
QUADRATIC FUNCTIONS
Chapter 2 Form 4



Quadratic Equation
Prior Knowledge (Mathematics Form 4)

(2𝑥𝑥 − 3)(𝑥𝑥 + 3)
= 0

𝑥𝑥 = 3
2

or  𝑥𝑥 = −3

𝑎𝑎 ≠ 0
2𝑥𝑥2 + 3𝑥𝑥 − 9
= 0



Quadratic Functions

Quadratic Equation

Solving Quadratic Equations by using the  method of 
completing the square and quadratic formula

Quadratic Inequalities

Type of Roots of Quadratic Equations

Forming Quadratic Equation From Given Roots

Additional Mathematics Form 4



Example 1

Solving Quadratic Equations by using the  method 
of completing the square and quadratic formula

Solve the following quadratic equations by using completing the square 
method.

(a)   

(b)



Solution 1: 
Solve the following quadratic equations by using completing the square method.
(a)   
(b)     

(a) (b)

Solving Quadratic Equations by using method of completing the square

,
,



Solve the following quadratics equations. Write your answer in three decimal places.

(a)

(b)     

5𝑥𝑥2 − 7𝑥𝑥 − 11 = 0

𝑚𝑚(6𝑚𝑚 − 1) = 7𝑚𝑚 + 13

Example 2

Solving Quadratic Equations by using the method of quadratic formula



Identify the values of 
a, b and c first

Be aware of the sign (-). For 
example, b² is (-7)² instead of -7²

Use a calculator to get this 
value

Solution 2a: 

Solve the following 
quadratics equations. 
Write your answer in 
three decimal places.
(a)

(b)

(a)

Solving Quadratic Equations by using the method of quadratic formula

,

https://apps.apple.com/my/app/ncalc-scientific-calculator/id1449106995


Identify the values 
of a, b and c first

Form a general form of 
quadratic equation ax² + bx + c 

= 0

Solution 2b: 
Solve the following 
quadratics equations. 
Write your answer in 
three decimal places.
(a)

(b)

Solving Quadratic Equations by using the method of quadratic formula

,

https://apps.apple.com/my/app/ncalc-scientific-calculator/id1449106995


and

Forming Quadratic Equations From Given Roots
The quadratic equation                                       can be 
written as

…(1)

If and  are the roots of a quadratic 
equation, then

…(2)

Comparing (1) and (2),

In general, this comparison can be 
formulated as follows:

Sum of roots, SOR

Product of roots, POR

x² - (SOR) x + (POR) = 0



Example 3

Sum of root

2𝑞𝑞 = −18

𝑞𝑞 = −9

Product of root
Sum of root = Product of root =

Solution 3 :

Forming Quadratic Equations From Given Roots

x² - (SOR) x + (POR) = 0

= −(𝑝𝑝 − 5) = 2𝑞𝑞

5 − 𝑝𝑝 = 3
𝑝𝑝 = 5 − 3

𝑝𝑝 = 2

−3 + 6 = 3 −3 × 6 = −18

The quadratic equation x² + (p - 5)x + 2q = 0 has roots of -3 and 6. Find the value of p and q.

2𝑞𝑞 = −18

𝑞𝑞 = −9

𝑥𝑥 = −3,𝑥𝑥= 6𝑥𝑥 + 3 =
0,

𝑥𝑥 − 6
= 0(𝑥𝑥 + 3)(𝑥𝑥 − 6)

= 0𝑥𝑥2 + 3𝑥𝑥 − 18
= 0

𝑥𝑥2 − [−(𝑝𝑝 − 5)]𝑥𝑥 + 2𝑞𝑞 = 0

𝑝𝑝 = 5 − 3

𝑝𝑝 = 2

5 − 𝑝𝑝 = 3



Solution 4:

Example 4
Forming Quadratic Equations From Given Roots

SOR = −
𝑝𝑝
3

1
3

= −
𝑝𝑝
3

𝑝𝑝 = −1

(b) 3𝑥𝑥2 + 𝑝𝑝𝑝𝑝 − 8 = 0

3𝑥𝑥2

3
+
𝑝𝑝𝑝𝑝
3
−

8
3

= 0

𝑥𝑥2 +
𝑝𝑝
3
𝑥𝑥 −

8
3

= 0(a) 3𝑥𝑥2 + 𝑝𝑝𝑝𝑝 − 8 = 0

3(−2)2 + 𝑝𝑝(−2) − 8 = 0

12 − 2𝑝𝑝 − 8 = 0

4 − 2𝑝𝑝 = 0

2𝑝𝑝 = 4

𝑝𝑝 = 2

x² - (SOR) x + (POR) = 0



Solving Quadratic Inequalities

Graph 
Sketching

Number Line

Table



Example 5
Solving Quadratic Inequalities

Solution 5(a) :

x ≤ - 4 ,  x ≥ 1

Find the range of values of x for the quadratic inequality (2x - 1)(x + 4) ≥ x + 4 by using 
(a) graph sketching method
(b) number line method
(c) table method

Graph sketching method



x
-4 1

x ≤ -4 -4 ≤ x ≤ 1 x ≥ 1
Since (x + 4)(x - 1) ≥ 0, then the range of values of x is determined 
on the positive part of the number line.

Hence, the range of values of x is x ≤ -4, x ≥ 1

(x + 4)(x - 1) ≥ 0

Solution 5(b):

Find the range of values of x
for the quadratic inequality 
(2x - 1)(x + 4) ≥ x + 4 by 
using 

(a) graph sketching method

(b) number line method

(c) table method

Solving Quadratic Inequalities

Number line method

Test point -5:

(-5 + 4)(-5 - 1) ≥ 0
(−1)(−6) ≥ 0

𝑥𝑥 = −5
Test point 0:

(0 + 4)(0 - 1) ≤ 0
(4)(−1) ≤ 0

𝑥𝑥 = 0
Test point 2:

(2 + 4)(2 - 1) ≥ 0
(6)(1) ≥ 0

𝑥𝑥 = 2



Solution 5(c):

Range values of x

x ≤ - 4 - 4 ≤ x ≤ 1 x ≥ 1

(x + 4) - + +

(x - 1) - - +

(x + 4)(x - 1) + - +

Find the range of values of x for the 
quadratic inequality (2x - 1)(x + 4) ≥ x + 4 
by using 

(a) graph sketching method

(b) number line method

(c) table method

Since (x + 4)(x - 1) ≥ 0, then the range of 
values of x is determined on the positive part 
of the table.

Hence, the range of values of x is x ≤ -4, x ≥ 1

Solving Quadratic Inequalities

(x + 4)(x - 1) ≥ 0

Table method



Example 6

Solution 6:

Find the range of values of  x for x² - 7x + 10 > 0 and x² - 7x ≤ 0. Hence, solve the 
inequality -10  < x² - 7x ≤ 0

20 5 7

Solving Quadratic Inequalities

,



the equation has 
two different 

real roots
https://www.desmos.com
/calculator/rhyqfobhpn

Type of Roots of Quadratic Equations
Discriminant (b² - 4ac)

the equation has 
two equal real 

roots

the equation has 
no real roots

𝑦𝑦 = 𝑥𝑥2 + 5𝑥𝑥 + 4

𝑦𝑦 = 0,    𝑥𝑥2 + 5𝑥𝑥 + 4 = 0
𝑎𝑎 = 1, 𝑏𝑏 = 5, 𝑐𝑐 = 4
𝑏𝑏2 − 4𝑎𝑎𝑎𝑎
= (5)2 − 4(1)(4)

= 9 > 0

𝑦𝑦 = 𝑥𝑥2 − 6𝑥𝑥 + 9

𝑦𝑦 = 0,      𝑥𝑥2 − 6𝑥𝑥 + 9 = 0
𝑎𝑎 = 1, 𝑏𝑏 = −6, 𝑐𝑐 = 9
𝑏𝑏2 − 4𝑎𝑎𝑎𝑎 = (−6)2 − 4(1)(9)
= 0

𝑦𝑦 = 9𝑥𝑥2 − 6𝑥𝑥 + 2

𝑦𝑦 = 0, 𝑥𝑥2 − 6𝑥𝑥 + 9 = 0
𝑎𝑎 = 9, 𝑏𝑏 = −6, 𝑐𝑐 = 2
𝑏𝑏2 − 4𝑎𝑎𝑎𝑎 = (−6)2 − 4(9)(2)
= −36 < 0

https://www.desmos.com/calculator/rhyqfobhpn
https://www.desmos.com/calculator/rhyqfobhpn


Find the values of k or the range of values of k such that the equation 𝑥𝑥2 + 𝑘𝑘𝑘𝑘 = 𝑘𝑘 − 8
has
(a) two equal roots
(b) two real and different roots
(c) real roots

(a)

Example 7

Type of Roots of Quadratic Equations

Solution 7(a): two equal roots



(b)

Solution 7(b):

(c)

Find the values of k or 
the range of values of k 
such that the equation 
𝑥𝑥2 + 𝑘𝑘𝑘𝑘 = 𝑘𝑘 − 8 has

(a) two equal roots

(b) two real and different 
roots

(c) real roots

real rootstwo real and different 
roots

Type of Roots of Quadratic Equations



Solution 8 :

Example 8

Given 3ℎ𝑥𝑥2 − 7𝑘𝑘𝑘𝑘 + 3ℎ = 0 has two real and equal roots, where h and k are positive. Find 
the ratio ℎ: 𝑘𝑘.

Type of Roots of Quadratic Equations

ℎ: 𝑘𝑘 can be written as ℎ
𝑘𝑘



Quadratic Functions
Prior Knowledge (Mathematics Form 4)



Quadratic Functions

General form of a quadratic function

𝑓𝑓(𝑥𝑥) = 𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑏𝑏 + 𝑐𝑐

where a, b and c are constant and a≠0



Example 9

Analysing the effect of changes of a, b and c towards the shape and position of the graph for 
f(x) = ax² + bx + c

http://bit.ly/324HT0w

http://bit.ly/324HT0w


(a)

𝑓𝑓(𝑥𝑥)
= −𝑥𝑥2 − 𝑥𝑥 + 6

Solution 9 :

(i)

𝑓𝑓(𝑥𝑥) = −3𝑥𝑥2 + 𝑥𝑥 + 6

Analysing the effect of changes of a, b and c towards the shape and position of the graph for 
f(x) = ax² + bx + c

𝑓𝑓(𝑥𝑥) = −
1
4
𝑥𝑥2 + 𝑥𝑥 + 6

(ii)

(b)

(c)
𝑓𝑓(𝑥𝑥)

= −𝑥𝑥2 + 𝑥𝑥 + 6
6

3-2
-2

x

y

𝑓𝑓(𝑥𝑥)
= −𝑥𝑥2 + 𝑥𝑥 − 2

0



Relating the position of the graph of a quadratic function and the 
types of roots



Relating the position of the graph of a quadratic function and the types of roots

Example 10
Find the values of m such that the x-axis is the tangent to the graph of a quadratic function 𝑓𝑓(𝑥𝑥) =
(𝑚𝑚 + 1)𝑥𝑥2 + 4(𝑚𝑚 − 2)𝑥𝑥 + 2𝑚𝑚

(a)

Find the range of values of k if the graph of a quadratic function 𝑓𝑓(𝑥𝑥) = 𝑥𝑥2 + 5𝑥𝑥 + 3 − 𝑘𝑘 has no 
intercept.

(b)

Solution 10 :

(a) 𝑏𝑏2 − 4𝑎𝑎𝑎𝑎 = 0

(4𝑚𝑚 − 8)2 − 4(𝑚𝑚 + 1)(2𝑚𝑚)
= 0
16𝑚𝑚2 − 64𝑚𝑚 + 64 − 8𝑚𝑚2 − 8𝑚𝑚

= 0

8𝑚𝑚2 − 72𝑚𝑚 + 64 = 0

𝑚𝑚2 − 9𝑚𝑚 + 8 = 0
(𝑚𝑚 − 1)(𝑚𝑚 − 8)

= 0
𝑚𝑚 = 1,   𝑚𝑚 = 8

a = m + 1, b = 4m - 8,  c = 2m

(b) 𝑏𝑏2 − 4𝑎𝑎𝑎𝑎
< 0(5)2 − 4(1)(3 − 𝑘𝑘)

< 0
25 − 12 + 4𝑘𝑘 < 0

13 + 4𝑘𝑘
< 0
4𝑘𝑘 < −13

𝑘𝑘 < −
13
4



Vertex formGeneral form 
Intercept form

Making relation between the vertex form of a quadratic function f(x) = a(x - h)² + k with the other 
forms of quadratic functions



Example 11

Express the quadratic function 𝑓𝑓(𝑥𝑥) = 𝑥𝑥2 − 4𝑥𝑥 − 5 in the form of

(a) vertex form 𝑓𝑓(𝑥𝑥) = 𝑎𝑎(𝑥𝑥 − ℎ)2 + 𝑘𝑘,
(b) intercept form 𝑓𝑓(𝑥𝑥) = 𝑎𝑎(𝑥𝑥 − 𝑝𝑝)(𝑥𝑥 − 𝑞𝑞).

Making relation between the vertex form of a quadratic function 
f(x) = a(x - h)² + k with the other forms of quadratic functions

Solution 11 :

General form

Vertex form

completing the 
square



Vertex form

Making relation between the vertex form of a quadratic function f(x) = a(x - h)² + k with the other 
forms of quadratic functions

Intercept form

Solution 11 :

Alternative method



Example 12

Making relation between the vertex form of a quadratic function f(x) = a(x - h)² + k with the other 
forms of quadratic functions



𝑓𝑓(𝑥𝑥)
= −10(𝑥𝑥 − 2)2 + 4

𝑓𝑓(𝑥𝑥)
= −3(𝑥𝑥 − 5)2 + 4

5

The maximum point is (2, 4) and the 
equation for the axis of symmetry is 
x = 2.

(a)

(b) When the value of a
changes from -3 to -10, 
the width of the graph 
decreases. The axis of 
symmetry, x = 2 and the 
maximum value, 4 does 
not change.

(i)

(ii) When the value of h changes from 2 to 5, the 
graph with the same shape moves horizontally 
3 units to the right. The equation of the axis of 
symmetry x = 5 and its maximum value does 
not change which is 4.

When the value of k changes from 4 to -2, the 
width of the same shape moves vertically 6 units 
downwards. Its maximum value becomes -2 and 
the axis of symmetry does not change.

(iii)

Solution 12 :

Analysing the effect of change of a, h and k on the shape and  position of graph f(x) = a(x - h)² + k 



Sketching the graph of quadratic function



Example 13
Sketching the graph of quadratic function

Sketch the graph of quadratic function 𝑓𝑓(𝑥𝑥) = 2𝑥𝑥2 + 3𝑥𝑥 − 2.

Solution 13:

𝑎𝑎 = 2>0, minimum graph
𝑏𝑏2 − 4𝑎𝑎𝑎𝑎 = (3)2 −
4(2)(−2)

=25
The curve intersect at x-axis at 
two different points

Minimum point is 

Axis of symmetry , 



Example 14
Mastery Practice

Solution 14:

(a) (b)



Example 15
Mastery Practice

The width of the 
opening of the drain

Solution 15:

The minimum depth of the drain is 20 units

When ,

(a) (b)

The width of the 
opening of the drain

The depth of the drain

The x coordinate of 
the minimum point



Example 16
SPM Practice

Solution 16 :

(3, -6)(b)

(3+2, -6)

(5, -6)

x = 5

h = 3

2k = -6

k = -3

(a)

f(x)=(x - 3)²+2(-3)

p = 3

p = (0 - 3)² + 2(-3)
p = 9 - 6

𝑓𝑓(𝑥𝑥) = (𝑥𝑥 − 3)2 + 2𝑘𝑘 (c) (3, -6)

(3, -6 + 5)

Minimum value = -1
(3, -1)



Example 17
SPM Practice

4Solution 17 :

(a) Sum of roots, SOR Product of roots, POR (b)

(4, -4)

Find,



(c)

(4, -4)

(4, 4)

(d)

Solution 17 :
SPM Practice

Maximum value = 4



Example 18
SPM Practice

(a) x = 3,  x = 7

p = -5

q = 4

5

(b)

(c) x = 5

Solution 18 :

4Find,

𝑥𝑥 = −𝑝𝑝

𝑥𝑥 = 5



Example 19
SPM Practice



Solution 19(a):

Compare

SPM Practice



POR

SOR

SPM Practice
Solution 19(b):



SPM Practice
Example 20

4

8

2

(p, q)

Solution 20 :



Example 21 SPM Practice



Sum of roots, SOR

Product of roots, POR

Solution 21(a):

P1

K1 N1

SPM Practice



Solution 21(b)

Completing the 
square

Minimum value of 

P1shape

P1

K1

N1

SPM Practice

x

-2

-0.562

y

3.562



QUADRATIC
FUNCTIONS

Quadratic Equation
𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑏𝑏 + 𝑐𝑐 = 0

Completing the 
square

Formula

Factorisation

Graphical Method

Forming Equation
(𝑥𝑥 − 𝛼𝛼)(𝑥𝑥 − 𝛽𝛽) = 0 or
𝑥𝑥2 − (𝛼𝛼 + 𝛽𝛽)𝑥𝑥 + 𝛼𝛼𝛼𝛼 = 0

Quadratic 
Inequalities

𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑏𝑏 + 𝑐𝑐 > 0

Graph Skecthing

Number line

Table

Types of Roots

Discriminant, 𝑏𝑏2 − 4𝑎𝑎𝑎𝑎

Two real and distinct 
roots, 𝑏𝑏2 − 4𝑎𝑎𝑎𝑎 > 0

Two equal roots,
𝑏𝑏2 − 4𝑎𝑎𝑎𝑎 = 0

No real roots
𝑏𝑏2 − 4𝑎𝑎𝑎𝑎 < 0

Quadratic Functions General Form
𝑓𝑓 𝑥𝑥
= 𝑎𝑎𝑥𝑥2 + 𝑏𝑏𝑏𝑏 + 𝑐𝑐

Vertex Form
𝑓𝑓 𝑥𝑥 = 𝑎𝑎(𝑥𝑥 − ℎ)2 + 𝑘𝑘

Intercept Form
𝑓𝑓 𝑥𝑥 = 𝑎𝑎(𝑥𝑥 − 𝑝𝑝)(𝑥𝑥 − 𝑞𝑞)

𝑎𝑎 > 0, shape of graph
𝑎𝑎 < 0, shape of graph

For 𝑎𝑎 > 0
𝑏𝑏 > 0, graph shift to the left
𝑏𝑏 < 0, graph shift to the right

𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, graph shift upwards
𝑐𝑐 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, graph shift downwards

𝑎𝑎 > 0, shape of graph
𝑎𝑎 < 0, shape of graph

ℎ 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, graph shift to the right
h 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, graph shift to the left

k 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, graph shift upwards
k 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑, graph shift downwards

SUMMARY OF QUADRATIC FUNCTIONS
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