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Linear Algebra and

Differential Equations
Spring 2007

Course head: Oliver Knill
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Math21b, Spring 2007
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www.courses.fas.harvard.edu/
~math21b
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Textbook

by Otto Bretscher

3rd Edition!
Solution manual 

optional
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Rheinfall Oliver

Otto

Uhwiesen

Andelfingen
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Exams

1. Midterm:   March 7, 7-8:30 PM, Hall C

Final Exam, will be arranged by registrar

2. Midterm:   April 10, 7-8:30 PM, Hall C
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Homework

Due every lecture

No extensions

3 Homework jokers
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Topics
Linear Equations

Linear Transformations

Linear Subspaces

Dimension

Orthogonality

Determinants
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Topics
Eigensystems

Diagonalization

Stability

Differential equations

Fourier theory

Partial differential equations
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Grade I
20%

20%

20%

35%

5%

1.Midterm 2. Midterm Homework Final Lab

20

20

20

5

35

= V
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Grade II
20%

20%

20%

40%

1.Midterm 2. Midterm Homework Final

20

20

20

40

= w

Grade = max(Grade I, Grade II)
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Lab
can be done in 
the time of doing 
a HW.

only can improve
your final grade

should be fun
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Where is linear algebra 
used?
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Probability theory
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Computer 
Graphics
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Mechanics Stability
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Chemistry
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Codes 
and 

Number 
Theory
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Biology 

e.g. population dynamics
27



Quantum Computing

28



Quantummechanics
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Partial Diff equations
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Wave equation
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4D
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Optics
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Error Correction
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Dynamical Systems
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Computer Games
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Graphs
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Fourier Theory
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Apropos movies: Fibonnacci

1,1,2,3,5,8,13,21,.....
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Graphs

1 2 3

4
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Will Hunting’s 
problem

1 2 3

4
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Will Hunting’s 
problem

1 3

Assume we know the link 
structure of the web .We want 

to know the probability
that a random surfer visits a 

given page.

Application: page rank
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Will Hunting’s 
problem

1 3

harvard.edu

mit.edu

courses.fas.harvard.edu/~math21b

Example:
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Will Hunting’s 
problem

1

harvard.edu

mit.edu

courses.fas.harvard.edu/~math21b

Linear algebra kicks in:

1

2

3
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Will Hunting’s 
problem

d=0.85 “damping factor
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Will Hunting’s 
problem

This illustrates:

There are many applications

In the page rank case, this was a 
Markov process from probability
theory
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Will Hunting’s 
problem

Sections
MWF  10-11, 11-12
     9-10   or 12-13 with sufficent 
enrollment

TTh  10:00-11:30,  11:30-13:00

we probably will have 5 
sections
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How to section

ssh to section@ulam.fas.harvard.edu

enter preferences

This can be done in 1 minute

We use a hacker interface: 
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SSH
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How does it work?
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Secure CRT
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Quick Connect
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SSH2
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host:  ulam.fas.harvard.edu
user:   section
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Enter HUID
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Enter HUID and name
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Confirm
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Chose Math21b
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Chose Section Times

62



Exit the program
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Should I take 
Math19b,Math21b

or AppliedMath21b? 

You have to decide, ask your friends, 
chose the style which fits you

Math19b:   More statistics

Math21b:   More Differential equations

AMath21b:   More electrical engineering
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Math19b, Math21b
or AppliedMath21b? 
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Do I need to have seen
Math21a?

No!

But it can be helpful
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Do I have to review
anything before starting

next week?
Come with an open mind.

Later on, we will need some
complex numbers.

A bit of prereading can never hurt.
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The end, but every end 
is a beginning....
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