Notes:

e Email yflores@math.uh.edw/'to obtain a scanned graded copy of your
migteHn-cxais

e The median score on the midterm w§

e Homework is posted.

~> e There is no excuse for not having excellent online quiz grades! <—

Open EMCFO07.

_ﬂ-—.-———.__




2 1

1. One eigen value of the matrix 4 is 3. What is
the other eigenvalue? mc:p <o [AWS -
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Up to multiplicity, an nxn matrix has exactly n
eigenvalues!!
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2. One eigenvector associated with the eigenvalue
_3 of the matrix 4 has 1 as its first entry. What is
e Aig-second entry of this eigenvector?
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Solutions to linear first order systems.

Motivating Example: Solve L £ W‘iag
y =—2x+2y
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x'=x-3y
y'==2x+2y
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Let's see how eigenvalues and eigenvectors play a role in

solving this type of problem.
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Back to

x'=x-3y
y'==2x+2y

Observation: Solutions were found by finding the
eigenvalues and eigenvectors of the coefficient
matrix from the right hand sides of the equations.



Solve the Initial VValue Problem
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First Order Linear Systems of Differential Equations
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Question: Is there a relation to higher order scalar linear differential

equations? , aS
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Special Case...

How do we solve U'=Au when A4 is areal nxn
matrix with n distinct real eigenvalues?
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Example: Solve

(2 2 3)
w'(t)=[1 2 1 |u(r)
2 -2 1)
_ lambda=4

Alis now (MA- ()l is
2, 2, 3; 2, 2, 3
1,2, 1, 1,2, 1,
2, 2, 1, 2, -2, -3
The characteristic rref
polynomial of A is given by 1, 0, -4
det(A-zl)=-8+(2)z+ 0, 1, -5/2
(5) 2"2 + (-1) 2/3 0, 0, O
The roots are the eigen
values. lambda=2
The eigenvalues of A are (MA-2lis
-1.0000000000000013 + 0 i 0, 2 30
4.000000000000001 + O i 1, 0, 1. 0
1.9999999999999993 + O i 2, -2, -1
l.e. eigenvalues are -1, 4, rref
and 2. 1. 0, 1, ©
lambda = -1 = — 0, 1, 3/2. 0
(MDA - (1)l is Qq.-(-.\A,_L,\\/:o 0,0 0 o
3, 2, 3, 0
1, 3

1, 0
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Example: Solve the initial value problem

> 2 3 o
u'(t)=1 2 1lu(t) = wbg\\ﬂ&'
2 =2 1
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0, 5 -3 1 2

1 2 2 2 c 32/ig
The rref of the_Display_Matrix is ( ‘/,0
1, 0, 0, 32/15; —_— cC —

0, 1, 0, 110; =? - —/4
0, 0, 1, -1/6; C2






How do we solve U'=Au when A4 is areal nxn
matrix and 4 has either complex eigenvalues or
not enough real eigenvectors (perhaps because
some eigenvalues are repeated and we don't have
enough linearly independent eigenvectors)?

I'll discuss complex here. See the text for the repeated case.

For each complex eigenvalue a+bi (and its
conjugate) we have the pair of solutions

Two linearly independent solutions:
Cye” (cos(br)u —sin (bt)v)
C,e” (cos(bt)v+sin (br)u)

where # +iv is an eigenvector associated with

the eigenvalue a + bi, and both u and v are

real vectors.



Example: Solve

EMCFO07

3. Find the characteristic polynomial of the
coefficient matrix in the system above, and ( 5

evaluate it at A = i\ <
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What if we do not have enough linearly independent eigenvectors?

Example: x' (;) =1 lx(r)— 25}»‘(1‘)

()= 45(0)-95(0

See the OTHER summer 2012 video posted under 7/26 on the course homepage.



