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Determinant of a Matrix

Determinant of a Matrix

1- Determinant of a Matrix: Determinant of matrix A is denoted by
|A| or det(A).
2- Evaluating determinant by direct multiplication

. . a a .
The determinant of a 2 x 2 Matrix A = |~} 121 s
a21 a2

Det(A) = det M2 ag — agiar
az1 Q22

Dr. Bandar Al-Mohsin MATH107 Vectors and Matrices



Determinant of a Matrix

Determinant of a Matrix

1- Determinant of a Matrix: Determinant of matrix A is denoted by
|A| or det(A).
2- Evaluating determinant by direct multiplication

. . a a .
The determinant of a 2 x 2 Matrix A = |~} 121 s
a21 a2

Det(A) = det M2 ag — agiar
az1 Q22 _

a11 a2 ais
The determinant of a 3 x 3 Matrix A = |a21 ass as3| is

asz1 az2 ass

aiy a2 G13

Det(A) =det {az1 a2 a3| = ai11a22a33 + ¢12a23031 + 413021032
a31 as2 ass

— a31a22013 — (32023011 — 033021012
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Determinant of a Matrix

Determinant of a Matrix

1- Determinant of a Matrix: Determinant of matrix A is denoted by
|A| or det(A).
2- Evaluating determinant by direct multiplication

. . a a .
The determinant of a 2 x 2 Matrix A = |~} 121 s
|G21 Q22
ailr a2
Det(A) = det = 11022 — A210A12
az1 a2
a11 a2 ais
The determinant of a 3 x 3 Matrix A = |a21 ass as3| is
|a31 Q32 as3

a1l Q12 ai13
Det(A) =det {az1 a2 a3| = ai11a22a33 + ¢12a23031 + 413021032
azip asz2 ass
— (31022013 — 32023011 — 033021012
The determinant of a 4 x 4 Matrix or higher order does not work with
this method.
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Example 1:
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Determinant of a Matrix

Example 1: Find determinant of matrices
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Determinant of a Matrix

3- Finding determinant by method of co-factors
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Determinant of a Matrix

3- Finding determinant by method of co-factors
Minor:

Cofactor:
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Determinant of a Matrix

3- Finding determinant by method of co-factors
Minor: The minor of an element a;; of a matrix A denoted by M;; is
determinant of the matrix obtained by deleting the row and column
ailp a2 a3
containing a;;. For example A = |a21 a2 ag3| Moas is the
az1  G32 as33

determinant of 2 x 2 matrix — am]. Thus

azy a3z
a1 a2
Msz = = a11a32 — (31012
as; as2
Cofactor:
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Determinant of a Matrix

3- Finding determinant by method of co-factors

Minor: The minor of an element a;; of a matrix A denoted by M;; is

determinant of the matrix obtained by deleting the row and column
ailp a2 a3

containing a;;. For example A = |a21 a2 ag3| Moas is the

determinant of 2 x 2 matrix {au am]. Thus

azy a3z
a1 a2
Msz = = a11a32 — (31012
as; as2
Cofactor:

Cofactor of an element a;; of a matrix A denoted by C;; is defined as
Cij = (1) My

aix @iz ais

For example, determinant the matrix A = [a21 a22 a3 | by method
a31 as2 ass

of cofactor.

Det(A) = a11C11 + a12C124a:5045 OF

Det(A) = a21C21 + a22C224 a45Co5 OF Det(A) = a31C31 + 4320324055055



Determinant of a Matri

Example 2:
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Determinant of a Matrix

Example 2: Find determinant of matrix using method of co-factor

0 1 2 5
2 -1 2 3
A= 3 2 1 5
1 0 40

Example 3:
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Determinant of a Matrix

Example 2: Find determinant of matrix using method of co-factor

0 1 2 5
2 -1 2 3
A= 3 2 1 5
1 0 40

Example 3: Find all values of A for which det(A) =0

A—4 0 0
A= 0 A 2
0 3 A-1
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Determinant of a Matrix

3- Evaluating determinant by row operations

© If matrix A; is obtained from matrix A by the interchange of two
rows, then det(A;) = —det(A).

© If matrix A is obtained from matrix A by the multiplication of a
row, then det(Az) =k det(A)

© If matrix As is obtained from matrix A by the addition of a multiple
of one row to another, then det(As) = det(A)
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Determinant of a Matri

Example 1:
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Determinant of a Matrix

Example 1: Let

1 2 3
A=1(0 1 2
2 4 8
Find determinant of (i)
[1 2 3]
A =12 4 8
0 1 2
(i)
- o
Ao =10 1 2
1 2 4
(i)
[1 2 3]
Ay=10 1 2
0 0 2]
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Note:
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Determinant of a Matrix

Note:

© If matrix A is any square matrix that contains a row of zeros,, then
det(A) = 0.
Q If a square matrix has two proportional rows, then det(A) = 0.

© In case of upper or lower triangular matrix, determinant is the
product of the diagonal elements
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Determinant of a Matri

Example 1:
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Determinant of a Matrix

Example 1: Let

a b c
A=1|d e f|=6
g h i
Find determinant (i)
d e f
a b ¢
(i)
3a 3b 3¢
Ay =|—-d —-e —f
dg 4h 4

(i)
a+g b+h c+i
As=| d e f
g h i

—3a —3b —3c
Ay = d e f
—Ad h—4de i —4
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Determinant of a Matrix

Theorem
For an n x n matrix A, following are equivalent

Q det(A) £0.

Q A~ exists

© If matrix AX = B has a unigue solution for any B.
Q A is invertible
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