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12.1 Overview
Why learn this?
Galileo did a lot of important things in his
lifetime. One of these was showing that objects
launched into the air at an angle follow a
parabolic path as they fall back to the ground.
You can see this for yourself every time you
throw a basketball, kick a football or hit a golf
ball. As a ball moves through the air, gravity
acts on it, causing it to follow a parabolic curved
path. The parabolic curve that it follows can
be described mathematically by quadratic
equations. Every ball that is thrown, every arrow
shot from a bow and every rocket launched into
space has a quadratic equation that describes that
object’s position in space and also in time.

Quadratic equations also describe the parabolic shape of radio telescope dishes like the one at Parkes in New
South Wales. The curved shape of these telescope dishes allows radio waves from space objects like quasars,
galaxies and nebulae to be focused at a receiver to get a stronger signal. It was even used to relay transmissions
between NASA and Apollo 11 during the first moon landing. On a much smaller scale, parabolic satellite dishes
allow us to get clear internet and television. The bend in a banana, the loop of a rollercoaster, the curve of some
suspension bridges or the path of a droplet of water from a fountain — these are all examples of the parabolas
and quadratic equations that are all around us.

Where to get help

Go to your learnON title at www.jacplus.com.au to access the following digital resources. The Online
Resources Summary at the end of this topic provides a full list of what’s available to help you learn the
concepts covered in this topic.

Fully worked

solutions

to every

question

Digital

documents

Video

eLessons
Interactivities

eWorkbook
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Exercise 12.1 Pre-test

Complete this pre-test in your learnON title at www.jacplus.com.au and receive automatic marks,
immediate corrective feedback and fully worked solutions.

1. MC The expression (a− 4)2 − 25 factorises to:
A. (a− 9) (a+ 1)
B. (a+ 9) (a− 1)
C. (a− 7) (a+ 3)
D. (a− 4) (a+ 4)− 25
E. (a− 4) (a+ 4)− 5

2. State whether the following is True or False.
A monic quadratic trinomial is an expression in the form ax2 + bx+ c, where a, b and c are constants.

3. Factorise m2 + 2m− 8.

4. Factorise the equation 2w2 − 10w+ 12 in its simplest form.

5. MC Select the solutions to the quadratic equation −(x− 3)2 + 4= 0.
A. x= 3 and x=−4
B. x=−3 and x= 4
C. x= 3 and x= 4
D. x=−5 and x=−1
E. x= 5 and x= 1

6. Identify the coordinate of the turning point for the graph shown.

–4 –3 –2

3

4

2

1

–1

–2

–3

–4

1 2 3 4–1
0 x

y

7. MC Identify the x-intercepts of the graph shown.
A. 0 and 1
B. 0 and 2
C. 0 and 4
D. 1 and 2
E. 1 and 4

2

1

–1

1 2 3 4 5–2 –1
0 x

y
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8. MC Select the equation that matches this table of values.

x −3 −2 −1 0 1 2
y −8 −3 0 1 0 −3

y= (1− x)2A. y= x2 + xB. y= x2 − 1C. y= 1− x2D. y= x2 + 1E.

9. MC The graph of y= 2x2 is:

wider than y= x2A. the same as y= x2B.
narrower than y= x2C. a reflection of y= x2 in the x-axisD.
a reflection of y= x2 in the y-axis.E.

10. MC Select the equation for a parabola that has a maximum turning point and is narrower than y= x2.

y= 2x2A. y= 1

2
x2B. y= (x− 2)2 + 1C. y=−2x2D. y=−1

2
x2E.

11. MC Select the equation of a quadratic relation in the form y= ax2 which passes through (−2, 1).
y= 4x2A. y= 2x2B. y=−x2C. y=−2x2D. y= 1

4
x2E.

12. For the graph of the equation y=−9− x2, state the coordinate of the turning point.

13. MC The graph of y= x2 has been translated 3 units to the right and 2 units down. The new equation is:

y= (x+ 3)2 + 2A. y= (x− 3)2 − 2B. y= (x− 2)2 + 3C.

y= (x+ 2)2 − 3D. y= (x+ 2)2 + 3E.

14. MC Identify the axis of symmetry for the parabola with equation y= (x− 4)(x+ 2).
x=−2A. x=−1B. x= 1C. x= 4D. y=−8E.

15. State whether the following is True or False.
The equation for the graph y= 2(x− 1)2 + 3 is the same as y= 2x2 − 4x+ 5.

12.2 Quadratic equations

LEARNING INTENTION

At the end of this subtopic you should be able to:
• identify equations that are quadratic
• rearrange quadratic equations into the general form y= ax2 + bx+ c
• solve quadratic equations of the form ax2 + c= 0.

12.2.1 Quadratic equations
eles-4929

• Quadratic equations are equations that contain an x2 term. They may also contain the variable x and
constants, but cannot contain any higher powers of x such as x3.

• Examples of quadratic equations include x2 + 2x− 7= 0, 2x2 = 18 and x2 = 5x.
• The general form of a quadratic equation is y= ax2 + bx+ c.
• Any quadratic equation can be expressed in general form by rearranging and combining like terms.
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WORKED EXAMPLE 1 Rearranging equations into general quadratic form

Rearrange the following quadratic equations so that they are in general form and state the values of
a, b and c.
a. 5x2− 2x+ 3= 2x2 + 4x− 12

b.
x2

2
− 1

6
= x

(
x
3

)
− 4

c. x(3− 2x)= 4 (x− 6)

THINK WRITE

a. 1. Write the equation. a. 5x2 − 2x+ 3 = 2x2 + 4x− 12

2. Subtract 2x2 from both sides of the equation. 3x2 − 2x+ 3 = 4x− 12

3. Subtract 4x from both sides of the equation. 3x− 6x+ 3 = −12

4. Add 12 to both sides of the equation.
The equation is now in the general form
ax2 + bx+ c= 0.

3x2 − 6x+ 15 = 0

5. Write the values of a, b and c. a= 3, b=−6, c= 15

b. 1. Write the equation. b.
x2

2
− 1

6
= x

(
x

3

)
− 4

2. Expand the bracket.
Lowest common denominator (LCD)= 6.

x2

2
− 1

6
= x2

3
− 4

3. Multiply through by 6.
x2

2
× 6

1
− 1

6
= x2

3
× 6

1
− 4× 6

4. Simplify each fraction. 3x2 − 1 = 2x2 − 24

5. Collect like terms on the left-hand side.
The equation is now in the general form
ax2 + bx+ c= 0.

x2 − 1 = −24

x2 + 23 = 0

6. Write the values of a, b and c. a= 1, b= 0, c= 23

c. 1. Write the equation. c. x (3− 2x) = 4 (x− 6)

2. Expand the brackets. 3x− 2x2 = 4x− 24

3. To collect like terms on the left-hand side of
the equation, subtract 4x from both sides.

−2x2 − x = −24

4. Add 24 to both sides. −2x− x+ 24 = 0

5. Multiply all terms by −1 to make the x2 term
positive. The equation is now in the general
form ax2 + bx+ c= 0.

2x2 + x− 24 = 0

6. Write the values of a, b and c. a= 2, b= 1, c=−24
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12.2.2 Solving equations of the form ax2 + c= 0
eles-4930

• Solving a quadratic equation means finding the values of x that satisfy the equation.
• Some quadratic equations have two solutions, some have only one solution, and some have no solutions.
• Quadratic equations of the form ax2 + c= 0 can be solved using square roots. To solve such an equation,

rearrange it so that the x2 term is isolated on one side of the equation. Then take the square root of
both sides.

WORKED EXAMPLE 2 Solving equations of the form ax2+ c= 0

Solve the following equations.
2x2− 18= 0a. x2 + 9= 0b. 3x2 + 4= 4c.

THINK WRITE

a. 1. Write the equation. The aim is to make x the subject. a. 2x2 − 18 = 0

2. Add 18 to both sides. 2x2 = 18

3. Divide both sides by 2. x2 = 9

4. Take the square root of both sides. x = 3, −3

5. Write the solutions. Two solutions: x= 3, x=−3

b. 1. Write the equation. The aim is to make x the subject. b. x2 + 9 = 0

2. Take 9 from both sides. x2 = −9

3. Take the square root of both sides. −9 has no square root.

4. Write the solutions. The equation has no solution.

c. 1. Write the equation. The aim is to make x the subject. c. 3x2 + 4 = 4

2. Take 4 from both sides. 3x2 = 0

3. Divide both sides by 3. x2 = 0

4. Take the square root of both sides. Zero has only one
square root.

x = 0
One solution: x= 0

5. Write the solutions.

TI | THINK DISPLAY/WRITE CASIO | THINK DISPLAY/WRITE

a−c. On a Calculator page,
press:
• Menu
• 3. Algebra
• 1. Solve
Complete the entry
lines as:
solve

(
2x2–18= 0, x

)
solve

(
x2 + 9= 0, x

)
solve

(
3x2 + 4= 4, x

)
Press ENTER after each
entry.

On a Main screen,
complete the entry
lines as:
solve

(
2x2–18= 0

)
solve

(
x2 + 9= 0

)
solve

(
3x2 + 4= 4

)
Press EXE after
each entry.
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Confirming the solutions to quadratic equations
• Solutions to quadratic equations can be checked by substitution.
• Substitute the solution(s) into the equation, and if the RHS of the equation is equal to the LHS,

the solutions are correct.

WORKED EXAMPLE 3 Confirming solutions to quadratic equations

Determine whether any of the following are solutions to the quadratic equation x2 = 4x− 3.
x= 1a. x= 2b. x= 3c.

THINK WRITE

a. 1. Substitute x= 1 into both sides of the equation. a. x2 = 4x− 3

2. Evaluate the left-hand side. LHS = (1)2

= 1

3. Evaluate the right-hand side. RHS = 4 (1)− 3
= 4− 3
= 1

4. Since the left-hand side equals the right-hand side,
x= 1 is a solution. Write the answer.

x= 1 is a solution to the equation.

b. 1. Substitute x= 2 into both sides of the equation. b. x2 = 4x− 3

2. Evaluate the left-hand side. LHS = (2)2

= 4

3. Evaluate the right-hand side. RHS = 4 (2)− 3
= 8− 3
= 5

4. The left-hand side does not equal the right-hand side,
so x= 2 is not a solution. Write the answer.

x= 2 is not a solution to the equation.

c. 1. Substitute x= 3 into both sides of the equation. c. x2 = 4x− 3

2. Evaluate the left-hand side. LHS = (3)2

= 9

3. Evaluate the right-hand side. RHS = 4 (3)− 3
= 12− 3
= 9

4. The left-hand side equals the right-hand side, so x= 3 is a
solution. Write the answer.

x= 3 is a solution to the equation.

Resourceseses
Resources

eWorkbook Topic 12 workbook (worksheets, code puzzle and a project) (ewbk-2012)

Interactivity Individual pathway interactivity: Quadratic equations (int-8349)
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Exercise 12.2 Quadratic equations

Individual pathways

PRACTISE
1, 5, 7, 11, 14

CONSOLIDATE
2, 3, 8, 10, 12, 15

MASTER
4, 6, 9, 13, 16

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. WE1 Rearrange each of the following quadratic equations so that they are in the form ax2 + bx+ c= 0.

3x− x2 + 1= 5xa. 5(x− 2)= x(4− x)b. x (5− 2x)= 6
(
5− x2

)
c.

2. Rearrange each of the following quadratic equations so that they are in the form ax2 + bx+ c= 0.

4x2 − 5x+ 2= 6x− 4x2a. 5(x− 12)= x(4− 2x)b. x2 − 4x− 16= 1− 4xc.

3. MC Select which of the following is a quadratic equation.

2x− 1= 0A. 2x− 1= 0B. x2 − x= 1+ x2C.
x2 − x= 1− x2D. x3 + 2x= 0E.

4. MC Select which of the following is not a quadratic equation.

x(x− 1)= 2x− 1A. −3x2 + 2x= 1B. 3(x+ 2)+ 5(x+ 3)= 2(x+ 1)C.
2(x− 1)+ 3x= x(2x− 3)D. 2x3 + x= 2− 2x2E.

5. WE2 Solve the following quadratic equations.

x2 − 16= 0a. 2x2 + 18= 0b. 3x2 + 2x= x(x+ 2)c.

6. Solve the following quadratic equations.

2(x2 + 7)= 16a. x2 + 17= 13b. −3x2 + 17= 5c.

Understanding

7. WE3 Determine whether x= 4 is a solution to the following equations.

x2 = x+ 12a. x2 = 3x+ 1b. x2 = 4xc.

8. Determine whether x=−3 is a solution to the following equations.

x2 = x+ 12a. x2 = 3x+ 1b. x2 = 4xc.

9. Determine whether x= 0 is a solution to the following equations.

x2 = x+ 12a. x2 = 3x+ 1b. x2 = 4xc.

10. Determine whether the following are solutions to the equation 5(x− 1)2 + 7= 27.

x=−1a. x= 1b. x= 0c.

Reasoning

11. Is (x+ 4)2 equal to x2 + 16? Explain using a numerical example.

12. a. Show that the shaded area can be represented by A= x2(4−𝜋).
b. If the shaded area = 10 cm2, find the value of x correct to 3 significant figures.
c. Why can’t x be equal to −3.41?

13. Explain why x2 + 7x+ 4= 7x has no solutions.

x  cm
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Problem solving

14. Five squares of increasing size and five area formulas are given below.

a. Use factorisation to find the side length that correlates to each area formula.
b. Using the area given and side lengths found, match the squares below with the appropriate algebraic

expression for their area.

I II III IV V

Aa= x2 + 6x+ 9

Ab= x2 + 10x+ 25

Ac= x2 + 16x+ 64

Ad= x2 − 6x+ 9

Ae= x2 + 12x+ 36

c. If x= 5 cm, use the formula given to calculate the area of each square.

15. The sum of 5 and the square of a number is 41.

a. Determine the number.
b. Is there more than one possible number? If so, determine the other number and explain why there is more

than one.

16. Two less than a number is squared and its result is tripled. The difference between this and 7 is 41.

a. Write the algebraic equation.
b. Determine both possible answers that satisfy the criteria.

12.3 The Null Factor Law
LEARNING INTENTION

At the end of this subtopic you should be able to:
• recall the Null Factor Law
• solve quadratic equations using the Null Factor Law.

12.3.1 Using the Null Factor Law to solve equations
eles-4931

• The Null Factor Law states that if the product of two or more factors is zero, then at least one of the
factors must be zero.

The Null Factor Law

If a× b= 0 then:

a= 0 or b= 0 or both a and b equal 0.
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• For example, if (x− 5)(x− 2)= 0 then:
(x− 5)= 0 or (x− 2)= 0 or both x− 5= x− 2= 0.

If x− 5= 0 If x− 2= 0
x= 5 x= 2

Both x= 5 and x= 2 make the equation true.
• This can be checked by substituting the values into the original equation.

For example:

If x= 5, then: If x= 2, then:
(x− 5)(x− 2) = (5− 5)(x− 2) (x− 5)(x− 2)= (x− 5)(2− 2)

= 0(x− 2) = (x− 5)0
= 0 = 0

• Note: Quadratic equations can have a maximum of two solutions. This is known as the Fundamental
Theorem of Algebra.

WORKED EXAMPLE 4 Using the Null Factor Law to solve quadratics

Solve each of the following quadratic equations.
(x− 2)(2x+ 1)= 0a. (4− 3x)(6+ 11x)= 0b.

x (x− 3)= 0c. (x− 1)2 = 0d.

THINK WRITE

a. 1. The product of 2 factors is 0, so apply the
Null Factor Law.

a. (x− 2)(2x+ 1) = 0

2. One of the factors must equal zero. Either x− 2= 0 or 2x+ 1= 0

3. Solve the equations. x= 0 2x = −1

= −1

2

4. Write the solutions. x=−1

2
, x= 2

b. 1. The product of two factors is 0, so apply the
Null Factor Law.

b. (4− 3x)(6+ 11x) = 0

2. One of the factors must equal zero. Either 4− 3x= 0 or 6+ 11x= 0

3. Solve the equations. −3x = −4

x = 4

3

11x = −6

x = − 6

11

4. Write the solutions. x= 4

3
, − 6

11

c. 1. The product of two factors is 0, so apply the
Null Factor Law.

c. x(x− 3) = 0

2. One of the factors must equal zero. Either x= 0 or x− 3= 0

3. Solve the equations. x = 3

4. Write the solutions. x = 0, 3
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d. 1. Write the equation. d. (x− 1)2 = 0

2. Rewrite the squared factors as the product of
two factors.

(x− 1)(x− 1)= 0

3. Apply the Null Factor Law. Either x− 1= 0 or x− 1= 0

4. Solve the equations.
The two solutions are the same.

x= 1 x= 1

5. Write the solution. x = 1

TI | THINK DISPLAY/WRITE CASIO | THINK DISPLAY/WRITE

a-c On a Calculator page,
press:
• Menu
• 3. Algebra
• 1. Solve
Complete the entry lines
as:
solve
((x – 2) (2x+ 1)= 0, x)
solve
((4− 3x) (6+ 11x)= 0, x)
solve

(
(x – 1)2 = 0, x

)
Press ENTER after each
entry.

On a Main screen,
complete the entry
lines as:
solve
((x – 2) (2x+ 1)= 0)
solve
((4− 3x) (6+ 11x)= 0)
solve

(
(x – 1)2 = 0

)
Press EXE after each
entry.

Resourceseses
Resources

eWorkbook Topic 12 Workbook (worksheets, code puzzle and project) (ewbk-2012)

Digital document SkillSHEET Solving linear equations (doc-10984)

       Video eLesson The Null Factor Law (eles-2312)

Interactivities Individual pathway interactivity: The Null Factor Law (int-8350)

The Null Factor Law (int-6095)

Exercise 12.3 The Null Factor Law

Individual pathways

PRACTISE
1, 6, 9, 12

CONSOLIDATE
2, 4, 7, 10, 13

MASTER
3, 5, 8, 11, 14

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. WE4 Solve each of the following quadratic equations.

(x− 2)(x+ 3)= 0a. (2x+ 4)(x− 3)= 0b. (x+ 2) (x− 3)= 0c.
(2x+ 5)(4x+ 3)= 0d. (x+ 4)(2x+ 1)= 0e.
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2. Solve each of the following quadratic equations.

(2x− 1)(x+ 30)= 0a. (2x+ 1)(3− x)= 0b. (1− x)(3x− 1)= 0c.

x (x− 2)= 0d.

(
x+ 1

3

)(
2x− 1

2

)
= 0e.

3. Solve each of the following quadratic equations.

(5x− 1.5)(x+ 2.3)= 0a.

(
2x+ 1

3

)(
2x− 1

3

)
= 0b. (x− 2)2 = 0c.

x (4x− 15)= 0d. (x+ 4)2 = 0e.

4. The Null Factor Law can be extended to products of more than two factors. Use this to find all the solutions
to the following equations.

(x− 2)(x+ 2)(x+ 3)= 0a. (x+ 2)(x+ 2)(2x− 5)= 0b.
(x+ 2)(x+ 2)(x+ 4)= 0c. x(x+ 2)(3x+ 12)= 0d.

5. The Null Factor Law can be extended to products of more than two factors. Use this to find all the solutions
to the following equations.

(2x− 2.2)(x+ 2.4)(x+ 2.6)= 0a. (2x+ 6)
(
x+ 1

2

)
(9x− 15)= 0b.

3(x− 3)2 = 0c. (x+ 1)(x− 2)2 = 0d.

Understanding

6. MC Select the solutions to (2x− 4) (x+ 7)= 0.

x= 4, x= 7A. x= 4, x=−7B. x= 2, x= 7C.
x= 2, x=−7D. x=−4, x= 7E.

7. MC The Null Factor Law cannot be applied to the equation x

(
x+ 1

2

)(
x

2
− 1

)
= 1 because:

there are more than two factorsA.
the right-hand side equals 1B.
the first factor is a simple x-termC.
the third term has x in a fractionD.
there are three terms on the left-hand sideE.

8. Rewrite the following equations so that the Null Factor Law can be used. Then solve the resulting equation.
a. x2 + 10 x= 0 b. 2x2 − 14x= 0 c. 25x2 − 40x= 0

Reasoning

9. Explain why x2 − x− 6= 0 has the same solution as −2x2 + 2x+ 12= 0.

10. a. Explain why x= 2 is not a solution of the equation (2x− 2) (x+ 2)= 0.
b. Determine the solutions to the equation.

11. Explain what is the maximum number of solutions a quadratic such as x2 − x− 56= 0 can have.
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Problem solving

12. A bridge is constructed with a supporting structure in the shape of a
parabola, as shown in the diagram. The origin (0, 0) is at the left-hand
edge of the bridge, which is 100 m long.

a. Identify the maximum height of the bridge support.
b. If the equation of the support is y= ax (b− x), determine the values of

a and b. (Hint: Let y= 0.)
c. Calculate the height of the support when x= 62.

y

x

20

10

0
50

Metres

M
e
tr
e
s

100

13. Consider a ball thrown upwards so that it reaches a height h of metres after t seconds.
The expression 20t− 4t2 represents the height of the ball, in metres, after t seconds.

h = 20t – 4t2

h

a. Factorise the expression for height.
b. Calculate the height of the ball after:

i. 1 second ii. 5 seconds.

c. Explain if factorising the expression made it easier to evaluate.

14. The product of 7 more than a number and 14 more than that same number is 330.
Determine the possible values of the number.

12.4 Solving quadratic equations with two terms

LEARNING INTENTION

At the end of this subtopic you should be able to:
• solve quadratic equations with two terms using the Null Factor Law.

12.4.1 Solving quadratic equations of the form ax2 + c= 0
eles-4932 • In section 12.2.2, we saw how to solve equations in the form ax2 + c= 0 using algebra. In most cases,

we can use the Null Factor Law to solve them instead.
• To use the Null Factor Law the quadratic needs to be factorised and the RHS of the equation must be 0.
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WORKED EXAMPLE 5 Using the Null Factor Law to solve ax2+ c= 0

Solve each of the following quadratic equations.
a. x2− 1= 0 b. 2x2− 18= 0

THINK WRITE

a. 1. Write the equation: x2 − 1 is the difference of two squares. a. x2 − 1 = 0

2. Factorise the left-hand side using the difference of two
squares rule.

(x+ 1) (x− 1) = 0

3. Apply the Null Factor Law. x+ 1 = 0
x = −1

x− 1 = 0
x = 1

4. State the solutions. x= 1, x=−1
(This can be abbreviated to x=±1.)

b. 1. Write the equation. b. 2x2 − 18 = 0

2. Take out the common factor. 2(x2 − 9) = 0

3. Divide both sides of the equation by 2. x2 − 9 = 0

4. Factorise the left-hand side using the difference of two
squares rule.

(x+ 3) (x− 3) = 0

5. Apply the Null Factor Law. x+ 3 = 0
x = −3

x− 3 = 0
x = 3

6. State the solutions. x = ±3

12.4.2 Solving quadratic equations of the form ax2 + bx= 0
eles-4933

• The equation ax2 + bx= 0 can be solved easily using the Null Factor Law.
• To solve an equation of this form, factorise the LHS to x (ax+ b)= 0 and then apply the Null Factor Law.
• Since both terms on the left-hand side involve the variable x, one solution will always be x= 0.

WORKED EXAMPLE 6 Solving equations in the form ax2+ bx= 0

Solve each of the following equations.
a. x2 + 4x= 0 b. −2x2− 4x= 0

THINK WRITE

a. 1. Write the equation. a. x2 + 4x = 0

2. Factorise by taking out a common factor of x. x (x+ 4) = 0

3. Apply the Null Factor Law.
x= 0
x= 0

x+ 4= 0
x=−4

4. Write the solutions. x=−4, x= 0

b. 1. Write the equation. b. −2x2 − 4x = 0

2. Factorise by taking out the common factor of −2x. −2x (x+ 2) = 0
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3. Apply the Null Factor Law. −2x= 0 x+ 2= 0
x= 0 x=−2

4. Write the solutions. x=−2, x= 0

WORKED EXAMPLE 7 Solving word problems using Null Factor Law

If the square of a number is multiplied by 5, the answer is 45. Calculate the number.

THINK WRITE

1. Define the number. Let x be the number.

2. Write an equation that can be used to find the number. 5x2 = 45

3. Transpose to make the right-hand side equal to zero.
Solve the equation.

5x2 − 45 = 0

5(x2 − 9) = 0

x2 − 9 = 0

x2 − 32 = 0
(x+ 3) (x− 3) = 0
x+ 3= 0 or x− 3= 0

x=−3 or x= 3
4. Write the answer in a sentence. The number is either 3 or −3.

Resourceseses
Resources

eWorkbook Topic 12 Workbook (worksheets, code puzzle and project) (ewbk-2012)

Digital document SkillSHEET Factorising expressions of the type ax2 +bx (doc-10985)

Interactivity Individual pathway interactivity: Solving quadratic equations with two terms (int-8351)

Exercise 12.4 Solving quadratic equations with two terms

Individual pathways

PRACTISE
1, 4, 7, 9, 12, 16

CONSOLIDATE
2, 5, 8, 10, 13, 17

MASTER
3, 6, 11, 14, 15, 18

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. WE5 Solve each of the following quadratic equations using the Null Factor Law.

x2 − 9= 0a. x2 − 16= 0b. 2x2 − 18= 0c.
2x2 − 50= 0d. 100− x2 = 0e.

2. Solve each of the following quadratic equations using the Null Factor Law.

49− x2 = 0a. 3x2 − 27= 0b. 5x2 − 20= 0c.
x2 + 6= 0d. 2x2 + 18= 0e.

TOPIC 12 Quadratic equations and graphs 695

PAGE PROOFS



“c12QuadraticEquationsAndGraphs_PrintPDF” — 2021/8/24 — 7:33 — page 696 — #16

3. Solve each of the following quadratic equations using the Null Factor Law.

−x2 + 9= 0a. −3x2 + 48= 0b. −4x2 + 100= 0c.
x2 = 0d. −x2 = 0e.

4. WE6 Solve each of the following equations.

x2 + 6x= 0a. x2 − 8x= 0b. x2 + 9x= 0c.
x2 − 11x= 0d. 2x2 − 12x= 0e.

5. Solve each of the following equations.

2x2 − 15x= 0a. 3x2 − 2x= 0b. 4x2 + 7x= 0c.
2x2 − 5x= 0d. x2 + x= 0e.

6. Solve each of the following equations.

4x2 − x= 0a. −x2 − 5x= 0b. −2x2 − 24x= 0c.
−x2 + 18x= 0d. x2 − 2.5x= 0e.

7. MC Select the solutions to 4x2 − 36= 0.

x= 3 and x=−3A. x= 9 and x=−9B. x= 1 and x=−1C.
x= 2 and x=−2D. x= 6 and x=−6E.

8. MC Select the solutions to x2 − 5x= 0.

x= 1 and x= 5A. x= 0 and x=−5B. x= 0 and x= 5C.
x=−1 and x= 5D. x=−5 and x= 5E.

Understanding

9. WE7 If the square of a number is multiplied by 2, the answer is 32. Calculate the number.

10. A garden has two vegetable plots. One plot is a square; the other plot is a rectangle with one side 3 m shorter
than the side of the square and the other side 4 m longer than the side of the square. Both plots have the same
area. Sketch a diagram and determine the dimensions of each plot.

11. The square of a number is equal to 10 times the same number. Calculate the number.

Reasoning

12. Explain why the equation x2 + 9= 0 cannot be solved using the Null Factor Law.

13. Solve the equation m2x2 − n2 = 0 using the Null Factor Law.

14. Explain why the equation x2 + bx= 0 can only be solved using the Null Factor Law.

15. A quadratic expression may be written as ax2 + bx+ c. Using examples, explain why b and c may take any
values, but a cannot equal zero.

Problem solving

16. The square of a number tripled is equal to 24 times the same number. Calculate the number.

17. The sum of 6 times the square of a number and 72 times the same number is equal to zero. Calculate the
number.

18. A rectangular horse paddock has a width of x and a length that is 30 metres longer than its width. The area
of the paddock is 50x square metres.

a. Write the algebraic equation for the area described.
b. Factorise the equation.
c. Solve the equation.
d. Can you use all your solutions? Explain why or why not.
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12.5 Factorising and solving monic quadratic equations

LEARNING INTENTION

At the end of this subtopic you should be able to:
• factorise monic quadratic equations
• solve monic quadratic equations using factorisation and the Null Factor Law.

12.5.1 Quadratic trinomials
eles-4934

• A quadratic trinomial is an expression of the form ax2 + bx+ c, where a, b and c are constants.
• For the time being we will look only at quadratic trinomials for which a= 1; that is, trinomials of the

form x2 + bx+ c.
• The area model of binomial expansion can be reversed to find a pattern for factorising a general quadratic

expression.
For example:

(x+ f)(x+ h) = x2 + fx+ hx+ fh
= x2 + (f+ h)x+ fh

(x+ 4)(x+ 3) = x2 + 4x+ 3x+ 12

= x2 + 7x+ 12

x

h

x f+

x2 fx

fhhx

+

x

x

+

3

+

4

x2 4x

123x

Factorising monic quadratics

• To factorise a general quadratic, look for factors of c that sum to b.

x2 + bx + c = (x + f ) (x + h)

Factors of c that sum to b

For example, x2 + 7x+ 12 = (x+ 3)(x+ 4).
3+ 4 = 7
3× 4 = 12
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WORKED EXAMPLE 8 Factorising quadratic expressions

Factorise the following quadratic expressions.
x2 + 5x+ 6a. x2 + 10x+ 24b.

THINK WRITE

a. 1. The general quadratic expression has the pattern
x2 + 5x+ 6= (x+ f)(x+ h). f and h are a factor
pair of 6 that add to 5.
Calculate the sums of factor pairs of 6. The factors
of 6 that add to 5 are 2 and 3, as shown in blue.

a.
Factors of 6 Sum of factors

1 and 6 7

2 and 3 5

2. Substitute the values of f and h into the expression
in its factorised form.

(x2 + 5x+ 6) = (x+ 2)(x+ 3)

b. 1. The general quadratic expression has the pattern
x2 + 10x+ 24 = (x+ f)(x+ h), where f and h are a
factor pair of 24 that add to 10.
Calculate the sums of factor pairs of 24. The factors
of 24 that add to 10 are 4 and 6, as shown in blue.

b.
Factors of 24 Sum of factors

1 and 24 25

2 and 12 14

3 and 8 11

4 and 6 10

2. Substitute the values of f and h into the expression
in its factorised form.

x2 + 10x+ 24 = (x+ 4)(x+ 6)

WORKED EXAMPLE 9 Factorising quadratic expressions with negative terms

Factorise the following expressions.
a. x2 − 9x+ 18 b. x2 + 6x− 16

THINK WRITE

a. 1. The general quadratic expression has the pattern
x2 − 9x+ 18= (x+ f)(x+ h), where f and h are a
factor pair of 18 that add to −9.
Calculate the sums of factor pairs of 18. As shown
in blue, −3 and −6 are factors of 18 that add
to −9.

a.
Factors of 18 Sum of factors

1 and 18  19

−1 and −18 −19

2 and 9  11

−2 and −9 −11

3 and 6  9

−3 and −6  −9

2. Substitute the values of f and h into the expression
in its factorised form.

x2 − 9x+ 18= (x− 3)(x− 6)

b. 1. The general quadratic expression has the pattern
x2 + 6x− 16= (x+ f)(x+ h), where f and h are
a factor pair of −16 that add to 6.
Calculate the sums of factor pairs of −16.
As shown in blue, −2 and 8 are factors of −16
that add to 6.

b.
Factors of −16 Sum of factors

1 and −16 −15

−1 and 16 15

2 and −8 −6

−2 and 8 6

2. Substitute the values of f and h into the expression
in its factorised form.

x2 − 6x+ 16 = (x− 2)(x+ 8)
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12.5.2 Solving quadratic equations of the form x2 + bx+ c= 0
eles-4935

• If the expression x2 + bx+ c can be factorised, then the quadratic equation x2 + bx+ c= 0 can be solved
using the Null Factor Law.

WORKED EXAMPLE 10 Solving monic quadratic equations

Solve the following quadratic equations.
x2− 5x− 6= 0a. x2 + 14x = 15b.

THINK WRITE

a. 1. Write the equation. a. x2 − 5x− 6 = 0

2. Factorise x2 − 5x− 6. (x− 6) (x+ 1) = 0

3. Apply the Null Factor Law. x− 6 = 0
x = 6

x+ 1 = 0
x = −1

4. Solve the equations.

5. Write the solutions. x = −1, x= 6

b. 1. Write the equation and transpose so that
the right-hand side equals 0.

b. x2 + 14x = 15

x2 + 14x− 15 = 0

2. Factorise x2 − 14x− 15. (x+ 15) (x− 1) = 0

3. Apply the Null Factor Law. x+ 15 = 0
x = −15

x− 1 = 0
x = 1

4. Solve the linear equations and write the
solutions.

x = −15, x= 1

TI | THINK DISPLAY/WRITE CASIO | THINK DISPLAY/WRITE

a–b In a new problem on
a Calculator page,
complete the entry
lines as:
solve (x2 − 5x− 6=
0, x)
solve
(x2 + 14x= 15, x)
Press ENTER
after each entry.
Press ENTER
after each entry.

a. x2 − 5x− 6= 0
⇒ x=−1, x= 6

b. x2 + 14x= 15
⇒ x=−15, x= 1

On the Main screen,
complete the entry
lines as:
solve (x2 − 5x− 6= 0)
solve (x2 + 14x= 15)
Press EXE after each
entry.

a. x2 − 5x− 6= 0
⇒ x=−1, x= 6

b. x2 + 14x= 15
⇒ x=−15, x= 1
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Resourceseses
Resources

eWorkbook Topic 12 Workbook (worksheets, code puzzle and project) (ewbk-2012)

Digital documents SkillSHEET Factorising quadratic trinomials (doc-10981)
SkillSHEET Finding the factor pair that adds to a given number (doc-10982)

Interactivities Individual pathway interactivity: Factorising and solving monic quadratics (int-8352)

Factorising monic quadratics (int-6092)

Exercise 12.5 Factorising and solving monic quadratic
equations

Individual pathways

PRACTISE
1, 4, 7, 10, 13, 18, 22, 25

CONSOLIDATE
2, 5, 8, 11, 14, 16, 19, 20, 23, 26

MASTER
3, 6, 9, 12, 15, 17, 21, 24, 27, 28

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. Expand each of the following.

(x+ 4) (x+ 2)a. (x− 2) (x− 4)b. (x− 4) (x− 5)c.
(x+ 4) (x+ 5)d. (m+ 1) (m+ 5)e. (m− 1) (m− 5)f.

2. Expand each of the following.

(t+ 8) (t+ 11)a. (t− 10) (t− 20)b. (x+ 2) (x− 3)c.
(x+ 3) (x− 2)d. (v+ 5) (v− 8)e. (v− 5) (v+ 8)f.

3. Expand each of the following.

(x+ 7) (x− 2)a. (t+ 1) (t− 12)b. (n+ 15) (n− 2)c.
(a+ 3) (a− 6)d. (z+ 4) (z+ 4)e. (z+ 11) (z− 8)f.

4. Make a complete systematic list of pairs of positive integers that add up to:
a. 5 b. 6 c. 12 d. 20.

5. Make a complete systematic list of pairs of negative integers that add up to:
a. −5 b. −7 c. −8 d. −11.

6. Make a systematic list of 5 pairs of integers with opposite signs whose sum is:

6a. −6b. 3c.
−3d. −8e. 14.f.

7. WE8 Factorise each of the following.

x2 + 4x+ 3a. x2 − 4x+ 3b. x2 + 12x+ 11c.
x2 − 12x+ 11d. a2 + 6a+ 5e.

8. Factorise each of the following.

a2 − 6a+ 5a. x2 − 7x+ 12b. x2 − 7x+ 10c.
n2 + 8n+ 16d. n2 + 10n+ 16e.

9. Factorise each of the following.

y2 − 12y+ 27a. x2 − 13x+ 42b. t2 − 8t+ 12c.
t2 + 11t+ 18d. u2 + 5u+ 6e.
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10. WE9 Factorise each of the following.

x2 + 3x− 18a. x2 − 3x− 18b. x2 − 2x− 15c.
x2 + 2x− 15d. n2 − 13n− 14e.

11. Factorise each of the following.

n2 + 2n− 35a. v2 + 5v− 6b. v2 − 5v− 6c.
t2 + 4t− 12d. t2 − 5t− 14e.

12. Factorise each of the following.

x2 − x− 20a. x2 + x− 20b. n2 + n− 90c.
n2 − 3n− 70d. x2 − 4x− 5e.

13. WE10 Solve each of the following quadratic equations.

x2 − 6x+ 8= 0a. x2 + 6x+ 8= 0b. x2 + 6x+ 5= 0c.
x2 + x− 6= 0d. x2 + 2x− 15= 0e.

14. Solve each of the following quadratic equations.

x2 + 4x+ 4= 0a. x2 + 2x− 24= 0b. x2 − 5x− 24= 0c.
x2 − x− 12= 0d. x2 + 13x+ 12= 0e.

15. Solve each of the following quadratic equations.

x2 − 10x= 11a. x2 + x= 20b. x2 + 29x=−100c.
x2 − 15x=−50d. 0= x2 − 2x− 8e.

16. MC Select the solutions to the quadratic equation x2 + 2x− 8= 0.

x= 4 and x=−2A. x=−4 and x= 2B. x=−4 and x= 4C.
x=−2 and x= 2D. x=−4 and x=−2E.

17. MC Select the solutions to the quadratic equation x2 − 7x− 8= 0.

x= 1 and x= 8A. x=−1 and x=−8B. x=−8 and x= 1C.
x=−1 and x= 8D. x=−1 and x= 1E.

Understanding

18. Consider the quadratic trinomial x2 + 7x+ c where c is a positive integer.

a. Factorise the expression if c= 6.
b. Determine what other positive whole number values c can take if the expression is to be factorised.

Factorise the expression for each of these values.

19. Consider the quadratic trinomial x2 + 3x+ c where c is a negative integer.

a. Factorise the expression if c=−4.
b. Determine three more values of c for which the expression can be factorised, and factorise each one.

20. MC When factorised, x2 − 3x− 18 is equal to:

(x− 3) (x− 6)A. (x− 3) (x+ 6)B. (x+ 3) (x+ 6)C.
(x+ 3) (x− 6)D. (x+ 2) (x− 9).E.

21. The rectangle shown has an area of 45 cm2. By solving a quadratic equation,
determine the dimensions of the rectangle.

x + 4

x
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Reasoning

22. Show that x2 + 8x+ 10 has no factors, if only whole numbers can be used.

23. Show that x2 + 12x+ 24 has no factors, if only whole numbers can be used.

24. The number of diagonals in a polygon is given by the formula D= n

2
(n− 3),

where n is the number of sides in the polygon.

a. Determine how many diagonals there are in:
i. a triangle ii. a square iii. a decagon.

b. Determine what type of polygon has:
i. 20 diagonals ii. 170 diagonals.

Problem solving

25. a. Write algebraic expressions for each of the parts below. Your friend picks a number, n.
i. He adds 1 to it.
ii. He adds 7 to it.
iii. He multiplies these two new numbers together.
iv. He then divides the product in part iii by the product of 2 more than the original number, n, and

1 more than the original number, n.
b. The result of the division is 2. What number, n, did he begin with?

26. Rectangular floor mats have an area of x2 + 2x− 15.

a. If the length of the mat is (x+ 5) cm, develop an expression for the width.
b. If the length of the mat is 70 cm, calculate the width.
c. If the width of the mat is 1 m, calculate the length.

27. A girl, her brother and her teacher are shown below. The product of the teacher’s and brother’s ages is 256.

I am 6
years younger than

my sister.

I am
18 years older than

this student.

If I am
g years old, my
brother is g – 6.

a. Write an algebraic expression in terms of g to represent the teacher’s age.
b. Use the algebraic expressions to write an expression for the product of the brother’s and teacher’s ages

and expand this product.
c. Write an equation using your answer to part b for the product of their ages. Hint: An equation has an ‘is

equal to’ part to it.
d. Rearrange your answer to part c by collecting like trms and making it equal to zero.
e. Determine the value of g by solving the equation in part d using the Null Factor Law.

Note: Discard any value that does not make sense.
f. State the ages of the girl, her brother and the teacher.
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28. A particular rectangle has an area of 120 m2.

a. Generate a list of possible whole number dimensions for the rectangle.
b. The area of the rectangle can also be expressed as A= x2 + 2x− 48. Determine algebraic expressions for

the length and the width of the rectangle in terms of x.
c. Use your list of possible dimensions and your algebraic expressions for width and length to determine the

dimensions of the rectangle. Hint: The value of x in the length and width must be the same.

12.6 Graphs of quadratic functions

LEARNING INTENTION

At the end of this subtopic you should be able to:
• identify the features of a parabolic graph
• plot the graph of a quadratic equation using a table of values
• use a parabolic graph to determine values.

12.6.1 Graphs of quadratic functions
eles-4936

• When quadratic functions are graphed, they produce curved lines called parabolas.
• The graph shown is a typical parabola with features as listed below.

y

x

–1

–2

–3

–4

–5

1

3

4

5

2

y-intercept
(0, 3)

y = (x – 2)2 –1

x-intercepts
(1, 0)
(3, 0)

Local minimum
(2, –1)

Axis of symmetry
x = 2

0.50 1 1.5 2 2.5 3 3.5 4 4.5–0.5

• The dotted line is the axis of symmetry; the parabola is the same on either side of this line.
• The turning point is the point where the graph changes direction. It is located on the axis of symmetry.
• The turning point is a local minimum if it is the lowest point on the graph, and a local maximum if it is

the highest point on the graph.
• The x-intercept(s) is where the graph crosses (or sometimes just touches) the x-axis. Not all parabolas

have x-intercepts.
• The y-intercept is where the graph crosses the y-axis. All parabolas have one y-intercept.
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WORKED EXAMPLE 11 Describing features of parabolas

For each of the following graphs:
i. state the equation of the axis of symmetry
ii. state the coordinates of the turning point
iii. indicate whether it is a maximum or a minimum turning point.

y

1

x0

Axis of symmetry

(1, –4)

a.

y

–2
x0

(–2, 3)

Axis of symmetryb.

THINK WRITE

a. i. State the equation of the vertical line that cuts the
parabola in half.

a. i. Axis of symmetry is x= 1.

ii. State the turning point. ii. The turning point is at (1, −4).

iii. Determine the nature of the turning point by
observing whether it is the highest or lowest
point of the graph.

iii. Minimum turning point

b. i. State the equation of the vertical line that cuts the
parabola in half.

b. i. Axis of symmetry is x=−2.

ii. State the turning point. ii. The turning point is at (−2, 3).
iii. Determine the nature of the turning point by

observing whether it is the highest or lowest
point of the graph.

iii. Maximum turning point

The x- and y-intercepts
• The x-intercept is where the graph crosses (or just touches) the x-axis.
• The y-intercept is where the graph crosses the y-axis. All parabolas have one y-intercept.
• When sketching a parabola, the x-intercepts (if any) and the y-intercept should always be marked on the

graph, with their respective coordinates.
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WORKED EXAMPLE 12 Determining axis intercepts for a parabolic graph

For each of the following graphs, state:
i. the equation of the axis of symmetry
ii. the coordinates of the turning point and whether the point is a maximum or a minimum
iii. the x- and y-intercepts.

–4

y

(2, 0)

x0

a. y

x
–2

(–1, –1)

0

b.

THINK WRITE

a. i. State the equation of the vertical line that cuts the
parabola in half.

a. i. Axis of symmetry is x= 2.

ii. State the turning point and its nature; that is,
determine whether it is the highest or lowest point
of the graph.

ii. Maximum turning point is at (2, 0).

iii. Observe where the parabola crosses the x-axis. In
this case, the graph touches the x-axis when x= 2,
so there is only one x-intercept.

iii. The x-intercept is 2. It occurs at the
point (2, 0).

Observe where the parabola crosses the y-axis. The y-intercept is −4. It occurs at the
point (0, −4).

b. i. State the equation of the vertical line that cuts the
parabola in half.

b. i. Axis of symmetry is x=−1.

ii. State the turning point and its nature; that is,
determine whether it is the highest or lowest point
of the graph.

ii. Minimum turning point is at
(−1, −1).

iii. Observe where the parabola crosses the x-axis. iii. The x-intercepts are −2 and 0. They
occur at the points (−2, 0) and (0, 0).

Observe where the parabola crosses the y-axis. The y-intercept is 0. It occurs at the
point (0, 0).

12.6.2 Plotting points to graph quadratic functions
eles-4937

• If there is a rule connecting y and x, a table of values can be used to determine actual coordinates.
• When drawing straight line graphs, a minimum of two points is required. For parabolas there is no
minimum number of points, but between 6 and 12 points is a reasonable number.

• The more points used, the ‘smoother’ the parabola will appear. The points should be joined with a smooth
curve, not ruled.

• Ensure that points plotted include (or are near) the main features of the parabola, namely the axis of
symmetry, the turning point and the x- and y-intercepts.
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• Occasionally a list of x-values will be provided and the corresponding y-values can be calculated.
In the following example, the set of x-values is specified as −4≤ x≤ 2.

WORKED EXAMPLE 13 Plotting points to graph quadratic functions

Plot the graph of y= x2 + 2x− 3, − 4≤ x≤ 2 and, hence, state:
a. the equation of the axis of symmetry
b. the coordinates of the turning point and whether it is a maximum or a minimum
c. the x- and y-intercepts.

THINK WRITE/DRAW

1. Write the equation. y = x2 + 2x− 3

2. Complete a table of values by substituting into the
equation each integer value of x from −4 to 2. For
example, when
x=−4, y= (−4)2 + 2× (−4)− 3= 5.

x −4 −3 −2 −1 0 1 4

y 5 0 −3 −4 −3 0 5

3. List the coordinates of the points. (−4, 5), (−3, 0), (−2, −3), (−1, −4), (0, −3),
(1, 0), (2, 5)

4. Draw and label a set of axes, plot the points listed
and join the points to form a smooth curve. y = x

2
 + 2x – 3

–4

–2

–3

2

4

3

1

5

y

x0–3–4 –2 –1 2

(–1, –4)

1

a. Find the equation of the line that divides the
parabola exactly into two halves.

a. Axis of symmetry is x=−1.

b. Find the point where the graph turns or changes
direction, and decide whether it is the highest or
lowest point of the graph. State the coordinates of
this point.

b. Minimum turning point is at (−1, −4).

c. 1. State the x-coordinates of the points where the
graph crosses the x-axis.

c. The x-intercepts are at −3 and 1. They occur at
the points (−3, 0) and (1, 0).

2. State the y-coordinate of the point where the
graph crosses the y-axis.

The y-intercept is at −3. It occurs at the point
(0, −3).

706 Jacaranda Maths Quest 9

PAGE PROOFS



“c12QuadraticEquationsAndGraphs_PrintPDF” — 2021/8/24 — 7:33 — page 707 — #27

TI | THINK DISPLAY/WRITE CASIO | THINK DISPLAY/WRITE

a In a new problem,
on a Graphs page,
complete the
function entry
line as:
f1 (x)= x2 + 2x− 3|
−4≤ x≤ 2
Then press ENTER.

a a 1 On the Graph & Table
screen, complete the
function entry line as:
y1= x2 + 2x− 3|
−4≤ x≤ 2
Then press EXE.
Press the icon.

a

2 To determine the equation
of the axis of symmetry, we
need to know the
x-coordinate of the turning
point.
Press the icon.

The axis of symmetry
is x=−1

b To determine the
equation of the axis
of symmetry, we
need to know the
x-coordinate of the
turning point.
Press:
• MENU
• 6: Analyze

Graph
• 2: Minimum.
Press ENTER
to fix the lower
bound, then drag
the vertical line to
the right to locate
an upper bound and
press ENTER. State
the coordinates of
the turning point
and whether it is
a maximum or a
minimum.

b

The axis of symmetry is x=−1.
The turning point occurs at
(−1, − 4) and it is a mimimum
point.

b State the coordinates of
the turning point and
whether it is a maximum or
a minimum.

b The turning point
occurs at (−1,− 4)
and it is a minimum
point.

• A rule connecting x and y will be occasionally provided. From this rule, pairs of x- and y-values can be
calculated. In the following example, the rule is given as h=−5x2 + 25x.

• Graphs can be drawn using a graphics calculator, a graphing program on your computer or by hand.
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WORKED EXAMPLE 14 Using graphs of quadratic functions

Rudie, the cannonball chicken, was fired out of a cannon.
His path could be traced by the equation h=−5x2 + 25x,
where h is Rudie’s height, in metres, above the ground
and x is the horizontal distance, in metres, from the
cannon. Plot the graph for 0≤ x≤ 5 and use it to find
the maximum height of Rudie’s path.

THINK WRITE

1. Write the equation. h = −5x2 + 25x

2. Complete a table of values by substituting
into the equation each integer value of x
from 0 to 5.
For example, when x= 0,
h=−5× 02 + 25× 0= 0.

x 1 2 3 4 5

h 0 20 30 30 20

3. List the coordinates of the points. (0, 0), (1, 20), (2, 30), (3, 30), (4, 20), (5, 0)

4. As a parabola is symmetrical, the greatest
value of h must be greater than 30 and occurs
when x lies between 2 and 3, so find the value
of h when x= 2.5.

When x= 2.5, h = 5× (2.5)2 + 25× 2.5
= 31.25

30

20

10

1 2 3 4 5
0

h

x

h = −5x2 + 25x

5. Draw and label a set of axes, plot the points
from the table and join the points to form a
smooth curve.

6. The maximum height is the value of h
at the highest point of the graph.

h = 31.25

7. Answer the question in a sentence. The maximum height of Rudie’s path is 31.25 metres.

Resourceseses
Resources

eWorkbook Topic 12 Workbook (worksheets, code puzzle and project) (ewbk-2012)

Digital documents SkillSHEET Equation of a vertical line (doc-10989)
SkillSHEET Substitution into quadratic equations (doc-10990)
SkillSHEET Plotting coordinate points (doc-10991)

Interactivities Individual pathway interactivity: Graphs of quadratic functions (int-8353)
The y-intercept (int-3837)

708 Jacaranda Maths Quest 9

PAGE PROOFS



“c12QuadraticEquationsAndGraphs_PrintPDF” — 2021/8/24 — 7:33 — page 709 — #29

Exercise 12.6 Graphs of quadratic functions

Individual pathways

PRACTISE
1, 4, 5, 9, 10, 11, 16, 19

CONSOLIDATE
2, 6, 8, 12, 14, 17, 20

MASTER
3, 7, 13, 15, 18, 21, 22

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. WE11 For each of the graphs below:

i. state the equation of the axis of symmetry
ii. give the coordinates of the turning point
iii. indicate whether it is a minimum or maximum turning point.

y

x0 (0, 0)

a. y

x0

(0, –3)

b.

–2

y

–1
x0

(–1, –2)

c.

y

(0, 0)

x0

d. y

x0

(0, 2)

e.

–1
2

y

(2, –1)

x0

f.

2. For each of the following graphs, state:

i. the equation of the axis of symmetry
ii. the coordinates of the turning point
iii. whether the turning point is a maximum or minimum.

y

x0

(0, 1)

a.

–3

1

y

x0

(1, –3)

(0, –2)

b. y

x0

(–2, 2)

c.

–2

–1

(–1, –2)

(0, –3)

y

x0

d. y

x0

(2, 2)

(0, 6)

e. y

x0

(0, 1)

f.
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3. WE12 For each of the following graphs, state:

i. the equation of the axis of symmetry
ii. the coordinates of the turning point and whether the point is a maximum or a minimum
iii. the x- and y-intercepts.

y

x0
1–1

(0, –1)

a. y

x0
1–1

(0, 1)

b. y

x0
31–1

–3
–4

c.

y

x0
–1–2

1

–3

–3

d.

1
–
2

1
–
2

1
–
2

3
–
4

y

x0
–1 –

–1

–

e.

1
–
4

1
–
2

y

x0

2
2

f.

4. MC a. Identify the axis of symmetry for the graph shown.

x= 0A. x=−2B. x=−4C.
y= 0D. the y-axisE.

b. Identify the coordinates of the turning point for the graph.
(0, 0)A. (−2, 4)B. (−2, − 4)C.
(2, −4)D. (2, 4)E.

c. Identify the y-intercept.
0A. −2B. −4C.
2D. 4E.

d. Identify the x-intercepts.
0 and 4A. 0 and 2B. 0 and −2C.
0 and −4D. −2 and − 4E.

–4

y

x0
–4 –2

For questions 5 to 7, plot the graph of the quadratic equation and hence state:
i. the equation of the axis of symmetry
ii. the coordinates of the turning point and whether it is a maximum or a minimum
iii. the x- and y-intercepts.

5. WE13 a. y= x2 + 8x+ 15, −7≤ x≤ 0 b. y= x2 − 1, −3≤ x≤ 3

6. y= x2 − 4x, −1≤ x≤ 5a. y= x2 − 2x+ 3, −2≤ x≤ 4b.

7. y= x2 + 12x+ 35, −9≤ x≤ 0a. y=−x2 + 4x+ 5, −2≤ x≤ 6b.

8. Consider the equations for −3≤ x≤ 3:

i. y= x2 + 2
ii. y= x2 + 3

a. Make a table of values and plot the points on the same set of axes.
b. State the equation of the axis of symmetry for each equation.
c. State the x-intercepts for each equation.
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Understanding

9. Consider the table of values below.

x −4 −3 −2 −1 0 1 2 3 4
y 12 5 0 −3 −4 −3 0 5 12

a. Plot these points on graph paper. State the shape of the graph.
b. Locate the axis of symmetry.
c. Locate the y-intercept.
d. Locate the x-intercept(s).

10. Consider the function y= x2 + x. Complete this table of values for the function.

x −6 −4 −2 0 2 4 6 8
y 0

11. MC Select which of the following rules is not a parabola.

y=−2x2A. y= 2x2 − xB. y=−2÷ x2C. y=−2+ x2D. y= 3x2E.

12. Consider the graph of y= −x2.

a. State the turning point of this graph.
b. State whether the turning point is a maximum or a minimum.

13. Given the following information, make a sketch of the graph involved.

a. Maximum turning point = (−2, −2), y-intercept = (0, −6)
b. Minimum turning point = (−3, −2), x-intercept (1, 0), and (−7, 0)

14. Sketch a graph where the turning point and the x-intercept are the same. Suggest a possible equation.

15. Sketch a graph where the turning point and the y-intercept are the same. Suggest a possible equation.

Reasoning

16. On a set of axes, sketch a parabola that has no x-intercepts and has an axis of symmetry x=−2. Explain if
the parabola has a maximum or minimum turning point, or both.

17. If the axis of symmetry of a parabola is x=−4 and one of the x-intercepts is (10, 0), show the other
x-intercept is (−18, 0).

18. If the x-intercepts of a parabola are (−2, 0) and (5, 0), show that the axis of symmetry is x= 1.5.

Problem solving

19. Consider the parabola given by the rule y= x2 and the straight line given by y= x. Show that the two graphs
meet at (0, 0) and (1, 1).

20. a. The axis of symmetry of a parabola is x=−4. If one x-intercept is −10, determine the other x -intercept.
b. Suggest a possible equation for the parabola.

21. WE14 A missile was fired from a boat during a test. The missile’s path could be traced by the equation

h=−1

2
x2 + x, where h is the missile’s height above the ground, in kilometres, and x is the horizontal

distance from the boat, in kilometres.
Plot the graph for 0≤ x≤ 2 and use it to find the maximum height of the missile’s path, in metres.
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22. SpaceCorp sent a lander to Mars to
measure the temperature change over
a period of time. The results were
plotted on a set of axes, as shown.
From the graph it can be seen that
the temperature change follows the
quadratic rule
T=−h2 + 22h− 21, where T is the
temperature in degrees Celsius, and
the time elapsed, h, is in hours.

State the initial recorded
temperature on Mars.

a.

State when the temperature
measured 0 °C.

b.

T

h

20

0

40

–20

60

80

100

5 10 15 20

Identify when the highest temperature was recorded.c.
State the highest temperature recorded.d.

12.7 Sketching parabolas of the form y= ax2

LEARNING INTENTION

At the end of this subtopic you should be able to:
• sketch parabolas for quadratic equations of the form y= ax2

• describe the features of a parabola of the form y= ax2

• describe the effect of changing the value of a on parabolas of the form y= ax2.

12.7.1 The graph of the quadratic function y= x2
eles-4938

• The simplest parabola, y= x2, is shown.

y = x
2

y

x0
1 2–1–2

(0, 0)

1

2

3

4

• Both the x- and y-axes are clearly indicated, along with their scales.
• The turning point (0, 0) is indicated.
• The x- and y-intercepts are indicated. For this graph they are all (0, 0).
• This is an example of a parabola that just touches (does not cross) the x -axis at (0, 0).
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12.7.2 Parabolas of the form y= ax2, where a> 0
eles-4939

• A coefficient in front of the x2 term affects the dilation of the
graph, making it wider or narrower than the graph of y= x2.

• If a> 1 then the graph becomes narrower, whereas if 0< a< 1,
the graph becomes wider.

• The graph shows the effect of varying the coefficient a. Notice

that y= 3x2 is narrower than y= x2 and y= 1

4
x2 is wider than

y= x2.

–5–6 –4 –3 –2

5

6

7

8

4

3

2

–1
1 2 3 4 5 6–1

0 x

y

1

y = 3x2

y = x2

y =     x21

4

Parabolas of the form y= ax2, where a> 0

For all parabolas of the form y= ax2, where a> 0:
• the axis of symmetry is x= 0
• the turning point is (0, 0)
• the x-intercept is (0, 0)
• the y-intercept is (0, 0)
• the shape of the parabola is always upright, or a U shape (∪).

WORKED EXAMPLE 15 Sketching dilation of parabolas with a> 0

On the same set of axes, sketch the graph of y= x2 and y= 3x2, marking the coordinates of the turning
point and the intercepts. State which graph is narrower.

THINK WRITE/DRAW

1. Write the equation of the first graph. y = x2

2. State its axis of symmetry. The axis of symmetry is x= 0.

3. State the coordinates of the turning point. The turning point is (0, 0).
4. State the intercepts. The x-intercept is (0, 0) and the y-intercept is also

(0, 0).

5. Calculate the coordinates of one other point. When x= 1, y= 1; (1, 1)
6. Write the equation of the second graph. y= 3x2

7. State its axis of symmetry. The axis of symmetry is x= 0.

8. State the coordinates of the turning point. The turning point is (0, 0).
9. State the intercepts. The x-intercept is 0 and the y-intercept is 0.

10. Calculate the coordinates of one other point. When x= 1, y= 3; (1, 3)
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11. Sketch the graphs, labelling the turning point.

y = x2

y = 3x2y

x0
1 2–1–2

(0, 0)

1

2

3

4

12. State which graph is narrower. The graph of y= 3x2 is narrower.

12.7.3 Parabolas of the form y= ax2, where a< 0
eles-4940

• When a< 0, the graph is inverted; that is, it is ∩ shaped.
• A coefficient in front of the x2 term affects the dilation of the

graph, making it wider or narrower than the graph of y= x2.
• If −1< a< 0, the graph is wider than y=−x2.
• If a<−1, the graph is narrower than y=−x2.

• The graph shows the effect of varying the coefficient a.

Notice that y=−3x2 is narrower than y=−x2 and y=−1

4
x2 is

wider than y=−x2.

–5–6 –4 –3 –2

–2

–

–1

1

–3

–4

–5

–8

1 2 3 4 5 6–1 0 x

y

–6

–7
y = –x2

4
y =       x21

y = –3x2

Parabolas of the form y= ax2, where a< 0

For all parabolas of the form y= ax2, where a< 0:
• the axis of symmetry is x= 0
• the turning point is (0, 0)
• the x-intercept is (0, 0)
• the y-intercept is (0, 0)
• the shape of the parabola is always inverted or an upside-down U shape (∩).

WORKED EXAMPLE 16 Sketching dilation of parabolas with a< 0

On the same set of axes sketch the graphs of y=−x2 and y=−2x2, marking the coordinates of the
turning point and the intercept. State which graph is narrower.

THINK WRITE/DRAW

1. Write the equation of the first graph. y = −x2

2. State its axis of symmetry. The axis of symmetry is x= 0.

3. State the coordinates of the turning point. The turning point is (0, 0).
4. State the intercepts. The x-intercept is (0, 0) and the y-intercept is also (0, 0).

714 Jacaranda Maths Quest 9

PAGE PROOFS



“c12QuadraticEquationsAndGraphs_PrintPDF” — 2021/8/24 — 7:33 — page 715 — #35

5. Calculate the coordinates of one other point. When x= 1, y=−1; (1, −1)

6. Write the equation of the second graph. y = −2x2

7. State its axis of symmetry. The axis of symmetry is x= 0.

8. State the coordinates of the turning point. The turning point is (0, 0).
9. State the intercepts. The x-intercept is (0, 0) and the y-intercept is also (0, 0).

10. Calculate the coordinates of one other point. When x= 1; y=−2; (1, −2)
11. Sketch the two graphs on a single set of

axes, labelling the turning point (as well as
intercepts and maximum).

–4 –3 –2

–2

–1

1

–3

–4

–5

1 2

(0, 0)

3 4–1
0 x

y

–6

y = –2x2

y = –x2

12. State which graph is narrower. The graph of y=−2x2 is narrower.

Resourceseses
Resources

eWorkbook Topic 12 Workbook (worksheets, code puzzle and project) (ewbk-2012)

Interactivities Individual pathway interactivity: Sketching parabolas of the form y = ax2 (int-8354)

Dilation of parabolas (int-6096)

Exercise 12.7 Sketching parabolas of the form y= ax2

Individual pathways

PRACTISE
1, 5, 7, 11, 14

CONSOLIDATE
2, 4, 8, 12, 15

MASTER
3, 6, 9, 10, 13, 16

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. WE15 On the same set of axes, sketch the graph of y= x2 and y= 4x2, marking the coordinates of the turning
point and the intercepts. State which graph is narrower.

2. On the same set of axes, sketch the graph of y= x2 and y= 1

2
x2, marking the coordinates of the turning point

and the intercepts. State which graph is narrower.

3. Sketch the graph of the following table. State the equation of the graph.

x −4 −3 −2 −1 0 1 2 3 4
y 4 2.25 1 0.25 0 0.25 1 2.25 4
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4. a. WE16 Using the same set of axes, sketch the graphs of y=−x2 and y=−0.5x2, marking the coordinates
of the turning point and the intercepts. State which graph is narrower.

b. Using the same set of axes, sketch the graph of y=−5x2, marking the coordinates of the turning point and
the intercepts. State which graph is the narrowest.

5. MC a. The graph of y=−3x2 is:

wider than y= x2A. narrower than y= x2B.
the same width as y= x2C. a reflection of y= x2 in the x-axis.D.
a reflection of y= x2 in the y-axis.E.

b. The graph of y= 1

3
x2 is:

wider than y= x2A. narrower than y= x2B.
the same width as y= x2C. a reflection of y= x2 in the x-axis.D.
a reflection of y= x2 in the y-axis.E.

c. The graph of y= 1

2
x2 is:

wider than y= 1

4
x2A. narrower than y= 1

4
x2B.

the same width as y= 1

4
x2C. a reflection of y= 1

4
x2 in the x-axis.D.

a reflection of y= x2 in the y-axis.E.

6. Match each of the following parabolas with the appropriate equation from the list.

i. y= 3x2

ii. y=−x2

iii. y= 4x2

iv. y= 1

2
x2

v. y=−4x2

vi. y=−2x2

–1

y

x

1

2

3

5

4

–2 10 2–1

a.

–1

y

x

–2

–3

–4

–5

1

–2–3 10 2 3–1

b.

–1

y

x

2

3

5

4

–2 10 2–1

1

c.

y

x

–2

–3

–4

–5

1

–2 1 2
–1
0

–1

d.

–1

y

x

1

2

3

5

4

–2–3 10 2 3–1

e.

–1

y

x

–2

–3

–4

–5

1

–2 10 2–1

f.

Understanding

7. Write an equation for a parabola that has a minimum turning point and is narrower than y= x2.

8. Write an equation for a parabola that has a maximum turning point and is wider than y= x2.

9. Determine the equation of a quadratic relation if it has an equation of the form y= ax2 and passes through:

(1, 3)a. (−1, −1).b.
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10. Consider the equation y=−3.5x2. Calculate the values of y when x is:

10a. −10b. −3c. 1.5d. −2.2.e.

Reasoning

11. a. Sketch the following graphs on the same axes: y= x2, y= 2x2 and y=−3x2. Shade the area between the
two graphs above the x-axis and the area inside the graph below the x-axis. Describe the shape that has
been shaded.

b. Sketch the following graphs on the same axes: y= x2, y= 1

3
x2 and y=−4x2. Shade the area inside the

graphs of y= x2 and y=−4x2. Also shade the area between the graph of y= 1

3
x2 and the x-axis. Describe

the shape that you have drawn.

12. The photograph shows the parabolic shape of a skate ramp. The rule of the form y= ax2 describes the shape
of the ramp. If the top of the ramp has coordinates (3, 6), find a possible equation that describes the shape.
Justify your answer.

13. The total sales of a fast food franchise vary as the square of the number of franchises in a given city. Let S
be the total sales (in millions of dollars per month) and f be the number of franchises. If sales =$25 million
when f= 4, then:

show that the equation relating S and f is S= 1 562 500 f 2a.
determine the number of franchises needed to (at least) double the sales from $25 000 000.b.

Problem solving

14. The amount of power (watts) in an electric circuit varies as the square of the current (amperes). If the power
is 100 watts when the current is 2 amperes, calculate:

the power when the current is 4 amperesa.
the power when the current is 5 amperes.b.

15. Xanthe and Carly were comparing parabolas on their CAS calculators. Xanthe graphed y= 0.001x2 with
window settings −1000≤ x≤ 1000 and 0≤ y≤ 1000. Carly graphed y= x2 with window settings −k≤ x≤ k
and 0≤ y≤ k. Except for the scale markings, the graphs looked exactly the same. What is the value of k?

16. The parabola y= x2 is rotated 90° clockwise about the origin. Determine the equation.
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12.8 Sketching parabolas of the form y= (x− h)2+ k
LEARNING INTENTION

At the end of this subtopic you should be able to:
• find the axes of symmetry, y-intercepts and turning points for graphs of the form y= ax2 + c and
y= (x− h)2 + k

• sketch graphs of the form y= ax2 + c, y= (x− h)2 and y= (x− h)2 + k
• describe the transformations that transform the graph of y= x2 into y= (x− h)2 + k.

12.8.1 Sketching parabolas of the form y= ax2 + c
eles-4941

• A parabola with the equation y= x2 + c is simply the graph of y= x2 moved
vertically by c units.

• If c> 0, the graph of y= x2 moves up by c units.
• If c< 0, the graph of y= x2 moves down by c units.
• The turning point of such a parabola is (0, c). (0, c)

0 x

y

y = x2 + c

y = x2

WORKED EXAMPLE 17 Sketching parabolas of the form y= x2+ c and y=−x2+ c

For each part of the question, sketch the graph of y= x2, then, on the same axes, sketch the
given graph, clearly labelling the turning point.

y= x2+ 2a. y=−x2− 3b.

THINK WRITE/DRAW

a. 1. Sketch the graph of y= x2 by drawing a set of labelled
axes, marking the turning point (0, 0) and noting that it
is symmetrical about the y-axis.

a.

y = x
2

y

x0
1 2–1–2

(0, 0)

1

2

3

4

2. Determine the turning point of y= x2 + 2 by adding 2 to
the y-coordinate of the turning point of y= x2.

The turning point of y= x2 + 2 is (0, 2).
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3. Using the same axes as for the graph of y= x2,
sketch the graph of y= x2 + 2, marking the turning point
and making sure that it is the same width as the graph of
y= x2. (The coefficient of x2 is the same for both graphs.)

y = x2 + 2

y = x2

y

x0
1 2–1–2

(0, 0)

(0, 2)

1

2

3

4

b. 1. Sketch the graph of y= x2 by drawing a set of labelled
axes, marking the turning point (0, 0) and noting that it
is symmetrical about the y-axis.

b.

y = x2

y

x0
1 2–1–2

(0, 0)

1

2

3

4

2. Determine the turning point of y=−x2 − 3 by subtracting
3 from the y-coordinate of the turning point of y= x2.

The turning point of
y=−x2 − 3 is (−0, −3).

3. Using the same axes as for the graph of y= x2, sketch the
graph of y=−x2 − 3, marking the turning point, inverting
the graph and making sure that the graph is the same width
as the graph of y= x2.

y = x2

y = –x2 – 3

y

x
0 1–1

(0, 0)

(0, –3)

12.8.2 Sketching parabolas of the form y= (x− h)2
eles-4942

• Subtracting a constant value h from x in y= x2 translates the parabola h units
to the right. The parabola’s shape is otherwise unchanged.
• The equation is y= (x− h)2, where h is a positive quantity.
• The x-intercept occurs when x= h.

• Adding a constant value h to x in y= x2 translates the parabola h units
to the left; otherwise the parabola’s shape is unchanged.
• The equation is y= (x+ h)2, where h is a positive quantity.
• The x-intercept occurs when x=−h.

• The y-intercept occurs when x= 0, and is always at y= h2.

–4 –3 –2

5

4

3

2

1

–1
1 2 3 4–1

0 x

y = x2

y = (x – 2)2

y = (x + 2)2

y
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WORKED EXAMPLE 18 Sketching parabolas of the form y= (x−h)2

On clearly labelled axes, sketch the graph of y= (x− 2)2, marking the turning point and y-intercept.
State whether the turning point is a maximum or a minimum.

THINK WRITE/DRAW

1. Write the equation. y = (x− 2)2

2. State the axis of symmetry (x= h where h is 2). The axis of symmetry is x= 2.

3. State the turning point, which has been moved to the right. The turning point is (2, 0).
4. The sign in front of the bracket is positive so the parabola

is upright.
Minimum turning point

5. Determine the y-intercept by substituting x = 0 into the
equation.

y-intercept:when x = 0,
y = (0− 2)2

= 4
The y-intercept is 4.

6. Draw a clearly labelled set of axes, mark the turning point
and y-intercept and draw the graph of y= (x− 2)2. Note
that the sign in the brackets is negative so the graph moves
2 units to the right. y = (x – 2)2 

 

1 2 3 4

1

2

3

4

x0

y

WORKED EXAMPLE 19 Sketching parabolas of the form y=−(x+h)2

Sketch the graph of y=−(x+ 1)2, labelling the turning point, stating whether it is a maximum
or minimum, and finding the y-intercept and the equation of the axis of symmetry.

THINK WRITE/DRAW

1. Write the equation. y = −(x+ 1)2

2. State the turning point, which has been moved to the left. The turning point is (−1, 0).
3. The sign in front of the bracket is negative so the parabola

is inverted.
Maximum turning point

4. Determine the y-intercept by substituting x = 0 into the
equation.

y-intercept: when x = 0,
y = −(0+ 1)2

= −1
The y-intercept is −1.

5. State the axis of symmetry (x= h,where h is −1). The axis of symmetry is x=−1.
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6. Draw a clearly labelled set of axes, mark the turning
point and y-intercept and draw the graph of
y=−(x+ 1)2.

y = – (x + 1)2 

  

–1

–1

y

x0

12.8.3 Sketching parabolas of the form y= (x− h)2 + k
eles-4943

• The equation y= (x− h)2 + k combines a vertical translation of k and a horizontal translation of h together.
• The equation y= (x− h)2 + k is called turning point form because the turning point is given by the

coordinates (h, k).

Sketching the graph of y= (x− h)2 + k

1. Identify the values of h and k.
2. Mark the following:

• the turning point at (h, k)
• y-intercept at

(
0, h2 + k

)
• axis of symmetry at x= h.

3. Calculate the positions of the x-intercepts by setting y= 0 and solving for x.
Mark their positions on the x-axis.

4. Connect the points you have marked with a single neat curve to form a
parabola.

h2 + k

k

a

(h, k)

0 x

y = (x – h)2 + k

y

x = h

WORKED EXAMPLE 20 Sketching graphs of the form y= (x+h)2− k

Sketch the graph of y= (x+ 2)2 − 1, marking the turning point and the y-intercept, and indicate the
type of turning point.

THINK WRITE/DRAW

1. Write the equation. y = (x+ 2)2 − 1

2. State the turning point. As the equation is in the form y=
(x− h)2 + k, the turning point is (h, k).

The turning point is (−2, −1).

3. There is no sign outside the brackets, so the parabola is
upright.

Minimum turning point

4. Determine the y-intercept by substituting x= 0 into the
equation.

y-intercept: when x = 0,
y = (0+ 2)2 − 1
= 3
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5. Draw clearly labelled axes, mark the coordinates of the
turning point, the y-intercept and draw a symmetrical
graph. y = (x + 2)2 

–1

 

(–2, –1) 

3

y

x0

• Note that in the previous example the graph has shifted 2 units left (h= 2) and 1 unit down (k=−1).
• The graph has the same shape as y= x2.

WORKED EXAMPLE 21 Sketching variations of the y= x2 graph

On the same set of axes, sketch the graphs of each of the following, clearly marking the coordinates of
the turning point and the y-intercept:

y= x2a. y= (x− 2)2b. y= (x− 2)2 + 1.c.

State the changes that are made from a to b and from a to c.

THINK WRITE/DRAW

a. Sketch the graph of y= x2, marking the
coordinates of the turning point and the
y-intercept.

a.

y = x2

 

y

x(0, 0)

b. 1. Write the equation. b. y= (x− 2)2

2. Determine the coordinates of the turning point. The turning point is (2, 0).
3. Calculate the y-intercept. y-intercept: when x = 0,

y = (0− 2)2

= 4
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4. On the same set of axes, sketch the graph of
y= (x− 2)2, marking the coordinates of the
turning point and the y-intercept.

y = x2
 y = (x – 2)2

(2, 0)

(0, 0)
2

4

y

x

c. 1. Write the equation. c. y = (x− 2)2 + 1

2. Determine the coordinates of the turning point. The turning point is (2, 1).
3. Calculate the y-intercept. y-intercept: when x = 0,

y = (0− 2)2 + 1
= 4+ 1
= 5

4. On the same set of axes, sketch the graph of
y= (x− 2)2 + 1, marking the coordinates of the
turning point and the y-intercept.

y = x2 

y = (x – 2)2
 

 y = (x – 2)2 
+ 1

2

4

5

y

x0

(2, 1)

5. State how y= x2 is changed to form
y= (x− 2)2.
State how y= x2 is changed to form
y= (x− 2)2 + 1.

If y= x2 is moved 2 units to the right, the resulting
graph is y= (x− 2)2.
If y= x2 is moved 2 units to the right and 1 unit
up, the resulting graph is y= (x− 2)2 + 1.
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TI | THINK DISPLAY/WRITE CASIO | THINK DISPLAY/WRITE

a–c In a new problem,
on a Graphs page,
complete the
function entry
lines as:
f 1(x)= x2

f 2 (x)= (x− 2)2

f 3 (x)= (x− 2)2 + 1
Press ENTER after
each entry.

a–c

The graph of y= x2 has a turning
point at (0, 0). If this graph is
moved 2 units to the right, it is
the graph of y= (x− 2)2, which
has a turning point at (2, 0). If this
graph is moved 1 unit up, it is the
graph of y= (x− 2)2 + 1, which
has a turning point at (2, 1).

On the Graph
& Table screen,
complete the
function entry
lines as:
y1= x2

y2= (x− 2)2
y3= (x− 2)2 + 1
Press EXE after
each entry.
Press the Graph icon
to view the graph.

If y= (x− h)2 + k,
then h controls the
horizontal translation of
the graphs and k controls
the vertical translations.

Digital technology

Using Desmos

In many cases it can be very helpful to use graphing software. One program that can be accessed free of
charge is Desmos.

• Go to www.desmos.com.
• Under Maths Tools, select graphing calculator.
• You will see the following screen:

• Enter one of following equations into the box at top left, then click the + icon to create a new box, and
repeat for the remaining equations: y= x2; y= 2x2; y=−2x2.
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• You will see the three parabolas appear. Note that the colours of the parabolas match the coloured
circles in front of each of your equations in the panel.

• Clear parabolas from the graph space by clicking × at right of each equation box.
• Now try the equation y= (x− 3)2 − 2.
• Clicking on the grey circles at intersection points on the graph will display their coordinates. Below we

can see the coordinates for the turning point, the x-intercepts and the y-intercept.

Resourceseses
Resources

eWorkbook Topic 12 Workbook (worksheets, code puzzle and project) (ewbk-2012)

Interactivities Individual pathway interactivity: Sketching parabolas of the form y = (x − h)2 + k (int-8355)

Vertical translations of parabolas (int-6055)
Horizontal translations of parabolas (int-6054)
Turning point form (int-6099)
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Exercise 12.8 Sketching parabolas of the form y= (x− h)2 + k
Individual pathways

PRACTISE
1, 4, 9, 10, 13, 16, 17, 20, 24, 27,
31, 36

CONSOLIDATE
2, 5, 7, 11, 14, 18, 21, 23, 26, 29,
32, 34, 37, 38

MASTER
3, 6, 8, 12, 15, 19, 22, 25, 28, 30,
33, 35, 39, 40

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. WE17 For each part of the question, sketch the graph of y= x2; then, on the same axes, sketch the given
graph, clearly labelling the turning point.

y= x2 + 1a. y= x2 − 4b.

2. For each part of the question, sketch the graph of y= x2; then, on the same axes, sketch the given graph,
clearly labelling the turning point.

y= x2 + 4a. y=−x2 − 1b.

3. For each part of the question, sketch the graph of y= x2; then, on the same axes, sketch the given graph,
clearly labelling the turning point.
a. y= x2 − 1 b. y=−x2 + 1

For questions 4 to 6, sketch the following graphs on clearly labelled axes, marking the turning point.
State whether the turning point is a maximum or a minimum.

4. y= x2 + 2a. y=−x2 + 3b.

5. y= x2 − 5a. y=−x2 + 4b.

6. y=−x2 − 3a. y= x2 − 1

2
b.

7. Sketch the following graphs, indicating the turning point and estimating the x-intercepts.

y= 4 − x2a. y=−4− x2b. y= 1− x2c.

8. a. Does the turning point change if there is a negative number in front of the x2 term in the equation y= x2?
b. Explain how a negative coefficient of x2 affects the graph.

9. MC a. The turning point for the graph of the equation y=−x2 + 8 is:
A. (0, 0) B. (−1, 8) C. (0, 8) D. (0, −8) E. (1, 8)

b. The turning point of the graph of the equation y= x2 − 16 is:
A. (1, −16) B. (−16, 1) C. (0, 0) D. (0, −16) E. (−1, 16)

c. The graph of y= x2 − 7 moves the graph of y= x2 in the following way:
A. Up 1 B. Down 1 C. Up 7 D. Down 7 E. Left 7

d. The y-intercept of the graph of y=−x2 − 6 is:
A. 1 B. −1 C. 6 D. −6 E. −7
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WE18 For questions 10–12, sketch the graphs of each of the following on clearly labelled axes, marking the
turning point and y-intercept.
State whether the turning point is a maximum or a minimum.

10. y= (x− 1)2a. y= (x+ 2)2b.

11. y= (x− 3)2a. y= (x+ 4)2b.

12. y= (x− 5)2a. y= (x+ 6)2b.

WE19 For questions 13–15 sketch the graphs of each of the following on clearly labelled axes, marking the
turning point and y-intercept.
State whether the turning point is a maximum or a minimum.

13. y=−(x− 1)2a. y=−(x+ 2)2b.

14. y=−(x− 3)2a. y=−(x+ 4)2b.

15. y=−(x− 5)2a. y=−(x+ 6)2b.

16. MC a. The axis of symmetry for the graph y= (x+ 3)2 is:
A. y= 0 B. x= 3 C. x=−3 D. x= 2 E. x= 0

b. The turning point of the graph y= (x+ 3)2 is:
A. (0, 0) B. (1, 3) C. (1, −3) D. (−3, 0) E. (3, 0)

WE20 For questions 17–19 sketch the graph of each of the following, marking the turning point, the type of
turning point and the y-intercept.

17. y= (x− 1)2 + 1a. y= (x+ 2)2 − 1b.

18. y= (x− 3)2 + 2a. y= (x+ 3)2 − 2b.

19. y=−(x+ 2)2 − 1a. y=−(x− 1)2 + 2b.

20. WE21 On the same set of axes, sketch the following graphs, clearly marking the coordinates of the turning
points and the y-intercepts.
State the changes that are made from a to b and from a to c.
a. y= x2 b. y= (x− 1)2 c. y= (x− 1)2 + 3

21. On the same set of axes, sketch the following graphs, clearly marking the coordinates of the turning points
and the y-intercepts.
State the changes that are made from a to b and from a to c.
a. y= x2 b. y= (x+ 3)2 c. y= (x+ 3)2 + 2

22. On the same set of axes, sketch the following graphs, clearly marking the coordinates of the turning points
and the y-intercepts.
State the changes that are made from a to b and from a to c.
a. y= x2 b. y= (x− 4)2 c. y= (x− 1)2 − 1

23. MC a. For the graph of y= (x+ 5)2 − 2, the coordinates of the turning point are:
A. (5, −2) B. (−2, 5) C. (−2, −5) D. (−5, −2) E. (−5, 2)

b. For the graph of y=−(x− 3)2 + 7, the axis of symmetry is:
A. x= 3 B. x= 7 C. x=−3 D. y= 3 E. x=−7

c. For the graph of y= (x− 1)2 − 4, the y-intercept is:
A. 1 B. −1 C. −3 D. 4 E. −4
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Understanding

24. Match each of the following parabolas with the appropriate equation from the list.

i. y= x2 − 3
ii. y= x2 + 3
iii. y= 3− x2

iv. y= x2 + 2
v. y=−x2 + 2
vi. y=−x2 − 2

–1

y

x

1

2

3

5

4

–2 10 2–1

a.

–1

y

x

1

2

3

5

4

–2 10 2–1

b.

–1

y

x

1

2

3

5

4

–2 10 2–1

c.

–1

y

x

–2

–3

–4

–5

1

2

3

4

5

–2 10 2–1

d.

–1

y

–2

–3

–4

–5

–6

–7

–8

–9

1

–2 10 2–1

e. y

x

1

2

3

5

6

7

8

9

10

4

–2 10 2–1

f.

25. The vertical cross-section through the top of the mountain called the Devil’s Tower can be approximated
by the graph y=−x2 + 5. Sketch the graph. If the x-axis represents the sea level, and both x and y are in
kilometres, find the maximum height of the mountain.

26. Match each of the following parabolas with the appropriate equation from the list.

i. y= (x− 2)2

ii. y= x2

iii. y= (x+ 3)2

iv. y=−(x+ 2)2

v. y= (x− 3)2

vi. y=−(x− 2)2

–1

y

x

–2

–3

–4

–5

1

10 2 3 4–1–2

a.

–1

y

x

1

2

3

5

4

–2 10 2 3 4–1

b.

–1

y

x

1

2

3

5

4

–2–3–4–5 10
–1

c.
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–1

y

x

1

2

3

5

4

–2 10 2 3 4–1

d.

–1

y

x

–2

–3

–4

–5

1

–2–3–4–5 10
–1

e.

–1

y

x

1

2

3

5

4

10 2 3 4 5–1

f.

27. Determine the equation of the parabola that is of the form y= (x− h)2 and passes through:

(3, 1)a. (−1, 9).b.

28. State the differences, if any, between the following pairs of parabolas.

y= (1− x)2 and y= (x− 1)2a.

y= (x− 2)2 and y= (x+ 2)2b.

y=−(x− 4)2 and y= (4− x)2c.

29. Write the equations for the following transformations on y= x2.

Reflection in the x-axis and translation of 2 units to the lefta.
Translation of 1 unit down and 3 units to the rightb.
Translation of 1 unit left and 2 units upc.
Reflection in the x-axis, translation of 4 units to the right and 6 units upd.

30. MC A parabola has an equation of y= x2 − 6x+ 14. Its turning point form is:

y= (x− 6)2 + 14A. y= (x− 14)2 − 6B. y= (x− 3)2 + 5C.

y= (x− 5)2 + 3D. y= (x+ 3)2 + 14E.

Reasoning

31. Explain why the equation presented in the form y= (x− h)2 + k is known as ‘turning point form’.

32. Show that the equation of the parabola that is of the form y= x2 + c and passes through:

(2, 1) is y= x2 − 3a. (−3, −1) is y= x2 − 10.b.

33. The figure below shows the span of the Gateshead Millennium Bridge in England.

y

x

–75

0 200

A set of axes has been superimposed onto the photo. Use the coordinates (200, 0) and (0, −75) to show that a
possible equation is y=−0.001 875 (x− 200)2.
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34. Sketch y= x2 − 2 and y=−x2 + 2 on the same set of axes. Use algebra to explain where they intersect.

35. a. Describe how to transform the parabola y= (x− 3)2 to obtain the parabolas y= (x− 3)2 − 2 and
y= (x− 3)2 + 1.

b. Another parabola is created by moving y= (x− 3)2 so that its turning point is (5, −4). Write an equation
for this parabola.

Problem solving

36. Nikki wanted to keep a carnivorous plant, so after school she recorded the temperature on her windowsill
for 8 hours every day for several months. One summer evening the temperature followed the relationship
t= (h− 5)2 + 15, where t is the temperature in degrees Celsius, h hours after 4 pm.

a. Calculate the temperature on the windowsill at 4 pm.
b. Show that the minimum temperature reached during the 8-hour period is 15 °C.
c. Calculate the number of hours it took for the windowsill to reach the minimum temperature.
d. Sketch a graph of the relationship between the temperature and the number of hours after recording

began. Mark the turning point and the t-intercept on the graph.

37. For the equation y= x2 − 5, calculate the exact value of the y-coordinate when the x-coordinate is 2+
√

5.

38. A rocket is shot in the air from a given point (0, 0). The rocket follows a parabolic trajectory. It reaches a
maximum height of 400 m and lands 300 m away from the launching point.

a. Calculate how far horizontally from the launching point the rocket is when it reaches its maximum
height.

b. State the equation of the path of the rocket.

39. The path of a ball rolling off the end of a table follows a parabolic curve and can be modelled by the
equation y= ax2 + c. A student rolls a ball off a tabletop that is 128 cm above the floor, and the ball lands
80 cm horizontally away from the desk.
If the student sets a cup 78 cm above the floor to catch the ball during its fall, determine where the cup
should be placed.

40. Use the three points (−2, 1), (3, 1) and (0, 7) to determine a, h and k in the equation y= a(x− h)2 + k.

12.9 Sketching parabolas of the form y= (x+ a) (x+ b)
LEARNING INTENTION

At the end of this subtopic you should be able to:
• identify the x- and y-intercepts, the axis of symmetry and the turning point of parabolas of the form
y= (x+ a) (x+ b)

• factorise quadratic equations of the form y= x2 + bx+ c to sketch them using their x-intercepts.

12.9.1 Sketching parabolas of the form y= (x+ a) (x+ b)
eles-4944 • The equation y= (x+ a) (x+ b) consists of a pair of linear factors (x+ a) and (x+ b) multiplied together.
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Determining important points to sketch the y= (x+ a) (x+ b) parabola

• The x-intercepts are found by setting each factor to 0:

(x+ a)= 0, x=−a

(x+ b)= 0, x=−b

• The y-intercept can be found by letting x= 0 in the original equation:

y= (0+ a)(0+ b)= ab
–a

ab

a + b

–b
0

2

x

y

x = –

y = (x + a) (x + b) 

• The axis of symmetry is halfway between the x-intercepts −a and −b; that is: x=−a+ b
2

.

• Substitute the x-value of the axis of symmetry into y= (x+ a) (x+ b) to find the y-coordinate of the
turning point.

WORKED EXAMPLE 22 Sketching parabolas in intercept form

Sketch the graph of y= (x− 4)(x+ 2) by first finding the x- and y-intercepts and then the turning
point.

THINK WRITE/DRAW

1. Write the equation. y = (x− 4)(x+ 2)

2. Determine the x-intercepts. x-intercepts: when y= 0,
(x− 4)(x+ 2) = 0
x− 4 = 0 or

x = 4
x+ 2 = 0

x = −2
The x-intercepts are −2 and 4.

3. Determine the y-intercept. y-intercept: when x= 0,
y = (0− 4)(0+ 2)
= −4× 2
= −8

The y-intercept is −8.

4. Determine the x-value of the turning point by averaging
the values of the two x-intercepts.

At the turning point, x= 4+−2

2
= 1.

5. Determine the y-value of the turning point by substituting
the x-value of the turning point into the equation of
the graph.

When x= 1,
y = (1− 4)(1+ 2)
= −3× 3
= −9

6. State the coordinates of the turning point. The turning point is (1, −9).
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7. Sketch the graph.
 y = (x – 4)(x + 2)
 

(1, –9)

4

– 8

y

x0
–2

• Sometimes, it is possible to rearrange equations in the general form (y= x2 + bx+ c) so that they are in
intercept or factor form y= (x+ a) (x+ b).

WORKED EXAMPLE 23 Sketching parabolas of the form y= x2+ bx+ c

Sketch the graph of y= x2 + 6x+ 8.

THINK WRITE/DRAW

1. Write the equation. y = x2 + 6x+ 8

2. Factorise the expression on the right-hand side of the
equation, x2 + 6x+ 8. Remember that to factorise an
equation, you should find the factors of c that add up to b.

= (x+ 2)(x+ 4)

3. Determine the two x-intercepts. x-intercepts: when y= 0,
(x+ 2)(x+ 4) = 0
x+ 2 = 0

x = −2
or x+ 4 = 0

x = −4
The x-intercepts are −4 and −2.

4. Determine the y-intercept. y-intercept: when x= 0,
y = 0+ 0+ 8
= 8

The y-intercept is 8.

5. Determine the x-value of the turning point. At the turning point, x = −2+−4

2
= −3

6. Determine the y-value of the turning point. When x=−3
y = (−3+ 2)(−3+ 4)
= −1× 1
= −1

7. State the turning point. The turning point is (−3, −1).
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8. Sketch the graph.
y = (x + 2)(x + 4)   

–2–4

(–3, –1)

8

y

x0

Resourceseses
Resources

eWorkbook Topic 12 Workbook (worksheets, code puzzle and project) (ewbk-2012)

Digital documents SkillSHEET Solving quadratic equations of the form (x+ a) (x+ b)= 0 (doc-10992)

SkillSHEET Factorising quadratic trinomials of the form ax2 + bx+ c where a= 1 (doc-11011)

SkillSHEET Solving quadratic trinomials of the type ax2 + bx+ c= 0 where a= 1 (doc-11012)

Interactivity Individual pathway interactivity: Sketching parabolas of the form y= (x+ a) (x+ b) (int-8356)
Parabolas of the form y = (x + a)(x + b) (int-6100)

Exercise 12.9 Sketching parabolas of the form y= (x+ a) (x+ b)
Individual pathways

PRACTISE
1, 4, 7, 10, 11, 15, 18

CONSOLIDATE
2, 5, 8, 12, 14, 16, 19

MASTER
3, 6, 9, 13, 17, 20

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency
WE22 For questions 1–3, sketch the graph of each of the following by first finding the x- and y-intercepts and

then the turning point.

1. y= (x+ 2)(x+ 6)a. y= (x− 3)(x− 5)b.

2. y= (x− 3)(x+ 1)a. y= (x+ 4)(x− 6)b.

3. y= (x− 5)(x+ 1)a. y= (x+ 1)(x− 2)b.

WE23 For questions 4–9, sketch ketch the graph of each of the following.

4. y= x2 + 8x+ 12a. y= x2 + 8x+ 15b.

5. y= x2 + 6x+ 5a. y= x2 + 10x+ 16b.

6. y= x2 + 2x− 8a. y= x2 + 4x− 5b.
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7. y= x2 − 4x− 12a. y= x2 − 6x− 7b.

8. y= x2 − 10x+ 24a. y= x2 − 6x+ 5b.

9. y= x2 − 5x+ 6a. y= x2 − 3x− 10b.

Understanding

10. Sketch the graph of a parabola whose x-intercepts are at x=−4 and x= 6 and whose y-intercept is at y= 2.

11. State a possible equation of a graph with an axis of symmetry at x= 4 and one intercept at x= 6.

12. Out on the cricket field, Michael Clarke chases the ball. He picks it up, runs 4 metres towards the stumps
(which are 25 metres away from where he picks up the ball). He then throws the ball, which follows the path
described by the quadratic equation y=−0.1(x−m)(x− n), where m and n are positive integers.
The ball lands 1 metre from the stumps, where another player quickly scoops it up and removes the bails.
Take the origin as the point where Michael picked up the ball initially.

a. Calculate how far the ball has travelled horizontally while in flight.
b. Calculate the values of m and n.
c. Calculate the x-intercepts.
d. Calculate the axis of symmetry.
e. Calculate the turning point.
f. Identify the highest point reached by the ball.
g. Determine how far horizontally the ball has travelled when it reaches its highest point.
h. Sketch the flight of the ball, showing all of the relevant details on the graph.

13. McDonald’s golden arches were designed by Jim Schindler
in 1962. The two arches each approximate the shape of a
parabola.
A large McDonald’s sign stands on the roof of a shopping
centre. The shape of one of the parabolas can be modelled by
the quadratic function y=−x2 + 8x− 7, where both x and y
are measured in metres and the bottom of the outer edges of
the arches touches the x-axis. The complete sign is supported
by a beam underneath the arches.
Determine the minimum length required for this beam.

14. For the equation y= (x− 3)(x− 9):
a. determine the turning point
b. rewrite the equation in turning point form
c. expand both forms of the equation, showing that they are equivalent
d. sketch the equation showing the x-intercepts and turning point.

Reasoning

15. The dimensions of a rectangular backyard can be given by (x+ 2)m and (x− 4)m. Determine the value of x
if the yard’s area is 91 m2.

16. The height of an object, h(t), thrown into the air is determined by the formula h(t)=−8t2 + 128t, where t is
time in seconds and h is height in metres.

a. Explain if the graph of the formula has a maximum or a minimum turning point.
b. Calculate the maximum height of the object and the time that this height is reached.

734 Jacaranda Maths Quest 9

PAGE PROOFS



“c12QuadraticEquationsAndGraphs_PrintPDF” — 2021/8/24 — 7:33 — page 735 — #55

17. Daniel is in a car on a roller-coaster ride as
shown in the following graph, where the
height, h, is in metres above the ground and
time for the ride, t, is in minutes.

a. The ride can be represented by three
separate equations. Show that the first
section of the ride is h= 2t from t= 0 to
t= 6. The middle section is a parabola
and the final section is a straight line.
Determine the other two equations for the
ride.

b. State the required domain (set of possible
t-values) for each section of the ride.

h

t

2

4

6

0
2 4 6 8 10 12 14 16 18 20

8

(6, 12)

(12, 9)

(8.5, 15.125)

10

12

14

16

22

Problem solving

18. On a set of axes, sketch several parabolas of the form y=−x2 + bx. What do you notice about the turning
points of each graph sketched?

19. Determine a quadratic equation given the x-intercepts of the parabola are −1

2
and

3

4
. Explain if there is more

than one possible equation.

20. Determine the equation of the parabola that passes through the points (−1, −2), (1, −4) and (3, 10).

12.10 Applications

LEARNING INTENTION

At the end of this subtopic you should be able to:
• determine solutions to practical problems using your knowledge of quadratic equations.

12.10.1 Applications of quadratic equations
eles-4945

• Quadratic graphs and equations can be used to solve practical problems in science and engineering.
• They are often involved in problems where a maximum or minimum needs to be found. This will usually

occur at the turning point of the parabola.
• When working with physical phenomena, ensure that the solution satisfies any physical constraints of the

problem. For example, if measurements of length or time are involved, there can be no negative solutions.

WORKED EXAMPLE 24 Applying quadratic equations to word problems

A flare is fired from a yacht in distress off the coast of Brisbane. The flare’s height, h metres above the
horizon t seconds after firing, is given by h=−2t2 + 18t+ 20.
a. Calculate when the flare will fall into the ocean.
b. Calculate the height of the flare after 2 seconds.
c. Determine at what other time the flare will be at the same height.
d. Calculate how long the flare is above the ‘lowest visible height’ of 56m.
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THINK WRITE

a. Substitute h= 0 into the equation and solve for
t using the Null Factor Law. Since t cannot
equal −1 seconds, select the appropriate
solution.

a. 0 = −2t2 + 18t+ 20

= −2(t2 − 9t− 10)
= −2(t− 10)(t+ 1)
t = 10 or − 1
t = 10 seconds

b. 1. Substitute t= 2 into the equation and solve for h. b. h = −2(2)2 + 18(2)+ 20
= −8+ 36+ 20
= 48

2. Write the answer in a sentence. The flare is 48 metres high after 2 seconds.

c. Substitute h= 48 into the equation, rearrange,
factorise and solve for t.

c. 48 = −2t2 + 18t+ 20

0 = −2t2 + 18t− 28

= −2(t2 − 9t+ 14)
= −2(t− 7)(t− 2)
t = 7 seconds

d. 1. Substitute h= 56 into the equation, rearrange,
factorise and solve for t.

d. 56 = −2t2 + 18t+ 20

= −2t2 + 18t− 36

= −2(t2 − 9t+ 18)
= −2(t− 6)(t− 3)
t = 3 seconds and 6 seconds

2. Write the answer in a sentence. The flare is above 56 m for 3 seconds (between
3 and 6 seconds).

TI | THINK DISPLAY/WRITE CASIO | THINK DISPLAY/WRITE

a–d On a Calculator page,
complete the entry
lines as:
solve(
0=−2t2 + 18t+ 20, t

)
−2t2 + 18t+ 20|t= 2
solve(
48=−2t2 + 18t+ 20, t

)
solve(
56=−2t2 + 18t+ 20, t

)
Press ENTER after each
entry.

On a Main screen,
complete the entry
lines as:
solve(
0= 2t2 + 18t+ 20, t

)
2t2 + 18t+ 20|t= 2
solve(
48= 2t2 + 18t+ 20, t

)
solve(
56= 2t2 + 18t+ 20, t

)
Press EXE after each
entry.

       

Resourceseses
Resources

eWorkbook Topic 12 Workbook (worksheets, code puzzle and project) (ewbk-2012)

Interactivity Individual pathway interactivity: Applications (int-8357)
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Exercise 12.10 Applications

Individual pathways

PRACTISE
1, 4, 7, 9, 12

CONSOLIDATE
2, 5, 8, 10, 13

MASTER
3, 6, 11, 14, 15

To answer questions online and to receive immediate corrective feedback and fully worked solutions for all
questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. A spurt of water emerging from an outlet just below the surface of an ornamental fountain follows a parabolic
path described by the equation h=−x2 + 8x, where h is the height of the water and x is the horizontal distance
from the outlet in metres.

a. Sketch the graph of h=−x2 + 8x.
b. State the maximum height of the water above the surface of the fountain.

2. The position d metres below the starting point of a ball when it is dropped from a great height is given by the
equation d= 250− 4.9t2. If it falls for 1 second, it drops 4.9 m, giving a value of d= 245.1 m.

a. Calculate how far it has dropped after:
i. 2 seconds
ii. 7 seconds.

b. Sketch a graph of this relation.

3. A car travels along a highway for a number of minutes according to the relationship P= 20t2 + 20t− 120,
where P is the distance from home in metres and t is time in minutes.

a. State the distance from home when t= 0.
b. Calculate how long it takes the car to reach home.

Understanding

4. WE24 A rocket fired from Earth travels in a parabolic path. The
equation for the path is h=−0.05d2 + 4d, where h is the height in km
above the surface of the earth and d is the horizontal distance travelled
in km.

a. Calculate the height of the rocket after:
i. 30 km ii. 60 km.

b. Calculate how far away the rocket lands.
c. Determine the maximum height of the rocket and how far it

travelled before reaching this height.
d. Sketch the path of the rocket.

5. The height of a golf ball hit from the top of a hill is given by the quadratic rule h=−t2 + 5t+ 14, where h is
in metres and t in seconds.

a. Identify the height the golf ball was hit from.
b. Calculate the height of the ball after 2 seconds.
c. Calculate when the golf ball hits the ground.
d. Calculate the maximum height of the ball.
e. Sketch the graph of the flight of the ball.
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6. Cave Ltd manufactures teddy bears. The daily profit, $P, is given by the rule P=−n2 + 70n− 1200, where n
is the number of teddy bears produced.

a. If they produce 40 bears a day, calculate the profit.
b. Sketch the graph of P for appropriate values of n.
c. Determine how many bears they need to produce before they start making a profit.
d. Determine the maximum profit and how many teddy bears they need to manufacture to make this amount.

7. A school playground is to be mulched and the grounds keeper needs to mark
out a rectangular perimeter of 80 m.

a. Write an expression for the perimeter of the playground in terms of x and y.
b. Show that y= 40− x.
c. Write an expression for the area to be mulched, A, in terms of x only.
d. Sketch the graph of A against x for suitable values of x.
e. Determine the maximum area of the playground.
f. Determine the dimensions of the playground for this maximum area.

x m

x m

y m y m

8. A woman wished to build a fence around part of her backyard, as shown
in the diagram. The fence will have one side abutting the wall of the
house. She has enough fencing material for 55 m of fence.

a. Show that y= 55− 2x.
b. Write an expression for the area enclosed by the fence in terms of

x alone.
c. Determine the dimensions of the fence such that the area is a

maximum and calculate that area.

x m

x m

Housey m

Reasoning

9. A basketball thrown from the edge of the court to the goal
shooter is described by the formula h=−t2 + 6t+ 1, where
h is the height of the basketball in metres after t seconds.

a. Identify the height the ball was thrown from.
b. Calculate the height of the basketball after 2 s.
c. Show that the ball was first at a height of 6 m above the

ground at 1 second.
d. Determine the time interval during which the ball was above

a height of 9 m.
e. Plot the path of the basketball.
f. Calculate the maximum height of the basketball during its

flight.
g. Determine how long the ball was in flight if it was caught at

a height of 1 m above the ground on its downward path.
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10. Jack and his dog were playing outside. Jack was throwing a stick in the air for his dog to catch. The height
of the stick (in metres) followed the equation h= 20t− 5t2.

a. The graph of h is a parabola. State if the parabola is upright or inverted.
b. Factorise the expression on the right-hand side of the equation.
c. Find the t-intercepts. These will be the two points at which the stick is on the ground, once at take-off

and once at landing. Calculate how long the stick remained in the air. (For simplicity, assume that Jack
throws the stick from ground level.)

d. Justify whether the parabola has a maximum or minimum turning point, and determine its coordinates.
e. Calculate the maximum height reached by the stick.
f. Use the information you have found to produce a sketch of the path of the stick.

11. An engineer wishes to build a footbridge in the shape of an inverted parabola across a 40-m wide river. The
bridge will be symmetrical and the greatest difference between the lowest part and highest part will be 4 m.
Taking the origin as one side, show that the equation that models this footbridge is y=−0.01x (x− 40).
Explain what x and y are, and state the domain (the possible values that x can take).

Problem solving

12. A car engine spark plug produces a spark of electricity. The size of the spark depends on how far apart the
terminals are. The percentage performance, Z, of a certain brand is thought to be Z=−400(g− 0.5)2 + 100,
where g is the distance between the terminals.

a. Sketch the graph of Z.
b. Identify when the performance is greatest.
c. From your graph, determine the values of g for which the percentage performance is greater than 50%.

13. The monthly profit or loss, p (in thousands of dollars), for a new brand of soft drink is given by
p=−2(x− 7.5)2 + 40.5, where x is the number (integer) of months after its introduction (when x= 0).

a. Determine the month when the greatest profit was made.
b. Determine the months when the company made a profit.

14. NASA uses a parabolic flight path to simulate zero gravity and the gravity experienced on the moon. Use the
internet to investigate the flight path and create a mathematical model to represent the flight path.

15. An arch bridge is modelled in the shape of a parabolic
arch. The arch span is 50 m wide and the maximum
height of the arch above water level is 5.5 m. A
floating platform 35-m wide is towed under the bridge.
Determine the greatest height of the deck above water
level if the platform is to be towed under the bridge
with at least a 35-cm clearance on either side.
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12.11 Review
12.11.1 Topic summary

QUADRATIC EQUATIONS AND GRAPHS

• Quadratic equations are equations in which the 

largest power of x is 2. They contain an x2 term.

• The general form of a quadratic equation is

y = ax2 + bx + c, where a ≠ 0.

• Quadratic equations for which a = 1 are called monic 

quadratic equations.

• The largest number of solutions a quadratic equation 

can have is 2.

Quadratic equations

• All parabolas have a single y-intercept. The location 

of this y-intercept can be found by letting x = 0.

• Parabolas can have 0, 1 or 2 x-intercepts.

• x-intercepts can be found by letting y = 0 and solving 

for x. If the equation can’t be solved, there is no 

x-intercept.

Axis intercepts

• Parabolas of the form y = ax2 have a turning point 

at the origin.

• If a > 0 the graph is ∪-shaped and the turning point 

is a local minimum.

• If a < 0 the graph is ∩-shaped and the turning point 

is a local maximum.

• Larger values of a create narrower graphs. 

Smaller values of a create wider graphs.

Parabolas of the form y = ax2

• Parabolas written 

in the form 

y = (x + a)(x + b) 

have x-intercepts 

at x = –a and 

x = –b.

• The y-intercept is 

y = ab.

• The axis of 

symmetry will be 

halfway between 

the x-intercepts.

Factor form

• The turning point is the point at which a parabola 

changes direction.

• If a > 0 the turning point is the lowest point on the 

graph. This point is called the local minimum.

• If a < 0 the turning point is the highest point on the 

graph. This point is called the local maximum.

Turning point

• The turning 

point form of a 

parabola is 

y = (x – h)2 + k.

• The turning 

point of a 

parabola is (h, k).

• A basic parabola 

is translated h 

units horizontally 

and k units 

vertically.

Turning point form

• If a × b = 0, then:

a = 0 or b  = 0 or a  =  b  = 0

Null Factor Law

• Every parabola has an axis of symmetry. This is the

    vertical line that passes through the parabola’s

    turning point.

Axis of symmetry

kh2 +

k

h0 x

(h, k)

y = (x – h)2 + k
y

5

6

7

8

4

–6 –5 –4 –3 –2

3

2

–1
1 2 3 4 5 6–1 0 x

y

1

y = 3x2

y = x2

y = x21
4

y = (x + a)(x + b)

–a

ab

a + b

–b
0

2

x

  y

x = –
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12.11.2 Success criteria
Tick a column to indicate that you have completed the subtopic and how well you think you have understood it
using the traffic light system.

(Green: I understand; Yellow: I can do it with help; Red: I do not understand)

Subtopic Success criteria

12.2 I can identify equations that are quadratic.

I can rearrange quadratic equations into the general form y = ax2 + bx + c.

I can solve quadratic equations in the form ax2 + c = 0.

12.3 I can recall the Null Factor Law.

I can solve quadratic equations using the Null Factor Law.

12.4 I can solve quadratic equations with two terms using the Null Factor Law.

12.5 I can factorise monic quadratic equations.

I can solve monic quadratic equations using factorisation and the Null Factor
Law.

12.6 I can identify the features of a parabolic graph.

I can plot the graph of a quadratic equation using a table of values.

I can use a parabolic graph to determine values.

12.7 I can sketch parabolas for quadratic equations of the form y = ax2.

I can describe the features of a parabola of the form y = ax2.

I can describe the effect of changing the value of a on parabolas of the form
y = ax2.

12.8 I can find the axes of symmetry, y-intercepts and turning points for graphs of
the forms y = ax2 + c and y = (x − h)2 + k.

I can sketch graphs of the form y = ax2 + c, y = (x + h)2 and y = (x + h)2 + k.

I can describe the transformations that transform the graph of y = x2 into
y = (x − h)2 + k.

12.9 I can identify the x- and y-intercepts, the axis of symmetry and the turning
point of a parabolas of the form y = (x + a)(x + b).

I can factorise quadratic equations of the form y = x2 + bx + c to sketch them
using their x-intercepts.

12.10 I can determine solutions to practical problems using my knowledge of
quadratic equations.
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12.11.3 Project

Constructing a parabola

The word parabola comes from the Greek language
and means ‘thrown’, because it is the path followed
by a projectile in flight. Notice that the water streams
shown in the photo are moving in the path of a
parabola. This investigation explores the technique
of folding paper to display the shape of a parabola.
The instructions are given below. Take care with
each step to ensure your finished product is a well-
constructed parabola that can be used in later parts of
this investigation.

Forming a parabola by folding paper

• Take a sheet of A4 paper. Cut it into two pieces by dividing the longer side into two. Only one of the
halves is required for this investigation.

• Along one of the longer sides of your piece of paper, mark points that are equally spaced 1 cm apart.
Start with the first point being on the very edge of the paper.

• Turn over the piece of paper and mark a point, X, 3 cm above the centre of the edge that has the
markings on the reverse side.

• Fold the paper so that the first point you marked on the edge
touches point X. Make a sharp crease and open the paper flat.

• Fold the paper again so that the second mark touches the
point X. Crease and unfold again.

• Repeat this process until all the marks have been folded to touch
point X.

• With the paper flat and the point X facing up, you should notice
the shape of a parabola appearing in the creases.

1. Trace the curve with a pencil.
The point X is called the focus of the parabola. Consider
the parabola to represent a mirror. Rays of light from the
focus would hit the mirror (parabola) and be reflected.
The angle at which each ray hits the mirror is the same
size as the angle at which it is reflected.

2. Using your curve traced from your folding activity,
accurately draw a series of lines to represent rays of light
from the point X to the parabola (mirror). Use a
protractor to carefully measure the angle each line makes
with the mirror and draw the path of these rays after
reflection in the mirror.

3. Draw a diagram to describe your finding from question 2. Provide a brief comment on your description.
4. Retrace your parabola onto another sheet of paper. Take a point other than the focus and repeat the

process of reflection of rays of light from this point by the parabolic mirror.
5. Draw a diagram to describe your finding from question 4. Provide a brief comment on your description.
6. Give examples of where these systems could be used in society.
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Resourceseses
Resources

eWorkbook Topic 12 Workbook (worksheets, code puzzle and project) (ewbk-2012)

Interactivities Crossword (int-0708)

Sudoku puzzle (int-3215)

Exercise 12.11 Review questions

To answer questions online and to receive immediate corrective feedback and fully worked solutions for
all questions, go to your learnON title at www.jacplus.com.au.

Fluency

1. MC Identify which of the following is not a quadratic equation.

x2 − 1= 0A. x2 − 1+ 2x= 0B. x2 − 1

2
= 0C. x2 − 1

x
= 0D. x2 + 4= 0E.

2. MC Identify which of the following is in general form.

x2 + 1= 0A. x2 − 1= 2B. 2x2 = x2 + 3C. x2 = x2 + 1D. x2 + 5= xE.

3. MC The Null Factor Law cannot be applied to the equation x(x+ 3)(x− 2)= 1 because:

the first factor is a simple x term.A. there are more than two factors.B.
the right-hand side equals 1.C. the second term is positive.D.
there is no x2 term.E.

4. MC If the solutions to the quadratic equation (x− 3)(x− b)= 0 are 3 and −5, then b is equal to:
5A. −5B. 3C. −3D. 1E.

5. MC Select the solutions to 3x2 − 27= 0.
x= 3 and x=−3A. x= 9 and x=−9B. x= 1 and x=−1C.
x= 2 andD. There are no solutions.E.

6. Calculate the solutions to the quadratic equation (x− 3) (2x+ 8)= 0.

7. Calculate the solutions to the equation (4− x) (2x− 7)= 0.

8. Factorise each of the following quadratic trinomials.

c2 + 5c+ 4a. p2 + 10p− 24b. y2 − 10y+ 24c.
x2 + 3x+ 2d. m2 − 7m+ 10e. m2 + 24m+ 44f.

9. Solve the following equations, identifying those with no real solutions.

x2 + 11x+ 10= 0a. 3x2 + 6x= 0b. −2x2 − 1= 0c.

10. Determine the solutions to the following equations.

(x+ 2)2 − 16= 0a. 4(x− 3)2 − 36= 0b. (x+ 1)2 = 25c.

11. MC a. The graph of y=−4x2 is:
wider than y= x2.A. narrower than y= x2.B.
the same width as y= x2.C. a reflection of y= x2 in the x-axis.D.
a reflection of y= x2 in the y-axis.E.
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b. The graph of y= 1

2
x2 is:

wider than y= x2.A. narrower than y= x2.B.
the same width as y= x2.C. a reflection of y= x2 in the x-axis.D.
a reflection of y= x2 in the y-axis.E.

c. Compared to the graph of y= x2, the graph of y=−2x2 is:
half as wide.A. twice as wide.B.
moved 2 units to the right.C. moved 2 units up.D.
moved 2 units to the left.E.

12. MC a. The turning point for the graph of the equation y=−x2 + 6 is:
(0, 0)A. (−1, 6)B. (0, 6)C. (0, −6)D. (1, −6)E.

b. The turning point of the graph of the equation y= x2 − 12 is:
(1, −12)A. (−12, 1)B. (0, 12)C. (0, −12)D. (−1, 12)E.

c. The graph of y= x2 − 4 moves the graph of y= x2 in the following way:
Up 4A. Down 4B. No changeC. Left 4 unitsD. Right 4 unitsE.

d. The y-intercept of the graph of y=−x2 − 3 is:
1A. −1B. 3C. −3D. −4E.

13. MC a. The axis of symmetry for the graph y= (x+ 1)2 is:
y= 0A. x= 1B. x=−1C. x= 2D. y=−1E.

b. The turning point of the graph y= (x+ 1)2 is:
(0, 0)A. (1, 1)B. (1, 1)C. (−1, 0)D. (1, 0)E.

c. Compared to the graph of y= x2, the graph of y= (x− 2)2 is:
twice as wide.A. moved 2 units to the left.B. moved 2 units to the right.C.
moved 2 units up.D. moved 2 units down.E.

14. MC a. For the graph of y= (x+ 6)2 − 1, the coordinates of the turning point are:
(6, −1)A. (−1, 6)B. (−1, −6)C. (−6, −1)D. (−6, −1)E.

b. For the graph of y=−(x− 4)2 + 5, the axis of symmetry is:
x= 4A. x= 5B. x=−4C. y=−5D. y= 5E.

c. For the graph of y= (x− 2)2 − 3, the y-intercept is:
−5A. 1B. −4C. −3D. −1E.

15. MC To change the graph of y= x2 to make the graph of y= 2(x− 1)2 − 3, we need to:
A. move it 1 unit to the right and 3 units down.
B. make it narrower by a factor of 3, move it 1 unit to the left and 3 units down.
C. make it wider by a factor of 2, move it 1 unit to the right and 3 units down.
D. make it narrower by a factor of 2, move it 1 unit to the right and 3 units down.
E. reflect the graph in the x-axis, and move it 1 unit to the right and 3 units up.

16. MC Human cannonball Stephanie Smith was fired from a cannon. Her flight path is a parabola. If c is
her height above the net and b is her horizontal distance from the cannon, identify the rule that
describes her flight.

y= x2 + cA. y= bx2 + cB. y= (x− b)2 + cC.

y=−(x− b)2 + cD. y=−bx2 + cE.
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17. MC Identify the rule for the curve shown.

y=−(x+ 1)2 − 2A.

y= (x+ 1)2 + 2B.

y= (x+ 1)2 − 2C.

y=−(x+ 2)2 − 1D.

y=−(x+ 1)2 + 2E. –1

y

x

1

2

3

4

5

–2–3–4 1 20
–1

18. MC Identify the equation describing the sketch in the diagram shown.
y= (x− 1)(x− 3)A. y= (x+ 1)(x+ 3)B. y= (x− 1)(x+ 3)C.
y= (x+ 1)(x− 3)D. y= (x− 3)2E.

19. MC Select the x-intercepts of the graph y= x2 − x− 6.
−2 and 3A. −3 and 2B. 2 and 3C.
−2 and −3D. −2 and 2E.

–1

y

x

–2

–3

–4

1

2

–2–3–4 1 20
–1

20. For each of the following graphs, state the equation of the axis of symmetry, the coordinates of the
turning point, whether the point is a maximum or a minimum, and the x- and y-intercepts.

y

x0

(0, –4)

2–2

a. y

x0

(0, 9)

(–3, 0) (3, 0)

b.

1 2

1

2

y

x0

c.

–3

–9

y

x0

d.

–1–2

1

2

y

x0

e.

–1 1–2–3

–4

–1

1

–2

–3

y

x0

f.

21. Draw a table of values, use it to plot the graph of each of the following equations, and hence state the
equation of the axis of symmetry, the coordinates of the turning point and whether it is a maximum or a
minimum, and the x- and y-intercepts.

y= x2 − 4x, −2≤ x≤ 6a. y=−x2 − 2x+ 8, −5≤ x≤ 3b.
y= 2x2 − 4x+ 4, −2≤ x≤ 3c. y=−x2 + 6x− 5, 0≤ x≤ 6d.

22. Sketch each of the following graphs, labelling the axis of symmetry, the turning point and the
intercepts, and stating the type of turning point.

y= 2x2a. y= 1

2
x2b. y=−4x2c. y=−1

3
x2d.

23. Sketch each of the following graphs, labelling the axis of symmetry, the turning point and the
y-intercept, and stating the nature of the turning point.

y= x2 + 2a. y= x2 − 4b. y= x2 + 5c. y= x2 − 3d.
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24. Sketch each of the following graphs, labelling the turning point and the y-intercept, and stating the type
of turning point.

a. y= (x+ 1)2 b. y=−(x− 2)2 c. y= (x− 5)2 d. y=−(x+ 2)2

25. Sketch each of the following graphs, labelling the turning point and the intercepts, and stating the
nature of the turning point.

a. y= (x− 1)2 + 1 b. y= (x+ 2)2 + 3 c. y= (x− 3)2 − 2 d. y=−(x+ 1)2 − 4

Problem solving

26. The distance travelled by a motorbike is given by the formula d= 18t+ 2t2, where t is the time in
seconds and d is the distance in metres. Calculate how long it would take the motorbike to travel a
distance of 180 m.

27. When 20 is subtracted from the square of a certain number, the result is 8 times that number. Determine
the number, which is negative.

28. A ball is thrown from the balcony of an apartment building. The ball is h metres above the ground when
it is a horizontal distance of x metres from the building. The path of the ball follows the rule
h=−x2 + 3x+ 28. Determine how far from the building the ball will land.

29. David owned land in the shape of a square with side length p.
He decided to sell part of this land by reducing it by 50 metres in
one direction and 90 metres in the other.
a. Write an expression in terms of p for the area of the original

land.
b. Write an expression in terms of p, in its simplest form, for the

area of land David has remaining after he sells the section of
land shown.

c. Write an expression in terms of p for the area of land he sold.

Land to be sold

Land remaining

50 m

90 m

p

p

30. A new computer monitor is made up of a rectangular
screen surrounded by a hard plastic frame in which
speakers can be inserted.
a. Write expressions for the length and width of the screen

in terms of x.
b. Write an expression for the area of the screen, using

expanded form.
c. Calculate the area of the screen if x= 30 cm.

3 cm

3 cm

2 cm 2 cm

x

xScreen

31. An astronaut needs to find a positive number such that twice the number plus its square gives 35.
a. Write this as an equation.
b. Solve the equation to find the answer for her.
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32. A window cleaner was 3 metres off the ground, cleaning the windows
of a high-rise building, when he dropped his bucket. The height, hm,
of the bucket above the ground t seconds after it is dropped is given by
the equation h= 3− t2 − 2t.
a. Identify the value of h when the bucket hits the ground.
b. Rewrite the equation, replacing h with the value it takes when the

bucket hits the ground.
c. Solve the equation.
d. Calculate the time it takes for the bucket to reach the ground.

33. A railway bridge has an arch below it that can be modelled by the
equation H=−(x+ 1)2 + 16, where H is the height of the bridge, in
metres. Sketch a graph of the bridge and, hence, calculate its maximum
height.

34. Sketch the graph of each of the following by finding the x- and y-intercepts and the turning point.

y= (x+ 2)(x− 2)a. y= (x+ 3)(x− 7)b.
y= x2 − 2x− 15c. y= x2 + 3x+ 2d.

35. A valley in the countryside has a river running through the centre of it. A vertical cross-section of the

valley can be modelled by the equation H= 1

10
x2 − 6x+ 100, where H is the height above sea level, in

metres, and x is the horizontal distance, in metres. If two villages are situated in the valley, one a
horizontal distance of 10 metres from the river and the other 20 metres from the river, determine the
height of each village above sea level.

36. Children playing on a cricket pitch throw a ball that follows the path y= 1

120
(x− 16)2, where y is the

height, in yards, above the ground and x is the horizontal distance from the stumps at the end from
which the ball is thrown. If the stumps are 22 yards away and 0.5 yards high, explain if the ball will hit
the stumps. Determine by sketching the graph. (As a cricket pitch is 22 yards long, a yard is a
convenient unit to use in this example. A yard is about 91.5 cm.)

37. A toy rocket is thrown up into the air from a balcony. The path the
rocket takes is given by the equation h= 49− (t− 2)2 where h is the
height above the ground in metres and t is the time in seconds.
a. Calculate the height of the balcony.
b. Calculate when the rocket lands on the ground.
c. Calculate the maximum height of the rocket.
d. Sketch a graph of the rockets path for 0≤ t≤ 9.

38. A piece of wire 1 m long is bent into the shape of a rectangle.

a. If w cm is the width and l cm is the length, write a rule connecting
w and l.

b. If the area of the rectangle is A cm2, write an equation connecting
l in terms of A.

c. Sketch the graph of A versus l.
d. Calculate the maximum area enclosed by the wire.
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39. The organising committee of the
Greensborough Tennis Club found that the
profit, $P, from a Saturday morning
barbeque depended on the number of
sausages sold, n. The estimated profit is
given by P=−n2 + 50n− 400.
a. Calculate the profit if the number of

sausages sold is 35.
b. Sketch the graph of P versus n for

0≤ n≤ 50.
c. Calculate the maximum profit possible and

the number of sausages that need to be
sold to make this amount.

d. Determine the minimum number of sausages that would need to be sold to avoid a loss.

40. In a demonstration using the width of a street, a skateboarder performs an ollie over a distance of 2 m.

He remains on the ground for
1

4
m before he begins the ollie, the path of which can be described by the

quadratic equation y=−2(x− p)(x− q) (where all dimensions are in metres), and lands with 35 cm to
spare before hitting the opposite edge of the curb. Take the origin as the start of his run.
a. Calculate how far he has travelled horizontally.
b. Determine the values of p and q.
c. State the axis of symmetry of the ollie.
d. Determine the highest point reached by the skateboarder.
e. Sketch the path of the skateboarder, showing all of the relevant details on the graph.

To test your understanding and knowledge of this topic, go to your learnON title at
www.jacplus.com.au and complete the post-test.
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Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook

Download the Workbook for this topic, which includes
worksheets, a code puzzle and a project (ewbk-2012) ⃞

Solutions

Download a copy of the fully worked solutions to every
question in this topic (sol-0722) ⃞

Digital documents

12.3 SkillSHEET Solving linear equations (doc-10984) ⃞
12.4 SkillSHEET Factorising expressions of the type

ax2 + bx (doc-10985) ⃞
12.5 SkillSHEET Factorising quadratic trinomials

(doc-10981) ⃞
SkillSHEET Finding the factor pair that adds to a given
number (doc-10982) ⃞

12.6 SkillSHEET Equation of a vertical line (doc-10989) ⃞
SkillSHEET Substitution into quadratic equations
(doc-10990) ⃞
SkillSHEET Plotting coordinate points (doc-10991) ⃞

12.7 SkillSHEET Solving quadratic equations of the form
(x + a)(x + b) = 0 (doc-10992) ⃞
SkillSHEET Factorising quadratic trinomials of the form
ax2 + bx + c where a = 1 (doc-11011) ⃞
SkillSHEET Solving quadratic trinomials of the type
ax2 + bx = c = 0 where a = 0 (doc-11012) ⃞

Video eLessons

12.2 Quadratic equations (eles-4929) ⃞
Solving equations of the form ax2 + c = 0 (eles-4930) ⃞

12.3 Using the Null Factor Law to solve equations
(eles-4931) ⃞
The Null Factor Law (eles-2312) ⃞

12.4 Solving quadratic equations of the form ax2 + c = 0
(eles-4932) ⃞
Solving quadratic equations of the form ax2 + bx = 0
(eles-4933) ⃞

12.5 Quadratic trinomials (eles-4934) ⃞
Solving quadratic equations of the form
ax2 + bx + c = 0 (eles-4935) ⃞

12.6 Graphs of quadratic functions (eles-4936) ⃞
Plotting points to graph quadratic functions
(eles-4937) ⃞

12.7 The graph of the quadratic function y = x2 (eles-4938) ⃞
Parabolas of the form y = ax2, where a > 0 (eles-4939) ⃞
Parabolas of the form y = ax2, where a < 0 (eles-4940) ⃞

12.8 Sketching parabolas of the form y = ax2 + c
(eles-4941) ⃞
Sketching parabolas of the form y = (x − h)2

(eles-4942) ⃞
Sketching parabolas of the form y = (x − h)2 + k
(eles-4943) ⃞

12.9 Sketching parabolas of the form y = (x+a)(x+b)
(eles-4944) ⃞

12.10 Applications of quadratic equations (eles-4945) ⃞

Interactivities

12.2 Individual pathway interactivity: Quadratic equations
(int-8349) ⃞

12.3 Individual pathway interactivity: The Null Factor Law
(int-8350) ⃞
The Null Factor Law (int-6095) ⃞

12.4 Individual pathway interactivity: Solving quadratic
equations with two terms (int-8351) ⃞

12.5 Individual pathway interactivity: Factorising and
solving monic quadratics (int-8352) ⃞
Factorising monic quadratics (int-6092) ⃞

12.6 Individual pathway interactivity: Graphs of quadratic
functions (int-8353) ⃞
The y-intercept (int-3837) ⃞

12.7 Individual pathway interactivity: Sketching
parabolas of the form y = ax2(int-8354) ⃞
Dilation of parabolas (int-6096) ⃞

12.8 Individual pathway interactivity: Sketching
parabolas of the form y = (x − h)2 + k (int-8355) ⃞
Vertical translations of parabolas (int-6055) ⃞
Horizontal translations of parabolas (int-6054) ⃞

12.9 Individual pathway interactivity: Sketching
parabolas of the form y = (x + a)(x + b) (int-8356) ⃞
Parabolas of the form y = (x + a) (x + b) (int-6100) ⃞

12.10 Individual pathway interactivity: Applications
(int-8357) ⃞

12.11 Crossword (int-0708) ⃞
Sudoku puzzle (int-3215) ⃞

Teacher resources

There are many resources available exclusively for teachers
online.

To access these online resources, log on to www.jacplus.com.au.
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Answers
Topic 12 Quadratic equations and
graphs
Exercise 12.1 Pre-test
1. A

2. False

3. (m− 2) (m+ 4)
4. 2(w− 3)(w− 2)
5. E

6. (1, − 3)
7. C

8. D

9. C

10. D

11. E

12. (0, − 9)
13. B

14. C

15. True

Exercise 12.2 Quadratic equations
1. a. a= 1, b= 2, c=−1

b. a= 1, b= 1, c=−10

c. a= 4, b= 5, c=−30

2. a. a= 8, b=−11, c= 2

b. a= 2, b= 1, c=−60

c. a= 1, b= 0, c=−17

3. D

4. C

5. a. x= 4, x=−4

b. There is no solution.

c. x= 0

6. a. x= 1, x=−1

b. There is no solution.

c. x= 2, x=−2

7. a. Y b. N c. Y

8. a. Y b. N c. N

9. a. N b. N c. Y

10. a. Y b. N

11. When x= 2:

(x+ 4)2 = x2 + 8x+ 16
= 22 + 8× 2+ 16
= 4+ 16+ 16
= 36

x2 + 16 = 22 + 16
= 4+ 16
= 20

The two expressions are not equal.

12. a. Area of square = (2x)2 = 4x2

Area of circle = 𝜋x2

A = Area of square−Area of circle

A = 4x2 − 𝜋x2

A = x2 (4−𝜋)
b. 10 = x2 (4−𝜋)

10
4−𝜋 = x2

x =
√

10
4−𝜋 ≈ 3.41 cm

c. x is a length, and lengths do not have negative values.

13. If x2 + 7x+ 4= 7x, then x2 + 4= 0, which means that
x2 =−4 and, finally, x=

√
−4.

As the square root of a negative number is not a real
number, x has no solutions in the real number range.

14. a. Side length_a = x+ 3
Side length_b = x+ 5
Side length_c = x+ 8
Side length_d = x− 3
Side length_e = x+ 6

b. I = (x− 3)2

II = (x+ 3)2

III = (x+ 5)2

IV = (x+ 6)2

V = (x+ 8)2

15. a. 6 or −6

b. There are two possible numbers, as the square root of
a positive number, in this case 36, has two possible
solutions, one positive and one negative.

16. a. 3(x− 2)2 − 7= 41
7− 3(x− 2)2 = 41 has no solution.

b. −2 and 6

Exercise 12.3 The Null Factor Law
1. x=−3, x= 2a. x=−2, x= 3b.

x=−2, x= 3c. x=−2
1

2
, x=−3

4
d.

x=−4, x=−1

2
e.

2. x= 1

2
, x=−30a. x=−1

2
, x= 3b.

x= 1, x= 1

3
c. x= 0, x= 2d.

x=−1

3
, x= 1

4
e.

3. x=−2.3, x= 0.3a. x=−1

6
, x= 1

6
b.

x= 2c. x= 0, x= 15

4
d.

x=−4e.

4. a. x= 2, x=−2, x=−3

b. x=−2, x= 2.5
c. x=−2, x=−4

d. x= 0, x=−2, x=−4
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5. a. x= 1.1, x=−2.4, x=−2.6

b. x=−3, x=−1

2
, x= 1

2

3
c. x= 3

d. x=−1, x= 2

6. D

7. B

8. a. x (x+ 10)= 0; x= 0 or x=−10

b. 2x (x− 7)= 0; x= 0 or x= 7

c. 5x (5x− 8)= 0; x= 0 or x= 8

5
9. By dividing both sides of the equation −2x2 + 2x+ 12= 0

by −2, we get (x− 3)(x+ 2)= 0. Since the equations are
equivalent, they have the same solution(s).

10. a. When x= 2, the first bracket equals 2 and the second
bracket equals 4; therefore, the product is 8.

b. −2 and 1

11. A quadratic can have a maximum of two solutions, because
a quadratic can at most be factorised into two separate pairs
of brackets, each of which represents one solution.

12. a. 10 metres

b. y= 1

250
x (100− x); a= 1

250
, b= 100

c. 9.424 m

13. a. h=−4t (t− 5)
b. i. 16 m

ii. 0 m

c. Sample responses can be found in the worked solutions
in the online resources.

14. −29 or 8

Exercise 12.4 Solving quadratic equations with
two terms
1. x=−3, x= 3a. x=−4, x= 4b.

x=−3, x= 3c. x=−5, x= 5d.
x=−10, x= 10e.

2. x=−7, x= 7a. x=−3, x= 3b.
x=−2, x= 2c. No real solutionsd.
No real solutionse.

3. x=−3, x= 3a. x=−4, x= 4b.
x=−5, x= 5c. x= 0d.
x= 0e.

4. x= 0, x=−6a. x= 0, x= 8b.
x= 0, x=−9c. x= 0, x= 11d.
x= 0, x= 6e.

5. x= 0, x= 7.5a. x= 0, x= 2

3
b.

x= 0, x=−1
3

4
c. x= 0, x= 2

1

2
d.

x= 0, x=−1e.

6. x= 0, x= 1

4
a. x= 0, x=−5b.

x= 0, x=−12c. x= 0, x= 18d.
x= 0, x= 2.5e.

7. A

8. C

9. 4 or −4

10. The square plot is 12 m× 12 m; the rectangular plot is
16 m× 9 m.

11. The number is 0 or 10.

12. x2 + 9 cannot be factorised.

13. x=± n

m
14. x cannot be isolated, so the only way to solve the equation

will be to factorise it and use the Null Factor Law.

15. If a= 0, then the expression is not quadratic.

16. 8

17. −12 or 0

18. a. x(x+ 30)= 50x

b. x(x− 20)= 0

c. x= 0 or x= 20

d. No, x cannot be 0, because the width has to have a
positive value.

Exercise 12.5 Factorising and solving monic
quadratics equations
1. x2 + 6x+ 8a. x2 − 6x+ 8b.

x2 − 9x+ 20c. x2 + 9x+ 20d.

m2 + 6m+ 5e. m2 − 6m+ 5f.

2. t2 + 19t+ 88a. t2 − 30t+ 200b.

x2 − x− 6c. x2 + x− 6d.

v2 − 3v− 40e. v2 + 3v− 40f.

3. x2 + 5x− 14a. t2 − 11t− 12b.

n2 + 13n− 30c. a2 − 3a− 18d.

z2 + 8z+ 16e. z2 + 3z− 88f.

4. 1, 4; 2, 3a. 1, 5; 2, 4; 3, 3b.
1, 11; 2, 10 … 6, 6c. 1, 19; 2, 18 … 10, 10d.

5. a. −1, − 4; −2, −3

b. −1, −6; −2, − 5; −3, −4

c. −1, − 7; −2, −6; −3, −5; −4, −4

d. −1, − 10; −2, − 9...− 5, −6

6. a. 7 and −1; 8 and −2; 9 and −3; 10 and −4; 11 and −5

b. 1 and −7; 2 and −8; 3 and −9; 4 and −10; 5 and −11

c. 4 and −1; 5 and −2; 6 and −3; 7 and −4; 8 and −5

d. 1 and −4; 2 and −5; 3 and −6; 4 and −7; 5 and −8

e. 1 and −9; 2 and −10; 3 and −11; 4 and −12; 5 and −13

f. 15 and −1; 16 and −2; 17 and −3; 18 and −4;
19 and −5

7. (x+ 1)(x+ 3)a. (x− 1)(x− 3)b.
(x+ 1)(x+ 11)c. (x− 1)(x− 11)d.
(a+ 5)(a+ 1)e.

8. (a− 5)(a− 1)a. (x− 4)(x− 3)b.

(x− 5)(x− 2)c. (n+ 4)2d.
(n+ 8) (n+ 2)e.

9. (y− 9)(y− 3)a. (x− 7)(x− 6)b.
(t− 6)(t− 2)c. (t+ 9)(t+ 2)d.
(u+ 2)(u+ 3)e.
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10. (x+ 6)(x− 3)a. (x− 6)(x+ 3)b.
(x− 5)(x+ 3)c. (x+ 5)(x− 3)d.
(n− 14)(n+ 1)e.

11. (n+ 7)(n− 5)a. (v+ 6)(v− 1)b.
(v− 6)(v+ 1)c. (t+ 6)(t− 2)d.
(t− 7)(t+ 2)e.

12. (x− 5)(x+ 4)a. (x− 4)(x+ 5)b.
(n+ 10)(n− 9)c. (n− 10)(n+ 7)d.
(x− 5)(x+ 1)e.

13. x= 2, x= 4a. x=−2, x=−4b.
x=−1, x=−5c. x= 2, x=−3d.
x= 3, x=−5e.

14. x=−2a. x= 4, x=−6b.
x= 8, x=−3c. x=−3, x= 4d.
x=−12, x=−1e.

15. x= 11, x=−1a. x= 4, x=−5b.
x=−25, x=−4c. x= 5, x= 10d.
x= 4, x=−2e.

16. B

17. D

18. a. (x+ 1)(x+ 6)
b. x2 + 7x+ 10= (x+ 2) (x+ 5),

x2 + 7x+ 12= (x+ 3)(x+ 4)
19. a. (x− 1)(x+ 4)

b. Sample responses can be found in the worked solutions
in the online resources.

20. D

21. 9 m by 5 m

22. Sample responses can be found in the worked solutions in
the online resources.

23. Sample responses can be found in the worked solutions in
the online resources.

24. a i. 0

ii. 2

iii. 35

b i. Octagon

ii. Icosahedron
25. a. n+ 1i. n+ 7ii.

(n+ 1) (n+ 7)iii.
(n+ 7)
(n+ 2)

iv.

26. a. w= x2 + 2x− 15

x+ 5
b. w= 62 cm

c. l= 103 cm

27. a. g+ 18

b. g2 + 12g− 108

c. g2 + 12g− 108= 256

d. g2 + 12g− 364= 0

e. g= 14

f. The girl is 14 years old, her brother is 8 years old and her
teacher is 32 years old.

28. a. 1× 120 m
2× 60 m
3× 40 m
4× 30 m
5× 24 m
6× 20 m
8× 15 m
10× 12 m

b. l= x+ 8, w= x− 6

c. 6× 20 m

Exercise 12.6 Graphs of quadratic functions
1. a. Axis of symmetry: x= 0, turning point (0, 0), minimum

b. Axis of symmetry: x= 0, turning point (0, − 3),
minimum

c. Axis of symmetry: x=−1, turning point (−1, −2),
minimum

d. Axis of symmetry: x= 0, turning point (0, 0), maximum

e. Axis of symmetry: x= 0, turning point (0, 2), maximum

f. Axis of symmetry: x= 2, turning point (2, −1),
maximum

2. a. x= 0, (0, 1), minimum

b. x= 1, (1, −3), minimum

c. x=−2, (−2, 2), maximum

d. x=−1, (−1, −2), maximum

e. x= 2, (2, 2), minimum

f. x= 0, (0, 1), maximum

3. a. x= 0; TP (0, −1), minimum; x-intercepts are −1 and 1,
y-intercept is −1.

b. x= 0; TP (0, 1), maximum; x-intercepts are −1 and 1,
y-intercept is 1.

c. x= 1; TP (1, −4), minimum; x-intercepts are −1 a
and 3, y-intercept is −3.

d. x=−2; TP (−2, 1), maximum; x-intercepts are −3 and
−1, y-intercept is −3.

e. x=−1

2
; TP

(
−1

2
, −1

)
, minimum; x-intercepts are

−1
1

2
and

1

2
, y-intercept is −3

4
.

f. x= 1

2
; TP

(
1

2
, 2

)
, minimum; no x-intercepts,

y-intercept is 2
1

4
.

4. a. B b. C c. A d. D

5. a. y= x2 + 8x+ 15, −7≤ x≤ 0

y = x2 + 8x + 15

y

–2

(–4, –1)

(–7, 8)

–4–6

5

10

15

x0
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i. x=−4

ii. (−4, −1), minimum

iii. x-intercepts are −5 and −3, y-intercept is 15.

b. y= x2 − 1, −3≤ x≤ 3

y = x2 – 1

y

2 4

(0, –1)

–2–4

2

4

6

8

x0

i. x= 0

ii. (0, − 1), minimum

iii. x-intercepts are −1 and 1, y-intercept is −1.

6. a. y= x2 − 4x, −1≤ x≤ 5

y = x2 – 4x

y

4 6

(2, –4)

2–2

–2

–4

2

6

x0

4

i. x= 2

ii. (2, − 4), minimum

iii. x-intercepts are 0 and 4, y-intercept is 0.

b. y= x2 − 2x+ 3, −2≤ x≤ 4

y = x2 – 2x + 3

y

2 4

(1, 2)

–2–4

2

4

6

8

10

12

x0

i. x= 1

ii. (1, 2), minimum

iii. No x-intercepts, y-intercept is 3.

7. a. y= x2 + 12x+ 35, −9≤ x≤ 0

y = x2 + 12x + 35

y

–4 –2

(–6, –1)

–6–8

5

10

15

20

25

30

35

x0

i. x=−6

ii. (−6, −1), minimum

iii. x-intercepts are −7 and −5, y-intercept is 35.

b. y=−x2 + 4x+ 5, −2≤ x≤ 6

y = –x2 + 4x + 5

y

4 6

(2, 9)

2–2

–4

–8

4

8

12

x0

i. x= 2

ii. (2, 9), maximum

iii. x-intercepts are −1 and 5, y-intercept is 5.

8. x −3 −2 −1 0 1 2 3

y= x2 + 2 11 6 3 2 3 6 12

y= x2 + 3 12 7 4 3 4 7 12
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a. y

x

5

10

y = x2 + 3

y = x2 + 2

15

0
–2–4 2 4

b. Axis of symmetry: x= 0 for both equations.

c. No x-intercepts for either equation.

9. a. y

x

−5

15

10

5

0
−2−4 2 4

The shape is a parabola.

b. x= 0

c. y=−4

d. x=−2, x= 2

10. x −6 −4 −2 0 2 4 6 8
y 30 12 2 0 6 20 42 72

11. C

12. (0, 0)a. Maximumb.

13. a. y

x

–5

–10

–15

0
–5 5

(0, –6)

(–2, –2)

b. y

x

–5

15

10

5

0
–10 5(1, 0)

(–7, 0)

(–3, –2)

–5

14. Answers will vary but must be of the form y= a(x− h)2.

15. Answers will vary but must be of the form y= ax2 + c.

16. Answers will vary. If the parabola is upright, it has a
minimum turning point. If the parabola is inverted, it has
a maximum turning point.

17. Axis of symmetry crosses halfway between the x-intercepts.
Let the unknown x-intercept be at p. Then,

−4= 10+ p

2
;

−8= 10+ p;
p= −18

Therefore the other x-intercept is at (−18, 0).
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18. Let (a, 0) be the point at which the axis of symmetry
crosses the x-axis.
As a will lie halfway between the x-intercepts (−2, 0) and
(5, 0);

a= −2+ 5

2
= 3

2
= 1.5

Therefore, the axis of symmetry has the equation x= 1.5.

19. y

y = x2

y = x

x

–2

10

2

4

6

8

0
–2 2

By inspection or algebra, the graphs meet at (0, 0) and again
at (1, 1).

20. a.
x2 + 10

2
= −4

x2 = 2
b. Answers will vary but must be of the form

y= a (x− 2) (x+ 10).
21.

1
–
2

1
–
2

h = –   x2 + x

h

1 2

1

H
ei

g
h
t 

(k
m

)

x0

The maximum height is 500 m.

22. −21 °Ca. 1 hour and at 21 hoursb.
t= 11 hoursc. 100 °Cd.

Exercise 12.7 Sketching parabolas of the form
y = ax2

1.

y = x2

y = 4x2

y

1 2–1–2

1

2

3

4

x0

y= 4x2 is narrower.
Turning point for each is at (0, 0); x-int and y-int is 0 for
both.

2.

y = x2

1
–
2

y =    x2

y

1 2–1–2

1

2

3

4

x0

y= x2 is narrower.
Turning point for each is at (0, 0); x-int and y-int is 0 for
both.

3. y

x

–2

4

2

0
–2–4 42

y= 0.25x2
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4. a, b. See the figure at the foot of the page.*

5. Ba. Ab. Bc.

6. iiia. vib. ic.
iid. ive. vf.

7. Sample responses can be found in the worked solutions in
the online resources; for example, y= 2x2.

8. Sample responses can be found in the worked solutions in
the online resources; for example, y=−0.5x2.

9. y= 3x2a. y=−x2b.

10. −350a. −350b. −31.5c.
−7.875d. −16.94e.

11. a.

4

2

–1 1 2 3 4
0 x

y

–4

–6

–2

6

8

10

–2–3–4

y = 2x2

y = x2

y = –3x2

b. 1
–
3

y =   x2

y = –4x2
 

y = x2 

2–2–4 4
x

–2

–4

4

2

y

0

A bow

12. y= 2

3
x2

13. a. Sample responses can be found in the worked solutions
in the online resources.

b. 6

14. 400 wattsa. 625 wattsb.

15. k= 1

16. x= y2

*4. a, b. y

x

–5

–10

–15

0

(0, 0)

–2–4–6 2 4 6

y = –0.5x2 y = –5x2

y = –x2
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Exercise 12.8 Sketching parabolas of the form
y = (x – h)2 + k
1. a.

y = x2

y = x2 + 1

y

1 2–1–2

1

2

3

4

x0

(0, 0)

(0, 1)

b.
y = x2 

y = x2 
– 4

2–2–4 4
x

–2

–4

4

2

(0, 0)

(0, –4)

y

0

2. a.

y = x2

y = x2 
+ 4

y

1 2–1–2

1

2

3

4

x0

(0, 4)

(0, 0)

b.

(0, 0)

(0, –1)

y = x2

y = –x2 
– 1

y

x
0

3. a.

y = x2
 y = x2 

– 1

2–2–4 4
x

–2

–4

4

2

(0, 0)

(0, –1)

y

0

b.

(0, 0)

(0, 1)

y = x2

y = –x2 
+ 1

y

x
0

1–1

4. a.

(0, 2)

(2, 6)

0 x

y

y = x2 + 2 

Minimum

b.

(1, 2)

(0, 3)

0 x

y

y = –x2 + 3 

Maximum
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5. a.

(3, 4)

(0, –5)

0 x

y

y = x2 – 5 

Minimum

b.

(0, 4)

(2, 0)

0 x

y

y = –x2 + 4 

Maximum

6. a.

(0, –3)
(1, –4)

0 x

y

y = –x2 – 3 

Maximum

b.

1
–
2

1
–
2

1
–
2

0, –  

1, 

y = x2 
– 

y

x

x = 0

)

)(

(

Minimum

7. a. x-intercepts: (−2, 0), (2, 0)

y

x

–10

–20

0
–5 5

(0, 4)

y = 4 – x2 

b. No x-intercepts
y

x

–10

–15

0
–2–4 2 4

(0, –4)

–5

y = –4 – x2 
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c. x-intercepts: (−2, 0), (2, 0)
See the figure at the foot of the page.*

8. a. No

b. A negative sign inverts the graph.

9. a. C b. D c. D d. D

10. a. Minimum turning point (1, 0)
y

x0
5

5

10

y = (x – 1)2 

y-intercept (0, 1)

b. Minimum turning point (−2, 0)
y

x

5

10

15

0
–2–4–6

y = (x + 2)2

y-intercept (0, 4)

*7. c. y

x

–5

–10

–15

0
–2–4 2 4

(0, 1)

y = 1 – x2
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11. a. Minimum turning point (3, 0)
y

x

5

10

0
5

y = (x – 3)2

y-intercept (0, 9)
b. Minimum turning point (−4, 0)

y

x

5

15

0
–5

10

y = (x + 4)2

y-intercept (0, 16)

12. a. Minimum turning point (5, 0)
y

x

10

20

30

0
5 10

y = (x – 5)2

y-intercept (0, 25)
b. Minimum turning point (−6, 0)

y

x

10

20

30

0
–5–10

y = (x + 6)2

y-intercept (0, 36)
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13. a. Maximum turning point (1, 0)
y

x0
5

–5
y = –(x – 1)2

y-intercept (0, −1)
b. Maximum turning point (−2, 0)

y

x

–5

–10

0
–5

y = –(x + 2)2

y-intercept (0, −4)
14. a. Maximum turning point (3, 0)

y

x

–5

0
5

y = –(x – 3)2

y-intercept (0, −9)

b. Maximum turning point (−4, 0)

y

x

–5

–15

0
–5

–10
y = –(x + 4)2

y-intercept (0, −16)
15. a. Maximum turning point (5, 0)

y

x

–10

–20

–30

0
5 10

y = –(x – 5)2

y-intercept (0, −25)
b. Maximum turning point (−6, 0)
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y

x

–10

–20

–30

0
–5–10

y = –(x + 6)2

y-intercept (0, −36)
16. a. C b. D

17. a.

(1, 1)

2

y = (x – 1)2 
+ 1

y

x0

Minimum

b.

(–2, –1)

3

y = (x + 2)2 – 1

y

x0

Minimum

18. a.

(3, 2)

11

y

x0

y = (x – 3)2 
+ 2

Minimum

b.

(–3, –2)

7

y

x
0

y = (x + 3)2 – 2

Minimum

19. a.

–5

(–2, –1)

y = –(x + 2)2 – 1 
 

y

x0

Maximum

b.

(1, 2)

1

y

x

y = –(x – 1)2 
+ 2

 

0

Maximum

762 Jacaranda Maths Quest 9

PAGE PROOFS



“c12QuadraticEquationsAndGraphs_PrintPDF” — 2021/8/24 — 7:33 — page 763 — #83

20. a.

4

(0, 0)

1

(1, 0)

(1, 3)

y = (x – 1)2

y = x2

y

x

y = (x – 1)2 + 3

b. 1 right

c. 1 right, 3 up

21. a.

y = x2
 

x

(0, 0)

(–3, 0)

(–3, 2)

9

11

y

0

y = (x + 3)2

y = (x + 3)2 + 2

b. 3 left

c. 3 left, 2 up

22. a.

0 x

y

(–2, 4)

(0, 0)

(0, 15)

(0, 16)

(4, 0)
(5, 0)

(4, –1)

y = (x – 4)2

y = (x – 4)2 – 1

y = x 2

b. 4 right

c. 4 right, 1 down

23. a. D b. A c. C

24. a. iii

b. iv

c. v

d. i

e. vi

f. ii

25. 5 km above sea level.
See figure at the foot of the page.*

*25.

0
–1

–5

–4

–3

–2

–1

1

2

3

4

5

–2–3–4–5 4 5321

x

y

y = –x2 + 5

TOPIC 12 Quadratic equations and graphs 763

PAGE PROOFS



“c12QuadraticEquationsAndGraphs_PrintPDF” — 2021/8/24 — 7:33 — page 764 — #84

26. via. iib. iiic.
id. ive. vf.

27. a. y= (x− 2)2 or y= (x− 4)2

b. y= (x− 2)2 or y= (x+ 4)2

28. a. No difference

b. 2nd graph is translated 4 units to the left of the 1st graph.

c. 2nd graph is ‘inverted’ and is the mirror image of the 1st
graph in the x-axis.

29. y=−(x+ 2)2a. y= (x− 3)2 − 1b.

y= (x+ 1)2 + 2c. y=−(x− 4)2 + 6d.

30. C

31. The graph is a basic parabola that has been translated
h units horizontally and k units vertically. Therefore the
turning point becomes (h, k). This form allows the turning
point to be determined very quickly and easily.

32. Students should substitute the points into the given
equations and show that the equations are true.

33. Students should substitute the points into the given
equations and show that the equations are true.

34. Intersections at
(
−
√

2, 0
)

and
(√

2, 0
)

y

x

–5

5

0
–2–4 42

y = x2
 
– 2

y = –x2
 
+ 2

35. a. y= (x− 3)2 − 2 is obtained by translating y= (x− 3)2

vertically 2 units down.
y= (x− 3)2 + 1 is obtained by translating y= (x− 3)2

vertically 1 unit up.

b. y= (x− 5)2 − 4

36. a. 40 °C
b. Sample responses can be found in the worked solutions

in the online resources.

c. 5 hours

d.

t

h

(0, 40)

10

20

30

40

(5, 15)

t = (h – 5)2 + 15

37. y= 4

38. a. 150 metres

b. y= −4

225
(x− 150)2 + 400

39. y= 4

40. y=−
(
x− 1

2

)2

+ 29

4

Exercise 12.9 Sketching parabolas of the form
y = (x +a) (x +b)
1. a.

0 x

y

(0, 12)

(–2, 0)(–6, 0)

(–4, –4)

y = (x + 2)(x + 6)

b.

0 x

y

(0, 15)

(3, 0) (5, 0)

(4, –1)

y = (x – 3)(x – 5)
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2. a.

–3

–1 3

(1, –4)

y

x0

y = (x – 3)(x + 1)

b.

0 x

y

(6, 0)

(1, –25)

(0, –24)

(–4, 0)

y = (x + 4)(x – 6)

3. a. y = (x – 5)(x + 1)

x

y

0–1

–5

(2, –9)

5

b.

1

2
( )

0 x

y

, –2

(2, 0)

(0, –2)

(–1, 0)

1

4

y = (x + 1)(x – 2)

4. a.

0 x

y

(0, 12)

(–2, 0)(–6, 0)

(–4, –4)

y = x2 + 8x + 12

b.

0 x

y

(0, 15)

(–5, 0)

(–4, –1)

(–3, 0)

y = x2 + 8x + 15

5. a.

(–3, –4)

5

–5 –1

y

x0

y = x2 + 6x + 5

b.

0 x

y

(–5, –9)

(0, 16)

(–2, 0)(–8, 0)

y = x2 + 10x + 16
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6. a.

0 x

y

(2, 0)

(0, –8)

(–1, –9)

(–4, 0)

y = x2 + 2x – 8

b.

0 x

y

(1, 0)

(0, –5)

(–2, –9)

(–5, 0)

y = x2 + 4x – 5

7. a.
y = x2 – 4x – 12

(2, –16)

–12

6–2

y

x0

b.

(3, –16)

–7

7–1

y

x0

y = x2 – 6x  – 7

8. a.
y = x2 – 10x + 24

x

y

24

(5, –1)

64

0

b.
y = x2 – 6x + 5

x

y

5

5

(3, –4)

10

9. a.

1
–
4

1
–
2

y = x2 – 5x + 6

x

y

2

6

3

(2   , –   )

0

b.

0

1
–
4

1
–
2

x

y

5–2

–10

(1  , –12  )

y = x2 – 3x – 10
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10. y

x

–5

–10

0

5

5 10–5

11. y= (x− 2) (x− 6)
12. a. 20 m

b. 4, 24

c. (4, 0), (24, 0)
d. x= 14

e. (14, 10)
f. 10 m

g. 10 m

h.

0
(24, 0)(4, 0)

x

y

(14, 10)

y = –0.1(x – 4)(x – 24)

13. 9 m

14. a. (6, − 9)
b. y= (x− 6)2 − 9

c. Intercept form expanded:
y= x2 − 12x+ 27
Turning point form expanded:
y= x2 − 12x+ 36− 9= x2 − 12x+ 27

d. y

x

–5

–10

0

5

5

(6, –9)

(3, 0) (9, 0)

10

y = (x – 3)(x – 9)

15. x= 11

16. a. Since the coefficient of t2 w is negative, the turning point
is a maximum.

b. Maximum height = 512 m at t= 8 seconds

17. a. From t= 6 to t= 12; h=−0.5(t− 8.5)2 + 15.125
From t= 12 to t= 21; h=−t+ 21

b. 0≤ t≤ 6, 6≤ t≤ 12, 12≤ t≤ 21

18. The general turning point is

(
b

2
,
b2

4

)
.

19. Answers will vary but must be of the general form

y= a

(
x+ 1

2

)
−
(
x− 3

4

)
.

20. y= 2x2 − x− 5

Exercise 12.10 Applications
1. a.

4

8

12

16

500

8 106420
x

h

h = –x2 + 8x

b. 16 m

2. a. i. 19.6 m

ii. 240.1 m
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b.

50

100

150

200

250

8 106420 t

d

d = 250 – 4.9t2

       

3. a. 120 metres b. 3 minutes

4. a. i. 75 km

ii. 60 km

b. 80 km

c. 80 km high after travelling 40 km horizontally

d.

20

40

60

80

806040200
d

h

(80, 0)

(40, 80)

h = –0.05d2 + 4d

5. a. 14 m

b. 20 m

c. 7 s

d. 20.25 m

e.

4

8

12

16

20

8 10642–2
0 t

h

h = –t2 + 5t + 14

6. a. No profit

b.

–600

–800

–1000

–1200

–400

–200

604020

0

n

P

P = –n2 + 70n – 1200

c. 30 bears

d. $25; 35 bears

7. a. 2(x+ y)= 80

b. Sample responses can be found in the worked solutions
in the online resources.

c. A= x (40− x)
d.

100

200

300

400

500

40 503020

(20, 400)

100
x

A

A = x(40 – x)

e. 400 m2

f. x= 20 m; y= 20 m
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8. a. Perimeter −2x+ y= 55 m, so y= 55− 2x

b. Area −xy= x(55− 2x)= 55x− 2x2

c. x= 13.75 m, y= 27.5 m, area = 378.125 m2.

9. a. 1 m

b. 9 m

c. Sample responses can be found in the worked solutions
in the online resources.

d. From 2 to 4 seconds

e.

2

4

6

8

10

8 106420
t

h

h = –t2 + 6t + 1

(3, 10)

f. 10 m

g. 6 s

10. a. Inverted

b. h= 5t (4− t)
c. t= 0, t= 4; 4 seconds

d. Maximum turning point at (2, 20)
e. 20 m

f.

5

10

15

20

4 53210
t

h

(2, 20)

(4, 0)

h = 20t – 5t2

11. Let x= horizontal distance, y= vertical distance across the
bridge (0≤ x≤ 40)
y=−0.01x (x− 40)

12. a.

20

40

60

80

100

0.8 10.60.40.2
0 g

Z

Z = –400(g – 0.5)2 + 100

(0.5, 100)

b. g= 0.5
c. 0.15≤ g≤ 0.85

13. a. 7th to 8th month b. 3rd and 12th months

14. Sample responses can be found in the worked solutions in
the online resources.

15. The height of the platform deck above the water is 2.7 m.

Project
1-5. Students need to construct a parabola by folding paper

with the directions given in this project. Draw incident
and reflected rays of light and use a protractor to carefully
measure the angle each line makes with the mirror. Also
comment on the diagram.

6. Parabolas could be seen in real life in, for example, water
shot by the fountain in a parabolic path, a ball thrown into
the air, bridges, headlights, satellite dishes or telescopes.

Exercise 12.11 Review questions
1. D

2. A

3. C

4. B

5. A

6. x=−4, x= 3

7. x= 3.5, x= 4

8. (c+ 1) (c+ 4)a.
(
p− 2

) (
p+ 12

)
b.(

y− 6
) (
y− 4

)
c. (x+ 1) (x+ 2)d.

(m− 2) (m− 5)e. (m+ 22) (m+ 2)f.

9. a. x=−10, x=−1

b. x=−2, x= 0

c. No real solutions

10. a. x=−6, x= 2

b. x= 0, x= 6

c. x=−6, x= 4

11. a. B b. A c. A

12. a. C b. D c. B d. D

13. a. C b. D c. C

14. a. D b. A c. B

15. D

16. D

17. B

18. A

19. C

20. a. x= 0, TP (0, − 4), minimum, x-intercepts are −2 and 2,
y-intercept is −4.

b. x= 0, TP (0, 9), maximum, x-intercepts are 3 and −3,
y-intercept is 9.

c. x= 1, TP (1, 0), minimum, x-intercepts is 1, y-intercept
is 1.

d. x=−3, TP (−3, 0), maximum, x-intercepts is −3,
y-intercept is −9.

e. x=−1, TP (−1, 1), minimum, no real x-intercepts,
y-intercept is 2.

f. x=−1, TP (−1, − 4), minimum, x-intercepts are 1 and
−3, y-intercept is −3.
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21. a. y= x2 − 4x, − 2≤ x≤ 6

x −2 −1 0 1 2 3 4 5 6

y 12 5 0 −3 −4 −3 0 5 12

(2, –4)

(6, 12)

(5, 5)

(–1, 5)

(–2, 12)

(0, 4)

(3, –3)(1, –3)

y

x0

(0, 0)

–1 4

y = x2 – 4x

x= 2, TP (2, − 4), minimum, x-intercepts are 0 and 4,
y-intercept is 0.

b. y=−x2 − 2x+ 8, − 5

x −5 −4 −3 −2 −1 0 1 2 3

y −7 0 5 8 9 8 5 0 −7

(–1, 9)

(–2, 8) (0, 8)

(1, 5)

(2, 0)

(–5, –7)

(–4, 0)

(–3, 5)

(3, –7)

y

x0

10

–10

y = –x2 – 2x + 8

5–6

x=−1, TP (−1, 9), maximum, x-intercepts are −4
and 2,
y-intercept is 8.

c. y= 2x2 − 4x+ 4, − 2≤ x≤ 3

x −2 −1 0 1 2 3

y 20 10 4 2 4 10

See the figure at the foot of the page.*
x= 1, TP (1, 2), minimum, no x-intercepts, y-intercept
is 4.

d. y=−x2 + 6x− 5, 0≤ x≤ 6

x 0 1 2 3 4 5 6

y −5 0 3 4 3 0 −5

(3, 4)

5

–5

(–5, 0)

(1, 0)

(2, 3)
(4, 3)

(0, 5)

(6, –5)

1

y

x0

y = –x
2 + 6x – 5

x= 3, TP (3, 4), maximum, x-intercepts are 1 and 5,
y-intercept is −5.

22. a.

0 x

y

y = 2x2

(1, 2)

Minimum

*21. c.

(1, 2)

(3, 10)

(0, 4) (2, 4)

y

x0

y = 2x2 – 4x + 4

5–5 –2

(–2, 20)

(–1, 10)

–20
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b.

0 x

y

(2, 2)

1

2
y =  x2

Minimum

c.

0 x

y

(1, –4)

y = –4x2

Maximum

d.

0 x

y

(3, –3)

1

3
y = –  x2

Maximum
23. a.

0 x

y

(1, 3)

(0, 2)

y = x2 + 2

Minimum

b.

0 x

y

(2, 0)(–2, 0)

(0, –4)

y = x2 – 4

Minimum

c.

0 x

y

(0, 5)

(1, 6)

y = x2 + 5

Minimum

d.

0 x

y

(0, –3)

(1, –2)

y = x2 – 3

Minimum

24. a.

(–1, 0)

1

y = (x + 1)2

y

x

Minimum
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b.

y = –(x – 2)2

(2, 0)

–4

y

x

Maximum

c.

(5, 0)

25

y = (x – 5)2

y

x

Minimum

d.

y = –(x + 2)2

–4

(–2, 0)

y

x

Maximum

25. a.

(1, 1)

2

y = (x – 1)2 + 1

y

x

Minimum

b.

(–2, 3)

7

y = (x + 2)2 + 3

y

x
0

Minimum

c.

(3, –2)

(4.4, 0)

(1.6, 0)

7

y = (x – 3)2 
– 2

y

x0

Minimum

d.

(–1, –4)

–5

y

x

y = – (x + 1)2 – 4

Maximum

26. 6 s

27. x=−2

28. 7 metres

29. a. p2

b. p2 − 140p+ 4500

c. 140p− 4500

30. a. Length = (x− 4) cm, width = (x− 6) cm

b.
(
x2 − 10x+ 24

)
cm2

c. 624 cm2

31. a. x2 + 2x= 35 b. 5

32. h= 0a. 0= 3− t2 − 2tb.
t=−3 or t= 1c. 1 secondd.
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33.

3–5

(–1, 16)

(0, 15)

H = –(x + 1)2 
+ 16

H

x0

34. a. y = (x + 2)(x – 2)

(0, –4)

–2 2

y

x0

Minimum

b.

0 x

y

(7, 0)

(2, –25)

(0, –21)

(–3, 0)

y = (x + 3)(x – 7)

Minimum

c.

0 x

y

(5, 0)(–3, 0)

(1, –16)

(0, –15)

y = x2 – 2x – 15

Minimum

d.

1
–
2

1
–
4

(–1  , –   )

2

–2 –1

y

x
0

y = x2 + 3x + 2

Minimum

35. 50 metres, 20 metres

36.

1

0

2

3

4

5

4 8 12 16 20 24 28

(0, 2.1)H
ei

g
h
t 

(y
ar

d
s)

Distance (yards)

(16, 0) (22, 0.3)

x

y

y = 
1

120
(x – 16)2 

37. a. 45 m

b. 9 s

c. 49 m

d.

10

20

30

40

45

(2, 49)

(0, 45)

(9, 0)

50

8 1096420
t

h

h = 49 – (t – 2)2

TOPIC 12 Quadratic equations and graphs 773

PAGE PROOFS



“c12QuadraticEquationsAndGraphs_PrintPDF” — 2021/8/24 — 7:33 — page 774 — #94

38. a. w+ l= 50

b. A= l (50− l)
c.

50

100

150

200

250

300

350

400

450

500

550

600

650

40 503020100
l

A

A = l(50 – l)

(25, 625)

(50, 0)

d. 625 cm2

39. a. $125

b.

–300

–400

–500

–200

–100

100

200

(25, 225)

(0, –400)
(50, –400)

(40, 0)(10, 0)

5040302010
0 n

P

P = –n2 + 50n – 400

c. $225 for 25 sausages

d. 10 or 40 sausages

40. a. 2.6 m

b. p= 0.25, q= 2.25

c. x= 1.25

d. 2 m

e.

1m

2m

1m 2m 3m

(2.6, 0)

(1.25, 2)

(2.25, 0)(0.25, 0)

x

y

y = –2(x – 0.25)(x – 2.25)
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