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Slides to
review the
concepts

Blackboard
problems

It's the PowerPoint, Stupid

?1 Decenber 203 80 slides

Contbuang Solummst

prnt format | emnail this storny | talk

The NMew York Times recently ran an article titled PowerFPoint WMakes
You Dumb, In it the author cites sources who blame the Columbia

space shuttle disaster on Microsoft's presentation softwrare, Y ou see,
apparently those guys at NASA used a FowerFoint slide to "explain®

/ problems

Alachboard problems

slower paced




) Preliminaries

® Diagonalization
® Complex Numbers
® |inear spaces, linear transformations

® Differential operators
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Diagonalization of a
matrix A is possible if: Orthonormal

/ eigenbasis

® A is a symmetric matrix

® All eigenvalues of A are different

Prototype of A — 1
nondiagonalizable matrix : 0

1
1




Jordan Normal Form

A1 0 0 O
0 A 1 0 O
0 0 A 1 O
0 0 0 A 1

0 0 0 0 A




Complex Numbers




Fundamental Theorem
of algebra )

/ A polynomial of degree n has
exactly n roots.

@ If a+ib is a root, then a-ib is a root too.

@ |f nis odd, there is at least one real root.
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Linear Spaces \fz .

e
I g

iy .. 1 A “1 f
\‘fﬁ Fo NS N

)

In a linear space, we can add and f“';“'"&'-‘t
scale. It contains a zero element. T

R" M(R,n)
C*(R) C(|=m, 7))

To check whether a subset X of one of these spaces
is a linear space, we check:

x+y is in X rx is in X Oisin X




N ,.,;,

AN

Linear Maps
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To check wether a map between linear spaces
is linear, we have to check:

T(x+y) =T(x)*+T(y), T(rx)=rT(x), T(0)=0




Differential
operators

Df=f’
p(x) polynomial

T=p(D) differential operator
T f =g differential equation

Fundamental theorem of calculus:




Inverse
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D”f@)l?ﬂﬂdt+0

(D=7 f(t)

et (/Ot e (1) dt + C’)




Example:

T(H=D’f+ 10 Df +2|
= (D+3) (D+7)

{T(f) =0 } the kernel,

is a linear space f’+10 f'+21 =0
spanned by € and e

f”+2f’+ I O =g




Quizz coming up!

Win laser pointer

Structure of the quizz:

2) 2) Shout:

3 3

5; True 5; 21 14
7) 7)

) 1)




__ Home |
BT Search Travel:  |Enterakeyword

| used to have Swiss Army knife prizes.Will soon

LIS/

also laser pointers be banned!?

and/or
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SMARTER TRIPS START HERE ousnanons Horus  Yruowrs  Joras

Travel

Travel home
Travel briefs
Columnists
apecial reports
Message boards
Site index
Destinations
Destinations home

City Guides
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apecial features
Photo galleries
aki Guide
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Hotels home
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N.J. man charged with aiming laser at
aircraft

By Alan Levin, USA TODAY

Uipdated 1/5/20085 48 AM

A Mew Jersey man was charged Tuesday under federal
anti-terrorism laws with shining a laser beam at a charter jet flying
over his home, temporarily distracting the pilots.

If convicted of
anti-terrorism
viclations,
David Banach
of Parsippany,
M.J., faces up
to 25 years in
prison and
fines of up to
200,000,

By Mike Derer,
AP

David Banach, 38, is the first person charged in a rash of recent

Today's Top Travel Stories

* Cruise ship Holiday repaired, back on
Mexico schedule - @15 am

* | ease agreement for Brooklyn cruise
terminal announced - a0 A

* Hotel labor talks break down - 252 am

* From Great Plains to the Atlantic. a bad

* Daley: FAA to release O'Hare review
draft - #:24 am
Add USATODAY.com headlines to yvour Web
site

E-Mail Newsletters

Sign up to receive our free Travel
e-newsletter and get the best travel
news, deals & features in your inbox.

E-mail: | Go |

Selectone: ™ HTML ¢
Text




Again: here are the rules for
the upcoming multiple choice

If your choice is:

2) 2) then shout# =\
3) ‘
)
7)
1)

True




Linear space or not!

All smooth functions on [0, 27| satisfying [;™ f(z) dx = 0.
All smooth functions satistying f(10) = 0

All Smooth functions on the line satisfying f'(10) = 10.
All symmetric 2 x 2 matrices.

) All polynomials of degree 10.

Linear map or not!

2) T(f)(z) = z° f ().

3) T(f)(x) = f"(x).

5) T'(f)(@) = f(1)* + f(=).
7) T(f)(x) = f(5).

11) T(f)(x) = f(z)[ ()




The answer to the Ultimate

Question of Life, the Universe
and Everything, given by the

supercomputer 'Deep Thought' to
a group of mice, is "forty-two".




Il) Discrete Dynamical
Systems

® Solving initial value problems
® Analyse phase space

® Find out about stability



The dynamics
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Eisenvalues

The eigenvalues of A
determine the stabilty of B3
the origin.

Asymptotic stability

All eigenvalues have absolute value <l



Initial Value Problem

® Diagonalize A
® Write x as sum of eigenvector

® VWrite down solution

A Example Blackboard



The Problem:

x(t+1) = x(t) +y(t)
y(t+1) = x(t) - y(t)

AOA DN X
A O DN X




1) Differential
Equations

® Solving the system
® Analyze the phase space

® Determine stability



Differential equations







But we like it extreme!
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The eigenvalues of A determine
the dynamical behavior.
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z(t) = eMa(0)

The mother of all linear differential equations



Real, nonzero
eigenvalues
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Do the eigenvalues
determine the
rotation direction?




clio cresswell

ICS

Mathemat

and Sex

Clio Cresswell, 2003




Chapter 1

In the late '80s, a Harvard lecturer by the name of Steven Strogatz

suggested an unusual class exercise to his students. The day’s topic

would be the Mathematics of Love. Professor Strogatz’s motivations
were plain cheeky. Confronted with the challenge of capturing his
students’ attention on the predictive powers of equations, he
reworded a common undergraduate mathematics problem into a
language he thought the students would relate to: the evolution of
the love affair between Romeo and Juliet. His ingenuity should
not be taken lightly: turning a group of hormone-raging twenty-
year olds into utterly focused mathematical geniuses is a complex
task. I wish I had been in his class to witness the full event.
Steven Strogatz didn’t base his class exercise on extensive
psychological research; he was just a Harvard lecturer having a

bit of fun. But little did he realise he was actually beginning to

MATHEMATICS 2 SEX

make some mathematical sense of one of the great human
emotions.

He presented the problem like this:

Romeo is in love with Juliet, but in our version of the story, Juliet
is a fickle lover. The more Romeo loves her, the more Juliet wants
to run away and hide. But when Romeo gets discouraged and
backs off, Juliet begins to find him strangely attractive. Romeo,
on the other hand, tends to echo her: he warms up when she loves

him, and grows cold when she hates him.

As you can see, emotions are a bit all over the place 1n this
relationship. The question is, will they ever settle? What kind of
relationship can Romeo and Juliet look forward to? The point
of the exercise is to show how equations give insight into these
real-life dilemmas. And no doubt many of the students related
to the example.

The first step towards mathematical insight is to rewrite the
terms of Romeo and Juliet’s fickle affair mathematically. The

translation is:

where R is for Romeo, and J for Juliet. How the letters are
combined mimics how Romeo and Juliet find themselves inter-
acting. For mathematicians, translating the problem into equations
like this is natural. Mathematics is the study of patterns and this
problem simply concerns behavioural patterns. Behavioural patterns

are not static though and that’s an important characteristic to



Romeo and Juliet

Romeo warms up when '
given more love,
Juliet wants to run away
when being desired.

| Problem: analyze, what happens
with this love
relationship!

0 a X=ay
—b 0 y=-b x
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Juliets love
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Asymptotically stable?

11 11
A_:_ —1 A= 1 1
0 1 1 1
A= —2 0 A= 1 -1
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l1l) Nonlinear
differential equation

® Equilibrium points
® Nullclines
® Nature of equilibrium points

® Understanding phase space



Nonlinear Systems

librium-
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Jacobean




Example

Example Blackboard







V) Higher Order
Differential Equations

® Solving initial value problem p(D)f=g
® Homogenous problem p(D)f =0

® Finding special solution to inhomogenous
problem.



Nonhomogeneous
differential equations

P(D) f(t) = g(t)

Three cases for second order
differential equations:

|) Different real roots of p
2) Two identical real roots of p

3) Two complex roots of p



The method overview:

Brobl f”+5 f = 2 sin(3 x)
roblem: f(0)=1, £(0)=2
Homogenous Inhomogeneous
f7+5 =0 £'+5 f = 2 sin(3 X)
A" +5\=0 f(x)= c sin(3 x)
A=iVh -i VD f’+5 f = c+5¢=2
so c=-1/2
f(x)=a sin(yv/5 x) + —
b cos(v/5 x) f(x)=-sin(3x)/2

Initial conditions f(0)=1 implies b=1

Solution:

f’(0)=1 implies a=-3/(21/5)

f(x)=-3/(2V/5) sin(v/5x) + cos(v/5x)-sin(3x)/2




Four examples

Examples Blackboard

f’-3f=exp(t)
f’-6f"+9f=exp(t)

f7+9f=exp(t)

f’+6f +8f=t




V) Fourier analysis

® Fourier Series
® Symmetry

® Parceval



Fourier series

o

- ay, cos(nx) + by, sin(na
n>1

Ha




Fourier coefficients

_
ag—/ f(r)— dx
T J—m
7T
an—/ f(x) cos(nx) dx
T J—m

_
n—/ f(x)sin(nx) dx
T J—m
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Fourier approximation
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Remember:

HagD Work OFTEN PAYSs OFF AFTER TIME,
BUT LAZIMESS Always Pays CQFF N



Parseval ldentity

O

f(x) = 7 | ;an cos(nx) + b, sin(nx)

ag + Y ai+b; = |||
n—1







VWWhen doing Fourier
integrals:

Seperate into even and odd parts!

terms like sin(89 x) are already part
of the Fourier decomposition.

Dont spend too much time with
simplifying the result. Any correct result
without integrals is good enough.




A music piece is just a
function f(t).
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Example

Example Blackboard




VI) Partial Differential
equations

® Heat equation

® VWVave equation



flo,t) = > boe "t sin(nz)
n=1



Wave Evolution

o0

f(z,t) = ) b,cos(cnt) sin(nz) +

n—=1

sin(nx)

<. -~ sin(cnt)
2 bn

nc

n=1



Example

Example Blackboard




Pro Memoria

® Exam is on January 20

® Review also midterm exams and
homework

® Do the practice exams

and:
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e Huygens to plumb secrets of Saturn ~ EEEITETEE
S MOon e
ey By Michael Coren careerbulldera, searen

Technology CHM

Science & Space Thursday, January 13, 2005 Posted: 2:12 PM EST {1912 GMTS
Health

Entertainment {CHNMN) — The Huygens probe will
Travel plunge through the orange
Education clouds of Saturn’s moon Titan
Friday, offering scientists their
first glimpse of the mysterious
moon.

Special Reports

m
| “It's going to be the most exotic place

E"ESE':-‘i'TIH'IjEI".mw we've ever seen,” said Candice Hansen,
a scientist for the Cassini-Huygens

.Y
mission. "We've never landed aon the

SERVICES surface of an icy satellite. We know from

Video our pictures that there are very different
kinds of geological processes.”

E-mail Newsletters

AL TSN If all goes well, the saucer-shaped =
RSS Huygens will enter the thick atmosphere :
CHHtoGO of Titan Friday at about 3:135 am. (ET). T
TV Commercials The data should start trickling in about -
Contact Us five hours later.

SERHE The Cassini-Huygens mission is an

Web {« CHMcom ¢ | unprecedented $3.3-billion effort hetween
i Masa, the European Space Agency and
ltaly's space program to study Saturn and
T Tovema By | its 33 known moons. The two vehicles
WAHOO | were launched together from Florida in
—— 1 1997,

"The mission is to explore the entire
Saturnian system in considerably greater
detail than we have ever been able to do
before: the attmosphere, the internal
structure, the satellites, the rings, the
magnetosphere,” said Cassind program
tnanager Bob Mitchell at MaSA,

Cldir*-H=-HRHI

The Huygens probe, about the size of a
Yolkswagen-Beetle, has been spinning
silently toward Titan since it detached
from the Cassini spacecraft on December
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