MA 266 Lecture 30

7.1 Introduction of System of First Order Linear System

In this chapter, we study the system of first order linear differential equations.

Example 1. Rewrite the second order equations as a system of first order equations.

v +0.125u +u = 0.
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For an n-th order equation

y(n) = F(ta Y, ?/7 e )y(nil)%
we can transform it to a system of first order equations:
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Xn = )'U\VK)

Xall = Xab
A more general system:
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Theorem (Existence and Uniqueness) If the functions pyi(t),p12(t) - - Pan (),
g1(t), -+ gn(t) are continuous on an open interval I, then
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7.2 Review of Matrices

A matrix A with m rows and n columns can be written as
A 0\\1 ﬂw s 0‘”\
P B fon A=)

0\vw\ Q- &\VW"
The t fAi T2 Aa-.
e The transpose of A is /Q ( O\J “>

e The conjugate of A is /Q = ( a; )

e The adjoint of A is * T ol o
R¥ = A" = (&)
For example, let
3 2—1
A<4+3i —5+21’>
Then
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AT = A= A* = ( T 240
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Properties of matrices vecfor ?D = |

1. Equality: A = B if and only if 0\5 s b) P 1L
2. Addition: A+ B = ( (z\j )+ (Q‘)) = nj+ 6/) A<l = <A U}-«n)*ce K u;w)
3. Scalar Multiplication: A =y ( A:\)) _ (0[0\9) .
. ~
4. Matrix Multiplication: : fC = AB, th = S A .
atrix Multiplication: AB # \gﬁ It , then ¢ 2 Ak «él'k)

N Y ‘@> {
Example 2. Find AB and BA where (0”‘\) ' “"\.))
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5. Multiplication of Vectors: The product of two vectors x and y is

N
x'y= S Y{j;
\A((
Another definition is called inner product:

(XaY): \2— X\(;l‘\'

1>t

>
Remark These two products are identical if oM olpirent v’f— }’ - '\°“"(~

xy)=(V,%) (xy+z)= (R§)4(%3) (ax,y) = (7. §) (xay) = (%,

The inner product of x and itself is a]ways nonnegative:
N _ A
x)= 2 xk - T sl
o {1
We define the length or magnitude or norm of x

x|l = (2> < -+ _ A
Ix[[=(x. %)~ = S e
[>

If (x,y) = 0, then the two vectors z and y are said to be W*ME/M

6. Identity: The identity matrix [ is defined as
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7. Inverse: The matrix A is called nonsingular or invertible if
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Matrix Functions

We consider vectors or matrices whose elements are functions of real variable t, i.e., The
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derivative and intexg’\r;l)o a matrix function are de n%g t)%f{j Rl
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If A, B are matrix functions, and C' is a constant matrix, then .
dioay- oM Dol B diap_ Ay, pod®
7= Cgn dt“*B)—W*% 4B = 28« # i

Example 3. Verify that the given vector satisfies the given differential equation:

y {3 =2 [ 4 ot
X—<2 _Q)X, X—<2>€
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