon, 102472016
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WFU Physics Colloquium
TITLE: Modeiing of the Interface and Interphases in Li-ion Batteries
SPEAKER: Professor Yue QI
Department of Chemical Engineering and Materials Science

Michigan State University
East Lansing, Michigan

TIME: Wednesday Oclober 5, 2016 at 4:00 PM
PLACE: Room 101 Olin Physical Laboratory

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

ABSTRACT

One of iha most significant challengas for currant and futura fithium lon batherias is the
smart structure design at the nanoscale and the cansral of electran and ian fransport at the
siectrodalslectrolyte interface, This issus & further complicated by the existance aof ultratnin
soild slectroiyie intarphase (SE1) covering the electrode, farming & complax netemoganacus.
siectrode/SElislactrolyte Interface. Based on joint mut-scale medeling and sxpanmantal
rasults, wa point out that the well-nown two-layer structure of SEI also exnibits twa
diffarent Li* wn transport mechansms. Tha SEI has a porous (organic) outar layer

p to bath Li* and {disschved in &nd & densa (i

layer facittate only Li* traneport. This model suggests & sirategy to decanvalute the
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Example — linear molecule

Q.0

—
X x,

X3

r ., 1 51,
L=—mX +—m,x; +—myX
5 A 2% T

2

1 1
_Ek(xz - _le)z _Ek(xs —X; _423)2

ecture 16

PHY 711 Fall

. 0 0 0
Let: x, »>x-x x,2>x-x —{, x32>x-x —{,—/{,

I, 1, 1 51 2 1 p
L=5m1x12+5m2x22+5m3x32—5k(x2—xl) —Ek(xz—xz)

Coupled equations of motion :
mX, = k(xz _xl)
myx, = _k(xz _x1)+k(x3 _xz): k(xl —2x,+ xs)
myi; = _k(xz - xz)
Let x(t)= X e™
—otm X¢ =k(x7 - x7)
- lm X{ =KXy —2x5 + X7
: ¢ -x3)
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Consider an extended system of masses and springs:

X k k k
|
X
X X; i+l

Note: each mass coordinate is measured relative

to its equilibrium position x;

L=T-v=1ny e -Liy(x,-x )
- - 2 = i 2 — i+1 i

Note: In fact, we have N masses; x, andx,,,

will be treated using boundary conditions.
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L=T—V=lmix,2 —lki(xm -xf
2 3 25

x,=0andx,, =0

From Euler - Lagrange equations :
mi; = k(xz _2x1)
mit, = k(x, —2x, +x,)
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From Euler - Lagrange equations :
m)’éi:k(xj+l—2xi+xj71) with x, =0=x,,

TI'y: x; (t) — Ae—ia)mqa/
— e — ﬁ(eiqa D4 )Ae—imf+:qa/
m
. _k
~o* == (2cos(ga)-2)
m

== ﬁsinz[ﬂ)
m 2
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From Euler - Lagrange equations - - continued :

mjc'j=k(xj+l—2xj+xj,1) with x, =0=x,,,

Try: x;(t)=Ae” ™™ >0 = ﬁsinz(q—;)
: m

qa

R 4k .
Note that: x,(r) = Be™" ™ >0’ = —smz[—

>)

m
General solution :

x, (0= ‘R(Ae"""'”"“j + Be’i”"i""’)
Impose boundary conditions :
%,(t) = R(4e ™ + Be™)=0
Xy, (1) = ER( Ao iorriaa(N+) Beﬂmifqu(m)): 0
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Impose boundary conditions - - continued :
x,(6)=R(4e™ + Be™)=0
Xy, (1) = m(Aefim/ﬂqa(NH) i Be—im{—iqa(1\/+l))= 0
=B=-4
Xy, ()= *R( Ao ( paa(V+1) _ e*iqa([\/ﬂ))): 0
= sin(ga(N+1))=0
= qa(N+1): vz wherev=0,1,2---
VIT
TN+l

qa

10/04/2016 PHY 711 Fall 2016 - Lecture 1¢




Recap - - solution for integer parameter v

x,(¢) =R 2ide™™ sin| v
i) ( (N+1

, 4k ., 1%/4
@, =——S=SIn
" m [2(N+1)J

Note that non - trivial, unique values are
v=12,---N
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Example for N=4: @ = fﬁ sin "
v m 2(N+1)

o o5 T 15 qa 2 o5 f
Note that solution form remains correct for N >«
w(ga)=~4k/m ‘sin(qa)‘
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For extended chain without boundaries:

X k
0000
/L GMU\,‘QJ W

it X,
From Euler-Lagrange equations:

mx.r = k(x.Hl

-2x,+x,,)  forallx,

Try:  x,(t)= de”"

_sze—xmquaj =£(ezqa _2+e—xqa)Ae—wz+xqaj
m

-0’ k (2cos(qa) - 2)

m

S’ = ﬁsin2 (%] distinct values for 0 < ga <7
m
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0.8

4k /m
0.4

0.2

q4a
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Consider an infinite system of masses and springs now
with two kinds of masses:

xi yi xi+1 yi+1 xi+2

Note: each mass coordinate is measured relative

to its equilibrium position x, y?, -+

L=T-V
1
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=Em§x,2 +%M§j}f —%k;(xm -y )Z —%kg(y, - X, )2

L=T-V

:%mix,z +%Miy,2 —%ki(xm -y )Z —%ki(y, - X, )2
0 0 0 im0

Euler - Lagrange equations :
ms, :k(y/—l -2 +y,)
My, = k(x/ ~2y; +xj+1)
Trial solution :

X, (£)= A ori2a

y[ (l) — Be—imﬂanj

me* -2k k(e"zq“ +1) (AJ 0o
ke +1) Mo? -2k \B)
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mo* ~2k k(e +1) [A] 0
k™ +1) Mo* -2k \B)

Solutions :

0 =£+£ik\/i+%+w
S m M m- M mM

PHY 711 Fall 2016
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Eigenvectors:
For ga=0:
2k 2k
w_ =0 w, =, |—+—
m M
A 1 A 1
=N =N
B 1 B). -1
V4
For ga=—:
7473
2k 2k
o =.— o, =,—
M m
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Potential in 2 and more dimensions

20V
Vo) =V () + 4 (=5, ) o5

10/04/2016




Example — normal modes of a system with the
symmetry of an equilateral triangle
Degrees of freedom for
u . . .
s 2-dimensional motion:
2N =6
k k
u;
k
m YW m
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Example — normal modes of a system with the
symmetry of an equilateral triangle -- continued
U3 Potential contribution for spring 13:
1 2
Vs :*k(‘lls +u; ’“1"‘513‘)
l 2
2
zlk £y-(uy—u)
u 2 23]
1.(1 V3
u, zik(a(uxs_u*l)+7(u"3_u”)]
1. 3
L= =X +—=Y
13 ‘ 13‘[2 2 YJ
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Example — normal modes of a system with the
symmetry of an equilateral triangle -- continued
Potential contributions: V =V, +V;+V,;

:lk[élz'(“z_“l)Jz_'_lk[élz'(“z_“l)jz
) T

2
+lk(é23 '(“3 _“z)j
2 €3]

2
1,(1 3
. +§k[5(ux2 _uxl)_T(uyZ Uy, )j
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Example — normal modes of a system with the
symmetry of an equilateral triangle -- continued

10/4/2016

5 1 1 1 r
o L S S K7 B 7
5 1 1 1
P VR Uy | Uy
= 1 1 1 1 1
m 4 2 73 4 V3 0 Us Ugs
1 1 3 3 o
P R S S T B
1 1 3 3
L A s L S S S B 7P
LV 3 3 3
-—J3 V3 0 -= -= =
4 1 4 2 U ] _uy3 |
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Example — normal modes of a system with the
symmetry of an equilateral triangle -- continued
u; 3
3
2
k 3|k
k (02 = 7 -
0
u
2 0
0
k
m YU m
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3-dimensional periodic lattices

Example — face-centered-cubic unit cell (Al or Ni)

Diagram of Diagram of g-

) Q)

atom positions space
s
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From: PRB 59 3395 (1999); Mishin et. al. v(q)
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FIGi. 2. Comparisan of photon=dispersion curves for Al (a) and
Ni () predicted by the present EAM potertials, with the experi-
meneal vabues measured by neutron diffraction sl 80 K (Al sad 298
K {Ni) (Ref. 33 for Al and Ref. 4 for Nil, The phonon freguencies
a1 posnt ¥ were included in the fiting dusshase with baw weight
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Lattice vibrations for 3-dimensional lattice

Example: diamond lattice

Ref: http://phycomp.technion.ac.il/~nika/diamond_structure.html
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Atoms located at the positions:
R‘=R," +u’
Potential energy function near equilibriu :

wheulin ) Sl ow) T )

< "OR“GR"

Define:
w_ 0U
"R, 0R, ]
so that
UReev, g Tunsul
b

L({uf,d;’ }): %Z’”u(ﬂff—UO —% hz::thf:u:’
@b,

a,j

PHY 711 Fall 2
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sl =2 m i v, -3 Turpgul

ab.jk

Equations of motion :
s _ ab b
m; = Z Djjuy

Solution form:

u“(t):;

Ao iaRs
J
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Details: R{=1“+T wheret” denotes
unique sites and
T denotes replicas
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Define:

Dibe:q (e

wila)- X e
a'''h

T

Eigenvalue equations:
a \ab
oA =3 W)y 4
bk

In this equation the summation is only over

unique atomic sites.

= Find "dispersion curves" o(q)
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B. P. Pandy and B.
Dayal, J. Phys. C.
Solid State Phys. 6
2943 (1973)
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Figure 2. Phonon dispersion curves of diamond. Experimental points
et al (1965, 1967). & and O represent the longitudinal and transverse m«
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