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

Plan for Lecture 37

Review of mathematical methods —

* More comments on complex humbers

+ Topics concerning matrices

12/02/2016 PHY 711 Fall 2016 —

12/2/2016

23 Wed, 10V2E/2016 Chap.

Intreduction to hycrrdynamics

5

24 Fri, 10282016 [Chap. 8 Introduction o ygrdynamics g 1312016
25 Mon, 10312016 (Chap. 8 Sound waves w1g HG220iE
26 Wed, 1110272016 Chap. & Sound waves 220 D401
27 Fri, 11042016 Chap. & Non-dnear sound #21 1072016
28 Mon, 110772016 [Chap. 10 Surface waves in fluids
28 'Wed, THIRZOTE [Chap. 10 Surface waves in fluids 2016
30Fri, 1111/2016  [Chap, 11 Haat concuctivy TA4Z016
31 Mon, 19/14/2016 ‘Chap. 12 Wiscous Muds 162016
32 Wed, 111672016 :Chap. 12 Wiscous fuds #25 11182016
J3Fri, 1AB2016  [Chap. 12 Miscous fuds #26 212016
34 Mon, 11 16 iChap. 13 Elaslic continua Prepare presenabions

fWed, 11232016 Tharksghing Heliday — na class

Fri, 1282016 Thanksgnang Haliday — na class
35 Mon, 11282076 [Chap. 13 Elaslic cortinua Frepare preseniations
36 e, 1173072016 Math methods. Frepare presentatons

» 37 i, 120212016 Math methods Arepare prosentaons|

38 Mon, 120972016 Math mathods Prapare presentations

Wed, 12407/2016 Presentations |

Fri, 12002016 Presentations ||
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PHY 711 Presentation Schedule — Fall 2016

Please enter your name and litke next 1o your prefered time -

‘Wednesday, Dec. 7, 2016

Presanter name

Title of presantation

11:00-11:25 AM

Hamns Haneet

Unravelling a classical mechanics
brain twister

11:25-11:50 AM

Mati Roveto

Numerical Solutions to the Classical
Thees Body Problem

Friday, Dec. 8, 2016

Presenter name

Titie of presentation

11:00-11:25 AM

Colin Tyznik

MNormal Modes of Perovskite crystal

12/0212016
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HY 711 Fall 2

[£(z)dz = 27rii Res( f(zp))

12/2/2016
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A function is “meromorphic” in a region of the complex plane
if it is analytic except for poles in that region

It follows that a meromorphic function f(z) can be represented
as a ratio of polynomials:
a,z"+a, 2" +..+az+a,

- — where m and n are integers
bz"+b, 2" +..+bz+b,

f)=




Useful theorem:

A meromorphic function /(z) and an analytic function g(z) are defined in a region R.
Consider a closed contour C within R passing through no poles or zeros. Suppose that
within C, f(z) has Z zeros at z = a,, a,,...a, of order n,,n,,...n, and P poles at
z=b,b,,..b, of order m,,m,,..m,.

o re@df _$ 5
= 2 Gy i dz= ;n,g(a/) ;m,g(b/)

12/2/2016

Some details: Some details:
Near zero a;:  f(2)=C(z-a,)" Near pole b f(z)=C(z=b)™"
s £@) gd__ 2b)
f()dz 'z-a; f(2) dz z-b,
1 rg@df 1 r8@df  _
Zm?f(z) = dz=ng(a,) %?f(z)gdzf—m/g(b,)
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Forg(z)=1:
1 1 Z P
Ey Y o= 2 =2m
27i L f(2) dz = =
C
For this example:
1 1
—_— gdz =1-2=-1
27i g f(2) dz
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Some useful properties of matrices

myy o ny, o My
M=\ my my my
My My My,
It is often necessary to solve linear equations of the form
Mx=b
which has the formal solution
x=M7"b

unless M is singular (has vanishing determinant).
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Singular value decomposition

M=Usy"
o 0 0
where X=|0 o, 0
0 0 o

Via |[ Vaa || V3a
V=1V, || v || vs || orthogonal vectors

Uy || Yo || Usa
U=||u, || u,, || us, || orthogonal vectors
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Singular value decomposition -- continued

M=Uzr"

Note that v, v, =,

and that u,-u; =9,

butu, v, #J, necessarily
J i

Consider Mx=5b

N
Suppose: M =USV' =3 ouy/

i=1
20'1“1 <vf x> =b
i=1

o, <v‘.T ‘x) = <ulT b>

PHY 711 Fall 2016 — Lecture 37

N

Consider Mx=5b

N
Suppose: M =USV' =3 ouy!

i=1
N
T
o,y
i=1

T
O; <V,.

x>=b
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Example:

0.96 1.72
M=

2.28 0.96

_ugyr (06 ~08)(3 0)(08 06
o8 06 )lo 1)l06 -08
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Example:

109

o, 1.95124921972504
o, | 0.0512492197250392
11
Al =
1099
o 1.99501249992188
1o
o, | 0.00501249992187594
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Note that:

MM :UZVT(UZVT)T =UsyTvsuT =UusuT
M™M :(UZVT)TUZVT =VsUUsY" =V’

= By convention, singular values are chosen as o, >0

Note that SVD can be applied to rectangular matrices

« =I
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