Notes:

o See the discussion board for curve information and instructions for
obtaining a scanned graded copy of your midterm exam.

e Homework 1s posted.
e There is no excuse for not having excellent online quiz grades!
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1. One eigen value of the matrix 4 is 3. What is
the other eigenvalue?
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2. One eigenvector associated with the

eigenvalue 3 of the matrix 4 has 1 as its first
entry. What is its second entry of this
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None of these.




Solutions to linear first order systems.

Motivating Example: Solve

x'=x-3y

y'==2x+2y




Let's see how eigenvalues and eigenvectors play a role in
solving this type of problem.
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eigen values and associated eigen vectors

The characteristic polynomial of A is given by

det( the_Display_Matrix-zI)=-4-(3)z +z"2

The eigenvalues of A are the roots, which are -1 and 4.
A-(-Dlis

2, -3;

(-2, 3;
The augmented matrix for (A-(-1)T)x=0
2, -3, 0;5
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Solve the Initial Value Problem
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First Order Linear Systems of Differential Equations
u' (t): Au(z)
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Terms: General solution, initial value problem, fundamental matrix.
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Question: Is there a relation to higher order scalar linear differential

equations?” ————
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In General... s ped Jcase
e i

How do we solve u'=Au when A 1s areal nxn
matrix with n distinct real eigenvalues?
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Example: Solve A
AN
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A is now

2. 2 3

L, 2 1

2, 2, 1;

The characteristic polynomial of A is given by
det(A-zl)=-8+(-2)z+(5)z"2+(-1)z"3
The eigenvalues of A are
-1.0000000000000013 + 0§ <« > =—]
4.000000000000001 +0i <= W=\
1.9999999999999993 +0i <> Nois
(MA-(¢-Dlis  —

3, 2, 3

1, 3, 1;

2, 2, 2
the_Display_Matrix is now
3,2 3 0

1, 3, 1, 0;

2, 2, 2, 0

The rref of the_Display_Matrix is
1, 0, 1, 0

0, 1, 0, 0;

0, 0, 0, 0;

(DA - (4l is

-2, 2, 3;

1, -2, 1;

2, -2, -3;
the_Display_Matrix is now
-2, 2, 3 0;

1, 2, 1, 0;

2, -2, -3, 0

The rref of the_Display_Matrix is

1, 0, 4, 0; %
0, 1, -52, 0
0, 0, 0, 0; %
(DA - ()T is 3
0, 2, 3;

1, 0, 1;

2, -2, -1

the_Display_Matrix is now

0, 2, 3, 0;

1, 0, 1, 0;

2, -2, -1, 0

The rref of the_Display_Matrix is
1, 0, 1, 0; x
0, 1, 372, 0; :
0, 0, 0, 0; Fal
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Example: Solve the initial value problem
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The augmented matrix is
Ay 4 -1 13
0, 5/2, -3/2, 1
L, 1, 1, Z;
The rref is

b D8 b 5 -
1, 0, 0, 32/15; . - — = .
0, 1, 0, 1/5 = Cl = < S C
0, 0, 1, -1/3;




How do we solve u'=Au when A 1s 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)?

['ll discuss complex here. I'll discuss the repeated ones later or in a video.
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Example: Solve
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3. Find the characteristic polynomial of the _ -

ngﬁ'@:nt matrix in the system above, and F\ - -1

evaluate itat L = 1.
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Gepera sol'
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‘What if we do not have enough linearly independent eigenvectors?

Example: x'(1)=11x()-25()

»'(e)=4x(e)-9x(r)

(= (e 5G)

11, -25;

4, 9;

The characteristic polynomial of A is given by
det( A-zI)=1-(2)z+2z"2=(z-1)"2

The only cigenvalue of A is 1, and it is repeated.
A-(DIis

10, -25; =

4, -10; >\ =)

The angmented matrix for (A - I)z=0

10, -25, 0; -

4, 10, 0 €o £
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10, -25, 5;
]0 =25 5 4, -10, 2;

The rref of the_Display_Matrix is
Lf "',O = 1, -5/2, 1/2;

0, 0, 0;
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