MALAYSIA

.ENGINEERING
MATHEMATICS

ki 1 ' ) II KOLEJ KOMUNITI
\ ~POLIT =Nl KEMENTERIAN PENGAJIAN TINGGI MALAYSIA

BASIC ALGEBRA

VOLUME 1

©
OO%OO‘& AUTHOR
OOOO \ LIM YEONG CHYNG



BASIC ALGEBRA

VOLUME 1

AUTHOR
LIM YEONG CHYNG

EDITOR
JUNAIDATUL NADIA BINTI JAAFAR

ILUSTRATOR
SYAHIDA BINTI SAID

POLITE-NIX

UNGRKL OMAR

2021



BASIC ALGEBRA

VOLUME 1

First Issue 2021

e ISBN 978-967-2421-16-0

eISBN: |||
9789672421160

All rights reserved

It is not permitted to reproduce any part of the writing
of this ebook in any form and by any means whatsoever
whether electronically, photocopying, mechanically,
recording or in any way except with the permission of
the author.

The author also does not guarantee that what is
contained is suitable for the reader but all content is
through the author's own experience and expertise.

LIM YEONG CHYNG
LECTURER

POLITEKNIK UNGKU OMAR
IPOH PERAK



ABOUT AUTHOR

NAME: PUAN LIM YEONG CHYNG

EDUCATION:

Master in Technical &Vocational Education
(UTHM): 2007

Bachelor of Electrical Engineering (KUITTHO): 2004
Teaching experience at PUO: 14 years since 2007

ABOUT EDITOR

NAME: PUAN JUNAIDATUL NADIA BINTI JAAFAR
EDUCATION:

Master of Science (Teaching of Mathematics)
(USM): 2015

Bachelor of Education (Mathematics) (UPSI): 2010
Teaching experience at PUO: 11 years since 2010

ABOUT ILUSTRATOR

NAME: PUAN SYAHIDA BINTI SAID
EDUCATION:

Bachelor of Engineering (Civil) (UTM): 2014
Diploma in Civil Engineering with Education

(UTHM): 2003
Teaching experience at PUO: 18 years since 2003




| would take to express my special thanks of gratitude to
my teams mate Puan Syahida Binti Said and Puan
Junaidatul Nadia Binti Jaafar for their able guidance and
support in completing the ebook.

| would also like to extend my gratitude to Director of
Ungku Omar Polytechnic, Mejar (K) Ts. Haji Mohd Fisal Bin
Haroon, Deputy Academic Director, Ts. Dr. Izwah Binti
Ismail, Head of Department Mathematics, Science and
Computer, Encik Ahmad Rakimi Bin Mohamad,
Mathematics Course Leader, Puan Siti Hawa Binti Aziz
who gave me the golden opportunity to do this wonderful
project for ebook.

| am are over helmed in all humbleness and gratefulness
to acknowledge my depth to Dr. Intan Idiana Binti Hassan,
Dr Mazeni Binti Ismail and Puan Hasmawati Binti Yahya
for giving the Digital Book Publishing & Marketing Writing
Course and | came to know about so many new things. |
am really thankful to them.




The book is about Engineering Mathematics Volume 1
on chapter 1 Basic Algebra. The sub topic include The
Concept of Basic Algebra, Quadratic Equation and
Partial Fraction. The book contains the formulas,
examples and exercises regarding the each sub topic.

Hopefully with this book can help students in the
solution of Basic Algebra.
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1.1 CONCEPT OF BASIC ALGEBRA

Algebra involves the use of letters in Mathematics. These letters
are unknowns and can represent either a single unknown number
or a range of unknown numbers. Sometimes algebraic
expressions can be simplified; this means that we collect all the
similar terms together.

Definition of Algebraic Expression

Algebra is the branch of mathematics that uses letters in place of
some unknown numbers. Literal numbers (the letters used in
algebra) can either stand for variables (where the value of the letter
can be changed, such as the area of a rectangle and the area of a
square) or constants (where the value does not change), for
example e (which has a constant value of 2.781828...).

Algebraic fraction has the same properties as numerical fraction.
The only difference being that the numerator (top) and
denominator (bottom) are both algebraic expressions. Fractional
algebra is a rational number usually stated in the form of , where p
and g are integers.

p Numerator

g Denominator

A quantity made up of symbols together with,, or is called an
algebraic expression. We can often simplify algebraic expression by
‘a collection like terms'’. Like terms are multiples of the same
variables. For example, , and are all multiples of and so are like
terms. Similarly, , and are all multiples of and so are like terms. Like
terms can be collected together and added or subtracted in order to
simplify them.



)
(] A
The basic laws introduced in arithmetic are generalized in algebra.
Let,,, and represent any four numbers. Then

p(gqr) =(pq)r
Pprq=4+p
Pq=4qp
p(q+r)=pq+pr
P+a_p 4

r roor
(p+q)(r+s)=pr+ ps+qr+qgs

a. Addition of Fractions

nd bc ad+bc

L5
b d 5.5! bd  bd
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[ cxampe 1

Simplify the following expression ¢+ 2b —3a+ 6b

a+2b-3a+6b=a-3a+2b+6D
=—-2a+ 8b

7
Simplify the following expression = x+ 71 —Sxy— v
9 . :

2 : 2 ;
— == === =
9 9

43 TR
=——2x+06V A P
0 :

N




[ exercise 1

Simplify each of the following algebraic expressions

1) 8x+12y+2x+10

2) 25p-3g+14p+3q

2
3) 6a+b-2b +§a

3 5
4) 27n+—-m—13m+—n
7 8

Scan for answer Exercise 1

=1E%
] %

Scan for answer

http://tiny.cc/c1e1
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c. Multiplication of Fractions

When we need to multiply or divide negative numbers, care must be
taken with the sign of the answer, that is, whether the result is
positive or negative. The following rules apply for determining the
sign of the answer when multiplying or dividing positive and
negative numbers.

(positive) x (positive) = positive
(positive) x (negative) = negative
(negative) x (positive) = negative
(negative) x (negative) = positive

In an expression such as it is intended that the multiplies all the
bracketed terms:

a(b+c)=ab+ac

a(b—c)=ab-ac

In the expression it is intended that the term multiplies both and in
the second brackets. Therefore

(a+b)c+d)=(a+b)c+(a+b)d




C

Each of these two terms can be expanded further to give

(a+b)c=ac+bc

and

(a+b)d =ad + bd

Therefore

(a+b)(c+d)=ac+ad+ bc+bd

d. Division of Fractions

positive .. negative :

—— — positive gi = negative
positive positive
positive : negative ..
——— =negative —— = positive
negative negative

74
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Simplify the following expression 6 (5a -2b ) +4b

6(5a—2b)+4b=30a—-120+ 4b
= 30a —-8D

Example 4

Simplify the following expression

10z vz

9  3b

N

\\.J/}
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1)
2)

3)

4)

[ exercise2

Simplify each of the following algebraic expressions

B(p—14)—92p+1)

—5(2qg—4r)+6(3qg—2r)

%(lﬂx—2y)+ 3x—y

Scan for answer

http://tiny.cc/c1e2
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Simplify the following expression

4x° 10x 4x°

10x 4%’
x+2 xP-4
REMEMNEER

_|_

kg =

= +
x'—4 x+2 (I-I—ZXI—Z)

4x?

a —b =(a+b)a—b)

4

TGr2lx-2) G+2Xx-2)

10x(x —2)+4x”
(I—I- ZX:r— 2)
_10x* —20x + 4x°

(x+2x:c—2)
_ 14x* —20x
C(x+2)(x-2)
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Example 6

REMEMBER

a —b =(a+b)a-b)

4

5
Simplify the following expression -
plTy g exp V43
5 10-3y 5 10-3y
y+3 ¥ -9 y+3 (y+3)y-3)
~ 5(y-3) 10-3y
(y+3Xy-3) (v+3)y-3)
_ 5y-15-10+3y
(v+3)y-3)
_ Sy+3y-15-10
(v+3Xv-3)
8y—25

~(+3)y-3)
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[ exercse s

Simplify each of the following algebraic expressions

N

a+3 3a-5
1) X
a—-3 a+3
2 2
%) 7 _%2m
m—4 10
v—4 x-—32
3] : +
x*—-9 x-3
x—3 xX—
4) ;{ X *t; 4
x —16 x -9

Scan for answer Exercise 3

%,g

Scan for answer

http://tiny.cc/c1e3
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Link Quizizz for practice question -

Basic Algebra

https://quizizz.com/admin/quiz/6118c3b3a82bdd001d8b3e39

Increase your knowledge with
the best practice question



https://quizizz.com/admin/quiz/6118c3b3a82bdd001d8b3e39

1.2 QUADRACTIC EQUATION

C

N . .. . . .
A quadratic equation in an unknown (variable) is an equation that

has one unknown only and his unknown's supreme power is 2.
Quadratic equations are normally express as 4v- + by + ¢ = 0
where a does not equal zero.

The root of a quadratic equation can be found by using three
methods:

Factorization Quadractic Completing
Formula The Square




Solving Quadratic Equations by using
Factorization Method

Many of the simpler quadratic equations with rational roots can be
solved by factoring. To solve a quadratic equation by factoring:

Start with the equation in the standard form
Be sure it is set equal to zero.

1. a, b, care known values. a can't be 0.

2. Factor the left hand side (assuming zero is on the
right).

3. Set each factor equal zero.

4. Solve to determine the roots (the value of x).

\ /

Table to identify the value of g, b, ¢

In disguise — In Standard Form a,b and ¢
Move all terms to the left g
x?=3x-1 e IR ARE e x2-3x+1=0 b=-3
hand side.
c =1
Expand a=2
2(w* —2w)=5 | (undo the bracket), 2wl —4w—-5=0 b=—4
and move 5 to the left. c=-5
Expand, and 3toth e
Ve le:;:pan sandmove3tothe | , _ . o h=_1
: il

[
11
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[example 7

Solve the quadratic equation x> —4x+3=0
by using factorization

m Roots of denominator:
x2—4x+3=0 (Set=0)

—Ax+3=0 (x —1)(x —3) =0 (Factors)
(x-D(x-3)=0
x—1=0 or x—-3=0
= = )

(x—D(x —3)

| |

x% —4x + 3

N




Steps to Use Calculator for Solving Quadratic Equation, x* —4x +3 =0

—_

Press button MODE 3 times.
Press button “1” for EQN.
Press } in the ROUND button COPY, choose button “2” for Degree.

Refer to equation form, ax’ + bx +¢ =0

C__7?

For a, press button ““1”, and then button :

G__33

For b, press buttons “-” and “4”, then button
h__%Y

For c, press button “3”, and then button :

The screen will display x, =3

st R Bl e

When press . in the ROUND button COPY, the screen will display x, =1.

10. From here, we get the answer for factorization: (x—3)(x—1) or (x—1)(x—3)

Watch Youtube Step for Solving Quadratic Equation

Using calculator

https://youtu.be/aQIW3S2bVjQ

snia | WYTEERIA system |+ od porosiat
badania wondarow -

AN D,




C

Solve the quadratic equation 4x* +8x+3=0
by using factorization

N

A +8x+3=0
(2x+1)2x+3)=0

2x+1=0 or 2x+3=0

3
L= g =SS
2 2




C

Solve the quadratic equation 6x° =47x 77
by using factorization

N

6x° =47x-77

6x' —47x+77=0
(2x—11X3x-7)=0

2x—11=0 or 3x—7=0




C

[ oerases

Solve the following quadratic equations by using factorization

NJ

1) x*—6x+8=0
2)  x*+5x+6=0
3) x*—5x-24=0
4)  4x*+13x-35=0
5) 6x*—7x-20=0

Scan for answer Exercise 4

Of540

[=li¥

Scan for answer

http://tiny.cc/c1e4

74
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Link Quizizz for practice question

Quadratic Equation

https://quizizz.com/admin/quiz/6118b6ac030b06001d139a05

N
-

Increase your knowledge with
the best practice question



https://quizizz.com/admin/quiz/6118c3b3a82bdd001d8b3e39

Solving Quadratic Equations by using
Quadratic Formula Method

[ ]
[ 2 _ -
The quadratic equation given in form @Y + bx +¢ =0 then
the values of x can be find through quadratic formula
Vb’
—b+ b —dac
X =
2a
ax’ +bx+c=0 > Where a, band care constants.
Dividing ax® + bx + ¢ =0 by a gives: x° +2x+£:0
a a
. . , b G
Rearranging gives: x +—x=——
a a
Adding to each side of the equation the square of half the coefficient of the term in
x to make the Lefi-Hand Side a perfect square gives:
L
et P et
a 2a 2a a
Rearranging gives:
By® rbyE ¢
(3~ =
b <
 4a?2 a
_ b*—4ac
4a?
Taking the square root of both sides gives:
x+i:i b —4dac
2a  4a’
. Nb* —4dac
a 2a
3 _i_{_ ~b* —4ac
© 2a 2a
_—b£+b " —4ac <=I The Quadratic Formula
2a
—+H




N

Example 10

Solve the quadratic equation 3x" = 2x~7=0
by using quadratic formula.

3 -2 =0

=3 = =
” —b++b* - dac

‘ 2a

=1.8968 or -1.2301

Watch Youtube Step for Solution Example 10

'  https://youtu.be/PKD7THD-IIg

Tube



https://youtu.be/PKD7THD-lIg

[ cuampie 11

Solve the quadratic equation x*=5-Tx
by using quadratic formula.

bt 4ac

2a

=747 - 4(1)-5)
- 2(1)

—T7++49+20

2

~7+./69

2
=0.6533 or —7.6533

AND,
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[ oercses

Solve the following quadratic equations by using quadratic formula.

N

1) 3x*+4x+1=0
2) 2x"+7x-3=0
3) x*+x-2=0

4) Ax"—4x-63=0
5) 15x*-19x+6=0
6) Tx =60+32x
7) 18x" =53x+20
8) X’ =56+x

9) 3x* =2—-5x

10) 5x"+52x+63=0

227

Sean for answer

http://tiny.cc/c1e5




Solving Quadratic Equations by using
Completing the Square Method

]

Completing the Square is a method used to solve a quadratic
equation by changing the form of the equation so that the left side
is a perfect square trinomial.

Step Method Formula
Step 1 Start with axlibxitc=0
Step 2 Divide the equation - e
by a x & 2t -0
a a
Step 3
R Put < on other x’ +EI:—£
a a a
side
Step 4 2 2 2
Add i] kot || 22|t =8 0
2a a 2a a 2a
sides
Step 5 Complete the - b e B\
square Eele— = b ——
2a a 2a

Watch Youtube Step for Method Completing the Square

https://youtu.be/tnOkxuRWZWw

!. ‘!\
-
~

_q_JL



https://www.varsitytutors.com/hotmath/hotmath_help/topics/monomials-binomials-polynomials.html

If x*=5.then x=++/5
If (x+2) =5.then x+2= +4/5 and x=-2+45

Hence if quadratic equation can be rearranged so that one side of
equation is a perfect square and the other side of the equation is a
number, then the solution of the equation is readily obtained by
taking the square roots of each side as in the above examples. The
process of rearranging one side of a quadratic equation into a perfect
square before solving is called “completing the square” .

e T = 4 e

Thus, to make the quadratic expression x~ + 2ax
into a perfect square it is necessary to add thalf the coefficient of x)*.
£y N2 i
Thatis | =" | or o’

For example ¥~ + 3x become a perfect square by adding ‘ e ‘ ,

26



Stepl »

Step2 )

Step3 )
Step 4 >

Solve the quadratic equation ' +8x-4=0
by using completing the square.

Rearrange the equation so that all terms are on the same side of the
equal sign (and the coefficient of the x* term is positive). Hence:
X' +8x-4=0

Make the coefficientofthe x* term unity. In this case this is the x’
term unity. Hence:

X' +8x-4=0

Rearrange the equationsso thatthe x* and x terms are on one side
of the equal sign and the constant is on the other side. Hence:
x* +8x=4

Add to both sides of the equation (half the coefficient of x)2.
In this case the coefficientof x is 8. Halfthe coefficientsquared is

o~
therefore [E} . Thus:

2 2
x2+8x+[§] :4+(§]
2 2

2 +8x+(4) =4+(4)

The left-hand side is now a perfect square,
(x+4)’ =4+16
(x+4) =20

x+4:im

Solve:
Step5 »
x=-4+ m

x=0.4721, -8.4721

AND,
J




Solve the quadratic equation 2x° +5x=12
by using completing the square.

Sten 1 > Rearrange the equation so that all terms are on the same side of the
P equal sign (and the coefficient of the x* term is positive). Hence:

2x> +5x—-12=0

Step 2 Make the coefficient of the x” term unity. In this case this is
P achieved by dividing throughout by 2. Hence:

2x? 5x 12
s BN
3 "3 2
x2+§x76:0
2

Step 3 > Rearrange the equations so thatthe x* and x terms are on one side
of the equals sign and the constant is on the other side. Hence:

x2+§x:6
2

Step 4 > Add to both sides of the equation (half the coefficient of x )2

) ) e
In this case the coefficient of x is Fi

: 2
Half the coefficient squared is therefore (3] ;

2 2
Thus: x? +5x+[5] :64_(5]
2 4 4

The left-hand side is now a perfect square,
2 2
S
4 4
Evaluate the right-hand kide

( ST 25 121
b =61 ="
Ty 16 16

Step5 » Solve
11

ANY,
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ccerones

Solve the following quadratic equations by using completing the
square.

ANY,

1) x*+x-30=0
2) x*+12x+32=0
3) 2x*+13x-45=0
4)  6x*—17x+12=0
5) 8x*-9x=14

Scan for answer Exercise 6

[=]

i
[=]

Scan for answer

http://tiny.cc/c1e6
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Solve the following quadratic equations by using specific method.

ANY,

1) (x-2)4x+7)=0 (Factorization Method)

2) 10x*-7x-12=0 (Quadratic Formula)

3) 6x2—9x=20 (Completing the Square)
4) 6x*+x-35=0 (Factorization Method)
5 x*+2x=48 (Quadratic Formula)

6) 14x*-11x=15 (Completing the Square)

Scan for answer Exercise 7

[

Scan fDl' Answer

http://tiny.cc/c1e7




1.3 PARTIAL FRACTION

N

There are 3 different types of fractions:

No | Types of Definition Examples
Fraction
. 1 219 x x—1
1 | Proper Numerator < Denominator | —.—.—.— s
Fractions 2520 x"+2 x"+3x—18
5 1 Y 1 2 3" 3 o
2 Impr(.)per Numerator > Denominator —,Z_. <l l,t + % 1
Fraction 52 wxfl X2
: Whole ber +
5 | Mized ole number + a proper 213123&__2‘"‘7#1
Fraction | fraction 5 200 x*+2x-1

Definition of Partial Fraction

What is Partial Fraction?
We can do this directly:




7h

Simpli +
phity x—1 x+2

Normally we do:

_1(x+2)+2(x-1)

(x—lXx+2)

LU EEZEIR 2

5 L D

3

X
1 2 3x
S TP T R
x—-1 x+2 X 4+x-2

AN

Partial Fractions M

But how do we go
in the opposite
direction?

Single Fraction




A 1 2
= to +
AT+ a—2 =1 +2

The reverse process of moving from

is called resolving into partial fractions. In order to convert an
algebraic expression into partial fractions:

-

(@) The denominator in the above example, 1+ v —21  must

factorizeas (--—1j(x+ 2]

(b) The numerator must be at least one degree less than

the denominator. In the above example (3x) is of degree 1 since the

highest power of x termsis -1 and

. 2" —x— 2} is of degree 2.

When the degree of the numerator is equal to or higher than the
degree of the denominator, the numerator must be divided by the
denominator.

There are basically three types of partial fraction and the form of
partial fraction used is summarized in table below.

Type Deno%n:mator Expression Form of partial fraction
containing
: J) 4 B G
1 Linear Factors + +
(x+a)(x—b)(x—c) x+a x-b x+c
) Repeated Liner i - = g B g - -
Factors (x+a) (x+a) (x+a) (x+a)
4 Quadratic f(x) Av+ B " C
) Factors (ax’® +bx+c)(x +d) ax* +bx+c x+d

33



N

S(x) isassumed to be of less degree than the relevant denominatorand 4., Band

C are constants to be determined.

ax” +bx+ cis a quadratic expression which cannot factorize without containing
surds or imaginary terms.

That is what we discover here:

How to find the “parts” that make the single fraction (the “PARTIAL
FRACTION")?

Resolving an algebraic expression into a partial fraction is used as a
preliminary to integrating certain functions.

[ [&




Construct Partial Fraction using Proper Fraction with:

a. Linear Factor

A
ax+b

A linear factor gives a partial fraction in the form
where A is a constant to be determine. We can calculate the partial
fraction of proper fraction whose denominator can be factorized into
linear factors.

The following steps are used:

1. Factorized the denominator.

2. Each factor of the denominator produced a partial fraction. A
factor produces a partial fraction of the form A
where A is an unknown constant. ax+b

3. Evaluate the unknown constants of the partial fractions.

4. This is done by evaluation using a specific value of x or by

equating coefficients.
{}
I
|

35
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Step 1 >

Step2 »

Step3 »
Stepd )

(X¢

e

Example 14

5x-3

Construct into partial fractions.

x> +3x-10

Factor the denominator.

Sx-3  _ x-3 Roots of Denominator
2’ +3x-10  (x-2)(x+5) ¥ +3x-10=0 (Ser=0)
(x=2)(x+35)=0 Factor

Write one partial fraction for each of those factors.

5x-3 4 ¥ B
(x—2)(x+5) x—-2 x+5

Multiply through the denominator so that no longer have factors.

5x-3=A(x+5+B(x-2)

Find the constants.

Substituting the roots (“zero”) of the bottom can help:

Roots for x+5 is x=-3 Roots for x—2 is x=2
When x=-5 When x=2
5(-5)-3=A(-5+5)+B(-5-2) 5(2)-3=A2+5+B2—

—28=A4(0)+ B(-7) 7=A(T)+B(0)

—-28=0-78 T=A(T)+0

B=4 T=A(T)
A=1
5x-3 1 N 4

“EE35-10 %2 %ES




Construct

cxampe1s

10x1-8

(x+2)(x—5)

10x +8 A B

(x+2)(x-5) - x+2 i x-5

10x+8=A(x—5)+ B(x+2)

Whenx+2=0

x=-2

27

10(-2)+8=A(-2-5)+ B(-2+2)

—12=4(-7)+ B(0)
~12=-74

12

g

A

10x+8 12 58

T xr2)E-5) 1x+2)  (x-5)

into partial fractions.

Whenx—5=0
x=5

10(5)+8=A4(5-5)+ B(5+2)

58=4(0)+B(7)
58=7B
58
Ty

B

N




ANY,

2¢°

Example 16

C

into partial fractions.

Construct

=

12 12 Review Algebraic Function:
-9 (x-3)x+3) < a? - b2 =(a—b)(a+b)

A B x> —9=(x—-3)(x+3)

Cx—3 x+3

12=A(x+3)+B(x-3)

Whenx—-3=0 Whenx+3=0
x=3 x=-3
12=A4(3+3) 12=B(-3-3)
12 = A(6) 12 = B(-6)
A4=2 B=-2
12 2 )

“x‘?—9_:-:—3_x+3




1)

3)

Construct the following fractions into partial fractions.

X
—
X +3x+2
x5
X+x-6

a)

b)
X1
(2x—3)(x+4)

d) 10
(x+D(2x-1)

c)

xX—x+10

) (x=D(x+4)x-2)

= 4 + 2 . Find the values of

are
(x+6)(x—2) x+6 x-2
Aand B when x=-6 and x=2.

Given that partial fraction of

3 4 B (&
_!_

———are —+ . Find the
(D)(x+D(2x-1) x x+1 2x-1

Given that partial fraction of

valuesof 4 ,Band C.

Scan for answer Exercise 8

N

[=] % =]
[=]

Scan for answer

http://tiny.cc/c1e8
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Link Quizizz for practice question

Partial Fraction

https://quizizz.com/admin/quiz/6118d2753e8a2f001d2b1c78
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Increase your knowledge with
the best practice question



https://quizizz.com/admin/quiz/6118c3b3a82bdd001d8b3e39

Repeated Factor Partial Fraction
P 4 _,_ B
Lot ax+b (ax+b)’
o 4 B __C
(ax+5) ax+b (ax+b)’  (ax+b)
b)” 4 8 £
) ax+b (@+b)?  (ax+b)

N




N

23
Construct *

into partial fractions.

(x+5)(x-3)°

Step 1 > Write partial fraction for each of those factors.
2x A B G
—= + + -
(x+5)(x-3) x+5 x-3 (x-3)

Step 2 Multiply through the denominator so that no longer factors.
2x = A(x-3)* + B(x+ 5)(x =3) + C(x +5)
Step 3 Find the constants.

Substituting the roots (“zero”) of the denominator can help:

Root for x+5 is x=-5

When x=-5

2(=5) = A(-5-3)> + B(-5+5)(-5-3) +C(-5+5)
—10 = A(64) + B(0) + C(0)

~10 = A4(64)
Bz
32

: Find the constants.
Substituting the roots (“zero) of the denominator can help:
Root for x—3 is x =3

'??P When x =3

23)= 4G -3)> + B3 +5)(3-3) +C(3+5)
6= 4(0)+ B(8)(0) + C(8)
6=C(8)

e

N WY




C

Solution (continue)

Root for x 1s x=0

When x=0

N

0=A(-3)> +B(0+5)(0-3)+C(0+5)
0= A(9)+ B(5)(-3) + C(5)

0= ['_ %}(9)+ B(- 15)+[%](5)

5 5
e R 1
32 4

0= " _15p
32
5
]_SB:?_
32

B=-—:
32

. 2x L B . B . 8
T(x+5(x-3)° 32(x+5) 32(x-3) 4(x-3)°
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Example 18

X
Construct —

x(x+1)

#, &
X% x+1

xX(x+1)

x—5=Ax(x+1)+ B(x+1)+Cx?

x-5 A B
~+
v &l

Whenx =0

0-5=A4(0f0+1)+B(0+1)+C(0)
-5=24(0)+B(1)+c(0)
-5=B

Expand the equation:

x—5=Ax" + Ax+ Bx+ B+ Cx’
x—5=(A+C)x* +(4+B)x+B

into partial fractions.

Whenx+1=0

x=-1

-1-5=C(-1/
-6=C(1)
=

Compare the coefficient: LHS with RHS

LHS RHS
x? 0 A+C
x 1 A+B
x’ -5 B

x—3

?.P Compare the coefficient:

6

X

Notes:
LHS - Left Hand Side
RHS - Right Hand Side
5 6

R |

N




N

1)  Construct the following fractions into partial fractions.

2x+1
(x—1)(x+2)
5

(x—3)(x+1)

a)

x*-3
(x+5)(x-2)*
8x
(x—6)*(x+1)

c)

d)

3x-5

e
(x—D(x+4)

5x -6 A B (6

2) Given that partial fraction of T v e G Find the
valueof 4,Band C.
3) Given that partial fraction of x re A o £ . Find the

- > a + + =
(x+2)(x—8) x+2 x-8 (x-8)°

valueof 4, Band C.

Scan for answer Exercise 9
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An irreducible quadratic, a quadratic factor

ax- +bx+c =0

that cannot be further factorized into linear factors
(x+a) (x+b) gives a partial fraction.

Ax + B
av: +bx + ¢
& N
‘ y =
0-p -
"

N




Construct 0+ T} into partial fractions.

(x—2)(x" +1)

9+x A +B.r+C
(x2)x ) x—2 x*+1

Irreducible quadratic factor
(Can’t be factorized)

Linear factor

Step 2 Multiply through the denominator so that no longer factors.

9+x=A(x* +1)+(Bx+C)(x-2)

g

Step 3 Find the constants

Substituting the roots (“zero”) of the denominator can help:

Rootfor x—2 is x=2

When x=2

9+2=A4(2*+D)+(B(2)+C)(2-2)
11= A(5) + B(0)
11

5

A

. Hence, no have any root for substituting. Then need to expand

the equation.

Sry=dxt e A4+ By =28y +Cx=2C
9+x=(4+B)* +(-2B+C)x+(4-2C)




C

Pl 4

Solution (continue)

Compare the coefficient: LHS with RHS

LHS RHS
< 0 A+B

. 1 2B+C
f 9 A-2C

Compare the coefficient:

2

V)

X X
0=4+B 1=-2B+C
0:E+B 1=-— [—“]-i-c

5 5

5 5
9+ x

11 =1 B e B
_|_

G-+ 5(x-2)

5(x% +1)

11 11x+17

S 5(x=2) S(x*+1)

N




X ; ; .
Construct — into partial fractions.

X (x?' +4)

- 2

3x-1 A B Cx+D
I T R
x(x*+4) x x x“+4

3x—1=Ax(x* +4) + B(x* + ) + (Cx + D)x*

When x=0

—1= A(0)(4) + B(0 +4) + (C(0) + D)(0)
—1= A(0)+ B(4)+0

.
4

Expand the equation
3x—1=Ax" +4A4x+Bx’ +4B+Cx’ + Dx’

3x - 1=(4+CO)x’ +(B+D)x* +44x + 4B




C

Solution (continue)

Compare the coefficient: LHS with RHS

LHS RHS
X 0 A
x° 0 B+D
x 3 4A
% o 4B

x3 x2 ’Cl
0=4+C 0=B+D
0-3ec | o l,p | 34
o L
C=— D:l 4
4 4
Ax—=1 3 1 =l

e = g b ;
x(x"+4) 4x 4x 4(x +4)




1) Construct the following fractions into partial fractions.

3 x+3
(x-1)x* +4
b) x- 1
(¥ +1fx+3)
2 ]
0 Tx= =5

(x> —x+2)(x+4)

d) 2x
(x2 +5)(x-1)

=) 5x+2
(.\r—3)ix2 +6)

5% A Bx+C

2) Giventhat partial fractions of . are +— .Find the
(x+3)(x" +6x+6) x+3 x +6x+6
valuesof 4 , B and C
%
3) Given that partial fractions of = are - + L0 . Find the values of

(x—D(x? +8) -1 x* 18
A, Band C.
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The numerator must be a lower degree than the denominator.

not, then it must be divided out.

4%’ +10x+4 . : :
into partial fractions.
x(2x +1)

Construct

Identify the type of fraction.

Stepl )

The numerator is of degree 3. The denominator is of degree 2. So,
this fraction is improper. This means that we are going to divide the
numerator by the denominator.

4x° +10x+4  4x +10x+4

x(2x+1) i ak X
T
Expand the bottom
2x -1

2x? +x>4x3 +0x> +10x+4

(-) 4x°+2x°
Divisor i
—2x" +10x +4

(2): =2%r—x

llx+4
Remainder i:

WHEN TO STOP?
Degree of remainder < Degree of divisor

4 +10x+4 _ 4x’ +10x+4
x(2x+1) i ol

l11x+4

2x +x

=2x-1+

AN D,




AN D,

Solution (Continue)

Take the proper fraction and factor the denominator.

e e 1x+4  1lx+4
2x* +x  x(2x+1)

Write one partial fraction for each of those factors.

Step 3 lx+4 _llxtd 4 B

2x +x_x(2x+1) T x 2x+1

Step 4 11x+4=4Qx+1)+B(x)

Find the constants.

Step 3 Substituting the roots (“zero”) of the bottom can help:

gy g v

. 1 Root for x 1s x=0
Root for 2x +1 is :!c:—5

When x =0
When :!c:—l 4=4(1)+B(0)
2 A=4
11(—l]+4—A(0)+B[—l]
7 2
3_o1p
2 2
B=3
Hence,
llx+4 4 3
x2x+1) x 2x+1
Thus,
4x” +10x+4 4 3
= el s S S

x(2x+1) x 2x+1

Multiply through the denominator so that no longer factors.




AN D,

x> +9x+8.

Construct — into partial fractions.

xX“"+x-6

The numerator is of degree 2. The denominator is of degree 2. So
this fraction is improper. This means that we are going to divide
the numerator by the denominator.

1
x? +.1n:—t‘ii)x1 +9x +8

(<) x*+x—6

8x+14
Thus,
x*'+9x+8 8x+14
> =1+
X" +x-6 x+x-6
Take the proper fraction
8x+14  8x+14
x?+x-6 (x—2)(x+3)
A B
= +
x—2 x+3
8x+14= A(x+3)+B(x-2)
Whenx-2=0 Whenx+3=0
K= x=-3
8(2)+14=4(2+3)+B(2-2) 8(-3)+14=A(-3+3)+B(-3-2)
30= 4(5)+ B(0) —-10=4(0)+ B(-5)
30=54 -10=-5B
A=6 B=2




C

m
Solution (continue)

8x+14 8x+14 6 2
Hence, =

= — +
X +x-6 (x—-2)(x+3) x-2 x+3

NJ

x +9x+8 6 2
A +

X +x—-06 x—2 x+3




N

Construct the following fractions into partial fractions.

1) Xy
(x+8)(x—2)
2
2) 5x° -2
(x—D(x+4)
Ay 13z 2xi1
3
) x*—x—6
1) (x11)x12)
(x+3)(x—1)
x’—3x+4
3 e ol
) x—x—20
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