Mathematics for Biochemistry

LECTURE 17

Matrices 1



Ccontent:
* Definition
« Operations
 Determinants



Matrix:

Rectangular array (table) of numbers, symbols or expressions.

Given by number of rows (m) and columns (n) = A__ .

A is 2x3 matrix

Row vector is 1xn matrix

B=(1 2 3)

1 4 -5
2 3 6

Column vector is mx1 matrix
1)
C=|-2

=3



Entries of Matrix: a;; Or &

A — (aij ) c R™"

1 4 -5
A =
(236

QD
NS
o
|
@)



Main diagonal - list of all entries a;; where i =]

(2 4) ( -6
AL 45 - Lo
=l, 5 | B=l13 C=|4 2 5

Trace — sum of all entries a; where i =

Tr(C)=1+2+8=11



Square matrix is nxn matrix

(1 5 -6
D=(4 2 5
1 3 8,

Identity matrix is nxn matrix

(1 0 0
1=|0 1 0
0 0 1,




Rank — maximal number of linearly independent rows or columns

1 0 0

=10 1 O Rank (l) =3
0 0 1,
(1 2 3

F=|2 4 6 Rank (F) =1




Submatrix — obtained by deleting collection of rows and/or columns

1 6 8 5
A=/4 9 8 6 2| —
4 8 6 2




Operations with matrices:

Addition

125+5—46_6—211
4 -6 9) (1 2 3) |5 -4 12

Scalar multiplication

CA=c-a; =(ca),;

1 2 5
2. —
[4 —6 9j

1<i<m 1< j<n

—2 -4 -10
-8 12 -18



Operations with matrices:

Transposition — transpose of A is matrix A’

;
(a), =(a);; 1<ism 1<j<n
(1 4)
1 2 5 ]
A= —>A =2 -6
4 —6 9
2 9

Rows became columns and vice versa



Matrix multiplication

=C

n{—n|p mp

Necessary condition Result’s size

>

C" — alk bkj fori= 1,...,m andj - 1,...,p
k=1

In words: the resultant entry c; is obtained by scalar multiplication of ith row with jt column

Matrix multiplication is not (in general) commutative operation: AB # BA



Example

[ 1.242-0
=| -4-2+5-0

(2 0 5
=|-8 13 6

(1 2 )

2 2 1 3
4 5 _
(0124j

|2 -5 5 -9,

Y
3x2 2X4

1(-2)+2:1 11+2.2  1.3+2:4 )
~4.(-2)+5-1 -4-1+5.2 —4.3+5-4

1-2+(-3)-0 1-(-2)+(-3)-1 1.1+(-3)-2 1-3+(-3)-4,

11)
8




Inverse matrix is nxn matrix such that:

AB =BA =1

If B is inverse to A, it usually denoted as A* (B=A")

Some properties

(A7) =A

(kA) " =k*A™
() (A
(AB) " =BA™

-1

det(A™)=(detA)



Determinant of nxn matrix is a scalar value characterizing some
properties of matrix

2x2 M=

3x3 M=

a b
c d

fa b
d e
g

j—)det(M):

C)
f

I

— det(M) =

= ael — afh + bfg —bdi + cdh —ceg

=ad —bc




Rule of Sarrus

a b c¢) a b c
3x3 M=|d e f|>det(M)=|d e f
g h i_)_ ) g h |
b ¢/ a
—|d ><f /2
g‘/hx‘i g\‘h
+ 4+ +

= ael —afh + bfg —bdi + cdh — ceg



Expansion with respect to the given row

(a, a, a; a,)

D
N

4x4 A — Ay 8y dy 8y —>det(A):a
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\ Qg1 Sy 3 Gy )

Ay Az Gy
Ay 8y dy »
N
+(_1) A8y Gy Ayt (_1) 4

O?J

-

Gl

QD

QD

H
w
N

O O D

QD

|_\
N
w
QD
~

O QD
=R
O QD
SIEEN
O QD
A

QD

=
QD

RO
QD

w




4

1 2

-5

1 0

2

0

1 2 -4 5
0 2 0

p

1
1

—2

2 4
1 0

-5 2

Expansion with respect to the given row

Example

det(A)

S
1

4

1 2

0 2 0

-5 2

1 0

A= —>
4x4 2 4 2 1

=42

4

1 2

—2|=-54+12

-5

1 0

(1704 -2 1+(-1)7"-2-2 2 2+ (-1)7-0-2 4 L+(-1)TLP2 4 2=

4 5

1

-2 1|+|12 4

-5 2

1

212
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