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N X M matrix Columns:

n rows and m image of basis
columns vectors

a
(AB) =B A

A I%A B =SAS
similarity

in general




row reduce Linear

Solutions
[A| b] equations

are xtker(A)

Least square consistent:
solution have solution




Laplace Partitioned

expansion matrices
Row Spot
' identical r
reduce Determinants tical rows
or columns
Upper

. Summing over
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Image spanned by
columns with
leading |

rank + nullety
=n

Image/Kernel

ker(A- }\) — kernel parametrized
eigenspace by free variables




Projection Reflection

NeI= o N Geometric Dilat
Dilation maps lation

Rotation Shear




AA A (AA)AT

if columns orthogonal

x =(AAJA

least square solution

P2= P Pv=(uv)yv

onto one dimensional line




f+gis in X Afisin X

vectors
functions Oisin X

matrices




T(f) isin X T(0)=0

Linear
Maps

T(f+tg) =T(H +T(e) TAH =AT(H




Solution:

| HE MOTHER OF ODE'S




Solution:

X(t) = x(0) cos(c t) + x’(0) sin(c t)/c

I HE FATHER OF ODE’S




Cookbook
Solution of p(D) f=g¢g

Solve the homogeneous problem
p(D) =0

Find a special solution




How do we guess

the special solution?




right hand side Try with

sin(kt) A sin(kt) + B cos(kt)
k t Kt
€ Ae’
| A
t At+B
t’ At*Bt + C
| +sin(t) C+A sin(t)+B cos(t)

If in Kernel or double
roots multiply with t.

At sin(kt) + B t cos(kt)




Nonlinear systems




We look at equations
in the plane

x = f(xy)
y = 8(Xy)




An example

x = x(1-y)
y =yxty-2)
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Fourier analysis
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a = % :I[r K f(x) cos(nx) dx
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b = # [ 09 sin(nx) dx
1T




Fourier approximation




Even Functions

1T

T

cos- series 2 J f(x) cos(nx) dx




Odd Functions

1T

. . ) .
sin- series = J f(x) sin(nx) dx



Blackboard Problem




Find the Fourier series of
the following function:

f (x,0) =

-TT/2 -T1/3 N
-TT /3 T11/2 TT




Parseval ldentity




Partial differential equations

heat equation: U= Uxx
heat t}/pe u = p(DZ) u
equation

wave equation: u_= U

XX

ave type equation: u_= p(D?) u




Heat evolution

flz,t) =) bre ™ M sin(na)

n>1

b,are Fourier coefficients of f(x,0)




f(z,t) =) by cos(ent)sin(nz)

n>1

" in (ent) sin(n)

b are Fourier coefficients of f(x,0)
b are Fourier coefficients of '(x,0)

Wave evolution



Heat Problem |

u=9u - 2u

u (x,0)=sin(3 x)




Wave Problem |

u=9%9u - 2u

u (x,0)=sin(3 x)
u (x,0)=0




Wave Problem |l

u=9%9u - 2u

u (x,0)=0
u (x,0)=sin(7 x)




