WRITTEN BY
UMIEY SYAHIDA FAUZI




EDITOR/ WRITER/ DESIGNER:
UMIEY SYAHIDA BINTI FAUZI

PUBLISHED BY:
POLITEKNIK SULTAN MIZAN ZAINAL ABIDIN
KM 8, JALAN PAKA,
23000 DUNGUN, TERENGGANU

Copyright 2022 @ Umiey Syahida binti Fauzi

All Right Reserved. No part of this book may be reproduced in any
form or by any means, without prior permission from author.



PREFACE

POLYTECHNIC WORKBOOK ENGINEERING MATHEMATICS |
CHAPTER &: MATRICES

Was written based on the po|y’rec|‘mic curriculum in

accordance with the imp|emen’rq’rion of the revised curriculum

in Engineering Mathematics 1 Version: 230419 _1_Effective:
June 2019. The workbook has been tailored to meet the needs

of students to understand basic mathematical skills, especiq”y
in the field of matrices; from the simp|es’r level to the most
abstract. This workbook was published to develop students'’

abi|i’ry to qpp|y mathematical |<now|edge and skills effec’rive|y

and responsib|y N doi|y life.
The workbook consists of two components, the summary of
the entire chqpi'er 4 of engineering mathematics 1 and the
exercises, which are again divided into two parts; exercises
and revision test. The best part is that the answers are given
for each question.

The workbook focuses on the goa| of |earning mathematics,
which consists of basic mathematical concepts and skills. The
presentation of this book has been adap’red loy inc|uding
related reasoning questions fo facilitate student
communication and encourage critical and creative Jr|'1in|<ing.
The lessons have been supp|emen’red with formative exercises
that can be done orq”y or in writing, as well as other
activities sugges’red in the teacher's notes.
ln addition, the book provides reinforcement, auxi|iary, and
extension activities to s’rreng’rhen and enhance students'
unders’rqnding of what Jr|'1ey have learned in the lecture.
This workbook is designed to provide meaningfu| and
enjqulo|e |eqrning lessons and to increase students' interest in

mathematics.

By Tt AUTROR @
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Chapter 4: MATRICES 1

A matrix (plural matrices) is a rectangular array or table of numbers, symbols, or

expressions, arranged in rows and columns.

a1 Q12 Qp
. Q1 Az - Qzp Row
Matrix A, A = N . .
An1 Amz - Amn
Column

A matrix with m rows and n column is called a matrix of order m X n (read m by n).
a1 Is the element of the first row and first column of matrix A. While a,,,, is the element of

the m™ row and n'" column of the matrix A.

Summary of Matrices

Operation Definition Example
Addition/ The sum of matrix A and 1 [@ Ply[e f] = [a te b+f
lc dl lg h c+g d+h
Subtraction matrix B can be solve if )
[a b] e fl] Ja—e b—f
its have the same order 2. lc dl g h] - [C —g d—h
of matrix [1 21,5 6]_[6 8
3 13 4ty 8] B [10 12]
9 8] [5 31_14 5
17 6l la 2]_[3 4
Multiplication Multiplication of two 1 [a b] [e f] _ [ae +bg af +bh
matrices is defined if and c dllg h ce+dg cf +dh
. 1 215 6] _[5+14 6+16
only if the number of 2. [3 4] [7 8] = [15 428 18 + 32]
columns of the left matrix B [19 22
~ 143 50

is the same as the
number of rows of the

right matrix.




Chapter 4: MATRICES 2
Operation Definition Example
Transposition | The transpose of an m by | Order of Matrix A is (m X n)
n matrix A is the n by m Then the order of transpose of matrix A,
of transpose of matrix A
AT = (n xm)
1
If matrix A = 2] with the order of (3 x 1)
3

Then transpose of matrix 4,
AT =[1 2 3] withthe order of (1 x 3)

Inverse matrix

Inverse of matrix A is A1

When we multiply a matrix
by it's inverse we get the

Identity Matrix, |

fA. A1 =1
1 0 O
WherelI =10 1 0
0 0 1

To find the Inverse of Matrix 4, A™!

a b c
def],

g h i

IfA =

Step 1:

Determinant of 4, |A|

|A|=a|e ]l_r|—b|d ]l.c|+c3 Z|

h g
Step 2:
myp Mqpy; Myg
Minorof A, M = [mm mys, m23]
ms3; Mgy Mgz
e f| |4 f] |4 e
hoil lg il lg h
| ¢ @ ¢ |a b
M=y il g g h
b c a ¢ a b
e fl Ild fl ld e
Step 3:
myy  —Mqyp  Myj
Cofactorof A,C = |—mMpa1 My —My3
mz; —Mgzpy; Mg3j

Step 4:
Adjoin of 4,Adj (A) = CT

Step 5:
Inverse of Matrix A, A™! = ﬁ [Adj (A)]
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Operation

Definition

Inverse Matrix | Steps :
Method
1. AX =B
2. Find the determinant of A
3. Find the minor of A
4.  Find the cofactor of A
5. Find the Adjoin of A
6. Find Inverse Matrix A
7. Solve the X value X = A™'B
Cramer’s Rule | Steps:
1. AX =B
2.  Find the determinant of 4, |A]|
3. A, replace matrix B into the first column of matrix A
Hence, find the determinant of 4,, |A,|
Then, find the value of x = %
4. A,, replace matrix B into the second column of matrix A
Hence, find the determinant of A,, |4,|
Then, find the value of y= %
5. A, replace matrix B into the third column of matrix A

Hence, find the determinant of A5, |As]|

|As]

Then, find the value of z = Tl
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4.1  Construct Matrices

4.1.1 Identify the character of matrices
a) Elements of a matrix
b) Order of a matrix

Identify the elements and the order of the matrices given.

I. Matrix A = B]

Element a;; =
Element a,, =

Order of Matrix A =

il. Matrix B = B ﬂ

Element by, =
Element b,; =

Order of Matrix B =

. 5 -2 6
iil. Matrix C = [4 1 3]
Element C13 =

Element Cop =

Order of Matrix C =



7 2
Matrix D = |-3 5

0 4
Elementd;; =
Element d;, =

Order of Matrix D =

2 5 -1
Matrix E=17 9 3

6 0 -2
Element 623 =
Element e;; =

Order of Matrix E =

4.1.2 State the transposition of a matrix

State the transposition of the matrices given.

Matrix P = [4 10]

PT =



Matrix Q = [2
QT =
2
Matrix R = |—4
9
RT =
7
Matrix S = |1
8
ST =
Matrix T = [2

T =

N

|

6
0
-2

-5 11]



Vi. Matrix U = [_2 8 3

1 2 5
Ut =
8 11 9
Vil. Matrix V=11 0 =2
4 7 1

VT

4.2  Demonstrate the operation of matrices

4.2.1 Calculate the operation of matrices

Calculate the operation of the matrices given by:

a) Addition

i. [-2 —-9]+[10 1]=



R

i. [, g]+[110 §]=

v, [3—33 4 1 -2

7 0]+[—1 2 O]

1 4
v. |8 0|+

2 —6

3 3
0 2=

7 4



9 6 1 3 1 -2
Vi. 3 5 1|+f9 0 5|=
2 =5 6 6 4 7

i[5+ [ =[5

Find the value of a and b

viii, [_‘18 ;]+[1b0 _52]=[g (C)]

Find the value of a, b and ¢
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iX.

X.

A P

Find the value of a, b and ¢

5 2 a
6 7 4|+]|9 0 1
1 10 -5 2 8 b

Find the value of a, b and ¢

8 ] - [131 é 28c]

15 7 b
3 18 ¢

6 -3 —7] [11 3 -2

|



Calculate the operation of the matrices given by:
b) Subtraction

i [2 =3]-[-3 1]=

i[5 ¢l=lz 3l

RS R
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Vi.

Vii.

111l =[s]

Find the value of a and b



i [y 3=l 5=l d

Find the value of a, b and ¢

[12 6 —c

Ix. [? 2 _53]_[—_131 159 g] 10 8 —4

Find the value of a, b and ¢

1 0 a 5 6 -2 -4 -6 -7
X. -2 4 71—(-9 -4 1|=|7 c 6
a -1 -9 0 -5 2b -5 4 b

Find the value of a, b and ¢



Calculate the operation of the matrices given by:

C) Multiplication

i. 6 1] g]:

o [ B

_3:

iv. [3 2][3 _1



v oAl al-



vii. [ 2 ‘5][_02 §]=

" [ ;] [Z B ]

10 5114 10 3
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8 5 2|[-3 -7 9
o7l 2 |-

1 -5 6ll-3 1 5

Calculate the operation of the matrices given by:

d) Inverse

- s 2



18

7 1
4 8



19

w |

3 sl

10 0 8
1 2 9
5 4 6

|



20
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x|

y

3 -1
5 8

—2 4
1 2
10 1

7
-9
6

2
11

|
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4.3 Demonstrate simultaneous linear equations
4.3.1 Solve simultaneous linear equations up to three variables by using:
a) Inverse Matrix Method

b) Cramer’s Rule

Solve the following simultaneous linear equations by using:
a) Inverse Matrix Method
x+2y+3z=4

2x +3y+z=10
3x +2y+z=32
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Solve the following simultaneous linear equations by using:
b) Cramer’s Rule
2x+y—3z=-5

2y —2z=-2
y+z=5
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Revision Test

1.

1 1 1
Given Matrix A =16 —4 5
5 2 2

Find:

. (A+B)— (A-B)

. 2AT + 3B

]ande

2
-1
1

-5
3
-2

5
-1
3

|



25

54 — 2BT

AB
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V.

Vi.

2ABT



27

Vii.

viii.

A'B



Revision Test: 28

2. Solve the simultaneous linear equations below using Inverse matrix Method.
I. 3x + 5y +4z =16
6x —5y—5z=-9
—12x — 5y —z=-19



Revision Test:

29

a+b+c=2
b—3c=1
5¢+ b =-2a



Revision Test:

30

x—12y — 18z =33
3Ix—y+14z=7
2x+2y+3z=0



Revision Test:

31

iv.

3a+b—7c=15
a—12b+c=0
5b—4c =8



Revision Test:

32

7r + 5s — 3t =16
3r —5s+ 2t = -8
5m+3s—-7t=0



Revision Test:

33

Vi.

a+b—c=5
a—b+c=0
b+2c=28



Revision Test:

34

Vil.

r—s+2t=3
—r—s+3t=8
r+3s+2t=1



Revision Test:

35

viii.

x—y+z=3
x+3y+4z=-2
x+y+z=1



Revision Test:

36

3. Solve the simultaneous linear equations below using Cramer’s Rule.

I p—q+r=4
—-p+2q—5r=3
5p—13q+13r =8



Revision Test:

37

r+s+t=7
r—2s—t=4
r + 6s + 5t = 24



Revision Test:

38

XxX+2y+3z=4
2x+3y+z=10
3x+2y+z=32



Revision Test:

39

iv.

2x+y—3z=-5
2y —2z=-2
y+z=5



Answer 40

4.1.1 Identify the character of matrices

i. 1 2 (2x1) . 4 2 (2x2)
i, 6 1 (2X3) iv. 7 4 (3X2)
V. 3 -2 (3x3)

4.1.2 State the transposition of a matrix

. r_[4 . r _[8 5 r 3
i. pT = [10] i, QT = _3 1] iii. R"=[2 -4 9]
2 2 -1
iv. S= [Z (1) _82] V. TT = [—5] Vi UT=|8 2 ]
11 3 5
8 1 4
vii. V=11 0 7
9 -2 1
4.2.1 Calculate the operation of matrices
a) Addition
. . 15 11 3
i. [8 -8] i. [ c ] iii. [_3 12]
4 7 12 7 -1
iv. [; _92 (1) V. [8 2 ] Vii. [12 5 6 ]
9 =2 8 -1 13
vii. a=7b=7 viii. a=5 b=16c=6
iX. a=—-2 b=9 ¢c=5 X. a=5 b=5 ¢c=0
b) Subtraction
i [5 —4] i [_‘124] i Z §
-4 1 -4 5 7
v 0 o v, [—1 9 l Vi. [10 —6 7 l
19 -5 12 5 -6
Vil a=28 b=6
viii. a=2 b=4 c=6
iX. a=11 b=-6 c=11
X a=-9 b=-3 c=
c) Multiplication
i [21] i i(z) g i ﬁ
. 21 4 2 . 7 16 35
v [ v 6 & v 5 20 40
—25 —44 82
vi |4 vii. - [7% ] ix. [—23 24 74]
—-26 —11 39



Answer

d) Inverse
8 —_
i = 3] i 11 i
5 =7 -t 7
11 11
7 -1 [
H 65 65 16
iv. A V. 3
65 65 16
-1 1 1 -1
12 9 18 5
. 13 5 41 . 1
Vi, o 77 1aa Vii. =
96 72 144 5
1 5 2
- 48 36 72 - 5
- 10 13 5 - 11
59 59 118| 266
6 4 3 . 27
viii. — = —— iX. -
59 59 118 266
13 11 9 J 67
- 118 118 59 - 266
r 21 17 2 -l
475 475 19
96 58
X. — — — —
475 475 19
1 2
- —-Z 0 J
- 25 25

4.3.1 Solve simultaneous linear equations up to three variables by using:

a) Inverse Matrix Method

x =15 y=-7 z=1
b) Cramer’s Rule

x=1 y =2 z=3

Revision Test 1

[4 —-10 10 [8 —3 25
i -2 6 -2 ii. -1 1 1 iii.
2 —4 6 [ 5 4 13
[ 2 —4 7 [ 4 2 4
iv 21 -52 49] V. 114 —-46 58] Vi.
10 -23 29 [ 20 -2 14
10 o _1n
3 6 2
.. 1 1 1
Vii. — = =
15 30 10
_1. 1 21

40
115

1

13
9

133
6

133

ulr O

_L 2

3 266 I
23
266
29

266

7 3

—-26 29

12 4



Answer

Revision Test 2

I x=1 y=1 z=2
3 19 1
Il a=- b =— c =—
4 16 16
33 900 82
ii. X == y=—-—— zZ=—-——
13 403 403
19 10 221
v a=—— h=—— c=—=
98 49 98
\Y; r=1 s=3 =2
5 13 11
Vi a=- b:— cC =—
2 3 6
.. 3 1
Vil. r=—= s=—= =2
2 2
7 1
Vil X =3 y=-1 z=-3
Revision Test 3
i _u _1 g1
' P=3 Y=3 T 6
il r=20 s=-11 =18
i x =15 y=-7 z=1



CHAPTER 4: MATRICES

This chapter introduces matrices as a way of representing data.
Matrices will be used to organize data as well as to solve for
variables. This workbook then explains how to add and subtract
matrices. Not all matrices can be added to or subtracted from all
other matrices, as this section explains. Matrices can be added and
subtracted only if they have the same dimensions, Matrix
multiplication is associative, but not commutative. Just as there is
ah additive identity and a multiplicative identity for all real
numbers (addition and multiplication that do not change the
number), there is an additive identity and a multiplicative identity
for all matrices. Matrices are important in Engineering Mathematics
1 (08M16013), as we will see in the next chapter. They are used in
multiple ways to solve systems of equations. In addition, they are
important in higher algebra too. A large portion of linear algebra,
which you may study at a higher education level, deals entirely with
matrices.
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