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THE QUADRATIC RELATION

y = ax2 + k



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
KEY CONCEPTS

For any quadratic relation of the form y = ax2 + k:

The value of a determines the orientation and shape of the parabola.

 If a > 0, the parabola opens upward.

 If a < 0, the parabola is reflected in the x-axis; it opens downward.

 If – 1 < a < 1, the parabola is vertically compressed (looks wider) 

relative to the graph of y = x2.

 If a > 1 or a < – 1, the parabola is vertically stretched (looks 

narrower) relative to the graph of y = x2.

The value of k determines the vertical position of the parabola.

 If k > 0, the vertex of the parabola is k units above the x-axis.

 If k < 0, the vertex of the parabola is k units below the x-axis.

The coordinates of the vertex are (0, k).



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
INVESTIGATION 1 Graphing y = ax2 +k using Technology

1. Activate DESMOS

PART A The Effect of Changing “a”

2. Enter the following equations for Y2, Y3 and Y4 respectively (your screen 

should look like the screen pictured on the right):

 y = x2

 y = 4x2 

 y = 0.5x2

 y = 12x2



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
INVESTIGATION 1 Graphing y = ax2 +k using Technology

1. Activate DESMOS

PART A The Effect of Changing “a”

3. What do you notice

(i) As the value of a increases (look at the graph 

of y = 4x2 and y = 12x2)?

(ii) As the value of a decreases (look at the graph 

of y = 0.5x2)?

Parabola becomes narrower

Parabola becomes wider



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
INVESTIGATION 1 Graphing y = ax2 +k using Technology

1. Activate DESMOS

PART A The Effect of Changing “a”

4. Clear the equations 2, 3 and 4 by 

pressing        on each equation to get 

ready for the next investigation

5. This time, enter following equations 

for 2, 3 and 4 respectively:

 y = – 3x2

 y = – 0.2x2

 y = – 12x2

6. What is the main difference 

between these three graphs 

compared to the first graph of y = 

x2?

The parabola of these three 

graphs opens downwards

→ This is due to the fact that 

the “a” value is negative



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
INVESTIGATION 1 Graphing y = ax2 +k using Technology

1. Activate DESMOS

PART A The Effect of Changing “a”

7. Clear the equations 2, 3 and 4 by 

pressing        for each equation to get 

ready for the last

8. This time, enter following equations 

for 2, 3 and 4 respectively:

 y = 0.6x2

 y = 0.1x2

 y = 0.06x2

9. What do you notice as the value 

of a gets closer to zero (0)?

The parabola of the graph gets 

wider as the value of “a” gets 

closer to zero (0).



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
INVESTIGATION 1 Graphing y = ax2 +k using Technology

1. Activate DESMOS

PART B The Effect of Changing “k”

1. Clear equations 2, 3 and 4 by 

pressing       for each equation for this 

investigation

2 Enter these equations for 2 and 3 

respectively

 y = x2 + 1

 y = x2 – 2

3. Compare these two new graphs 

to the first graph of y = x2.  What do 

you notice

(i) When the value of k is positive?

(ii)When the value of k is negative?

Parabola moves upwards

Parabola moves downwards



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
EXAMPLE 1 Describing Transformations of a Parabola

Complete the table below by using the proper terms used when describing 

transformations.  Graphs have been provided to help you.

5
downwards

greater

upward

stretched

(0, – 5)



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
EXAMPLE 1 Describing Transformations of a Parabola

Complete the table below by using the proper terms used when describing 

transformations.  Graphs have been provided to help you.

10 down

upward

compressed

(0, – 10)

(0, 8)
8

upwards

a <  – 1 

down

stretched



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
EXAMPLE 2 Application

The path of a ninja is modelled by the relation h = – 0.9t2 + 4, 

where h is the ninja’s height above the ground, in metres, and t 

is the time, in seconds.

a) How far from the ground will the ninja be after 0.5 s?

b) How far from the ground will the ninja be after 1 s?

Let t = 0.5 and substitute into equation

h = – 0.9t2 + 4     

   = – 0.9(0.5)2 + 4

   = 3.775

The ninja will be 3.775 metres 

from the ground.

Let t = 1 and substitute into equation

h = – 0.9t2 + 4     

   = – 0.9(1)2 + 4

   = 3.1

The ninja will be 3.1 metres 

from the ground.



9.09.0 −−

CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k
EXAMPLE 3 Application

The path of a ninja is modelled by the relation h = – 0.9t2 + 4, 

where h is the ninja’s height above the ground, in metres, and t 

is the time, in seconds.

c) For how long will the ninja be in the air?

 When the ninja hits the ground, h = ____ metres

 →Substitute this value into equation and solve for “t”

0

49.0 2 +−= th

49.00 2 +−= t
29.04 t−=−

24444.4 t=

24444.4 t=

t=108.2

The ninja will be in the air for 

2.108 seconds.



CHAPTER 4.2 THE QUADRATIC RELATION y = ax2 + k

Homework

Page 191 – 193 

#1 – 9
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