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4 4 5
8g UNDERSTANDINg MA SS

ExERCisE 8G Understanding mass

 1 List these animals in order from lightest to heaviest. 

a  
b  

 
 

c    d  e 

 
 

 2 For each animal in question 1, which unit you would use to measure mass: 

milligrams, grams, kilograms, or tonnes?

For this task, you will need to work in pairs and have access to 1-kg, 500-g and 

100-g weights as well as scales capable of weighing up to at least 2 kg.

1 Collect fi ve objects of varying masses from around the room. Try to choose 

objects that you think each have a mass of under 2 kg.

2 Estimate the mass of each object and record this in a table in your workbook (Estimate 1).

object estimate 1 estimate 2 mass (g) mass (kg)

3 For each object, use the weights to help refi ne your 

estimates. Place the object in one hand and a weight in 

the other. Does it feel heavier or lighter? By how much? 

Record your new estimate in the table (Estimate 2).

4 Use the scales to help you make an accurate mass measurement 

for each object and record this, in grams, in your table.

5 How many grams in a kilogram?

6 Use your knowledge of converting to larger units to write a sentence describing how to convert grams 

to kilograms.
Convert:

a 820 g into kg b 12.4 g into mg.

THINk
WRITE

a To convert to a larger unit, divide by the conversion 

factor of 1000. (1000 g = 1 kg)

820 g = (820 ÷ 1000) kg

= 0.82 kg

b To convert to a smaller unit, multiply by the conversion 

factor of 1000. (1000 mg = 1 g)

12.4 g = (12.4 × 1000) mg

= 12 400 mg

Converting mass units in one step
example 8G-1
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 3 Convert these mass units.

a 1.2 kg into grams b 6000 mg into grams

c 72 kg into tonnes d 1 g into milligrams

e 450 g into kilograms f 3.5 t into kilograms

g 750 mg into grams h 9.8 g into milligrams

i 8.13 kg into grams j 2045 g into kilograms

k 0.93 kg into grams l 145 kg into tonnes
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3h converting BetWeen FrActionS,  decimA lS And PercentAgeS

ExErCIsE 3H  Converting between fractions, decimals 

and percentages

Write 37% as a decimal.

think

Write

1  Write 37% as a fraction. 
37% = 

37
100

2  Divide the numerator (37) by the denominator (100). 
= 37 ÷ 100

3  Write your answer. Show a digit before the decimal point. 

There are zero ones, so write 0. 

= 0.37

Writing a percentage as a decimal

example 3H-1

Write 6.25% as a decimal.

think

Write

1 Write 6.25% as a fraction. 
6.25% = 

6.25
100

2  Divide the numerator (6.25) by the denominator (100). A short 

cut to dividing by 100 is to ‘move’ the decimal point two places 

to the left.

 = 6.25 ÷ 100

= . 625

3  Insert a placeholder zero in the ‘empty’ space (tenths place).  = .0625

4  Write your answer. Show a digit before the decimal point.  = 0.0625

Writing a decimal percentage as a decimal

example 3H-2

 1 Write each percentage as a decimal.

a 46% b 13% c 99%

d 25% e 20% f 50%

g 5% h 8% i 1%

 2 Write each percentage as a decimal.

a 23.84% b 19.65% c 46.7%

d 3.09% e 567.4% f 0.467%

g 12.895% h 73.28% i 200.5%

j 10.92% k 404.04% l 0.0101%

1 How many balloons are there in total?

2 How many red balloons are there?

3 Write the number of red balloons as a fraction of the total number of balloons.

4 Write your answer to question 3 as an equivalent fraction with a denominator of 100.

5 Write this fraction as: a a percentage b a decimal.

6 What do you notice about your answers to question 5?

7 Complete this table.

8 Write a sentence describing the relationship 

between percentages and decimals. 

9 Stephanie said that 2 out of 10 balloons 

were purple, Maria said that 20% were 

purple and Ben said that 0.2 were purple. 

Explain how they are all correct.

balloon 
colour

Fraction 
of total

Fraction with a 

denominator of 100
Percentage Decimal

red

purple

Yellow

green
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 5 Write each fraction as a percentage by first converting to a decimal.

a 3
8 b 1

4 c 7
16 d 21

40e 7
8 f 5

16 g 6
125 h 9

80 6 Write each fraction as a percentage correct to two decimal places.
a 1

3 b 3
7 c 5

6 d 9
11e 5

9 f 5
7 g 8

13 h 7
12 7 Check your answers to questions 5 and 6 with a calculator.  8 Eclectus parrots are found in north-eastern Australia. The male is green and the 

female is red and blue.

a Write the number of male parrots pictured as a fraction of the total number of 

parrots.
b What percentage of the group is: i male? 

ii female?c Write each answer to part b as a decimal.
 9 Copy and complete the table at right to show the equivalent forms of each amount.

Fraction Decimal Percentage
 

1
2

0.25

75%

 
1
3

0.125

62.5%

 
1
5

0.4

60%

 10 Lachlan scored 18 out of 25 on his first test and 23 out of 30 for his next test.a Calculate what percentage he scored for his first test.
b Calculate what percentage he scored for his second test.

c Which test did Lachlan perform better on? Explain your answer.
 11 Create your own incomplete table like the one in question 10 with fraction, decimal 

and percentage equivalents of given amounts. Swap with your classmates and work 

out the missing values.
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Chapter 7 :  shapes and oBjeCts

4 0 4

You are to design a lamp using your knowledge of 2d shapes and 3d objects. Your lamp should include at least two diff erent 3d objects, and the lampshade must be designed with a tessellation of at least three diff erent shapes.

Lamp design

ConnECt

to design your lamp, follow these steps.
• decide what 2d shapes and 3d objects will make up your lamp.

• choose an appropriate tessellation that is colourful and attractive to cover either the base or lampshade.• draw a diagram of your lamp using graph or isometric dot paper.
• draw a set of plans for the lamp.

• construct a model of the lamp using a series of nets.

Your task
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worksheet

5A.45A Types of fractions

Choc Block design

➜ focus

To investigate the relationship between fractions, 

factors and division

what to do

A chocolate manufacturer has developed a luscious new type of chocolate.

The chocolate will be sold in a large block with each block being able to be separated into smaller 

pieces. You need to answer the following questions and help the manufacturer decide what 

design they should use for this new block of chocolate.

Design A1 Design A consists of the block of chocolate with 4 rows of 5 smaller 

pieces as shown at right.

a How many smaller pieces are there in this block of chocolate?

b  Copy the following and fill in the gaps. Use the diagram to help determine what each 

person gets.

A block of chocolate with a total of 20 pieces can be shared by a group of:

20 people where each person gets  piece of chocolate. This can be written as the 

fraction  .

10 people where each person gets  pieces of chocolate. This can be written as the 

fraction  . 

5 people where each person gets  pieces of chocolate. This can be written as the 

fraction  . 

4 people where each person gets  pieces of chocolate. This can be written as the 

fraction  .

2 people where each person gets  pieces of chocolate. This can be written as the 

fraction  .

1 person where that person gets  pieces of chocolate. This can be written as the 

fraction  . This is the  block of chocolate.
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 5 Write each fraction as a percentage by first converting to a decimal.

a 3
8 b 1

4 c 7
16 d 21

40e 7
8 f 5

16 g 6
125 h 9

80 6 Write each fraction as a percentage correct to two decimal places.
a 1

3 b 3
7 c 5

6 d 9
11e 5

9 f 5
7 g 8

13 h 7
12 7 Check your answers to questions 5 and 6 with a calculator.  8 Eclectus parrots are found in north-eastern Australia. The male is green and the 

female is red and blue.

a Write the number of male parrots pictured as a fraction of the total number of 

parrots.
b What percentage of the group is: i male? 

ii female?c Write each answer to part b as a decimal.
 9 Copy and complete the table at right to show the equivalent forms of each amount.

Fraction Decimal Percentage
 

1
2

0.25

75%

 
1
3

0.125

62.5%

 
1
5

0.4

60%

 10 Lachlan scored 18 out of 25 on his first test and 23 out of 30 for his next test.a Calculate what percentage he scored for his first test.
b Calculate what percentage he scored for his second test.

c Which test did Lachlan perform better on? Explain your answer.
 11 Create your own incomplete table like the one in question 10 with fraction, decimal 

and percentage equivalents of given amounts. Swap with your classmates and work 

out the missing values.
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CHAPTER 8:  TIME,  MA SS AND TEMPERATURE

4 5 6

CHAPtER REViEW

Create a summary of this chapter using the key terms below. You may like to write a paragraph, create a 

concept map or use technology to present your work.

SUMMARISE

 1 What measurement is shown?

A 100 B 50

C 354 D 390

 2 Which is the best estimate  

for the mass of a cat?

A 2.9865 kg B 3294 g

C 30 kg D 3 kg

 3 What is the number of hours in 

1000 seconds closest to?

A 1 B 17

C 0.3 D 3 600 000

 4 Which is the largest measurement?

A 130 minutes B 2.25 hours

C 4000 seconds

D 2 hours 20 minutes

 5 What is the time difference between 

11.00 am and 5.31 pm?

A 6.31 hours

B 4 hours 31 minutes

C 5 hours 29 minutes

D 6 hours 31 minutes

 6 What is the date 41 days after 

25 December?

A 30 January B 4 February

C 2 February D 14 November

Use this flight timetable for questions 7–8.

Flight a Flight b

leaves melbourne 6 September, 17:00 7 September, 14:00

arrives sydney 6 September, 18:25 7 September, 15:30

departs sydney 6 September, 19:40 7 September, 18:00

arrives honolulu 6 September, 09:25 7 September, 07:45

 7 How long does Flight A’s first leg take?

A 1.25 hours

B 1 hour 30 minutes

C 16 hours 25 minutes

D 1 hour 25 minutes

 8 What is the date and time in Melbourne 

when Flight B lands in Honolulu?

A 7 September, 07:45

B 8 September, 03:45

C 6 September, 11:45

D 7 September, 27:45

 9 Which is the largest measurement?

A 50 000 g B 5000 kg

C 0.5 t D 5 000 000 mg

 10 Which pair of measurements has the 

largest range?

A 50°C and 15°C

B −10°C and 5°C

C −19°C and 11°C

D −14°C and −1°C

8A

8B

8C

8C

8D

8D

8E

8F

8G

8H

MUlTIPlE-CHoICE

scales

scale marks

intervals

estimate

accuracy

convert

time 

units

24-hour time

elapsed time

timetable

timeline

time zones

Greenwich Mean Time

International Date Line

daylight savings

units of mass

temperature

degrees Celsius

degrees Fahrenheit
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Chapter 7 :  shapes and oBjeCts

4 0 4

You are to design a lamp using your knowledge of 2d shapes and 3d objects. Your lamp should include at least two diff erent 3d objects, and the lampshade must be designed with a tessellation of at least three diff erent shapes.

Lamp design

ConnECt

to design your lamp, follow these steps.
• decide what 2d shapes and 3d objects will make up your lamp.

• choose an appropriate tessellation that is colourful and attractive to cover either the base or lampshade.• draw a diagram of your lamp using graph or isometric dot paper.
• draw a set of plans for the lamp.

• construct a model of the lamp using a series of nets.

Your task
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6B Division of polynomials 10A

6C remainder and factor theorems 10A

6D solving polynomial equations 10A

6E Graphs of polynomial  10A  
relationships

6F polynomials and  10A  
transformations

What are polynomials and how are they useful when 
modelling a relationship?

6

E ss E n t I A l  Q u E s t I o n

2 6 8

SAMPLE



 1 Simplify each expression.

a 4x2 − 7x + 3 + 2x2 − 5 − x

b (3x2 − 5x) − (x2 + 6x)

c (2x3 + x2 + 1) − (5x3 − 4x2 − 3x)

d (x3 − 2x2 + 3x − 4) −  
(x3 + 5x2 − 2x − 9)

 2 Simplify each expression.

a 3x × x2  b 7x3 × 2x2

c 5x2 ÷ x d 24x3 ÷ 4x

 3 Expand and simplify each product.

a x2(3x3 − 5) b (x − 4)(x + 7)

c 2(x + 3)2 d x(3x − 2)(2x + 1)

 4 Evaluate 2x3 − 3x2 − 4x + 3 after 
substituting each x value. 

a x = 1 b x = 3

c x = 0 d x = −2

 5 Consider this long  
division problem.

2 5 3
1 3 ) 3 2 9 6

2 6  
6 9 
6 5 

4 6
3 9

7

a The dividend is:

A 7 B 13

C 253 D 3296

b The divisor is:

A 7 B 13

C 253 D 3296

c The quotient is:

A 7 B 13

C 253 D 3296

d The remainder is:

A 7 B 13

C 253 D 3296

 6 Use long division to find the quotient 
and remainder for:

a 456 ÷ 18 b 2783 ÷ 23

 7 Solve each equation.

a 2x(x − 7) = 0

b x2 − 3x − 18 = 0

c x2 − 16 = 0

d x2 + 4x − 1 = 0

e 3x2 − 6x + 3 = 0

f 25 + x2 = 0

 8 Find the x- and y-intercepts for each 
graph with the given rule.

a y = 2x − 6 b y = x2 + x − 12

c y = x2 − 9 d y = x2 + 4x + 4

 9 Describe the transformation/s to be 
performed on the graph of y = x2 to 
produce the graph of:

0

y

x

y = x2

a y = x2 + 4

b y = (x − 2)2

c y = 3x2

d y = −x2

e y = (x + 1)2 − 2

f y = −2(x − 5)2 + 3

 10 Write the coordinates of the turning 
point for each new graph in question 9.

6A

10A

6A

10A

6A

10A

6A

10A

6B

10A

6B

10A

6D

10A

6E

10A

6F

10A

6F

10A

Are you ready?

2 6 9
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CHAPTER 6:  POLY NOMIA LS2 7 0

Key ideas

 A polynomial is an expression that contains only one variable, such as x. Each term contains the 
variable raised to a non-negative integer value (0, 1, 2, 3, …).

 A polynomial can be written as P(x) = anxn + an − 1xn − 1 + an − 2xn − 2 + … + a2x2 + a1x1 + a0x0 
where n is the highest power and an, an − 1, … , a2, a1, a0 are coefficients. P(x) is read as ‘P of  x’ 
meaning the polynomial P using the variable x.

 The degree of a polynomial (n) is the highest 
power of the variable. Polynomials are given 
names according to their degree. Some common 
polynomials are listed in the table at right.

degree name example

0 constant 5 (or 5x0)

1 linear 2x + 9 (or 2x1 + 9)

2 quadratic −x2 + 3x − 1

3 cubic 4x3 − x2 + 2x + 7

4 quartic 1
2 x

4 + x2 − 2

 The leading term (anxn) contains the highest power 
of the variable and is usually written first. 

 To add or subtract polynomials, add or subtract any 
like terms.

 To expand the product of two polynomials, multiply each term in the first polynomial by each 
term in the second. If  there are more than two polynomial factors to multiply together, expand two 
factors and then multiply the result by the remaining factors, one at a time.

6A  Understanding polynomials 

A polynomial is an expression with terms containing one variable only, and with that variable raised to a 
power that is a positive integer or zero.

1 Consider the quadratic expression 3x2 − 5x + 7.
a What variable is used in the expression?
b What is the power of x in:

 i the first term? ii the second term? iii the third term? (Hint: what does x0 equal?) 
c Is the expression a polynomial? Explain.
d What is the highest power of x used? This is the degree of  the polynomial.
e Which term contains the highest power of x? This is the leading term of  the polynomial. 
f What is the coefficient of the leading term? This is the leading coefficient of  the polynomial.
g Which term is the constant term?

2 Decide if  each expression is a polynomial. Give a reason for your answer.

a x3 + 7x2 + 3x + 2 b 8x2 − 2x
1
4 c 4x + 9x4 − x2

d 
6
x

 + 5x7 e 2x5 − x4 + 1 − x f 3x2 + 2xy − y3

Start thinking!
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 1 Decide if  each expression is a polynomial. For each polynomial, give its name as 
constant, linear, quadratic, cubic or quartic.

a 4x3 + 2x2 + 5x + 1 b 1 − x3y2 + 7x c 6 − 9x

d 3x + x2 − 4 e 2x3 + 3 x − 6 f 8

g 5x3 − 2x
1
5 + 7 h x4 + x + 1 i 3

7 x3 

For the polynomial 2x3 − x2 + 7x + 4, identify:

a the number of terms b the degree of the polynomial
c the constant term d the leading term
e the leading coefficient f the coefficient of the x2 term 

think Write

a Terms are separated by + and − signs. a There are four terms.

b Look for the highest power of x. b Degree is 3.

c Look for a term without a variable (power of variable is 0). c Constant term is 4.

d Look for the term that has the highest power of x. d Leading term is 2x3.

e Write the coefficient of the leading term. e Leading coefficient is 2.

f Write the coefficient of the term containing x2. The sign 
shown between it and the term before belongs to the x2 
term. (−x2 means −1x2.)

f Coefficient of x2 is −1.

identifying features of a polynomialexample 6a-1

ExErCIsE 6A Understanding polynomials

 2 For each polynomial below, identify:

 i the number of terms ii the degree of the polynomial

 iii the constant term iv the leading term

 v the leading coefficient vi the coefficient of the x2 term 

a 2x3 + 3x2 + 4x + 5 b 4x5 + x4 + 7x3 − 2x2 + 9x − 3

c −5x4 − 2x3 + 5x2 + 1 d x7 + x6 − x5 + x4 + x3 − x2 + x 

e 9 − 3x − 6x3 + 2x2 − 7x6 f 3 − 11x10 + 5x8 

 3 Simplify each polynomial by collecting like terms.

a 4x3 + 2x2 − 4x − 1 + x3 − 5x2 + 3 b x5 − 3x2 + x3 − 2x4 − x3 + 7x2

c x4 + 2 + 4x2 + x4 − 2x2 − 5 + 6x3 d (2x2 − 5x + 1) + (3x2 − 6x + 8)

e (5x3 − 2x + 1) − (2x3 − 7x + 4) f (3x2 + x + x3) − (4x4 − 3x2 + 5x3)

u
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 4 If  P(x) = x3 − 2x2 + 5x − 8, evaluate:

a P(2) b P(0) c P(3) d P(−3)

 5 If  P(x) = 3x4 − 4x3 + x2 − 6x + 1, evaluate:

a P(3) b P(1) c P(−1) d P(−2)

 6 If  P(x) = 2x3 − x2 + 3x − 6 and Q(x) = 3x2 − 7x + 2, find:

a P(x) + Q(x) b P(x) − Q(x) c Q(x) − P(x) d 3P(x)

e −2Q(x) f 2P(x) + Q(x) g P(x) − 4Q(x) h 3P(x) − 2Q(x)

i 2P(−1) j −3Q(2) k P(3) + Q(3) l 5P(0) − 4Q(0)

If  P(x) = 2x3 − x2 + 7x + 4, evaluate: a P(3) b P(0) c P(−1)

think Write

a Substitute x = 3 into the expression and 
evaluate. 

a P(3) = 2(3)3 − (3)2 + 7(3) + 4
= 54 − 9 + 21 + 4
= 70

b Substitute x = 0 into the expression and 
evaluate. 

b P(0) = 2(0)3 − (0)2 + 7(0) + 4
= 0 − 0 + 0 + 4
= 4

c Substitute x = −1 into the expression and 
evaluate. 

c P(−1) = 2(−1)3 − (−1)2 + 7(−1) + 4
= −2 − 1 − 7 + 4
= −6

Expand and simplify each product.

a 2x3(x2 − 3x + 4) b (x2 − 2)(x3 − x + 5) c (2x4 − x2 + 3)(x3 + 4x − 1)

think Write

a Multiply the term outside the 
brackets with each term inside 
the pair of brackets.

a 2x3(x2 − 3x + 4)
 = 2x5 − 6x4 + 8x3

b Multiply each term in the first 
pair of brackets with each term 
in the second pair of brackets. 
Simplify like terms.

b (x2 − 2)(x3 − x + 5)
 = x2(x3 − x + 5) − 2(x3 − x + 5)
 = x5 − x3 + 5x2 − 2x3 + 2x − 10
 = x5 − 3x3 + 5x2 + 2x − 10

c Multiply each term in the first 
pair of brackets with each term 
in the second pair of brackets. 
Simplify like terms.

c (2x4 − x2 + 3)(x3 + 4x − 1)
 = 2x4(x3 + 4x − 1) − x2(x3 + 4x − 1) + 3(x3 + 4x − 1)
 = 2x7 + 8x5 − 2x4 − x5 − 4x3 + x2 + 3x3 + 12x − 3
 = 2x7 + 7x5 − 2x4 − x3 + x2 + 12x − 3

evaluating a polynomial

expanding the product of two polynomials

example 6a-2

example 6a-3

SAMPLE
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 7 Expand and simplify each product.

a x3(x2 + 2x + 7) b 4x2(x2 − 5x + 2)

c −6x3(x4 − 4x2 + 1) d (x + 3)(x2 − 2x + 4)

e (x2 − 1)(x2 + 3x − 7) f (x2 − 5)(x3 − x + 3)

g (x4 − 3x + 2)(x3 + 4x2 − 1) h (2x5 − 3x2 + 1)(x3 − 5x + 2)

c
h

a
l

l
e

n
g

e

 8 Expand and simplify each product.

a 3x(x + 2)(x + 3) b −7x2(x + 5)(x − 2) c (x + 3)(x + 1)(x + 6)

d (x − 3)(x − 4)(x + 1) e (3x − 2)(x − 5)(x − 2) f (4x + 1)(2x + 7)(x − 4)

 9 Expand and simplify each expression.

a (x3 + 4)2 b (x2 + 3x)2 c 2x(x2 − 2)2 d (x3 − 5x2)2

e (x + 2)3 f (2x − 3)3 g (x + 3)4 h (1 − x)4

 10 What is the maximum number of terms in a polynomial of degree 5?

 11 What is the minimum number of terms in a polynomial of degree 3?

 12 If  P(x) is a polynomial of degree n, what is:

a the maximum number of terms in P(x)?

b the minimum number of terms in P(x)?

c the degree of 2P(x)? d the degree of [P(x)]2?

 13 Find the value of k in P(x) = x3 − 2x2 + 3x + k, if  P(2) = 2.

 14 Find the value of k in P(x) = 3x4 + 2x3 − kx − 5, if  P(−1) = 7.

 15 Find the value of a and b in P(x) = x3 + ax2 + bx + 1, if  P(3) = 31 and P(−2) = −19.

 16 If  P(x) = x3 − 3x2 + 2x + 1, write simplified expressions for:

a P(a) b P(−3a) c P(a2) d P(−a2) e P(a + 2) f P(2a − 1)

 17 Show that (2x − 1)4 = 16x4 − 32x3 + 24x2 − 8x + 1.

 18 Simplify each expression.

a (x2 − 2)3 b (x3 + x − 1)2 c (2x3 + 1)4

expanding the product of three polynomialsexample 6a-4

Expand and simplify (x + 2)(x − 3)(x + 4).

think Write

1 Multiply two of the factors and simplify. It is easier 
to choose the last two.

(x + 2)(x − 3)(x + 4)
= (x + 2)(x2 + 4x − 3x − 12)
= (x + 2)(x2 + x − 12)

2 Multiply the linear factor by the quadratic factor. = x(x2 + x − 12) + 2(x2 + x − 12)
= x3 + x2 − 12x + 2x2 + 2x − 24

3 Simplify like terms. = x3 + 3x2 − 10x − 24

What makes an algebraic 
expression a polynomial?

reflect

SAMPLE
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6B Division of polynomials

So far you have added, subtracted and multiplied polynomials. They can also be divided, which is useful 
in factorising polynomials.

Before looking at long division of polynomials, first consider long division of numbers.

1 The working for using long division to find the result to 237 ÷ 9 is shown at right.

2 6
9 ) 2 3 7

1 8 
5 7
5 4

3

a Explain how 2 is obtained in the top line. 
b Explain why 18 is written below 23.
c What is the result of 23 − 18? Identify where this is written in the working.
d How is the new number to divide into (57) formed? 
e How many times does 9 go into 57? Where is this written?
f Where does 54 come from?
g How is 3 obtained?

2 In long division, when the dividend is divided by the divisor, the quotient is written on the top line and 
the remainder is in the last line. Identify the dividend, divisor, quotient and remainder for 237 ÷ 9.

3 Copy and complete these statements.
a 237 ÷ 9 =  remainder 
b 237 = 9 ×  + 3

Start thinking!

Key ideas

 Long division is used to divide polynomials. 
At each stage, the leading term of the dividend 
is divided by the leading term of the divisor.

x + 3
x + 2 ) x2 + 5x + 8

x2 + 2x
3x + 8
3x + 6

2

divisor dividend

remainder

quotient

 The quotient and remainder are important 
elements to identify. In the example,  
the quotient is x + 3 and the remainder is 2. 
This means that:

 (x2 + 5x + 8) ÷ (x + 2) = x + 3 remainder 2 

 or x
2 + 5x + 8

x + 2
 = x + 3 + 2

x + 2
 .

 Alternatively, this can be written as x2 + 5x + 8 = (x + 2)(x + 3) + 2; that is: 
 dividend = divisor × quotient + remainder

 In general, if  P(x) is divided by (x − a) to produce the quotient Q(x) and the remainder R, 
then P(x) = (x − a)Q(x) + R. 

10
a
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 1 Copy and complete each statement.

a If  152 ÷ 8 = 19, then 152 = 8 ×  . 

b If  9475 ÷ 25 = 379, then 9475 =  ×  .

c If  321 ÷ 7 = 45 remainder 6, then 351 = 7 × 45 +  .

d If  2386 ÷ 16 = 149 remainder 2, then 2386 = 16 ×  +  .

 2 Copy and complete each statement.

a If  (x2 + 5x + 6) ÷ (x + 2) = x + 3,  
then x2 + 5x + 6 = (x + 2)(  ). 

b If  (x3 + 2x2 + 3x + 2) ÷ (x + 1) = x2 + x + 2,  
then x3 + 2x2 + 3x + 2 = (  )(  ). 

c If  (2x2 − 3x − 4) ÷ (x − 3) = 2x + 3 remainder 5,  
then 2x2 − 3x − 4 = (x − 3)(  ) + 5. 

d If  (x3 + 4x2 − x + 3) ÷ (x − 1) = x2 + 5x + 4 remainder 7,  
then x3 + 4x2 − x + 3 = (  )(  ) +  . 

Use long division to find the quotient and remainder for (2x2 + 5x − 1) ÷ (x + 4). 

think Write

1 Divide the leading term in the dividend (2x2) by the 
leading term of the divisor (x). 2x2 ÷ x = 2x. 
Write the result of 2x above 5x in the quotient line. 
Remember to align like terms in columns.

Note: each stage of working has 
been shown separately.

2x
x + 4 ) 2x2 + 5x − 1

2 Work out the remainder by first multiplying 2x by 
the divisor. 2x(x + 4) = 2x2 + 8x. Write the result 
underneath, then subtract like terms.

2x
x + 4 ) 2x2 + 5x − 1

2x(x + 4) 2x2 + 8x
−3x − 1

3 Divide the leading term of −3x − 1 by the leading 
term of the divisor. −3x ÷ x = −3. Write the result 
of −3 above −1 in the quotient line.

2x − 3
x + 4 ) 2x2 + 5x − 1

2x(x + 4) 2x2 + 8x
−3x − 1

−3(x + 4) −3x − 12
 11

4 Work out the remainder by first multiplying −3 by 
the divisor. −3(x + 4) = −3x − 12. Write the result 
underneath, then subtract like terms.

5 Identify the quotient and the remainder. Quotient is 2x − 3, remainder is 11.

dividing a quadratic polynomial by a linear expressionexample 6B-1

ExErCIsE 6B  Division of polynomials
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A  3 Copy and complete the working for each long division problem.

a  b 

  

x + 
x + 2 ) x2 + 6x + 1

x2 + 
+ 1

4x + 
 −7  

4x − 
x − 1 ) 4x2 − 7x + 5

4x2 − 
−3x + 

+ 3
 2

 Quotient is  , remainder is  .  Quotient is  , remainder is  .

 4 Use long division to find the quotient and remainder for each division problem.

a (x2 + 7x + 8) ÷ (x + 3) b (x2 + 3x − 1) ÷ (x − 2)

c (x2 + 2x + 3) ÷ (x + 4) d (x2 − 5x − 4) ÷ (x + 2)

e (2x2 − 3x − 11) ÷ (x − 3) f (3x2 + x + 2) ÷ (x − 1)

 5 Write your answers to question 4 in the form: dividend = divisor × quotient + 
remainder. For example, 2x2 + 5x − 1 = (x + 4)(2x − 3) + 11.

 6 Expand and simplify the right side of each statement found in question 5 to verify 
that the statement is true.

 7 a  Divide x2 − 2x − 24 by (x + 4) to find the quotient and remainder.

b Write the division problem in the form:  
dividend = divisor × quotient + remainder. 

c What does the value of the remainder tell you about the divisor?

Use long division to find the quotient and remainder for (x3 + 2x2 − 9x − 3) ÷ (x − 2).

think Write

1 Divide leading term in dividend (x3) by 
leading term of divisor (x) and write the 
result of x2 in the quotient line.

x2 + 4x − 1
x − 2 ) x3 + 2x2 − 9x − 3

x2(x − 2) x3 − 2x2

4x2 − 9x − 3
4x(x − 2) 4x2 − 8x

−x − 3
−1(x − 2) −x + 2
 −5

2 Expand x2(x − 2) to give x3 − 2x2 and write 
the result underneath. Subtract like terms.

3 Divide 4x2 by x and write the result of 4x in 
the quotient line.

4 Expand 4x(x − 2) to give 4x2 − 8x and write 
the result underneath. Subtract like terms.

5 Divide −x by x and write the result of −1 in 
the quotient line.

6 Expand −1(x − 2) to give −x + 2 and write 
the result underneath. Subtract like terms.

7 Identify the quotient and the remainder. Quotient is x2 + 4x − 1, remainder is −5.

dividing a polynomial by a linear expressionexample 6B-2
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A 8 Use long division to find the quotient and remainder for each division problem.

a (x3 − 2x2 − 5x + 7) ÷ (x − 3) b (x3 + 3x2 + 7x − 1) ÷ (x + 1)

c (x3 + 6x2 − 4x − 15) ÷ (x − 2) d (x3 − 3x2 − 20x + 25) ÷ (x + 4)

e (2x3 + 3x2 − 5x − 4) ÷ (x + 2) f (3x3 − 2x2 − 7x + 2) ÷ (x − 1)

g (5x3 − 12x2 − 6x − 15) ÷ (x − 3) h (4x3 + 9x2 − 8x − 1) ÷ (x + 1)

i (x4 + 2x3 − 4x2 − 2x + 8) ÷ (x + 1) j (x4 − 5x3 + 2x2 − x − 3) ÷ (x − 2)

Why is knowing how to divide 
polynomials useful? 

reflect

6B diviSion oF poly nomiA lS

c
h
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l
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Use long division to find the quotient and remainder for (3x4 + 2x2 − 5) ÷ (x + 1). 

think Write

 1 Write the ‘missing’ terms in the dividend with zero as 
the coefficient to keep like terms in columns. 3x3 − 3x2 + 5x − 5

x + 1 ) 3x4 + 0x3 + 2x2 + 0x − 5
3x3(x + 1) 3x4 + 3x3 

−3x3 + 2x2 + 0x − 5
−3x2(x + 1) −3x3 − 3x2 

5x2 + 0x − 5
5x(x + 1) 5x2 + 5x

−5x − 5
−5(x + 1) −5x − 5
 0

 2 Divide 3x4 by x and write 3x3 in quotient line.

 3 Expand 3x3(x + 1) to give 3x4 + 3x3. Subtract like 
terms.

 4 Divide −3x3 by x and write −3x2 in quotient line.

 5 Expand −3x2(x + 1) to give −3x3 − 3x2. Subtract like 
terms.

 6 Divide 5x2 by x and write 5x in quotient line.

 7 Expand 5x(x + 1) to give 5x2 + 5x. Subtract like terms.

 8 Divide −5x by x and write −5 in quotient line.

 9 Expand −5(x + 1) to give −5x − 5. Subtract like terms. Quotient is 3x3 − 3x2 + 5x − 5, 
remainder is 0.10 Identify the quotient and the remainder. 

dividing a polynomial that has coefficients of zero by a  
linear expressionexample 6B-3

 9 Use long division to find the quotient and remainder for each division problem.

a (x3 + x + 21) ÷ (x + 3) b (2x3 − 3x2 − 6) ÷ (x − 2)

c (4x4 − 3x2 − 5) ÷ (x − 1) d (3x4 − 41) ÷ (x + 2)

 10 a  If  P(x) = x3 − 3x2 − 10x + k, for what value of k does P(x) ÷ (x − 2) give a 
remainder of zero.

b Use the divisor and quotient to write the linear factor and the quadratic factor 
of P(x). Hence, show that you can write P(x) as the product of three linear factors. 

 11 a  If  P(x) = x3 + 9x2 + 23x + 15, for what three values of k does P(x) ÷ (x + k) give 
a remainder of zero.

b Write P(x) as the product of three linear factors.

 12 Use long division to find the quotient and 
remainder for each division problem.

a (x3 − 3x2 + 2x − 4) ÷ (x2 + 1)

b (x4 + x3 − 7x2 + 3x + 5) ÷ (x2 − 3)

c (2x4 + 6x2 − 1) ÷ (x2 + 2)

SAMPLE
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Key ideas

 Remainder theorem
 When a polynomial P(x) is divided by (x − a), the remainder is P(a). For example:

 when P(x) is divided by (x − 2), the remainder is P(2) 
 when P(x) is divided by (x + 3), the remainder is P(−3). 

 Factor theorem
 When a polynomial P(x) is divided by (x − a) and the remainder P(a) is zero, then (x − a) is 

a factor of P(x). For example, P(x) = x3 + x2 − 10x + 8 has a factor of (x − 1), as P(1) = 0. 

 If  a linear factor of a cubic polynomial is known, long division can be used to find the 
quadratic factor. For example, dividing P(x) = x3 + x2 − 10x + 8 by (x − 1) gives a quotient of 
x2 + 2x − 8. 

 Factorising this quotient allows us to write the polynomial 
as a product of its linear factors. 

P(x)  = x3 + x2 − 10x + 8 
= (x − 1)(x2 + 2x − 8) 
= (x − 1)(x − 2)(x + 4) In general, if  P(x) is divided by a factor (x − a) to produce 

the quotient Q(x), then P(x) = (x − a)Q(x).

6C Remainder and factor theorems

Consider the polynomial P(x) = x3 + x2 − 10x + 8.

 1 a Use long division to find the remainder when P(x) is divided by (x − 3).

b Evaluate P(3). What do you notice?

2 a Use long division to find the remainder when P(x) is divided by (x + 2).

b Evaluate P(−2). What do you notice?

3 a  Without using long division, use the pattern you noticed in questions 1 and 2 to show how to work 

out the remainder when P(x) is divided by (x − 4).

b Use long division to verify your answer to part a.

4 a Evaluate P(1) to find the remainder when P(x) is divided by (x − 1).

b Use long division to verify your answer to part a.

5 The pattern or shortcut you have used is called the remainder theorem. Explain how you can find the 

remainder without using long division when P(x) is divided by:

a x − 5 b x + 1 c x − 2

6 What does the remainder in question 4 tell you about the relationship between P(x) and x − 1?  

This is the basis for the factor theorem.

Start thinking!

10
a
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6c remAinder And FActor theoremS

 1 Find the remainder when x3 − 5x2 − 8x + 12 is divided by:

a x − 1 b x + 1 c x − 2 d x + 2.

 2 Find the remainder when 2x3 + 3x2 − 8x + 3 is divided by:

a x + 1 b x − 2 c x + 2 d x + 3.

 3 Find the remainder when x4 − 7x3 + 5x2 + 31x − 30 is divided by:

a x − 2 b x + 1 c x − 3 d x + 4.

 4 Explain how you know if  the divisor is a factor of the polynomial.

 5 Decide if  each divisor is a factor of x3 + 3x2 − 6x − 8.

a x − 1 b x + 1 c x − 3 d x + 3

e x − 4 f x + 4 g x + 2 h x − 2

 6 Decide if  each divisor is a factor of x3 − 4x2 − 7x + 10.

a x − 2 b x − 3 c x − 1 d x + 3

e x + 1 f x + 2 g x − 5 h x − 4

ExErCIsE 6C Remainder and factor theorems

deciding if the divisor is a factor of the polynomialexample 6C-2

Find the remainder when x3 + 4x2 + x − 6 is divided by: a x − 2 b x + 3

think Write

Name the polynomial. Let P(x) = x3 + 4x2 + x − 6.

a For divisor of (x − 2), calculate P(2) and hence write 
the remainder.

a P(2) = 8 + 16 + 2 − 6 = 20
Remainder is 20.

b For divisor of (x + 3), calculate P(−3) and hence 
write the remainder.

b P(−3) = −27 + 36 − 3 − 6 = 0
Remainder is 0.

Decide if  each divisor is a factor of x3 + 2x2 − x − 2. a x − 3 b x + 1

think Write

Name the polynomial. Let P(x) = x3 + 2x2 − x − 2. 

a For (x − 3) to be a factor, the remainder should be 
zero. Check if  P(3) = 0.

a P(3) = 27 + 18 − 3 − 2 = 40
 (x − 3) is not a factor of P(x).

b For (x + 1) to be a factor, the remainder should be 
zero. Check if  P(−1) = 0.

b P(−1) = −1 + 2 + 1 − 2 = 0
 (x + 1) is a factor of P(x).

using the remainder theoremexample 6C-1

SAMPLE



CHAPTER 6:  POLY NOMIA LS2 8 0

10
A

 7 Use the factor theorem to find a linear factor of each polynomial.

a P(x) = x3 + 8x2 + 9x − 18 b P(x) = x3 − x2 − 14x + 24

c P(x) = x3 − 4x2 − 9x + 36 d P(x) = x3 − 19x − 30

e P(x) = 3x3 − 10x2 + x + 6 f P(x) = 2x3 − 5x2 − 14x + 8

g P(x) = 8x3 − 26x2 + 17x + 6 h P(x) = 4x3 + 4x2 − 21x + 9

 8 Fully factorise each expression.

a (x − 6)(x2 + 7x + 12) b (x + 4)(x2 − 9x + 14) c (x + 3)(x2 − x − 30)

d (x − 2)(x2 − 16) e (x + 1)(x2 + 4x + 4) f (x − 7)(x2 + 5x − 24)

Use the factor theorem to find a linear factor of the polynomial P(x) = x3 + 5x2 − 2x − 24.

think Write

1 Write the polynomial. P(x) = x3 + 5x2 − 2x − 24

2 Look for a value of x where P(x) = 0. Try P(1), 
P(−1), P(2), etc. That is, try x values that are factors 
of the constant term in P(x).

P(1) = 1 + 5 − 2 − 24 = −20 ≠ 0
P(−1) = −1 + 5 + 2 − 24 = −18 ≠ 0
P(2) = 8 + 20 − 4 − 24 = 0

3 Use the factor theorem to identify a linear factor of 
P(x).

So (x − 2) is a factor of P(x).

Factorise x3 − 7x2 + 7x + 15.

think Write

1 Name the polynomial. Let P(x) = x3 − 7x2 + 7x + 15.

2 Look for a value of x where P(x) = 0. 
Try P(1), P(−1), P(2), … (factors of 15).

P(1) = 1 − 7 + 7 + 15 ≠ 0
P(−1) = −1 − 7 − 7 + 15 = 0

3 Identify a linear factor of P(x). So (x + 1) is a factor of P(x).

4 Use long division to find the quotient 
when P(x) is divided by (x + 1). You will 
know you have performed the division 
correctly as the remainder should be zero.

x2 + 8x + 15
x + 1 ) x3 − 7x2 + 7x + 15

x3 + x2 
−8x2 + 7x + 15
−8x2 − 8x 

15x + 15
15x + 15

0
5 Write P(x) as the product of the divisor 

and quotient.
 

P(x) = (x + 1)(x2 − 8x + 15)

6 Factorise the quadratic factor. = (x + 1)(x − 3)(x − 5)

using the factor theorem to find a linear factor of a polynomial

Factorising a cubic polynomial

example 6C-3

example 6C-4

SAMPLE



2 8 1

10
A

6c remAinder And FActor theoremS

 9 Factorise each polynomial.

a x3 + 6x2 + 3x − 10 b x3 + 3x2 − 4x − 12

c x3 + 4x2 − 19x + 14 d x3 + 5x2 − 4x − 20

e x3 − 5x2 − 8x + 48 f x3 − 2x2 − 9x + 18

g 2x3 + x2 − 8x − 4 h 4x3 − 9x2 − 19x + 30

i 6x3 − 23x2 − 6x + 8 j 12x3 − 17x2 + 2x + 3

 10 Factorise each polynomial in question 7.

 11 What is the maximum number of factors P(x) can have if  P(x) is:

a a quadratic polynomial? b cubic polynomial?

c quartic polynomial? d polynomial of degree 7?

e polynomial of degree 12? f polynomial of degree n?

 12 a  How many linear factors does the polynomial P(x) have if   
P(x) = (x + 2)(x − 3)(x + 4)?

b Without expanding, what is the constant term of P(x)? Explain.

c To find linear factors using the factor theorem, you look for values of x that make 
P(x) = 0. What are these x values and how do they relate to the constant term?

 13 Consider the polynomial P(x) = x3 + 2x2 − 5x − 6.

a Use the factor theorem to find a linear factor of P(x). 

b Use the factor theorem to find another linear factor of P(x).

c Use the factor theorem to find a third linear factor of P(x).

d Write P(x) as a product of three factors.

e Check your answer to part d by expanding and simplifying the product.

 14 a  Use your answers to question 5 to identify three factors of the polynomial P(x).

b Write P(x) as a product of three factors.

c Check your answer to part b by expanding and simplifying the product.

 15 a  Use your answers to question 6 to identify three factors of the polynomial P(x).

b Write P(x) as a product of three factors.

 16 Using only the factor theorem, find three factors of x3 + 2x2 − 11x − 12 and hence 
write the polynomial as a product of three factors.

 17 Explain why the strategy used in question 16 is not suitable to factorise each of these 
polynomials.

a 6x3 + 13x2 + 4x − 3 b x3 + 5x2 + 10x + 8

 18 Find a polynomial of degree 3 with leading coefficient of 1 that has a remainder of 5 
when divided by x − 2.

 19 Factorise each quartic polynomial. 

a x4 − x3 − 7x2 + x + 6

b x4 + 8x3 + 17x2 − 2x − 24

c 2x4 + 13x3 + 21x2 + 2x − 8

Note remember to 
try factors of −6 to 
identify the x value 
that makes P (x) = 0.
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Key ideas

 Null Factor Law: if  a × b = 0 then a = 0 or b = 0 or both a and b are 0.

 The polynomial equation P(x) = 0 can be solved by applying the Null Factor Law.  
P(x) must be in factor form.

 If  P(x) = (x − a)(x − b)(x − c) then P(x) = 0 has the solution x = a, x = b or x = c.

 To factorise P(x) so it is a product of linear factors:
1 apply the factor theorem to find a linear factor
2 divide P(x) by the linear factor to obtain the quotient
3 factorise the quotient.

 If  P(x) is a cubic polynomial, the quotient will be a quadratic factor that may be factorised 
into two linear factors.

 If  P(x) is a quartic polynomial, the quotient will be a cubic factor. The strategy of using 
the factor theorem and long division will need to be repeated with the quotient.

6D  Solving polynomial equations

Start thinking!

1 Consider the quadratic polynomial equation x2 + 3x − 18 = 0.

a What is the maximum number of solutions this equation can have?

b Check which of these x values is a solution to the equation.

 i x = −1 ii x = 1 iii x = −2 iv x = 3

 v x = −4 vi x = 5 vii x = −6 viii x = 7

c Without substitution, how could you identify if  each x value is a possible solution?  

(Hint: look at the constant term on the left side of the equation.)

2 Consider the quadratic polynomial equation x2 + x − 6 = 0.

a Without substitution, identify which of these x values is a possible solution to the equation? 

Explain your decision.

 i x = −1 ii x = 5 iii x = −3 iv x = 4

 v x = −2 vi x = 6 vii x = 2 viii x = 8

b From the set of possible x values identified in part a, check which ones are a solution. 

3 Repeat question 2 for the polynomial equation x3 + x2 − 4x − 4 = 0.

4 a Factorise the left side of the equation in question 1.

b Explain how you can use the Null Factor Law to solve the equation. 

5 Solve the equation in question 2 using the Null Factor Law.

10
a

SAMPLE



2 8 3

10
A

6d Solving poly nomiA l equAtionS

 1 Factorise the left side of each quadratic equation.

a x2 + 5x + 4 = 0 b x2 − 9x + 18 = 0 c x2 − 2x − 8 = 0

d x2 + 6x + 9 = 0 e x2 − 25 = 0 f 2x2 − 14x = 0

 2 Solve each equation in question 1 using the Null Factor Law.
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Solve each equation. a (x − 1)(x + 3)(x − 2) = 0 b (2x + 1)(x − 5)(x − 4)(x + 4) = 0

think Write

a 1  As the left side (LS) is in factor 
form and the right side (RS) is 0, 
apply the Null Factor Law.

a (x − 1)(x + 3)(x − 2) = 0
 x − 1 = 0 or x + 3 = 0 or x − 2 = 0

 2  Solve each linear equation.  x = 1 or x = −3 or x = 2

 3  Write the solution.  x = −3, 1 or 2

b 1  Apply the Null Factor Law. b (2x + 1)(x − 5)(x − 4)(x + 4) = 0
 2x + 1 = 0 or x − 5 = 0 or x − 4 = 0 or x + 4 = 0

 2  Solve each linear equation.  x = − 
1
2 or x = 5 or x = 4 or x = −4

 3  Write the solution.  x = −4, − 
1
2 , 4 or 5

 3 Solve each equation.

a (x + 2)(x + 5)(x − 4) = 0 b (x + 1)(x − 3)(x + 4) = 0

c (x − 6)(x − 2)(x + 3) = 0 d x(x + 2)(x − 9) = 0

e (2x − 1)(x + 1)(x − 1) = 0 f (3x − 2)(2x + 7)(x + 5) = 0

 4 Solve each equation.

a (x + 3)(x − 4)(x + 7)(x − 1) = 0 b (x − 2)(x − 5)(x − 3)(x + 6) = 0

c (x + 4)(x + 1)(x + 2)2 = 0 d x2(x + 5)(x − 6) = 0

e 5x(3x + 1)(x + 4)(4 − x) = 0 f (4x − 3)(2x + 5)(x2 + 1) = 0

 5 Fully factorise the left side of each equation. Hence, solve each equation.

a (x + 1)(x2 + 8x + 12) = 0 b (x − 3)(x2 − x − 20) = 0

c (x − 2)(x2 − 6x + 8) = 0 d (x + 4)(x2 + 6x − 7) = 0

e (x + 3)(x2 − 16) = 0 f x(x − 1)(x2 − 1) = 0

g (x − 5)(x2 − 10x + 25) = 0 h (x + 2)(x2 + 6x + 9) = 0

i (x − 4)(x2 − x − 6) = 0 j (x + 1)(x2 + 2x + 2) = 0

k 3(x + 3)(5x2 + 30x) = 0 l (x − 2)(2x2 + 4x − 6) = 0

ExErCIsE 6D  Solving polynomial equations

example 6d-1 Solving polynomial equations in factor form

SAMPLE
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 6 Solve each equation.

a x3 + 6x2 + 5x − 12 = 0 b x3 − 5x2 − 4x + 20 = 0

c x3 + x2 − 36x − 36 = 0 d x3 + 10x2 + 21x = 0

e x3 − 7x − 6 = 0 f x3 + 2x2 + 5x + 10 = 0

g x3 + 3x2 − 9x − 27 = 0 h x3 + 9x2 + 24x + 16 = 0

i x3 − 3x2 − 3x − 4 = 0 j x3 − 6x2 + 12x − 8 = 0

 7 Solve each equation by first taking out a common factor.

a 2x3 − 2x2 − 20x − 16 = 0 b 3x3 − 15x2 − 3x + 15 = 0

c 5x3 + 10x2 − 20x − 40 = 0 d 4x3 + 24x2 + 44x + 24 = 0

 8 Solve each equation by first taking out a negative common factor.

a −x3 − 2x2 + 9x + 18 = 0 b −x3 + 4x2 + 17x − 60 = 0

c −2x3 + 8x2 + 2x − 8 = 0 d −3x3 − 3x2 + 24x + 36 = 0

 9 Solve each equation using the quadratic formula. Write the solutions as exact values.

a x3 + x2 − 3x + 1 = 0 b x3 + 6x2 + 9x + 2 = 0

c x3 + x2 − 10x − 12 = 0 d x3 + 4x2 − 27x − 20 = 0

Solve x3 − 7x2 + 7x + 15 = 0.

THINK WRITE

1 Name the polynomial. Let P(x) = x3 − 7x2 + 7x + 15.

2 Use the factor theorem to identify a linear 
factor of P(x).

P(1) = 1 − 7 + 7 + 15 ≠ 0
P(−1) = −1 − 7 − 7 + 15 = 0 
So (x + 1) is a factor of P(x).

3 Use long division to find the quotient when 
P(x) is divided by (x + 1). 

x2 − 8x + 15
x + 1 ) x3 − 7x2 + 7x + 15

x3 + x2 
−8x2 + 7x + 15
−8x2 − 8x 

15x + 15
15x + 15

0

4 Write P(x) as the product of the divisor 
and quotient.

 
P(x) = (x + 1)(x2 − 8x + 15)

5 Factorise the quadratic factor. = (x + 1)(x − 3)(x − 5)

6 Solve P(x) = 0 using the Null Factor Law. For P(x) = 0,
(x + 1)(x − 3)(x − 5) = 0
x = −1, 3 or 5

EXAMPLE 6D-2 Solving a cubic polynomial equation
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6d Solving poly nomiA l equAtionS

 10 Follow these steps to solve x4 + x3 − 7x2 − x + 6 = 0.

a Name the polynomial on the left side of the equation as P(x) and identify one of 
its linear factors.

b Use long division to find the quotient when P(x) is divided by this linear factor. 
Write P(x) as the product of the divisor and quotient, Q(x).

c Identify a linear factor of Q(x) and use long division to find its quadratic factor. 

d Factorise the quadratic factor.

e Write P(x) as a product of four linear factors and hence solve P(x) = 0 using the 
Null Factor Law.

 11 Solve each equation.

a x4 − 5x3 + 5x2 + 5x − 6 = 0 b x4 − 4x3 − 7x2 + 22x + 24 = 0

c x4 + 7x3 + 8x2 − 28x − 48 = 0 d x4 − x3 − 19x2 − 11x + 30 = 0

e x4 − 5x3 + 20x − 16 = 0 f x4 − 13x2 + 36 = 0

 12 What is the maximum number of solutions to P(x) = 0 if  P(x) is:

a a linear polynomial? b a quadratic polynomial?

c a cubic polynomial? d  a quartic polynomial?

e a polynomial of degree 6? f a polynomial of degree n?

 13 a  Using only the factor theorem, find three linear factors of P(x) where  
P(x) = x3 − 2x2 − 5x + 6.

b Hence, solve P(x) = 0.

 14 Explain why x3 + x2 − 2x − 8 = 0 has only one solution.

 15 Explain why x3 − 5x2 + 3x + 9 = 0 has only two solutions. 

 16 The volume of a vanilla slice is 192 cm3. Its length is twice the height and the width is 
2 cm more than the height.

a Write a polynomial to represent the volume of the slice.

b Solve a polynomial equation to find the dimensions of the slice.

 17 The volume of a Toblerone chocolate box is 
450 cm3. The height of its triangular face is 
1 cm less than the base and its perpendicular 
length is five times the size of the base. Find 
its dimensions. 

 18 P(x) = x4 − 2x3 − 13x2 + 14x + 24  
has the quadratic factor (x2 − x − 2).  
Factorise P(x) and hence solve P(x) = 0. 

 19 Solve each equation.

a x5 − x4 − 17x3 − 19x2 + 16x + 20 = 0

b x5 − 2x4 − 15x3 + 20x2 + 44x − 48 = 0

c
h

a
l

l
e

n
g

e in what form does a polynomial 
equation need to be before the  
Null Factor Law can be used?
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Key ideas

 To sketch a polynomial relationship:
1 write the polynomial in factor form
2 identify the x-intercepts (find x when y = 0)
3 identify the y-intercept (find y when x = 0)
4 draw a smooth curve through the known points
5 if  necessary, find the coordinates of another point to confirm the 

orientation of the graph.

 Graphs of cubic relationships

0

y

x

−6

y = (x − 1)(x − 2)(x − 3)

y = −(x − 1)(x − 2)(x − 3)

6

1 2 3

 The graph of y = (x − a)(x − b)(x − c) has x-intercepts a, b and c, 
and y-intercept −abc. The curve starts from the bottom left of the 
Cartesian plane.

 The graph of y = −(x − a)(x − b)(x − c) is the reflection in the 
x-axis of y = (x − a)(x − b)(x − c).

 Graphs of quartic relationships

0

y

x

24

y = (x + 4)(x + 2)(x − 1)(x − 3)

y = −(x + 4)(x + 2)(x − 1)(x − 3)

−24

1 3−4 −2

 The graph of y = (x − a)(x − b)(x − c)(x − d) has x-intercepts a, b, 
c and d, and y-intercept abcd. The curve starts from the top left of 
the Cartesian plane.

 The graph of y = −(x − a)(x − b)(x − c)(x − d) is the reflection in 
the x-axis of y = (x − a)(x − b)(x − c)(x − d).

6E  Graphs of polynomial relationships

Start thinking!

A polynomial relationship can be shown as a graph. In chapters 4 and 5, you worked with linear and 
quadratic relationships. Here you will look at cubic and quartic relationships.

1 The basic cubic graph has the rule y = x3.
a Draw the graph using a table of values (for −3 ≤ x ≤ 3) or digital technology.
b Identify the x- and y-intercepts.
c An important feature on this graph is the point of inflection at (0, 0). Mark this on your graph. 

2 The basic quartic graph has the rule y = x4.
a Draw the graph using a table of values (for −3 ≤ x ≤ 3) or digital technology.
b Identify the x- and y-intercepts.
c This graph looks similar to y = x2. How is it different? Draw the graph of y = x2 on the same 

Cartesian plane to illustrate your answer.

3 Sketch the graph of each polynomial relationship. To give a sense of scale, you can show the 
coordinates of a point on the graph. Label the point where x = 2. 
a y = −x3 b y = −x4

10
a
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6e grAphS oF poly nomiA l relAtionShipS

 1 Sketch the graph of each cubic relationship.

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

c y = (x − 4)(x + 2)(x + 3) d y = (x − 3)(x − 1)(x − 5)

e y = x(x + 3)(x − 3) f y = 2x(x + 4)(x − 1)

 2 For each cubic relationship:

 i identify the x-intercepts ii identify the y-intercept

 iii write the rule.

a  b

 

0

y

x

10

2 5−1

  

0

y

x

−24

2−6 −2

ExErCIsE 6E  Graphs of polynomial relationships

Sketch the graph of y = (x + 2)(x + 4)(x − 3).

think Write

1  Substitute y = 0 and use the Null Factor Law to 
find the x-intercepts.

y = (x + 2)(x + 4)(x − 3)
When y = 0,
(x + 2)(x + 4)(x − 3) = 0
x + 2 = 0 or x + 4 = 0 or x − 3 = 0
x = −2, −4 or 3 
x-intercepts are −4, −2 and 3.

2 Substitute x = 0 to find the y-intercept. When x = 0, y = (2)(4)(−3) = −24
y-intercept is −24.

3 Mark the four intercepts on a Cartesian plane and 
draw a smooth curve through them. Curve starts 
from bottom left of Cartesian plane. Label with 
the rule.

0

y

x

y = (x + 2)(x + 4)(x − 3)

−24

3−4 −2

example 6e-1 Sketching a cubic relationship using intercepts
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10
A  3 a  Find the x- and y-intercepts for:

 i y = (x + 7)(x − 2)(x − 3) ii y = −(x + 7)(x − 2)(x − 3)

b How is the graph of y = −(x + 7)(x − 2)(x − 3) different from the graph of  
y = (x + 7)(x − 2)(x − 3)?

 4 Sketch the graph of each cubic relationship.

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

c y = −(x + 2)(x + 3)(x − 5) d y = −x(x + 7)(x − 4)
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Sketch the graph of y = (x − 2)(x + 3)(x + 1)(x − 4).

think Write

1  Substitute y = 0 and use the Null Factor 
Law to find the x-intercepts.

y = (x − 2)(x + 3)(x + 1)(x − 4)
When y = 0,
(x − 2)(x + 3)(x + 1)(x − 4) = 0
x = 2 or x = −3 or x = −1 or x = 4
x-intercepts are −3, −1, 2 and 4.

2 Substitute x = 0 to find the y-intercept. When x = 0, y = (−2)(3)(1)(−4) = 24
y-intercept is 24.

3 Mark the five intercepts on a Cartesian 
plane and draw a smooth curve through 
them. Curve starts from top left of 
Cartesian plane. Label with the rule.

0

y

x

24

2 4−3 −1

y = (x − 2)(x + 3)(x + 1)(x − 4)

example 6e-2 Sketching a quartic relationship using intercepts

 5 Sketch the graph of each quartic relationship.

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

c y = x(x − 2)(x − 6)(x + 5) d y = −(x − 3)(x + 3)(x + 1)(x − 1)

e y = (2x − 3)(x + 2)(x + 1)(x − 4) f y = −(3x − 1)(x + 3)(x + 1)(x + 2)

 6 Sketch the graph of each polynomial relationship. (Hint: you will need to first 
factorise the polynomial.)

a y = x3 − 3x2 − 13x + 15 b y = −x3 − 2x2 + 16x + 32

c y = x3 − 2x2 − 3x d y = −2x3 + 8x2 − 2x − 12

e y = x4 − 15x2 − 10x + 24 f y = x4 − 9x3 + 6x2 + 56x

g y = −x4 + 10x2 − 9 h y = −2x4 − 9x3 + 18x2 + 71x + 30

 7 Use digital technology to check your graphs in question 6.

SAMPLE
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 8 Consider the relationship y = (x + 2)(x − 3)2.

a What type of polynomial relationship is this?

b Find the x- and y-intercepts.

c As the leading coefficient of the polynomial is positive, should the graph start 
from the top left or bottom left of the Cartesian plane?

d Sketch the graph. Use digital technology to verify your answer.

e What effect does the repeated factor of (x − 3) have on the graph? 

 9 Sketch the graph of each cubic relationship.

a y = (x + 4)(x − 1)2 b y = (x + 2)2(x − 5)

c y = −(x − 2)(x − 7)(x − 2) d y = −(2x + 1)(x − 4)2

 10 Sketch the graph of each quartic relationship.

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

c y = −x(x − 2)(x + 3)2 d y = x2(x + 5)(x − 3)

e y = (x − 1)2(x + 2)2 f y = −x2(x − 4)2

 11 The effect of having a repeated factor in a polynomial relationship means that an 
x-intercept is also a turning point. Investigate the effect of having a cubed repeated 
factor in a quartic relationship. That is, find what happens at x = a for the graph of the 
form y = (x − a)3(x − b). Use digital technology and try different values for a and b. 

 12 A water ride can be modelled by the polynomial relationship  
h = − 

1
5 (t3 −11t2 + 39t − 45), where h is the height above the ground 

in metres and t is the time in seconds from the start of the ride.

a Sketch a graph of this relationship.

b At what height above the ground does a person start the ride?

c How high is a person after 1 second?

d The ride descends to its lowest point. How long does this take?

e How long does it take for the ride to ascend and then descend 
again to its lowest point? 

 13 Amelia monitors the change in value of shares over the month  
of June. She finds that the dollar change in value, y, after x days  
can be approximated by a cubic relationship, where y increases  
from $0 to $21 after 5 days and is zero again after 12 days and 20 days.

a Sketch a graph of this cubic relationship.

b Find the rule for this relationship.

c Use this relationship to estimate the change in value at the end of June.

 14 Sketch the graph of each polynomial relationship, clearly labelling all intercepts. 

a y = (x − 1)(x + 2)(x + 1)(x − 4)(x + 5)

b y = −x(x − 6)(x + 3)(x − 2)2

 15 Use digital technology to produce the graphs 
in question 14 and locate and identify the 
coordinates of the turning points. 
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Key ideas

 Transformations such as dilation, reflection and translation can be  
performed on the graph of y = P(x).

 Dilation by a factor of a produces y = aP(x). 
 Reflection in the x-axis produces y = −P(x).
 Vertical translation of k units produces y = P(x) + k.
 Horizontal translation of h units produces y = P(x − h).

 A combination of transformations can be performed on the graph  
of y = P(x) to produce the graph of y = aP(x − h) + k. 

0

y

x

y = x3

y = a(x − h)3 + k

k

h

y = aP(x − h) + k

dilation by factor of a
For a < 0, re�ection in x-axis.

horizontal translation of h units
For h > 0, move right.
For h < 0, move left.

vertical translation of k units
For k > 0, move up.
For k < 0, move down.

0

y

x

k

h

y = a(x − h)4 + k

y = x4

(h, k)

6F  Polynomials and transformations 

Start thinking!

Graphs of polynomial relationships can also be transformed by performing dilation, reflection, 
translation or a combination of these.

1 Consider the graph of y = x3. For each of the transformations listed below: 

 i describe how the graph of y = x3 will be changed

0

y

x

y = x3 ii sketch the new graph that is produced 

 iii write the rule for the new graph. 

a dilate by a factor of 2

b reflect in the x-axis

c translate 3 units up

d translate 2 units right

e translate 1 unit left and 4 units down

2 Repeat question 1 for the graph of y = x4.

10
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6F poly nomiA lS And trAnSFormAtionS 

 1 Identify the transformations performed on the graph of y = x3 to produce each graph 
shown in orange.

a  b 

 0

y

x

y = x3

(1, 4)

(1, 1)

3

  

0

y

x

y = x3

(1, −1)

(1, 1)

c  d 

 

0

y

x

y = x3

(1, 3)

(1, 1)

  

0

y

x

y = x3

−8

2

 2 Write the rule for each graph in question 1.

 3 Identify the transformations performed on the graph of y = x4 to produce each graph 
shown in orange.

a  b 

 

0

y

x

y = x4

(1, −1)

(1, 1)

  

0

y

x

y = x4

(1, 2)
(1, 1)

c  d 

 

−1
0

y

x

y = x4

(1, 0)

(1, 1)

  
−2

16

0

y

x

y = x4

 4 Write the rule for each graph in question 3.

ExErCIsE 6F Polynomials and transformations 

u
n

d
e

r
s

ta
n

d
in

g
 a

n
d

 F
l

u
e

n
c

Y

SAMPLE



CHAPTER 6:  POLY NOMIA LS2 9 2

10
A

performing transformations on the graph of a  
polynomial relationshipexample 6F-1

Perform a transformation on the graph of y = P(x)  

to produce the graph of:

30

y

x

y = P(x)
a y = P(x) + 2
b y = P(x + 2)
c y = −P(x).

think Write

a 1  Identify the transformation. a  Graph of y = P(x) to be 
translated 2 units up.

 2  No dilation or reflection so the shape remains the 
same. Move the original graph 2 units up. (0, 0) 
moves to (0, 2) and (3, 0) moves to (3, 2). Draw 
y = P(x) and y = P(x) + 2 on the same Cartesian 
plane.

30

y

x

y = P(x)

y = P(x) + 2

2
(3, 2)

b 1  Identify the transformation. b  Graph of y = P(x) to be 
translated 2 units left.

 2  No dilation or reflection so the shape remains the 
same. Move the original graph 2 units left. (0, 0) 
moves to (−2, 0) and (3, 0) moves to (1, 0). Draw 
y = P(x) and y = P(x + 2) on the same Cartesian 
plane.

31−2 0

y

x

y = P(x)

y = P(x + 2)

c 1  Identify the transformation. c  Graph of y = P(x) to be 
reflected in the x-axis.

 2  No dilation or translation. Draw y = P(x) and  
y = −P(x) on the same Cartesian plane.

31−2 0

y

x

y = P(x)

y = −P(x)

SAMPLE
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10
A

6F poly nomiA lS And trAnSFormAtionS 

 5 Perform a transformation on the graph of y = P(x)  
to produce the graph of:

2−10

y

x

y = P(x)

4
a y = P(x) + 1 b y = P(x) − 2

c y = P(x − 1) d y = P(x + 3)

e y = −P(x) f y = 2P(x)

 6 Perform a transformation on the graph of y = P(x)  
to produce the graph of:

2−2 0

y

x

y = P(x)

a y = P(x) + 3 b y = P(x) − 1

c y = P(x − 3) d y = P(x + 4)

e y = −P(x) f y = 2P(x)

 7 Identify the rule for each graph in terms of P(x)  
using the graph of y = P(x) shown at right. 

2−4 0

y

x

y = P(x)a

 

2−4 0

y

x

b  c 

 

2−4

−5

0

y

x

  

3 5−10

y

x

 8 Compare the graph produced after reflecting y = x3 in the x-axis with the graph 
produced after reflecting y = x3 in the y-axis. What is the rule for each transformed 
graph? 

 9 For each cubic relationship:

 i  describe the transformations to be performed on y = x3 to produce the graph 
of the relationship

 ii  identify the coordinates of the point of inflection

 iii find the x- and y-intercepts

 iv sketch the graph.

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

 10 Use digital technology to verify your answers 
to question 9.

P
r

o
b

l
e

m
 s

o
lv

in
g

 a
n

d
 r

e
a

s
o

n
in

g
c

h
a

l
l

e
n

g
e

how are transformations useful 
when sketching a polynomial 
relationship?

reflect
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polynomial

leading term

leading coefficient

constant

degree of polynomial

dividend

divisor

quotient

remainder

remainder theorem

factor theorem

polynomial relationship

cubic relationship

point of inflection

quartic relationship

turning point

transformations

dilation

reflection

translation

CHAPtEr rEVIEW

Create a summary of this chapter using the key terms below. You may like to write a paragraph, create a 

concept map or use technology to present your work.

SummAriSe

 1 Which expression is a polynomial?

A x2 + x B x3 − 2x

C 3x
x2 + 1

 D x2 + x−1

 2 The degree of the polynomial  
4x2 − 3x4 + x3 − 2x is:

A 1 B 2 C 3 D 4

 3 The coefficient of the leading term in 
the expression 3 − 2x2 + 5x3 + 7x is:

A 3 B −2 C 5 D 7

 4 When x2 + 6x − 3 is divided by x − 2, 
the remainder is:

A 13 B −19 C 5 D −11

 5 Which of these is correct?

A (5x2 − x + 2) ÷ (x − 4) = 5x + 19 
remainder −74

B (3x2 − 2x + 1) ÷ (x − 1) = 3x − 5 
remainder −9

C (4x2 − x + 8) ÷ (x − 2) = 4x − 9 
remainder −10

D (2x2 − x + 1) ÷ (x − 5) = 2x + 9 
remainder 46

 6 When P (x) = x3 − 2x2 is divided by  
(x − 1), the remainder is:

A P (−1) B P (1)

C P (−2) D P (2)

 7 Which expression is a factor of  
x3 − 4x2 + x + 6?

A x − 1 B x − 2

C x + 3 D x + 6

 8 The leading term in a polynomial is 
raised to the power n. The maximum 
number of solutions it could have is:

A n B n + 1

C n − 1 D impossible to tell

 9 How many different solutions does  
(x + 1)(x − 1)(x + 2)(x + 1) = 0 have?

A 1 B 2 C 3 D 4

 10 The graph of y = (x − 3)(x + 2)(x − 5) 
has a y-intercept of:

A 3 B −2 C 5 D 30

 11 The graph of y = (x − 1)3 has a point of 
inflection at:

A x = 1 B x = −1

C x = 0 D y = 1

 12 The transformation performed on the 
graph of y = x3 to produce the graph of 
y = (x + 5)3 is a translation of:

A 5 units right B 5 units left

C 5 units up D 5 units down

6A

10A

6A

10A

6A

10A

6B

10A

6B

10A

6C

10A

6C

10A

6D

10A

6D

10A

6E

10A

6E

10A

6F

10A

multiple-choice
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 1 Decide if  each expression is a 
polynomial. For each polynomial, give 
its name as linear, quadratic, cubic or 
quartic.

a 5 − 3x2 + 4x − 6x3 b 1 − 3x

c 4x
5

 d 6
7x

e 6x2 − 5x + 12 f 1
2 x − 3x4

 2 For the polynomial  
3x4 + 2x6 − 4x5 + x − 8x3 − 7x2 − 5x8, 
identify:

a the number of terms

b the degree of the polynomial

c the constant term

d the leading term

e the leading coefficient

f the coefficient of the x2 term

 3 Use long division to find the quotient 
and remainder for each problem. 

a (x2 + 5x − 2) ÷ (x − 2)

b (3x2 − x + 4) ÷ (x + 1)

c (x2 − x + 8) ÷ (x − 4)

d (x3 + 2x2 − x + 3) ÷ (x2 + 1)

 4 Expand and simplify the right side to 
verify whether each statement is true.

a 2x2 + 5x − 1 = (2x + 3)(x + 1) − 4
b x2 − 3x + 5 = (x − 1)(x − 2) + 7

 5 Use the factor theorem to find a linear 
factor of each polynomial P (x).

a P(x) = x3 − x2 − 5x − 3
b P(x) = x3 + 4x2 + 7x + 12
c P(x) = x3 + 3x2 − 6x + 2

d P(x) = x3 + x2 + 4

 6 Fully factorise each polynomial.

a x3 − 7x2 + 14x − 8

b x3 − 7x − 6

 7 Two factors of the polynomial  
x3 − 39x − 70 are (x − 7) and (x + 5). 
What is the third factor?

 8 Solve each equation.

a (x − 5)(x + 2)(x − 1)(x + 1) = 0

b x(x + 3)(x − 3)(x − 2) = 0

c (x + 3)2(x − 5)2 = 0

d x2(x + 4)(x − 4) = 0

 9 Fully factorise the left side of each 
equation, then solve.

a x(x − 2)(x2 − 4) = 0

b (x − 4)(x2 − 8x + 16) = 0

 10 Sketch the graphs of:

a y = (x − 3)(x + 1)(x − 2)

b y = −(x + 2)2(x − 4).

 11 For the cubic relationship shown, 

a identify the x-intercepts

b identify the 
y-intercept

c write the rule 
as a product 
of factors.

51−1 0

y

x

5

 12 Consider y = x4 − 5x2 + 4.

a Write the relationship in terms of its 
factors.

b Identify the x- and y-intercepts

c Sketch the graph.

 13 Describe the 
transformation/s 
performed on the 
graph of y = x3 to 
produce the graph 
shown.

−2 0

y

x

4

−4

 14 Consider the graph of y = x(x − 1)3.

a Identify the x- and y-intercepts.

b Sketch the graph.

 15 Write the rule for 
this polynomial 
relationship in:

a factor form

b expanded form.

2−2 0

y

x
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mixed prActice 

 1 If P(x) = 4x3 − x2 + 2x − 1, the value of  
P(−1) is:

A −8 B 2 C 0 D 4

 2 If  P(x) = 2x3 − 3x2 + 5x − 4, calculate 
values for:

a P(2) b P(−1) c P(−2)

d P(−3) e P(4) f P(0)

 3 The solution to x3 − 19x + 30 = 0 is:

A x = −5, −2 or 3 B x = −5, 2 or 3

C x = 5, −2 or 3 D x = 5, 2 or −3

 4 If  P(x) = 3x3 − 4x2 + x and  
Q(x) = −x3 + 2x2 − 4, evaluate:

a P(−1) b Q(−1)

c P(x) + Q(x) d Q(x) − P(x)

e P(0) − Q(0) f P(1) − 4Q(1)

 5 Use long division to find the quotient and 
remainder for each problem.

a (x3 − 4x2 + 5x − 8) ÷ (x − 2)

b (x3 − 2x2 − 3x + 4) ÷ (x − 1)

c (x3 + 3x2 + 8x − 5) ÷ (x − 3)

 6 Expand and simplify each product.

a 3x2(4x − 8) b (x3 − 5x)2

c (x4 − 3x2)(5x2 + 2x4) d (x2 − 1)2(x + 1)

 7 The graph of the polynomial  
y = (x + 3)2(x − 3)2 has how many solutions?

A 1 B 2

C 3 D 4

 8 Write the rule  
for this graph in:

a factor form

b expanded form.
2

1

40

y

x

 9 Decide if  (x + 2) is a factor of:

a x3 − 3x2 − 6x + 8

b x3 − 4x2 − 3x + 18

c x3 + 4x2 − 3x − 18

 10 The expansion of (1 − x)3 is:

A 3x2 − x3 + 1 − 3x

B 1 − 2x + 2x2 + x3

C 1 − x3

D 3 − 3x − x3

 11 The graph of y = −(x + 5)(x − 3)(x − k) has a 
y-intercept of 30. What is the value of k?

 12 The division of the polynomial  
4x3 − 2x2 − x + 10 by (x − 2) gives a quotient 
and remainder of:

A 4x2 − 4x + 7 remainder −4

B 4x2 + 6x − 13 remainder −16

C 4x2 + 6x + 11 remainder 32

D 4x2 + 4x − 7 remainder 4

 13 One linear factor of x3 − 7x + 6 is:

A x + 3 B x + 2

C x + 1 D x + 4

 14 The polynomial x3 − 2x2 − 5x + k is divisible 
by (x − 1), (x + 2) and (x − 3). What is the 
value of the constant k?

A −1 B 2 C −3 D 6

 15 One factor of the polynomial x3 − 43x − 42 
is (x + 1). What are the other factors?

 16 Consider y = (x + 1)2(x − 3)2.

a What type of polynomial relationship is 
this?

b Find the x- and y-intercepts.

c As the leading coefficient of the 
polynomial is positive, should the graph 
start from the top left or bottom left of 
the Cartesian plane?

d What effect does the repeated factors of  
(x + 1) and (x − 3) have on the graph?

 17 Give all the x-intercepts of the graph of the 
polynomial P(x) = x(x + 1)(x − 4)(x2 − 4).
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AnAlySiS

the infinity symbol
You are familiar with the infinity symbol – it looks 

like the number 8 on its side. Its shape is like that 

of a cubic relationship with three x-intercepts. 

a It is possible to model the infinity sign using 

two cubic relationships graphed for the same 

set of x values.

 i Complete this table for y = x3 − x.

x −1 −0.6 −0.5 0 0.5 0.6 1

y

 ii Repeat part i for y = −x3 + x.

 iii  On a Cartesian plane, plot the points in the 

tables from parts i and ii. Join the points 

with a smooth curve.

 iv  Describe the set of x values used for these 

two graphs.

 v  Do the turning points for the two 

relationships occur at x = −0.5 and 0.5? 

Explain. 

 vi  Use digital technology to draw the graphs 

of these two relationships for the set of 

x values described in part iv. Find the 

coordinates of the turning points.

b It is also possible to model the infinity symbol 

by tracing the path a point takes as it moves 

from an angle of 0° with the x-axis to an angle 

of 360° with the x-axis.

 The coordinates of all points (x, y) on the 

infinity symbol can be represented by the values 

(cos θ, sin 2θ
2

), where θ is the angle the line 

joining the point with the origin makes with the 

x-axis.

 i  Construct a table for x and y using angles of 

θ every 15° from 0° to 360°. (This number 

of points is necessary to get an accurate 

representation of the graph.)

angle

(θ)

x 

(cos θ)

y

(sin 2θ
2 )

0°

15°

30°

...

345°

360°

 ii  Complete the table, giving your answers 

correct to two decimal places, if  necessary. 

You may find some of the trigonometric 

values negative as the angle increases beyond 

90°. You will understand the reason for this 

when you study the trigonometric ratios for 

angles greater than 90° in Chapter 8.

 iii  Plot the points (x, y) on a Cartesian 

plane. Join them with a smooth curve. 

(Alternatively, you could use a spreadsheet 

to plot the graph.)

 iv  Describe the shape of the graph.

 v  Describe the set of x and y values used for 

the graph.

c Compare the two models. Do you consider one 

to be a better model of the infinity symbol than 

the other? Explain.

6 chApter revieW

 18 Fully factorise the polynomial  
x4 − 2x2 + 1.

 19 Find the solution to the equation  
−3x3 + 9x2 + 30x − 72 = 0.

10A 10A

SAMPLE
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engineers use polynomials to model roller 
coaster rides. relationships can be formed for 
the height of the ride after a given time. For 
example, one relationship where h is the height 
in metres of a roller coaster after t seconds is

h = −0.5t6 + 5t5 − 13.75t4 − 5t3 + 63.5t2 − 59t + 20. 

You can use digital technology to produce its 
graph.

in this task, you will be looking at a few simpler 
relationships to model sections of roller coaster 
rides.

Modelling a roller coaster ride

ConnECt

You are to complete the following three problems. include all necessary graphs and working to justify your 
answers.

problem 1
there are three rollercoaster rides at a fun park. each can be represented by a polynomial relationship 
with height h in metres after t seconds.
•	 ride of terror: h = −0.1t3 + 1.8t2 − 9.6t + 16
•	 Fear factor: h = 0.3t3 − 5t2 + 21t
•	 ride of your life: h = −2t4 + 21t3 − 61t2 + 36t + 36 
Describe each ride to your friend who will be visiting the fun park the next day. include information such 
as the initial height of the ride, times when the ride skims the ground or goes through an underground 
tunnel and the realistic duration of the ride. Use a sketch graph to help you. 
Your friend is nervous of extreme heights. Use digital technology to find the maximum height of each ride. 

problem 2
a new roller coaster ride is to be designed so that, after completing a loop, it moves up from ground level, 
skims the ground again after a further 3 seconds and finishes on the ground after 7 seconds. it needs 
to have two thrilling ‘up and down’ sections. Determine a suitable polynomial relationship to model the 
conditions of this ride after completing the loop. explain your reasoning.

problem 3
Design your own roller coaster ride. Use a polynomial of degree 4 or higher and fully explain how you 
modelled the relationship. Describe this ride to your friend.
as an extension, choose another scenario that could be modelled by a polynomial relationship of degree 
3 or higher. instead of using time as the independent variable, you may like to use a length or distance 
variable. include all reasoning, working and diagrams. 

Your task

SAMPLE
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You may like to present your findings as a report. Your report could include:
•	 a poster showing diagrams and calculations
•	 a powerpoint presentation
•	 a technology demonstration
•	 other (check with your teacher).

6 connect

SAMPLE
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