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Matrices

e R: the set of all real numbers

Definition
A matrix with coefficients in R is a rectangular array where each entry is an element of
R.

Matrix A is said to have m rows, n columns and is of size m x n.

ajl ... Q1p

asr ... Qo2pn
A=

aml .- Amn
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Vectors

e A 1 x n matrix is called a row vector.

® An n x 1 matrix is called a column vector.

Note
® By “vector,” we refer specifically to a row vector.
® R” represents the set of all vectors with n entries, also referred to as coordinates.

® When written by hand, @ is used to denote a vector.

Definition
The norm (also called length) of a vector a = [a1, az, -+, ay], denoted |al, is
given by

lall = /at +a3 +---+a?.
A vector of norm 1 is called a unit vector

3/21



Vector — example

a= [4, 3],
—a = [—4, —3]

lal = V42 +32 =16+ 9 =5

—a = [—4, —3]
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Vector addition and subtraction

a=[1, =3, 2, 5],b=[2, 2, 4, 0]

at+tb = 7

b—a =7
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Vector addition and subtraction

a=[1, -3, 2, 5],b=1[2, 2, 4, 0]

a+b = b+ta=[1+2, —3+2, 244, 5+0]=[3, -1, 6, 5]
a-b = [1-2, -3-2, 2—4, 5-0]=[-1, -5, -2, 5
b—a = [1, 5, 2, —=5] =—(a—b)
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Projection vectors
® Projection of a onto b is given by
a-b

projpa = —-=b
1B/
® Projection of b onto a is given by
) a-b
proj,b = a
“ al?
Example
a=[1, 3],b=[5 1]
a-b
projpa = —=b = 7
1B]2
proj,b = —a = ?
el
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Projection vectors

® Projection of a onto b is given by

. a-b
PR o)
® Projection of b onto a is given by
) a-b
prolab = 1oz
Example
a=[1, 3],b=[5 1]
. a-b 1 x5 + 3x1 8 20 4
projpa = Wb = T i1 0796 5, 1] =% 3l
projob = ||a||2a = 12+ 32 =10 [, 3]=[5 %I
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Projection vectors

Y a Y a
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a = []-a 3] ) b= [5a 1] ) projba = [%? %} ) pI'Ojab = [%) 5
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Matrices
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Special matrices

upper triangular matrix A =

lower triangular matrix B =

ONO o=

diagonal matrix C'= |0 -2

zero matrix O =

-1
2
-1
0
0
-3
0 dao
0 0
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Transpose of a matrix

|
L —
=
(G200 \V]
S W
—_

S

_‘

\
——
W N =
(@232 QTSN
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Matrix addition
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Matrix addition

1 2 3
A= 14 5 6|,

78 9
1+ (—1)

A+B=B+A=| 4+3
7+ (-2)

2+0
5+5
8+ 2
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Matrix subtraction
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Matrix subtraction

| O D
AN 1O O

— <t D~
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Matrix multiplication

A 6 Man, B G Mn)('ry C == AB G mer

11
A= 12 2|, B:[l O_ﬂ
33

AB =?
BA =7
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Matrix multiplication

A € Mani B S Mn)(r. C — AB S Mer

11
A=12 2|, 32{14 g _62]
3 3
Ix1+1x(—4) 1x0+1x15 1x(=2)+1x6 3 5 4
AB= [2x142x(—-4) 2x0+42x15 2x(-2)+2x6| =|—-6 10 8
3x1+3x(—4) 3x0+3x15 3x(-2)+3x6 -9 15 12

BA

[ Ix14+0x2+42x3 1x140x24+(-2)x3] [-5 =5
T l=4x145%x246x3 —4x14+5x2+6x3 | |24 24
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Matrix multiplication
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Matrix multiplication

] | F B v e Py

CIQZE —31] [(1) 0}:[1><1+(—1)><0 1X0+(_1)X1]:E —31]

—_

5x14+3x0 5x0+3x1

120:[1 o] [1 —1]:[1><1+0><5 1x(—1)+0x3]:[1 _1}

0 1115 3 O0x1+1x5 0x(—-1)+1x3 5 3
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Matrix multiplication

11 -1 3 00
A=1l01 2|, B=|-3 1 0|, AB+#BA
00 1 4 5 2

[1x3+1x(=3)+(=1)x4 I1x0+1x1+(=1)x5 1x0+1x0+(=1)x2
AB = O0x3+1x(-3)+2x4 O0x0+1x142x5 0x0+1x04+2x2
3) +

| O0x3+0x(— 1x4 0x0+0x14+1x5 0x04+0x0+4+1x2
[—4 —4 2

= 5 11 4
4 5 2
[3x1+0x04+0x0 3x1+0x1+0x0 x(=1)+0x2+0x1

BA = [-3x141x0+0x0 —-3x1+1x140x0 —3><( 1)+1x2+0x1

| 4x14+5x0+2x0 4x1+5x1+2x0 X (1) +5x2+2x1
3 3 -3

= -3 -2 5
_4 8 8 21/21




