Ch 7.2: Wmﬁmi of Matrices
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% For theoretical mza computation reasons, we review results
of matrix theory in this section and the next.
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A matrix A is an m x n rectangular array of elements,
arranged in m rows and n columns, denoted
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Some examples of 2 x 2 matrices are given below:
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> mn-::.o matrix A has the same number of rows and
columns. Thatis, A is 7 x n. In this case, A 1s said to have

order n.
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Vectors
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A column vector x is an n x 1 matrix. For example,
\_/
x=|2]| BXL
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A row vector x is a 1 x n matrix. For example,

y=(1 23) I1X3

Note here that y = x”, and that in general, if x is a column
vector x, then x’ is a row vector.
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,_,:a zero Eun:x is defined to be 0 = (0), whose dimensions
amvmsa on the context. For example,
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ch._x Equality
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= Two matrices A = (a;) and B = (b;) are equal if a; = b; for
all i andj. For oxmBEov
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defined to be A + B=(a; + b;). For oxm:%_ﬁ
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% The difference of two m x n matrices A = (a;;) and B = (b;)
is defined to be A - B = (q;; - b;). For @&BEQ,
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Matrix — Scalar Multiplication
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= The product of a matrix A = (;;) and a constant k is defined
to be kA = (ka;). For example,
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= ,:5 ?.cn:ﬁ ow an m x n matrix A = Gev and an n X r
matrix B = (b;) 1s defined to be the matrix C = (c;;), where

—

o~ MQ?.@E Bf m (L\

Mxn pxr. . YAXY

x Examples (note AB does not :moommm:,_‘mncm_ BA):

\ ¥ 1+4 3+8 Salid
A= B=| | [|[=>AB= =
e B 2 4 3+8 9+16 115325
149 2+12 10 14
—SBA = =
hwiw A+_L ﬁ_a wow
R
Jst2 A 3+42+0 0+4-3 s it |
C= ,D={1 2|=>CD= =
g 16 ) 1245+0 0+10-6 1734
X3 3%



<ooﬁ9. rmsmﬂr

% The _2_@9 of an n x 1 vector X is s defined as
1/2 1/2

2
[x]=(ex)” Mx} =| 217
k=1

% Note here that we have used the fact that if x =

v =(a+bi)a—bi)=a®+b =
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Vector Multiplication
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% The dot product of two n x 1 vectors x & y is defined as
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The inner _:.cn:ﬁ of two n x 1 vectors x & y is defined as
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= (xy)=xX"§ = ()(=1) +(2)(Q2 +3i) +(3i)(5—5i) = 18+ 21i
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= Héo nxl <0083 x & y are orthogonal if (x,y) = 0.
= Example:
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,_,:o B::_n:o&:\o Ew:ﬁQ matrix I is an 7 x n matrix

given by RN
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% For any square matrix A, it follows that Al = 1A = A.
% The dimensions of I depend on the context. For example,
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Inverse Matrix
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A square matrix A is nonsingular, or invertible, if there
exists a matrix B such that that AB = BA =1. Otherwise A
is singular.

The matrix B, if it exists, is unique and is denoted by A™!
and is called the inverse of A.

It turns out that A-! exists iff detA # 0, and A"! can be found
using row reduction (also called Gaussian elimination) on
the augmented matrix (A[I), see example on next slide.

The three elementary row operations:
¢ Interchange two rows.
¢ Multiply a row by a nonzero scalar.
¢ Add a multiple of one row to another row.
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% Solution: If possible, use elementary row operations to
reduce (A|l),

(s 2 120 0)

(A)={1 0 3 0 1 0],
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such that the left side is the identity matrix, for then the
right side will be A"'. (See next slide.)
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Matrix Functions
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% The elements of a matrix can be functions of a real <m:mc_m
In this case, we write

\H_QvJ \Q:Qv QG (8) 0 Q:.ij
x(f) = HNHQV i QN_.QV QNNHAD Q?”AD
Lx, (1)) L @NEs i g )

= Such a matrix is continuous at a point, or on an interval

(a, b), if each element is continuous there. Similarly with
differentiation and integration:
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Example & Differentiation Rules
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= Many of the rules from calculus apply in this setting. For
example: d(CA)

= 0 ——, whereC1isa constant matrix
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