
Copyright © 2026 Pillora Learning. All rights reserved. 

Visit www.pillora.com.sg for more learning resources!   
  

 

 

 

1) Quadratic
Equations
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CHAPT Quadratic

Equations

1) Complete the square (Changing y : ax2 + bx + c to y = a(x-h) + k)

"number in front of x2"

x + bx + c = x2 + bx + (b)- (b) + c * coefficient of"must

- be positive I before you
= (x + 2) - (b) + c Start completing the square .

Example 1 : When coefficient of X2 is + 1

Steps Example : X2-10x-g

1) Copy the term and by term . x - 10x - 8 b =

= 18

Add (E) , subtract (E)2
Copy the constant .

=x0x + (20) - (20)- 8

2) First three terms becomes (x+ C) = (x-s
3)Combine the constants .

= (x - 5)2 - 33

Example 2 : When coefficient of X2 is NOT + 1 .

Steps Example :
- x= + 5x + 7

1) Factorise the coefficient of X2 - x
= 5x7

Leave the constant alone .

=

- (x -5x)7 b =

- 5

complete the square for this bracket .

Everything else outside the bracket stays the same .

2) Copy the term and by term .

Add (E) , subtract (E)2 =E+12-15
Copy the constant .

3) First three terms becomes (x+ 2)
= - ((x+ 12-15 =

4) Expand the outer bracket .

5) Combine the constants .
S
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1) Quadratic
Equations

2)Solving quadratic equations &to check answers using calculator by pressing :

"Find value of X" menu 15 > 2 < 2

- Learnt in

9) Factorisation (Frame/Table) Seas

E
.g. Solve x2-5x-6 = 0

Frame Table

X X -6 X - 6 -6x
(x - 6)(X+ 1) = 0 xx - 6X ↓ 1 X

X- 6 = 0 or X+ 1 = 0
I X - 6 X - 6 -5X

X = 6 x = - 1

b) completing the square
E

. g. x " - bx + 5 = 0
↓ complete

the E
.g. x2 - 4x + 7 = 0

2 complete the

(x - 3)2 - 4 = 0
square

(x- 2)2 + 3 = 0
square

square root &(X -3) = 47 include I (X-2)
2

= -3 we cannot square root
x - 3 = 12

negative numbers.

* = 2 + 3 or x = -2 +3 As (x-2) , 0 for all real values ofX,

X = 5 or X = 1 (x-2) = - 3 has no real solutions.

2) Quadratic formula
x

== b = /b2 - 492

2a

Eg : Solve-3x-17x* = - 3 steps

- 17x
2

- 3x + 3 = 0
· Rearrange into this form : ax + bx + c = 0

x =-(-3) =. (3) - 4( 17)(3) 2 Identify a , b , a

2( - 17) 3 Substitute the values into
the quadratic formula

=

- 0. 517 or 0 . 341 (35 .f.)

d) Graphical Method > E .g. Draw the graph of y =2x" - 5x + 4

(i) using your graph, solve 2x"-5x + 4 = 0

& Read the X-interceptis) where the curve cuts the x-axis .

(ii) Solve 2x + X - 7 = 0
-6x] 2 - 6x

* Make the LHS of the given equation the same as

2x2 - 5x - 7 = -6x the graph equation . Change term by term .

+ 116 2 +1

2x-Gx + 4 = - 6x + 11

Read the X-coordinates
Y = - 6X + 112) Draw this line X

2) of the intersection points .

in your graph Y
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Eg : (a) Complete the table of values for y
: x + 5x - 1

* - 6 - 4 -3 +10 I

Y 5 - 5 - 7 - 5 -15

(b) On the grid below
,

draw the graph of y
: x + 5x-1 for -6-X11

y = - 2X - 10

(a)(ii)

X y = 2

(2)(iii)
-4. 3

- 1 . 7 - 0 . 7
-5. 5 -5.3 0. 5

X

(](iii)

X

(c) Use your graph to

(i) write down an inequality in X to describe the range of values where y s-4 .

- 4 .
35X4 - 0 .7

(ii) solve X + 5x - 3 = 0

x + 5x - 1 = 2

Draw y = 2

From graph , X = -5. S or 0 . 5

(iii) solve 2x + =x + 9 = X
2

x + 7x + 9 = 0 Draw y = - 2x-10

x + 5x + 9 = - 2x
X - 6 -3 -1

Y 2 - 4 - g

* + 5x - 1 = - 2x - 10 From graph , X = - 5. 3 or -1 . 7
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1) Quadratic
Equations

3)Solving fractional equations
steps to solve

6 5x
= 3

3 - 2x 4x - 9

TIP

6 5x
Factorise - 1 to 3 -2x (2x+3)(2x -3)

= 3 & Fully factorise the denominator

change 3 -2XS ↳ Frame Table Special identities

to 2x - 3 6 5x

2x - 3 (2x+3)(2x -3)
= 3

6 (2x+3) 5x

(2x+3)(2x -3) (2x+3)(2x -3)
= 3 2 Make the denominators the same

6 (2x+3)5x

(2x+3)(2x -3)
= 3 3 Combine into one single fraction .

- 12x - 18 + 5x

(2x+3)(2x -3)
= 3 ↑ Simplify numerator

.

- 7x - 18

(2x+3)(2x -3)
= 3

- +x - 18 = 3(2x+3)(2x -3)5 Gross multiply

- 7x - 18 = 3(4x2 -9) 6 Expand and simplify

- 7x - 18 = 12x2 - 27

12x2 + 7x - 9 = 0 - Rearrange and make RHS : 0

x =

- 7 =) 72 - 4(2)(-9)
2 (12)

·Solve for X using quadratic formula
* = -1 . 21 or 0 . 622 (35 .f.)

or by factorisation.
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4) Graph Sketching
key pieces of information to find before sketching a graph

1 Shape < look at coefficient of X > If positive : v (Smiley faceN)
If negative : 1 (sadface")2 X-intercept(s) > When y = 0

3 y-intercept 7 When X = 0

↑ Turning point coordinates > From complete the square form

(minimum maximum) ~ X-coordinate :
> y-coordinate :

Add the two X-intercepts subx-coordinate

optional
2 into equation.

5 Line of symmetry : X =

Forms of quadratic equation which pieces of information can be obtained directly

y = ax" + bx + 2 ~ Shape > (

General
y = 2x2 + 8x - 7 ↓ y-intercept = c = - 7

y = = (x - h](X- k) ~ Shape > (

Factorised
y = (x - 3)(X + 8) ↓ X-intercept(s) = h and K = 3 and - 8

Complete y == (x - p) + q ~Shape > 1
the

Square y
=

- (x -3) - 42 ~ Turning point coordinates = (p , q) = (3 , -42)
(maximum)

Eg 1 : Sketch the graph of y = (3 - x)(X +5)

Y
when X = 0 ,

1 shape : ( - 1 , 1632
y = (3 -0)(0 +5) X

15

= 15 2 X-intercepts : - 5 , 3

max point =-5+3 3 y-intercept : 15 ↳ ob > X

X- coordinate 2

=
- 1 y = (3 -x)(x +5)

y-coordinate = 16

↑

ma = (- 1
, 16)

* See next page for Tips on graph sketching !
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1) Quadratic
Equations

Eg2 : Sketch the graph of y = -x2 +2x-2 and label the line of symmetry .

TIP

when y = 0 ,

use calculator : menu , 5 ,
2, 2

-x + 2x - 2 = 0 7 to check for solution first .

- (x2- 2x) - 2 = 0 You will see "1 + i "and "1-i" :

- [x - (x + (2) - (22(2) - 2 = 0 This means there is no x-intercepts .

Complete the square to show no solution

- ((x - 1) 2 - ( 132) - 2 = 0
and to find the maximum point coordinates .

- (x - 1) + 1 - 2 = 0

- (x -1)2 1 = 0

(x- 1)2 = - 1
- There is no solution .

TIP

Sketch a mini graph at the side first to get an

1 shape : 1 idea of where the curve lies .

2 no X-intercept N
1 Mark the points

7
& connect the points

3 y-intercept : - 2 -XX(l , - 1)

-
4 Max

point
= (1 , -1) Then ,

draw the curve on your actual axes.

Label the intercepts , line of symmetry and
equation of the curve.

Y
1

↳ use dotted line

for line of symmetry

>X
X(1 ,

- 1)
-2

y = -X+2x - 2
X= 1
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5) Other common quadratic equations questions
The diagram below shows the curve y

= -X+ pX-10. The curve cuts X-axis at 2 and the y-axis at -10.

[source : Swiss Cottage Secondary School 2026 WAIQ4]

Y (a) Find the value of p.M

When X = 2
, y = 0

I > X
* 2 I 8 = - 22 + 2p - 10

0 = 2p - 14

2p = 14
- 18

p = 7

(b) Find the equation of the line of symmetry.
When y= 0 ,

X - S

- x = + 7x - 10 = 0 * X2SX

x
- 7x + 10 = 0 - 22x18

(x - 5)(X - 2) = 0

X- 5 = 0 or X-2 = 0

X = 5 or X = 2

5 + 2
Line of symmetry : X =

2

X = 37

(c)Find the coordinates of the maximum point of the curve.

when x=, y = - (E)+ F(z) - 10

y=
· The coordinates of the maximum point are (E , i) .

Eg2 : The quadratic equation ax + bx + c = 0 has solutions and-2 . Given that a ,
b and

are integers and as O
,
find the smallest possible values of a ,

b and a.
*

X = 44 X = 2
Think : Why must the question use "smallest" ?

5X = 4 X - 2 = 0
If the equation was 2(5x2 + 6x-8) = 0.

we will also get back the solutions and-2.
5x- 4 = 8

There are infinite equivalent equations :

(5x - 4)(X - 2) = 0 6(5x2 + 6x -8) = 0 Y All give the

same solutions.
-x2+ 10x - 4x - 8 = 0

-3(5x2 + 6x -8) = 0

2
-x + 6x - 8 = 0 any number
· a = 5

, b = 6 and c = - S
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1) Quadratic
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The graph of y
: 6x2-X-15 is shown below . Find the values of a ,

b and c.

& 3x -5
y

= 6x- x - 15

2x6x2 - 18x
y = (3x -5)(2x +3)

When y = 0, 39x115

↓ 'b >X
(3x -5)(2x+3) = 0

3x - 5 = 0 or 2x + 3 = 0

3x = 5 2x = - 3
C
-

X = 5 x =
- 3

: a =
- 3

,
b = 5 ,

c = - 15

The graph of y : (X + p)2 + q has a turning point at (-3 ,
-5)

(a) State the values of p and 9 .

p = 3 and q
= -5

(b) What is the y-intercept of the graph ?

y = (x + 3)2 - 5

y = x + 6x + 9 - 5

y = x= + 6x + 4

: y-intercept is 4 .

For each of the following graphs , give an example of a quadratic equation in the

form of y
: ax" + bx + c

, where a ,
b and a are integers .

Y Y "
X X

9 -

2 -

8
>X 03 >X !

6 - I

I >X

y = x + 2 y = (x -3)2 y
=

- (x +b)(x + 1)

y = x- 6x + 9 y =- (xz + x + 6x + 6)

y =
- X- - 7x - 6
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A railway track covers a distance of 280 km between Two Cities. An Express Train travels faster than a Freight Train. 
Let the average speed of the Freight Train be      km/h. The average speed of the Express Train is 15 km/h more than 
the speed of the Freight Train. The difference in the time taken to complete the journey is 30 minutes.

(i) Write down an expression, in terms of     , for the number of hours taken by the Freight Train to complete the 
	 journey. 

(ii) Write down an expression, in terms of      , for the number of hours taken by the Express Train to complete the journey.

(iv) Solve the equation                                     , giving your answers correct to 1 decimal place.

(v) Find the time taken by the Freight Train to complete the journey, giving your answer correct to the nearest minute.

(iii) Form an equation to represent this information and show that it reduces to

Page 9

3) Forming quadratic equations (Real-world context questions)

X

T
V

↳ Take note of units

X

Time taken =

280
lower speed -> longer time D

X
S T

X

280Time taken =

* + 15 higher speed
-> shorter time

*+ 15X - 8400 = 0
.

280
- 28 =

I common mistakes
X 2

288 280· swapping fractions :

X+ 15
-

X
280(X+ 15) - 280x I

I

x(X+ 15] 2 2 Not changing 30 minutes to hour .

4200 I
=

X + 15X 2

8400 = x2 + 15X

*+ 15x - 8400 = 0 (shown)

Read question carefully
↓

x + 15X - 8480 = 0

X =

- 15 1/152 - 478400)-
2

Always leave 5s .f. answer

= 84 . 458 or 99 . 458 (5s .f.) 0 to use for next part

= 84 . 5 or - 99 . 5 (1d . p .) ~ Do not reject in this part

X = 84. 458 or 99 . 458 (reject as speed > 0)

280
Time taken =

84. 458

= 3 . 31534 /55 .f.)
X68 G

= 199 min (nearest minute)


