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P (Quadratic Functions and Equations

ulau Warisan is located in Kuala Terengganu. The island

becomes a new tourist attraction because it is a man-made
island connected with a bridge. This bridge is similar to the one
in Putrajava.

Do vou know that the shape of this bridge has special
mathematics characteristics?

Why Study This Chapter? ()\

Cuadratic functions and equations are widely used in science,
business, sports and others. In sports, quadratic functions are
important in sports events such as shot put, discus and javelin.
In architecture, we oflten see curved structures in the shape of
parabola which are related to the mastery of quadratic concepts.

Quadratic Functions
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Al-Khawarizmi
(780 AD - 850 AD)

Al-Khawarizmi is well-known as the Father of
Algebra. He was the founder of a few mathematics
concepts. His work in algebra was outstanding. He
was responsible for initiating the systematic and
logical approach in solving linear and quadratic
equations.
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Chapter 1 Quadratic Functions and Equations in One Vanable

o Quadratic Functions and Equations

@ What is a quadratic expression in one variable? _l : !rning
Have you ever sketched the movement - Standard
of a ball kicked by a football player, Identify and describe
as shown in the picture? the characteristics of

quadratic expressions

The shape of this movement is a in one variable.
parabola.

Do you know that this parabola has its own equation, just like
a straight line which has its own equation?

Mind Stimulation I *'. bk kb b b R A R A B bbb il ook Tl A B B B

Aim: To identify and describe the characteristics of quadratic expressions in one variable, :
Steps:
1. Based on the table in Step 3, insert all the expressions one by one in the dynamic
geometry software as shown below. :

g

Scan the QR Code 1o
carry out this activity.
It wwws geogebra,

R ]

The graph of a quadratic expression is either ./ or /™ and has the highest point or the lowest :
point. Which expression is a quadratic expression? Justify your answer. :

L T
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arg/graphing

2. Observe the graph obtained.

3. Complete the table below.
Characteristic

: Expression Skagé of graph Cn-ur!:linatﬁ nif the. lowest
: or highest point (if any) :
(a) x+4x+1
: (b) x2-1
(c) |-2x2-2x+5
(d) 5x+4
ie) E
() | -2 +4x
P (@) P |
Discussion: .



Chapter 1 Quadratic Functions and Equations in One Vanable

From the activity in Mind Stimulation 1, it is found that:

ﬂ;qnadmﬂcexplmmmmemabieﬂmexpmmnwhmby
the highest power for the variable is two.

In general,

. =g
Where: INTERACTIVE ZONE 89
a, b and ¢ are constants and a # 0,
x is a variable.

For example: m@

| .
xl+1r-|.-y1+3}',§m1-m+4m1d2n1+5 g Besides x, other letters
: z can be used to represent
are quadratic expressions, v,

[Exampie] | | @F

Determine whether each of the following expressions is a quadratic - The values of constants

expression in one variable. If not, justify your answer, - band ¢ can be zero,
e -
(c) 32 +2p+1 (d) %mi

3 5 2
(e) 2"“2‘;5 () 4x%—x?
Solution:

(a) 2x’ + 5 is a quadratic expression in one variable.
(b) x' — 6 is not a quadratic expression because the highest power of the variable x is 3.

(¢) 3x2 + 2y + | is not a quadratic expression in one variable because there are two variables,
xand v

(d) %mz is a quadratic expression in one variable,
{e) 242 —% is not a quadratic expression because there is a variable with a power which is not
a whole number.

I
(N 4x* — 7 is not a quadratic expression because there is a variable with a power which is not
a whole number,



Chapter 1 CQuadratic Functions and Equalions in One Variable

Mind Stimulation 2 4‘ fiasossansessnnionssnsonisnrsrionisniosisniosiessosinssiasnsssnses ;

¢ Aim: To state the values of @, b and ¢ in a quadratic expression.

CHAPTER I

Steps:
1. Observe (a) in the table below.
2. Determine the values of a, b and ¢ for the subsequent quadratic expressions.

Quadratic expression Comparison

232 =3x+1
(a) 22— 3x+ | ﬂxl%iﬂ

a={ 2] b=[3] o=[ 1]

O<2+COx+]
(b) 22 _ 4 axi+br+c

a={] b= =]

| [ 3
|:¢} E.T""Slx—i
a=[__] =[] e=[_]
(d) —x2+x
a=[__| b=[__] e=[_]
(e} -x*=3x-9
a=[] o= =[]
1
(f) 5

Discussion: :
How do you determine the values of a, b and ¢?

AR R AR R R SRR R R R R RN RN R R R R R R R R R

-~

In a quadratic expression, INTERACTIVE ZONE®S g ®




Chapter 1 Quadratic Functions and Equations in One ariable

. Self Practice 1.1a

1. Determine whether each of the following expressions is a quadratic expression in one variable,

If not, justify your answer.

(a) ¥*-5 (b) 2x* +x2
(d) — %mz (e) ¥—x

) A ] h) p2-p+3
fblx: X = {]P"'EP

Mn

(c) 37 -3x+1
() ¥+2x—1
(i) nin-2)

2. Determine the values of a, b and ¢ for each of the following quadratic expressions.

(a) 2x2=5x+1 (by x*=2x

() —2p+ap (&) 1—x—2¢

@ P+2h-4 (h) ~# -2
2 L

@ What is the relationship between a quadratic function and
many-to-one relation?

What is the difference between
a quadratic expression and
a quadratic function?

-

A quadratic expression is written
in the form of ax® + bx + ¢,
whereas a quadratic function

is written in the form of
flx)=a+ bx+e.

(c) 2 +1
(f) 4x?

{1 Zrir-13)

Learning
“Standard

Recognise quadratic
function as many-to-one
refation, hence, describe
the characteristics of
quadratic functions.

Types of relation

* One-to-one relation

+ One-to-many relation
* Many-to-one relation

« Many-to-many relation

=
INTERACTIVE ZONE e g8
"

thwund gl‘w ‘examples
&fmmmmhﬁun.



Chapter 1 Quadratic Functions and Equations in One Variable

Mind Stimulation 3 &%

S
Aim: To recognise quadratic functions as many-to-one relation. ‘& INFO ZONE

Materials: Ruler, pencil For a quadratic function,
y=ri.

CHAPTER I

Steps:

1. Based on the graphs of functions f{x) below, draw a line which is parallel to the x-axis on
graphs (b) and (c), as in graph (a).

2. Mark the points of intersection between the graph of function f(x) and the straight line.

3. State the number of points of intersection and the coordinates of the points of intersection.

4. Repeat Steps | to 3 by placing the ruler at different values of f{x). Ensure the straight lines
drawn are parallel to the x-axis.

(a) f(x)=x2-3x (b) flx)=—x+4x+1 (e) flx)=x2—3x+2
! fix) Afix) i Six) /
4 e
\ z-f
! 4 L | | | a ! |
2O 2 4 i
i 4 L '
! 2__ ! B 2 | d\ ! | ! i -
i | h f}i T3 X
Number of points Number of points Number of points
of intersection of intersection of intersection
- 2 | [ ] ]
Points of intersection Points of intersection Points of intersection

= (4,4),(-1,4) | =[x ) =[C_ % )]

Discussion:
1. What is the relationship between the x-coordinates m

and }r.cnnr_dinales of both points of intersection for For a point on a Cartesian
each function? plane, the x-coordinate
2. What is the type of relation of a quadratic function? is the object and the
v-coordinate is the image.
X W

From the activity in Mind Stimulation 3, it is found that:

%)

All quadratic functions have the same image
for two different objects.

AE
In general, El%
=

Scan the QR Code to wach the
vertical line test,
Futtpe Vbt ses i, com/mA NG




Chapter 1 Quadratic Functions and Equations in One Variable

What is the shape of the graph of a quadratic function?

graph of a quadratic function,

Steps:

Discussion:

R

From the activity in Mind Stimulation 4, it is found that:

Foragraphof f{x)=ax + bx+c,a# 0

(a) there are only two shapes of the graphs,
(b) the value of a determines the shape of the graph.

\/ /\

R S

Aim: To identify and describe the relationship between the value of @ and the shape of the

1. Drag the slider slowly from left to right. Observe the shape of the graph.

El%silE

Scan the QR Code to
carry oul this activity.
IitpscSveww geogebra,
avg/graphing/t5uz2zwm

2. Sketch at least two graphs for positive values of ¢ and two graphs for negative values of a.

What is the relationship between the value of @ and the shape of a graph?

R R

The curved shape of the graph
of a quadratic function is called
a parabola.

What is the maximum or minimum point of a quadratic function?

FE B EEE R R R R R R R R R R E R R R R

-

Each sketch of the graph of a quadratic function has the highest or lowest value of y-coordinate

based on the shape of the sketch.

Sfix)
. (x5, ) ; :
Fpp===-—= For the sketch of the graph of a quadratic function with @ < 0, v, is the
: highest value of y-coordinate and x| is the corresponding value for v,.
f | \\ i The point (x;, ;) is known as the maximum point.
0] X o
Driagram |
fix)
\ j;' For the sketch of the graph of a quadratic function with @ > 0, y, is the
\ /‘ lowest value of y-coordinate and x is the corresponding value for y,.
N pmm ==y, y) The point (x5, 1) is known as the minimum point.
0] X3 =
Diagram 2

L
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Chapter 1 Quadratic Functions and Equations in One Variable

Mindsﬂmulaﬁnn 5 *'. T L T PP PP T T

1=
i
o
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-

(%)

Aim: To explore the maximum or minimum point of a quadratic function,

Steps:

1. Based on the table in Step 2, insert the quadratic functions in ExaE
the dynamic geometry software. %
8 uye-taiaie . Scan the QR Code to
: } carry oul this activity,
Fitps:www. geagebra,
! A arg/graphing

it

: 2. Complete the table below as in (a).

: . Value Shapeof Maximum /Minimum point
Quadratic function s graph Rl Ay

| Vil _-‘\ | Maximum | point

/ Coordinates = (-4, 10) |
(b) | fix)=x?-4x+3 point
Coordinates=| |
(e} flx)=-2"—dx +1 point
Coordinates =

K —dx+2 a=-—

@) | flx)=-

bl | =
Pt | ==

3. Repeat Steps | and 2 for various quadratic functions.

Discussion:
What is the relationship between the value of @ and the maximum or minimum point?

-
B EE R AR B EE RS RS E RSB EE R R R RS E R RS R AR AR R AR AR RN R PR AR R PR R R R R

L R R R T T

From the activity in Mind Stimulation 5, it is found that: ‘-?(’ INFO ZONE
For a quadratic function f{x) = ax® + hx + ¢, The maximum or
the maximum point is obtained when a < 0, minimum point is also

called a stationary point

the minimum point is obtained when a = 0. B A ANRe Pk

What is the axis of symmetry of the graph of a quadratic
function?

The axis of symmetry of the graph of a quadratic function is a straight
line that is parallel to the y-axis and divides the graph into two parts of | givides a geometrical

the same size and shape. shape or an object into
. . . L two parts of the same
The axis of symmetry will pass through the maximum or minimum size and shape.

point of the graph of the function as shown in the diagram below.

- Axis of symmetry —m \/m
' { n

An axis of symmetry is
a straight line that

St k \
Maximum point —/Ipﬁ(«_\ \ i / The equation of the
/’ AY v 1 axis of symmetry for
f L . - . .
{ | \X/-I— Minimum point o qua:}:am function is

Xr=—

!

KPM



Chapter 1 Cuadratic Functions and Equations in One Varable

of a quadratic function.
Steps: straight line which is

The equation of a

parallel to the y-axis

1. Using a ruler, draw the axis of symmetry for each graph of
quadratic function below.

2. Write the equation of the axis of symmetry as in (a).

(a) f(x)=x*-2x (b) f(x)=2x%+4dx -3 (©) f(x)=-2xct+dx+2
Uy T i VR R : '

i T M T

Equation of axis of symmetry Equation of axis of symmetry Equation of axis of symmetry

AR R R R SRR R R SRR RN E R R R R R SRR R R

e

=] |

Discussion:

: 1. What is the relationship between the axis of symmetry of the graph of a quadratic function :
: and the y-axis? :

¢ 2. What is the relationship between the axis of symmetry of the graph of a quadratic function
- and the maximum or minimum point? :

-------------------------------------------------------------------------------------------------------------

From the activity in Mind Stimulation 6, it is found that:

In general,




Chapter 1 Quadratic Functions and Equations in One Variable

Self Practice 1.1b

1. Determine whether the shapes of the following graphs of quadratic functions is \./ or M\,
{a) flxy=xT-dx+1 (b) glx)=—2+2x—4

HAPTER I

2. For each graph of quadratic function f{x) = ax? + hx + ¢ below, state the range of value of a and
state whether the graph has a maximum or minimum point.

(a) fix) (b) fix)
& i

"“\H fl /—\
\

ol N_/ ' o \

Ly

3. Determine the maximum or minimum point and state the equation of the axis of symmetry for
each graph of quadratic function below.

(a) (b)
fix) Fix)
ll',_sjl_ } ] Ia'l ] $ =
\ / 10 \
\ L
” 4 } ﬁ{ -
R, 5 \
—5- \ |
7 t 1 1 -
I gl \
=1
| a
=157
(c) (d)
s f{x)
& &
— 4 \ /
21 ut /
(0. 3) (4, 3)
(-4.0) L
0 Bt \
IR L
—am \ 0 \\ /') L
|lll 4
/ ERIEEIRY S




Chapter 1 Cuadratic Functions and Equations in One Varable

Q What are the effects of changing the values of @, b and ¢
on graphs of quadratic functions, f(x) = ax? + bx + ¢?

-

o

Aim: To identify the effects of changing the values of @ on graphs
of quadratic functions f{x) = ax® + bx + c.

Steps:
i 1. Drag the slider from left to right.
H - F H
2 ol B ¢ =i wy S ' o 3
] _ " _ Sean the QR Code to
! carry out this activity, i
: - — ! - _ i | | https:/www. geogebra. :
| org/graphing/nhxfieys
: 1 :
4 a o T2 |
: a=08 - i il i 1 :
: . a=32 = E
= - " —_—— :
¢ 2. Observe the shape of the graph as the value of a changes. :
i Discussion: :
¢ What are the effects of changing the values of a to the graphs of quadratic functions? :

From the activity in Mind Stimulation 7, it is found that:

In general,




Chapter 1 Quadratic Functions and Equations in One Variable

: Hiﬁﬂmm':g ;# ;‘I;l-ll‘lllllllllllllllllllllllllllllllllllllllllillillillillilli‘li‘:
. Aim: To identify the effects of changing the values of ¢ on graphs of quadratic functions
: Slx)=ax?+ bx +ec.

' Steps:

: 1. Drag the slider from left to right.

EEsEEEEREE SRR R

Gl )
Scan the QR Code to
carry out this activity.
hitps:ww geagebra,
org/graphing/rvnjxid

@ MY MEMORY

The y-intercept is a point
of a graph that intersects
the v-axis.

2. Observe the position of the y-intercept as the value of ¢ changes.

_ Discussion: :
¢ What are the effects of changing the values of ¢ to the graphs of quadratic functions
o) =axnt + b+ c? :

In general,

The quadratic function f(x} = x* — 3x + ¢ passes through a point 4 as given below. Calculate the
value of ¢ for each of the following cases.

(a) A(0, 4) (b) A(~1,3)

Solution:

{(a) The point A(0, 4) lies on the y-axis, thus ¢ = 4. @9
{h]f{x}=x\z-3x+c L T R

Substitute the values of x = -1 and f{x) =3 into the quadratic function. o is the y-intercept of :
3I=(-12-3(-D+¢ - aquadratic function
) =adt+ b+ e

c=-]
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Chapter 1 Quadratic Functions and Equations in One Variable

[ Exampie 3

The diagram shows two graphs of quadratic functions, v = f{x) and  g(x) =’ -4 _,r'{.1.-:| =3 -4
v = g(x), drawn on the same axes. State the range of the values of p. ¥ v %

Explain your answer. \\ T .-"
Solution: -
O0<p<3.

Since the curve of the graph g(x) is wider, thus p <3,
For a graph with the shape \/ p=0.
Thus, 0 <p =<3,

, Self Practice l.Ic

1. The quadratic functions below pass through the points stated. Calculate the value of ¢ for
each case.
{a) fix)=x?+ Tx + ¢, passes through point (0, 3).
(b) f{x) = 2x? — 4x + ¢, passes through paoint (2, -3).

(¢) fx)=-2+x + ¢, y-intercept =

2. The diagram on the right shows two graphs of quadratic Y
functions, y = f(x) and y = g(x), drawn on the same axes.

State the range of the values of p. Explain your answer. Sloy=-d¥d

3. The diagram on the right shows the graph of a quadratic f1x)

function f(x) = kb + 6x + h Point A(3, 14) is the t

; ; . : A3 14)
maximum point of the graph of quadratic function. g \\
{a) Given k is an integer where -2 <k < 2, state the hjf \

value of k. / \
{(b) Using the value of k from (a), calculate the value of i I."I \

7] '.I Lt

() State the equation of the quadratic function formed
when the graph is reflected in the x-axis. Give your
answer in the form of f(x) =ax” + bx + ¢,

e

KPM



Chapter 1 Quadratic Functions and Equations in One Variable

@ How do you form a quadratic equation based on a situation? Learning
~Standard
A quadratic function is written in the form of f(x) = ax® + hx + ¢ while Form quadratic functions
a quadratic equation is written in the general form, ax? + bx + ¢ =1 based on situations,
and hence relate to the

guadratic equations.

Try to guess my age. First | multiply my
age with my own age. Next 21 times my
age is subtracted from it. The resultis 72,

Mr Ganesan plans to make two different types of cards for Mathematics Club activities. The
measurements of the cards are shown in the diagram below.
xem {2Zv + 1) em

X em

P e

{a) Form a quadratic expression for the total area of the two cards, 4 cm?, in terms of x.
(b) The total area of the two cards is 114 em?. Form a quadratic equation in terms of x,

Solution:

(a) A=x7+x(2x+ 1) (b) 3 +x=114
=x2+ 2ty 3 +x—114=0
=3x2+x

-, Self Practice 1.1d

1. The diagram on the right shows a piece of land with a length
of (x + 20) m and a width of (x + 5) m.
{a) Write a function for the area, 4 m?, of the land.
(b) If the area of the land is 250 m?, write a quadratic

equation in terms of x, Give your answer in the form of
axl+ bx+e=10.

(x+5)m

{(x+20)m

2. Aiman is 4 years older than his younger brother. The product of Aiman and his younger brother’s
ages is equal to their father’s age. The father is 48 vears old and Aiman’s younger brother is

p vears old. Write a quadratic equation in terms of p.
Lis]
=

KPM
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Chapter 1 Quadratic Functions and Equalions in One Variable

:. '.{-; r _-‘? ‘:r l-tlItlitl'itl'|tlitl.tl.tl.tl.Il.Il.Il.Il.Il.Il.Il.Il.Il.Il.Il.Il.I:
i Aim: To identify the effects of changing the values of b on graphs of quadratic functions :
§ Ff@) =a+bx+e. .
i Steps:
: 1. Drag the slider from left to right. S :
E - - - . a |= it :
' Scan the QR Code to
: " carry out this activity. i
: ' heipszifwww. geogebre, :
E L) ol owl w8 W ) WWIWM E
E L k] : f E
§ 2. Observe the position of the axis of symmetry as the value of b changes. .
§ Discussion:
¢ What are the effects of changing the values of b to the graphs of quadratic functions? :

-------------------------------------------------------------------------------------------------------------

From the activity in Mind Stimulation 8, it is found that:

In general,
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Chapter 1 Quadratic Functions and Equations in One Variable

Q What do you understand about the roots of a quadratic - Learning
equation? ~Standard

The roots of a quadratic equation ax? + bx + ¢ = 0 are the values of the  EXplain the meaning of roots

variable, x, which satisfy the equation. 214 quanraic equation.

Do you know how the roots of a quadratic equation are determined? INTERACTIVE ZONE l-'.-.i
What is the meaning of

Mind Stimulation 10 *‘.‘ sorsrnannnesesanes Disouss.

Aim: To determine the values of a variable that satisfy a quadratic equation.
Steps:
1. Divide the class into two groups, A and B,

2. Group A will complete the table below without using the dynamic geometry software.
3. Group B will carry out this activity using the dynamic geometry software. Type each
quadratic expression into the sofiware. For each graph, determine the value of the

quadratic expression for each given value of x,

=N

—— AN I : '\r____l/n- Scan the QR Code to
camy out this activity.
4. Complete and determine the values of x that satisfy the quadratic  ftips:www. geogebra,

i equation in the table below. org/graphing
2-3x+2=0 25y +4=0 -2+ 1=0
Value Value of Value Value of Value Value of
: of x 2—3x+32 of x 2—5x+4 ofx 2—2c+1 :
0 0*-3(0)+2=2 0| -2 |
I 0 I -1
2 0 2 0
3 2 3 |
4 6 4 2
x arcul_ 2 : ..t' are ; x are ;
P [ #ra2=0 | [ Fmr5=2 _@rz-2=1 ] |
Value Value of Value Value of Value Value of
: of x ¥ +x-2 of x ¥—4x+5 of x x*+2x-2 :
2| 0 | =3
P[] | [ 1]
0: /] = =1
: I 3 0 :
2 | BREN 1
; X are X HI'IE'.' X ﬂ.l'ﬂ E



Chapter 1 Quadratic Functions and Equations in One Variable

Discussion: :
How can you determine the values of the variable that satisfy a quadratic equation? :

-
D

T

From the activity in Mind Stimulation 10, it is found that:

(a) There are one or two values of the variable that satisty a quadratic equation,

(b) The values of the variable that satisfy a quadratic equation are known as the roots of the
quadratic equation.

What is the relationship between the roots of a quadratic equation and the positions
of the roots?

Mind Stimulation 11 *" R EEEEE RS EEEEEEEEEEEEEEEEEEREREESEETERIESEEEEEIEILE

Aim: To explore the positions of the roots of a quadratic equation on the graph of
a quadratic function, fAx) = 0.

Steps:
1. Drag the slider to observe the changes of the x-coordinate and y-coordinate on the graph.

2. The roots of quadratic equation x* — x — 6 = 0 can be determined when y = 0. Drag the
slider from left to right. Observe the coordinates of A.

Scan the QR Code to

carmy out this activity.
hitps:zwewwe geagebra,
ore/‘graphing hvkeknix

3. Determine the position of point A when y is 0.

4. Mark the point on the above diagram.

Discussion:

What do you notice about the positions of the roots of a quadratic equation on the graph of
the quadratic function?

T
B T T

A

o | 1



Chapter 1 Quadratic Functions and Equations in One Variable

From the activity in Mind Stimulation 11, it is found that:

"Example || 5
| Example |

For each graph of quadratic equation below, mark and state the roots of the given quadratic equation.

(a) 2¢¥+5x-12=0 (b) x> +3x+4=0
i T T | N — g
| 1 | Eaadt Hhkad 1 | ! 1 | | — !

Solution:

The roots are =4 and 1.5.

Bﬂ

KPM



Chapter 1 Quadratic Functions and Equations in One Variable

[ Example ] 6 |

Determine whether each of the following values is a root of the given quadratic equation.

(1) 22— Tx+3=0;x=1,x=3 (b) 32— Tx+5=3;x= m-:%
Solution:
(a) 22 —Tx+3=0
Whenx=1,
Left: Right: The roots of a quadralic
2 - Tx+3=2(1F-7(1)+3 0 equation are the values
'y of x that satisfy the
=2-7+3 _ : equation.
=2+~ notthe same
Thus, x = 1 is not a root of the equation 2 _Tx+3=0. Checking Answer :J
When x =3, 1 d A phaty
Left: Right:

(b)

227 +3 =23P-1(3)+3 0 Laipnall x [ + 1 3
=18-21+3 2. Press (05

=() #— szame | Display

Thus, x = 3 is a root of the equation 2x* = Tx + 3 =0.

x-Tx+5=3 -
Whenx = 1, '
Left: Right:
I -Tx+5=3(1P-7{1)+5 3
N T 4. Press
=] = ﬂmihﬂ same — Diip'ﬂ}' r{]—-\
Thus, x = 1 is not a root of the equation 3x* — Tx + 5 =3. =
1.
1
When x =3 5 Fmssnﬂ
Left: | ; Right: Display #25"2="2Y
I -Tr+5= 3{311 - ?{E} +5 3
0.
|7 -~
=——=—+35
3 3
=3 *+——— same ——
Thus, x = % is a root of the equation 3x* — 7x + 5 = 3.

CHAPTER n
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Chapter 1 Quadratic Functions and Equations in One Variable

Self Practice l.lc

1. For each graph of quadratic function below, state the roots of the given quadratic equation.
(a) 3x1-5x-2=0 (b x*+x+20=0
fte) flx)

L
g

2. Determine whether each of the following values is a root of the given quadratic equation.

{a) X-5x+6=0x=3,x=2

(b) 2 —x-1=0;x=l,x=

[

(©) 31‘2—53.'—2=l]:x=—%.x=—2

(d) 32 +dx+2=6;x=2,x=

Lad | b

3. Determine whether each of the following values is a root of the given quadratic equation.
{a) (x—1x+4)=0x=—4,x=2,x=1
{(b) 2{x=3)}x=5)=0x==-3,x=3,x=5
{c) 32+xNx-d=0x=-2,x=2,x=4

4. For the graph of quadratic function on the right, determine

whether the given value of x is a root of the quadratic Sx)
equation f(x) = 0. {1, 16)
{a) x=1 e
(b) x=-3 15 \
(c) x=15 \
\
(dy x=5 ,/ W
4 ol 5\

Lex)
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Chapter 1 Quadratic Functions and Equations in One Variable

Q How do you determine the roots of a quadratic equation _l.aarning
by factorisation method? Standard
Determine the roots of

FE!ct:JrisuT.im) melhuf.l is one of the methods used to determine the roots a quadratic equation by
of a quadratic equation. factorisation method.

A quadratic equation needs to be written in the form of ax? + by + ¢ =0
before we carry out factorisation.

2+ 5x-3
| Example | 7 | “er ey
Determine the roots of the following quadratic equations by ‘Af:_ INFO ZONE
factorisation method.

3 = A quadratic equation can
X 5: He=e also be solved by using:
(b) @ +5x=2 . “rr:tqng:;mmp. leting

x 5x-24 « formula
@) =g b+ VB - dac

&= B I - _2-5'.—

(d) (p+2)y+1)=2(y+11)

Solution: =
(a) »*-5x+6=0 : +6
(x=3)x-2)=0 e £ NevEg disiiey 8
x=3orx=2 shown.
b 24 = n
® W i 2. Press[1] 1o choose
I+ Tx=4 [EQN . which is
22+ 7x—4=0 .

22— 1¥x+4)=0 3. Display shows
bt
J.—EDI'A. =-4 preas

4. Display shows
x _ 5x-24

© 2 x-4 press (2] for power of 2

x{x—4)=2(5x—24) 5. Display shows a?
2 4y = [0x — 48 Enter the value |,

3 . > * then press [=]

X —14x +48=0 )

et 6. Display shows A7

ferogir ~0) =0 Enter the value -5,
x=8orx=06 then press [=]

7. Display shows ¢?
(d) 0+ 2)y+1)=2(r+11) Enter the value 6,

P+3y+2=2+22 then press [=]

Y¥+y-20=0 8 x; =13 is displayed,
+5)y-4)=0 press [=]
y=-Sory=4 9. xy=2 is displayed.

!
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How do vou determine the roots of a quadratic equation by the graphical method?

. Mind Stimulation 12 4%

:  Aim: To determine the roots of a quadratic equation on the graph of a quadratic function using
: the dynamic geometry software. :

Steps:
1. Insert the quadratic equations in the dvnamic geometry software.

P ® f(x) =x2-9x418 1
: Scan the QR Code to :
: 1 2 + 5 7 i

* carry oul this activity.

o
. L, htpswww geogebra, .
: 3 org/graphing :

e " :

2. Determine the roots of the quadratic equations and complete the following table.

: Activity Sheet: m ¢
: uadratic Equation Roots 5 :
: Q . £ ! = The root of a quadratic |
{a) *=-9%+18=0 x=3, =6 equation ax? + hx +¢ =0 © :
: (b} 4l +4x-3=0 is the value of x which - :
: i ' - satisfies the quadratic :
: (c) 22+ 9x-20=0 | equation, :
; (d) 42— 1lx+3=10 i

Discussion: :

How do you determine the roots of a quadratic equation using the graphical method?

From the activity in Mind Stimulation 12, it is found that:
The roots of a quadratic equation ax® + bx + ¢ = 0 can be obtained using the graphical method

by reading the values of x which are the points of intersection of the graph of the quadratic
function f(x) = ax* + bx + ¢ and the x-axis.

1) S La=<0

rool ool
u| m\/mm = a‘ /' \ b

ez



Chapter 1 Quadratic Functions and Equations in One Variable

1. Determine the roots of each of the following quadratic equations using the factorisation

method,

(a) x2-3x—-10=0 (b) - 10x+16=0
(d) 2x2+8x-24=0 (e) 2x2+3x-9=0
(g) 3x2—-x+14=0 {h) x*=5x=0

(¢) 3x2-5x+2=0
(0 42=3x-10=0
(i) ¥®—4=0

2. Write each of the following quadratic equations in the general form. Hence, solve the quadratic

equation.

(a) mim+2)=3 {b) 3p(11 -2p)=15
(d) a+§=6 {e]%=2+k

(g) (h—2)Yh-1)=12 (h) (2x— 1P =3x-2

@ How do vou sketch the graphs of quadratic functions?

When sketching the graph of a quadratic function, the following
characteristics should be shown on the graph.

1 The correct shape of the graph.
‘2 y-intercept.
'3 x-intercept or one point that passes through the graph.

The graph of a quadratic function intersects the x-axis.

[ Example | 3 |

Sketch the following graphs of quadratic functions.
(a) fix)=x2—dx+3

(b) fix)=x2-6x+9

(c) fixy==a2+2x+ 15

(d) fix)=-2x2 +18

(c) %,1'3= 12—y
[
in Zf:|'+ﬁ—?

(i) (r+1)r+9)=16r

Learning
Standard

Sketch graphs of
quadratic functions.

Sixy=at—dx+3
a=1b=-4,¢=3

The constant c of a

quadratic function is the
v-intercept of the graph
of the gquadratic function.

CHAPTER n
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Solution:
(a) fix)=x"—4x+3
Value of a = 1 = 0, shape \J/
Value of ¢ = 3, y-intercept =3
When f(x)=0,x2 —4x +3=0
(x=3¥x-=1)=10

x=lorx=3

(b) flx)=x>—6x+9 fix)
Value of a = 1 > 0, shape b/ ;
Value of ¢ = 9, y-intercept =9 i
When f(x)=0,x2—6x+9=0
(x=3Hx=3)=0 d] ; -
x=3
(€) fx)==x2+2x+ 15 f(x)
Value of a = —1 < 0, shape / 7\, JL-—
Value of ¢ = 15, y-intercept = 15
When f(x)=0,-+2x+ 15=0
22— 15=0
(x=5)x+3)=0 /"—3 5\ ot
x=-3orx=35
(d) flx)=-2x*+18

Value of @ = -2 < (), shape f’r\\,
Value of b = (), axis of symmetry is the y-axis
Value of ¢ = 18, y-intercept = 18
When f{x)=0,-2x*+ 18 =0
¥»=-9=0
(x+3)x-3)=0

r==3orx=3

24
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Chapter 1 Quadratic Functions and Equations in One Variable

The graph of a quadratic function does not intersect the x-axis.

[ Example | 9

Sketch each of the following graphs of quadratic functions,
(a) fix)=x*+1
(b) flx)=-%-3

& v mevory

(a) fix)=x2+1
a=1b=0,e=1

{b) flx)=-x*-3
a=-1.b=0,c=-3

(=T

If b = 0 for a quadratic
function, then the y-axis

Solution: is the axis of symmetry
of the graph of the
(a) flx)=x2+1 guadratic function.
Value of @ = 1 >0, shape \./ £(x)
Value of b = 0, axis of symmetry is the y-axis H'x\ 5F----%(2, 5)
Value of ¢ = 1, y-intercept is 1 \ /a’ i
thus the minimum point is (0, 1) T o i
Whenx=2, f(2) =22+ 1 o 2 g
=5
(b) flx)=—2-3
I f()
Value of @ =~1 <0, shape /", I
Value of b = 0, axis of symmetry is the y-axis o e
Value of ¢ = -3, y-intercept is -3 3 \:
thus the maximum point is (0, -3) / 4 - -’\{l .—=4)
Whenx=1,{1)=—(1¥-3 ’/ -
=-4

- Self Practice 1.1g

1. Sketch each of the following graphs of quadratic functions,
(a) fix)=2x2+2x-24
(b) fix)=x2-8x+ 16
(c) fix)=-22+2x+ 40
(d) fix)=-2x*+8

2. Sketch each of the following graphs of quadratic functions.
(a) flx)=x2+5

(b) filx)=2x2+ 1
(e) flx)==x2+2

25
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@ How do you solve problems involving quadratic Learning
equations? - Standard
Solve problems involving

M|m quadratic equations.

Joseph wants to make the framework of a box in the shape of a cuboid using wooden rods.
The price of the wooden rod is RM3 per metre. The base of the cuboid is a square. The height
of the cuboid is 30 cm more than the length of its base. The total surface area of the box is
4 800 cm?. Joseph's budget to build the frame of a box is RM15. Determine whether Joseph has
enough budget.

Seluetion:

_*em o« Determine the expression for the surface

: area of the cuboid.

* Form a quadratic equation.

* Solve the quadratic equation.

* Determine the measurements of the box
and the actual cost.

Length of the base = x cm

Height of the cuboid = (x + 30) cm
Total surface area = 4 800 cm?
Budget = RM15 for a box

x+t Jﬂ_h_r._rn

~Implementing the strategy

Total surface area = 2(x)(x) + 4(x)(x + 30) 1\" INFD ZONE

=2x% +4x% + 120x The measurement of
=6x” + 120x the length cannot be

6x + 120x = 4 800 Ll
632 + 120x — 4 800 = 0
v+ 20c—800=0
(x + 40)(x — 20) = 0
x=—40orx=20

x=—40 is not acceptable, thus x =20 cm

The measurements of the box are 20 cm x 20 ¢m x 50 cm.
Total length of the edges of the box =8 x 20 cm + 4 x 50 cm
=160 em + 200 cm

=360 cm Checking Answer |

=i When x =20
Actual cost = 3.6 x RM35 Area " ;{fgé':_’lig(ﬂim
=RMI18& o

The actual cost for a box is RM 18,

Joseph does not have enough budget to build the framework of the box.

e
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Self Practice 1.1h

1. A rectangular field needs to be fenced up using mesh
wire. The length of the field is (5x + 20) m and its
width is x m.

(a) Express the area of the field, 4 m?, in terms of x.

{b) Given the area of the field is 5 100 m?, calculate
the cost of fencing the field if the cost of the mesh
wire used is RM20 per metre.

R T | —

2. Encik Kamarul drove his car at an average speed of (20¢ — 20) km h*! for (r — 3) hours along
a highway. The distance travelled by Encik Kamarul was 225 km. The highway speed limit is
110 km h™!, Did Encik Kamarul follow the highway speed limit?

“Comprehensive Practice ;! -
1. Determine whether each of the following expressions is a quadratic expression in one variable.
@) Rodp+1 (b) -]iy-"—4_v+'-} {c}%—2b+a3
(d) —m+ 1 (e) b2 +2 (n L2l

2. State the equation of the axis of symmetry for each graph of quadratic function below.
(a) fx) (b) fx)

I

\ N

5 0 a ol S
3. Solve each ol the following quadratic equations.
(a) 4&x21-1=0 (b) ¥*-81=0 (c) ¥ -4y=0
(d) ®+3x+2=0 (€) 22 —-x-10=0 (0 (x-2P=16
(g) m'+3m 4=0 (h) 20 = 13p+20=0 (i) (k-4)k-1)=18
m ‘ Ei_l (k) 2(x—2R =5x—7

4. Given one of the roots of the quadratic equation x* + px — 18 = 0 is 2, calculate the value of p.

n

. Show that the quadratic equation (m — 6)* = 12 — 2m can be written as m* — 10m + 24 = 0,
Hence, solve the equation (m — 6)° = 12 — 2m.

L)
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6. Determine the coordinates of the minimum point from the graph of the quadratic function
fx)=x>-6x+5.

7. Given x = 4 is the axis of symmetry of the graph of the quadratic function f{x) =7 + 8 — 7,
determine the coordinates of the maximum point,

8. The diagram shows part of the graph of the quadratic flx)

function f{x) = —x? + 6x — 5. The straight line 4B is parallel 4 o

to the x-axis. Determine / \ .
{a) the coordinates of point A, 9] \ o
(b) the equation of the axis of symmetry, y / \

(¢) the coordinates of point B, .J'II" “““““““““““ ';B

{(d) the coordinates of the maximum point P,

9. The diagram shows the graph of the quadratic function Jx)
fix) = ax* + 8 + ¢. Calculate the value of each of \ /
the following. ‘a_\ p /
{a) ¢ '

(b) m i
(c) a i3 {n_._;?i? o
(dy n i

10. The diagram shows part of the graph of the quadratic Six)
function f(x) = a(x — h)x — k) where h < k. Point P is the /
minimum point of the graph of the quadratic function, 5 f"

(a) Calculate the value of 15 Fi
(i) h, (ii) &, (iii) a.

(b) Determine the equation of the axis of symmetry.

(c) State the coordinates of point P,

11. The length of a rectangle is (x + 1) em and its width is 5 em less than its length,
(a) Express the area of the rectangle, 4 cm?, in terms of x.
{(b) The area of the rectangle is 24 cm?. Calculate the length and width of the rectangle.

12. Diagram | shows an isosceles triangle with a base of 4y cm and a height of (y + 5) em.
“ Diagram 2 shows a square with sides of y cm.
" The area of the triangle is more than the area of the square by 39 cm?. Calculate the difference
in perimeter between both shapes.
i

3 -;;——LI'+ S)em
.:{ ¥ = yem

drem

Diagram | Diagram 2

Les)
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13. The diagram shows a rectangular garden ABCD.
“ £ and F are two points on CD and AD respectively such
that CE = DF = x m. The lengths of 4F = 12 m and
DE=15m.
{a) Form an expression for the area of the rectangle,
A m?, in terms of x.
(b) The area of the rectangle is 460 m2. Calculate the
value of x,

cnsere [ 1

(c) Aiman wants to build a small footpath from point E
to point I with tiles which costs RM50 per metre.
Aiman has a budget of RM1 000, determine whether
Aiman has enough budget to build the footpath. B

14. The History Club of SMK Seri Jaya has drawn two rectangular murals in conjunction with
Malaysia’s Independence Day.
{a) Express the difference in area between the two murals, 4 m?, in terms of x.
(b) The difference in area between the two murals is 10 m?. Calculate the value of x.
{¢) Calculate the perimeter of the smaller mural.

(3x+ 1)m

(x=3)m {(x—1)m

Blrfol[efchet

Use vour creativity to build different shapes based on the examples below. Display your
work at the Mathematics Corner,

Materials:

1. Graph paper/blank paper.

2. Protractor, a pair of compasses.
3. Coloured pens.
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Self Reflection ﬁ,.E‘
—

Mn

1.
2.
4.
5 6.
Across Down
2. The shape of the graph of a quadratic 1. The vertical axis that passes through
function. the maximum or minimum point of
3. The highest point of the graph of the graph of a quadratic function.
a quadratic function. 2. A method used to determine the roots
4. The lowest point of the graph of of a quadratic equation.
a quadratic function. 6. The values of variable that satisfy
5. A function which its highest power a quadratic equation.

is two. A 3

The shape of the graph of a quadratic function is one of the most common shapes found in our
daily life. Observe the following photos.

Use your creativity to draw a quadratic structure.



