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2.1 Overview
Why learn this?
Most people will tell you that if you want a career in
fields like engineering, science, finance and software
development, you need to study and do well in
algebra at high school and university. Without algebra
we wouldn’t have landed on the Moon or be able
to enjoy the technological marvels we do today, like
our smartphones.

Learning algebra in school helps you to develop
critical thinking skills. These skills can help with
things like problem solving, logic, pattern recognition
and reasoning.

Consider these situations:
• You want to work out the cost of a holiday to Japan at the current exchange rate.
• You’re driving to a petrol station to refuel your car, but you only have $30 in your pocket. You want to

know how much petrol you can afford.
• You’re trying to work out whether a new phone plan that charges $5 per day over 24 months for the latest

smartphone is worth it.

Working out the answers to these kinds of real-life questions is a direct application of algebraic thinking.

Understanding algebra can help you to make reasoned and well-considered financial and life decisions. It can
help you make independent choices and assist you with many everyday tasks. Algebra is an important tool that
helps us connect with — and make sense of — the world 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.

eWorkbook

Fully worked

solutions 

to every 

question

Interactivities

Digital 

documents

Video 

eLessons
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Exercise 2.1 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 Select the coefficient of x in the expression
−x3

3
+ x2 + 2ax+ b, where a and b are constants.

1A. −1

3
B. 2C. 2aD. bE.

2. Evaluate the following expression if x=−3, y= 1 and z=−2.

2x2 − y2 − xyz

3. Determine the value of m in the following equation if E= 25 and v= 5.

E= 1

2
mv2

4. MC Choose the expression out of the following that is not equivalent.
x− y+ zA. z− y+ xB. x− (y− z)C. z+ x− yD. z− (x+ y)E.

5. MC A bag of chips costs x cents. Select the correct expression for the cost of 6 bags of chips if each
bag is discounted by 50 cents.

6(x− 50)A. 6(x− 0.5)B. 6x− 50C. 6x− 0.5D. 50− 6xE.

6. Expand and simplify the following expressions.
a. 4(m+ 3n)− (2m− n)
b. −x(y+ 3)+ y(5− x)

7. Expand and simplify the expression (3q− r)(2q+ r).

8. MC Students were asked to expand −2(3x− 4). They gave the following answers.
Student 1: −6x− 8
Student 2: −6x+ 6
Student 3: 6x− 8
Student 4: −6x+ 8
Student 5: −5x+ 6
Choose the student who has the correct answer.

Student 1A. Student 2B. Student 3C. Student 4D. Student 5E.

9. State whether 232 can be expanded using the following method.

(20+ 3)2 = 202 + 2× 20× 3+ 32

10. State whether the following statement is True or False.
(a+ 3)2 expanded is equal to a2 + 9

11. Expand and simplify the following expression.

(2b− 5)2 − (b+ 4)(b− 3)
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12. Factorise the following expressions.

a. 8p2 + 20p b. 25x2 − 10y c. 6xy+ 8x2y− 3xy2

13. Factorise the following expressions.
a. 7a(b+ 3)− (b+ 3) b. 10xy+ 5x− 4y− 2

14. A box has the following dimensions: x, 2x− 1 and 3x+ 2.
Determine the correct expression for calculating the total surface area of the box.

15. Factorise the expression x2 + 3x− 4.

2.2 Using pronumerals

LEARNING INTENTION

At the end of this subtopic you should be able to:
• identify the number of terms in an algebraic expression
• identify the variables and coefficients of the terms in an expression
• identify the constant terms in an expression
• evaluate an expression or formula by substituting values for each variable.

2.2.1 Expressions
eles-4588

• A pronumeral is a letter or symbol that stands for a number. Algebra is the branch of mathematics in
which we use and manipulate pronumerals.

• In algebra an expression is a group of terms in which each term is separated by a + sign or a − sign .
• An expression with two terms is called a binomial. An expression with one term is called a monomial.
• Here are some important things to note about the expression 5x− 3y+ 2:

• The expression has three terms and is called a trinomial.
• The pronumerals x and y may take different values and are called variables.
• The term 2 has only one value and is called a constant.
• The coefficient (the number in front) of x is 5, and the coefficient of y is −3.

Algebraic expressions

An algebraic expression is a group of terms that are separated by + or − signs.

Consider the following expression: 5x2 − 6y+ 13x+ 8+ 2y3.
• This expression is made up of five terms.
• The pronumerals/variables used in this expression are x and y .
• The coefficients of the terms are (in order): 5, −6, 8 and 2.
• The coefficient of x is 13.
• The smallest coefficient is −6.
• The constant is 8 — it does not have a pronumeral.
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WORKED EXAMPLE 1 Identifying coefficients of terms in an expression

For the expression 6x− 3xy+ z+ 2+ x2z+ y2

7
, determine:

the number of termsa. the coefficient of the second termb.
the coefficient of the last termc. the constant termd.
the term with the smallest coefficiente. the coefficient of x2z.f.

THINK WRITE

a. Count the number of terms. a. There are six terms.

b. The second term is −3xy. The number part is
the coefficient.

b. The coefficient of the second term is −3.

c. The last term is
y2

7
. This can be rewritten

as
1

7
× y2.

c. The coefficient of the last term is
1

7
.

d. The constant is the term with no pronumeral. d. The constant term is 2.

e. Identify the smallest coefficient and write the
whole term to which it belongs.

e. The term with the smallest coefficient is −3xy.

f. x2z can be written as 1x2z. f. The coefficient of x2z is 1.

2.2.2 Substitution
eles-4589

• We can evaluate (find the value of) an algebraic expression if we replace the pronumerals with their
known values.

• This process is called substitution.
• Consider the expression 4x + 3y. If we substitute the values x = 2 and y = 5, then the expression takes can

be evaluated like this:
4× 2+ 3× 5 = 8+ 15

= 23

It is more common to use brackets for substitution instead of multiplication signs. For example:
4x+ 3y = 4(2)+ 3(5)

= 8+ 15
= 23

WORKED EXAMPLE 2 Substituting values into terms

Evaluate the following terms for the values x= 4 and x=−4.
3x2a. −x2b.

√
5− xc.

THINK WRITE

a. 1. Substitute 4 for x. a. if x= 43 x2 = 3(4)2

2. Only the x term is squared. = 3× 16

3. Evaluate. = 48
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4. Repeat for x=−4. if x=−4: 3x2 = 3(−4)2

= 3× 16
= 48

b. 1. Substitute 4 for x. b. if x= 4: − x2 = −(4)2

2. Evaluate. = −16

3. Repeat for x=−4. if x=−4: − x2 = −(−4)2

= −16

c. 1. Substitute 4 for x. c. if x= 4:
√

5− x =
√

5− 4

2. Evaluate. =
√

1
= 1

3. Repeat for x=−4. if x=−4
√

5− x =
√

5− (−4)
=
√

5+ 4

=
√

9
= 3

WORKED EXAMPLE 3 Evaluating expressions using substitution

If x= 3 and y=−2, evaluate the following expressions.
a. 3x+ 2y
b. 5xy− 3x+ 1
c. 2x2 + y2

THINK WRITE

a. 1. Write the expression. a. 3x+ 2y

2. Substitute x= 3 and y=−2. = 3(3)+ 2(−2)

3. Evaluate. = 9− 4
= 5

b. 1. Write the expression. b. 5xy− 3x+ 1

2. Substitute and x= 3 and y=−2. = 5(3)(−2)− 3(3)+ 1

3. Evaluate. = −30− 9+ 1
= −38

c. 1. Write the expression. c. 2x2 + y2

2. Substitute x= 3 and y=−2. = 2(3)2 + (−2)2

3. Evaluate. = 18+ 4
= 22
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TI | THINK WRITE CASIO | THINK WRITE

a−c. On a Calculator
page, complete
the entry lines as:
3x+ 2y|x= 3
and y=−2
5x× y− 3x+ 1|
x= 3 and y=−2
2x2 + y2|x= 3
and y=−2

Press ENTER
after each entry.

a−c.

If x= 3 and y=−2, then
a. 3x+ 2y= 5
b. 5xy− 3x+ 1=−38
c. 2x2 + y2 = 22.

a−c. On the Main
screen, complete
the entry lines as:
3x+ 2y|x= 3|
y=−2
5x× y− 3x+ 1|
x= 3|y=−2
2x2 + y2|x= 3|
y=−2

Press EXE after
each entry line.

a−c.

If x= 3 and y=−2, then
a. 3x+ 2y= 5
b. 5xy− 3x+ 1=−38
c. 2x2 + y2 = 22.

2.2.3 Substitution into formulas
eles-4590

• A formula is a mathematical rule. Formulas are
usually written using pronumerals.

• For example, the formula for the area of a
rectangle is given by:

A= lw
where A represents the area of the rectangle, l
represents the length and w represents the width.

• If a rectangular kitchen tile has length l= 20 cm
and width w= 15 cm, we can substitute these
values into the formula to find its area.

A = lw
= 20× 15
= 300 cm2

• If the area of a kitchen tile is 400 cm2 and its width is 55 cm, then we can substitute these values into the
formula to find its length.

A = lw

400 = l× 55

l = 400

55

= 80

55
≈ 7.3 cm (to 1 d.p.)
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WORKED EXAMPLE 4 Substituting values into a formula

The formula for the voltage in an electrical circuit can be found using the formula known as
Ohm’s Law:

V= IR

where I = current (in amperes)
R= resistance (in ohms)
V= voltage (in volts).

a. Calculate V when:
i. I= 2 amperes, R= 10 ohms ii. I= 20 amperes, R= 10 ohms.

b. Calculate I when V= 300 volts and R= 600 ohms.

THINK WRITE

a. i. 1. Write the formula. a. i. V = IR

2. Substitute I= 2 and R= 10. = (2)(10)

3. Evaluate and write the answer using the correct units. = 20
The voltage is 20 volts.

ii. 1. Write the formula. ii. V = IR

2. Substitute I= 20 and R= 10. = (20)(10)

3. Evaluate and write the answer using the correct units. = 200
The voltage is 200 volts.

b. 1. Write the formula. b. V = IR

2. Substitute V= 300 and R= 600. 300 = I(600)

3. Evaluate and write the answer using the correct units. I = 300

600
= 0.5

The current is 0.5 amperes.

Note: Even if we know nothing about volts, amperes and ohms, we can still do this calculation.

DISCUSSION

Which letters (pronumerals) should you avoid using when writing algebraic expressions?

Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Digital document SkillSHEET Alternative expressions used for the four operations (doc-6122)

Video eLesson Substitution 2 (eles-1892)

Interactivities Individual pathway interactivity: Using pronumerals (int-4480)

Substituting positive and negative numbers (int-3765)
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Exercise 2.2 Using pronumerals

Individual pathways

PRACTISE
1, 4, 7, 10, 13, 14, 17, 18, 25

CONSOLIDATE
2, 5, 8, 11, 15, 19, 20, 21, 26

MASTER
3, 6, 9, 12, 16, 22, 23, 24, 27

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. Determine the coefficient of each of the following terms.

3xa. −2mb.
x

3
c. −at

4
d.

2. Evaluate the coefficient of each of the following terms.

5ya. −2pqb.
x2

6
c. −2mn2

7
d.

3. Determine the coefficient of each of the following terms.

15xya. −2pq

5
b.

7w2z4

2
c. −pq

3

7
d.

4. WE1 For each expression below, determine:

i. the number of terms
ii. the coefficient of the first term
iii. the constant term
iv. the term with the smallest coefficient.

a. 5x2 + 7x+ 8
b. −9m2 + 8m− 6
c. 5x2y− 7x2 + 8xy+ 5
d. 9ab2 − 8a− 9b2 + 4

5. For each expression below, determine:

i. the number of terms
ii. the coefficient of the first term
iii. the constant term
iv. the term with the smallest coefficient.

a. 4a− 2+ 9a2b2 − 3ac
b. 5s+ s2t+ 9+ 12t− 3u
c. −m+ 8+ 5n2m+m2 + 2n
d. 7c2d+ 5d2 + 14− 3cd2 − 2e

6. For each expression below, determine:

i. the number of terms
ii. the coefficient of the x term
iii. the constant term
iv. the term with the smallest coefficient.

a. −10x2 + 3x− 7
b. 4y2 + 6xy− 6x2 + 7− 3x
c. 10x5 − 4x−3 + 2x2 − 5x+ 8
d. 6− y3 + 6x− 7y5 + 10y− 15xy

TOPIC 2 Algebra 75
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7. Solve the following expressions for x= 0, x= 2 and x=−2.

5x+ 2a. x2 − xb. x2 + 3x− 1c.
x

2
d.

8. Calculate the following expressions for x= 0, x= 3 and x=−3.

−5x+ 4a. x2 − 2x+ 1b. x (x+ 4)c.
8

x+ 1
d.

9. Determine the following expressions for x= 0, x= 1 and x=−2.√
x+ 3a.

2x2 + 7x

3
b. (x+ 3) (x− 4)c.

2x+ 3

5
d.

10. MC Answer the following questions.

a. If x=−3, then state the value of −5x− 3.
A. −18 B. 12 C. 30 D. 18 E. −56

b. Choose the expression that is a trinomial.
A. 3x2 B. x+ 5+ 2 C. x2 − 7 D. x2 + x+ 2 E. 4x3

c. Choose the value of x for which the expression
√
(x− 6) cannot be evaluated.

A. 2 B. 6 C. 7 D. 10 E. 16

d. In the expression 5x2 − 3xy+ 0.5x− 0.3y− 5, identify the smallest coefficient.
A. 5 B. −3 C. 0.5 D. −0.3 E. −2

11. WE3 Determine the value of the following expressions if x= 2, y=−1 and z= 3.

2xa. 3xyb. 2y2zc.
14

x
d. 6 (2x+ 3y− z)e. x2 − y2 + xyzf.

12. If x= 4 and y=−3, evaluate the following expressions.

4x+ 3ya. 3xy− 2x+ 4b. x2 − y2c.

Understanding

13. WE4 The change in the voltage in an electrical circuit can be found using the formula known as Ohm’s Law
V= IR, where I= current (in amperes),R= resistance (in ohms) and V= voltage (in volts).

a. Calculate V when:
i. I= 4, R= 8 ii. I= 25, R= 10.

b. Calculate R when:
i. V= 100, I= 25 ii. V= 90, I= 30.

14. Evaluate each of the following by substituting the given values into each formula.

a. If A= bh, calculate the value of A when b= 5 and h= 3.

b. If d= m

v
, determine the value of d when m= 30 and v= 3.

c. If A= 1

2
xy, calculate the value of A when x= 18 and y= 2.

d. If A= 1

2
(a+ b) h, determine the value of A when h= 10, a= 7 and b= 2.

e. If V= AH

3
, determine the value of V when A= 9 and H= 10.
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15. Calculate each of the following by substituting the given values into each formula.

a. If v= u+ at, calculate the value of v when u= 4, a= 3.2 and t= 2.1.
b. If t= a+ (n− 1) d, determine the value of t when a= 3, n= 10 and d= 2.

c. If A= 1

2
(x+ y) h, determine the value of A when x= 5, y= 9 and h= 3.2.

d. If A= 2b2, calculate the value of A when b= 5.
e. If y= 5x2 − 9, determine the value of y when x= 6.

16. Calculate each of the following by substituting the given values into each formula.

a. If y= x2 − 2x+ 4, determine the value of y when x= 2.
b. If a=−3b2 + 5b− 2, calculate the value of a when b= 4.

c. If s= ut+ 1

2
at2, determine the value of s when u= 0.8, t= 5 and a= 2.3.

d. If F= mp

r2
, calculate the value of F correct to 2 decimal places, when m= 6.9, p= 8 and r= 1.2.

e. If C=𝜋d, determine the value of C correct to 2 decimal places if d= 11.

Reasoning

17. The area of a triangle is given by the formula A= 1

2
bh, where b is the length of the base and h is the

perpendicular height of the triangle.

a. Show that the area is 12 cm2 when b= 6 cm and h= 4 cm.
b. Evaluate h if A= 24 cm2 and b= 4 cm.

18. Using E=F+V− 2, where F is the number of faces on a prism, E is the number of edges and V is the
number of vertices, calculate:
a. E if F= 5 and V= 7 b. F if E= 10 and V= 2.

19. The formula to convert degrees Fahrenheit (F) to degrees

Celsius (C) is C= 5

9
(F− 32).

a. Determine the value of C when F= 59.
b. Show that when Celsius (C) is 15, Fahrenheit (F) is 59.

20. The length of the hypotenuse of a right-angled triangle (c) can be found using the formula c=
√
a2 + b2,

where a and b are the lengths of the other 2 sides.

a. C alculate c when a= 3 and b= 4.
b. Show that when a= 5 and c= 13, b= 12.

21. The kinetic energy (E) of an object is found by using the formula E= 1

2
mv2, where m is the mass and v is the

velocity of the object.

a. Calculate E when m= 3 and v= 3.6.
b. Show that when E= 25 and v= 5, m= 2.
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22. If the volume of a prism (V) is given by the formula V=AH, where
A is the area of the cross-section and H is the height of the prism,
calculate:

a. V when A= 7 cm2 and H= 9 cm
b. H when V= 120 cm3 and A= 30 cm2.

23. The volume of a cylinder (v) is given by v=𝜋r2h, where r is the radius in centimetres and h is the height of
the cylinder in centimetres.

a. Determine v correct to 2 decimal places if r= 7 and h= 3.
b. Determine h correct to 2 decimal places if v= 120 and r= 2.

24. The surface area of a cylinder (S) is given by S= 2𝜋r (r+ h), where r is the radius of the circular end and h is
the height of the cylinder.

a. Calculate S (to 2 decimal places) if r= 14 and h= 5.
b. Show that for a cylinder of surface area 240 units2 and radius 5 units, the height is 2.64 units, correct to

2 decimal places.

Problem solving

25. a. In a magic square, every row, column and diagonal adds to the same number. This number is called
the magic number for that square. Complete the unfinished magic square by first finding an algebraic
expression for the magic number.

b. Make three different magic squares by substituting different values for g and d in the completed magic
square from part a.

c. Calculate the magic number for each magic square.

2d+2g

d+g

d+2g0

26. A flat, rectangular board is built by gluing together a number of square pieces of the same size. The board is
m squares wide and n squares long. In terms of m and n, write expressions for:

a. the total number of squares
b. the number of completely surrounded squares
c. the perimeter of the figure, given that each square is 1 unit by 1 unit.

27. Determine which of the following eight expressions is not equivalent to the others.
x− y+ z z− y+ x
z− (y− x) −y+ x+ z
z+ x− y x− (y− z)
y− (z− x) x+ z− y
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2.3 Algebra in worded problems

LEARNING INTENTION

At the end of this subtopic you should be able to:
• assign pronumerals to the unknown quantities in a worded problem
• convert the worded statements presented in a question into algebraic expressions.

2.3.1 Algebra in worded problems
eles-4591

• In order to make use of the skills you learn in algebra, it is useful to be able to take a real-life problem and
convert it into an algebraic expression.

• The starting point for any worded problem is to define the unknown quantities in the question by assigning
appropriate pronumerals to those unknown quantities.

Key language used in worded problems

In order to be able to turn a worded problem into an algebraic expression, it helps to look out for the
following kinds of words.

• Words for addition: sum, altogether, add, more than, and, in total
• Words for subtraction: difference, less than, take away, take off, fewer than
• Words for multiplication: product, groups of, times, of, for each, double, triple
• Words for division: quotient, split into, halve, thirds

WORKED EXAMPLE 5 Converting worded problems into algebraic expressions

Write an algebraic expression for each of the following, choosing an appropriate pronumeral if
necessary.
a. The number that is 6 more than Ben’s age
b. The total value of a bundle of $10 notes
c. The total cost of 8 adults’ and 3 children’s train tickets
d. The product of a and w
e. w less than a

THINK WRITE

a. 1. Ben’s age is the unknown quantity.
Note: You must not say, ‘Let Ben= b’,
because b is a number.

a. Let Ben’s age = b years.

2. Write an expression for Ben’s age plus 6. b+ 6

b. 1. The number of notes is the unknown quantity. b. Let n= the number of $10 notes

2. The value is 10 times the number of notes.
Write the expression for the value of the
notes.

Total value = 10n dollars

c. 1. The cost of tickets is the unknown quantity. c. Let an adult’s ticket cost a dollars

2. The adults’ tickets cost 8× a and the
children’s Tickets cost 3× c. Write the
expression for the total cost of the tickets.

and a child’s ticket cost c dollars.
Total cost = 8a+ 3c dollars.
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d. ‘Product’ means to multiply.
Write the expression.

d. a×w

e. In this expression, w is subtracted from a.
Write the expression.

e. a−w

WORKED EXAMPLE 6 Solving a worded problem

Kot has a block of chocolate that is made up of 40 smaller pieces.
a. If he breaks off x pieces to give to Akira, evaluate how much of the block remains.

b. Kot then eats
1
5
of the remaining chocolate for dessert. Determine how much he ate.

c. Finally Kot gives a third of what remains to his sister Temar. Calculate how much Temar receives if
the original amount Kot gave to Akira was 10 pieces.

THINK WRITE

a. 1. The unknown quantity is the amount passed
to Akira, which is x.

a. x= number of pieces given to Akira

2. Write an expression for x less than 40. Amount remaining = 40− x

b. 1. The unknown quantity is still x. b. Amount eaten = 1

5
of amount remaining

2. Using the answer to a, write an expression

for
1

5
of what is left. Note: ‘of’ is a word that

means multiplication.

Amount eaten = 1

5
× (40− x)

Amount eaten = 1

5
(40− x)

c. 1. The unknown quantity is still x from part a. c. Amount left = 40− x− 1

5
(40− x)

2. Use your answers to a and b to write an
expression for the amount left over after John

eats
1

5
of the remaining chocolate.

Amount passed to Sarah is
1

3
of what is left

over after John’s dessert.

3. Multiply that expression by
1

3
. Sarah’s amount = 1

3

(
40− x− 1

5
(40− x)

)
4. Substitute the value of x= 10 into the

expression to find the final answer. Write the
answer in words.

When x= 10

= 1

3

(
40− 10− 1

5
(40− 10)

)
= 1

3

(
30− 1

5
(30)

)
= 1

3
(30− 6)

= 1

3
(24)

= 8
Temar receives 8 pieces of chocolate from Kot.
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Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Digital documents SkillSHEET Algebraic expressions (doc-6123)
SkillSHEET Substitution into algebraic expressions (doc-6124)

Interactivity Individual pathway interactivity: Algebra in worded problems (int-4481)

Exercise 2.3 Algebra in worded problems

Individual pathways

PRACTISE
1, 4, 5, 6, 10, 14

CONSOLIDATE
2, 7, 8, 11, 15, 16

MASTER
3, 9, 12, 13, 17, 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. Iam studies five more subjects than Xan. Determine how many subjects Iam studies if:

a. Xan studies six subjects
b. Xan studies x subjects
c. Xan studies y subjects.

2. Eva and Juliette walk home from school together. Eva’s home is 2 km further from school
than Juliette’s home. Calculate how far Eva walks if Juliette’s home is:
a. 1.5 km from school b. x km from school.

3. Lisa watched television for 2.5 hours today. Calculate how many hours she will watch
tomorrow if she watches:

a. 1.5 hours more than she watched today
b. t hours more than she watched today
c. y hours fewer than she watched today.

4. Samir ran d km today. Calculate the distance he will cover tomorrow if he runs:

a. x km less than he ran today
b. y km more than he ran today
c. 4 km more than double the distance that he ran today.

Understanding

5. WE5 Write an algebraic expression for each of the following questions.

a. If it takes 10 minutes to iron a single shirt, calculate how long it would take to iron all of Anthony’s shirts.
b. Ross has 30 dollars more than Nick. If Nick has N dollars, calculate how much money Ross has.
c. In a game of Aussie Rules football Luciano kicked 4 more goals than he kicked behinds.

i. Determine how many behinds Luciano scored, if g is the number of goals kicked.
ii. Calculate the number of points Luciano scored.

(Note: 1 goal scores 6 points, 1 behind scores 1 point.)
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6. Jeff and Chris play Aussie Rules football for opposing
teams. Jeff’s team won when the two teams played each
other.
a. Calculate how many points Jeff’s team scored if

they kicked:

i. 14 goals and 10 behinds
ii. x goals and y behinds.

b. Calculate how many points Chris’s team scored if his
team kicked:

i. 10 goals and 6 behinds
ii. p goals and q behinds.

c. Calculate how many points Jeff’s team won by if:

i. Chris’s team scored 10 goals and 6 behinds, and Jeff’s team scored 14 goals and 10 behinds
ii. Chris’s team scored p goals and q behinds, and Jeff’s team scored x goals and y behinds.

(Note: 1 goal scores 6 points, 1 behind scores 1 point.)

7. Yvonne’s mother gives her x dollars for each school subject she passes. If she passes y subjects, determine
how much money Yvonne receives.

8. Rosya buys a bag containing x Smarties.

a. If they divide them equally among n people, calculate how
many each person gets.

b. If they keep half of the Smarties for themselves and divide the
remaining Smarties equally among n people, calculate how
many Smarties each person gets.

9. A piece of licorice is 30 cm long.
a. If Ameer cuts d cm off, calculate how much licorice

remains.

b. If Ameer cuts off
1

4
of the remaining licorice, calculate how

much licorice has been cut off.
c. Determine how much licorice remains after the two cuts that Ameer has made.

Reasoning

10. One-quarter of a class of x students plays tennis at the weekend. One-sixth of the class plays tennis and also
swims at the weekend.

a. Write an expression to represent the number of students playing tennis at the weekend.
b. Write an expression to represent the number of students playing tennis and also swimming at

the weekend.
c. Show that the number of students playing only tennis at the weekend is

x

12
.

11. During a 24-hour period, Vanessa uses her computer for c hours. Her brother Darren uses it for
1

7
of the

remaining time.

a. Determine the length of time for which Darren used the computer.
b. Show that the total number of hours that Vanessa and Darren use the computer during a 24-hour period

can be expressed as
6c+ 24

7
.
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12. Dizem had a birthday party last weekend and invited n friends. The table shown indicates the number of
friends at Dizem’s party at certain times during the evening. Everybody arrived by 8.30 pm and everyone
left the party by 11 pm.

a. Show that 1 person arrived between 7.00 pm and 7.30 pm.
b. Determine the start and end times during which the most friends arrived.
c. Calculate how many friends were invited but did not arrive.
d. Show that 24 friends were invited in total.
e. Determine the start and end times during which the most friends were present at the party.

Time Number of friends
7.00 pm n− 24

7.30 pm n− 23

8.00 pm n− 8

8.30 pm n− 5

9.00 pm n− 5

9.30 pm n− 7

10.00 pm n− 12

10.30 pm n− 18

11.00 pm n− 24

13. WE6 Ty earns $y per week working at his part-time job.

a. If he spends $30 a week on his phone, calculate how much money he has left.
b. If he saves two-thirds of the remaining money for rent each week, calculate how much money is left.
c. If, after paying for his phone, saving for rent and spending $100 on food, Ty still has $200 left over,

determine how much he earns in a week.

Problem solving

14. A child builds a pyramid out of building blocks using the pattern shown.

a. Determine a rule that gives the number of blocks on the bottom layer, b, for a
tower that is h blocks high.

b. If the child wants the tower to be 10 blocks high, determine how many blocks
they should begin with on the bottom layer.

15. A shop owner is ordering vases from a stock catalogue. Red vases cost $4.20 and clear vases cost $5.70. If
she buys 25 vases for $120, determine how many of each type of vase she bought.

16. A father is 4 times the age of his son. In 4 years time the father will be 3 times the age of his son. Determine
how old the father is now.

17. If a circle has 3 equally spaced dots (A, B and C) on its
circumference, only 1 triangle can be formed by joining the dots.
Investigate to determine the number of triangles that could be
formed by 4, 5 or more equally spaced dots on the circumference.

From your investigation, can you see a pattern in the number of
triangles (t) formed for a circle with d equally spaced dots on its
circumference? Determine whether it is possible to express this as
a formula.

C

B

A
BA

CD
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18. Answer the following questions, showing full working.

a. Transpose the equation T= x− 3

x− 1
to make x the subject.

b. Evaluate T when x= 1.
c. Evaluate x when T= 1.

2.4 Simplification of algebraic expressions

LEARNING INTENTION

At the end of this subtopic you should be able to:
• identify whether two terms are like terms
• simplify algebraic expressions by adding and subtracting like terms
• simplify algebraic expressions that involve multiplication and division of multiple algebraic terms.

2.4.1 Addition and subtraction of like terms
eles-4592

• Simplifying an expression involves writing it in a form with the least number of terms, without × or ÷
signs, and with any fractions expressed in their simplest form.

• Like terms have identical pronumeral parts (including the power), but may have different coefficients.
For example:
• 5y and 10y are like terms, but 5y2 and 10y are not like terms.
• 3mn2 and −4mn2 and like terms, but 3m2n and −2mn2 are not like terms.

• If a term contains more than one pronumeral, the convention is to write the pronumerals in alphabetical
order. This makes it easier to identify like terms.
For example:
• 3cb2a and −7b2ca are like terms and should be written as 3ab2c and− 7ab2c to make this easier to

identify.
• We can simplify like terms by adding (or subtracting) the coefficients to form a single term. We cannot

simplify any terms that are not like terms.
For example:
• 10xy+ 3xy− 7xy= 6xy.

WORKED EXAMPLE 7 Simplifying algebraic expressions

Simplify the following expressions.
a. x+ 2x+ 3x b. 9a2b+ 5ba2 + ab2 c. −12− 4c2 + 10+ 5c2

THINK WRITE

a. 1. Write the expression. a. x+ 2x+ 3x− 5

2. Collect the like terms x, 2x and 3x. = 6x− 5

b. 1. Write the expression. b. 9a2b+ 5ba2 + ab2

2. Collect the like terms 9a2b and 5ba2. = 14a2b+ ab2

c. 1. Write the expression. c. −12− 4c2 + 10+ 5c2

2. Collect the like terms 4c2 and 5c2. = −12+ 10− 4c2 + 5c2

3. Simplify the expression. = −2+ c2 or c2 − 2
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2.4.2 Multiplication of algebraic terms
eles-4593 • Any number of algebraic terms can be multiplied together to produce a single term.

• Numbers can be multiplied in any order, so it is easiest to multiply the coefficients first, then multiply the
pronumerals in alphabetical order.

• Remember that, when multiplying pronumerals, we also add their indices together.

Note: x= x1

4ab× 3a2b× 2a3 = 4× a× b× 3× a2 × b× 2× a3

= 4× 3× 2× a× a2 × a3 × b× b
= 24× a6 × b2

= 24a6b2

WORKED EXAMPLE 8 Multiplication of algebraic terms

Simplify the following expressions.
a. 4a × 2b × a b. 7ax × −6bx × −2abx
THINK WRITE

a. 1. Write the expression. a. 4a× 2b× a
2. Rearrange the expression, writing the

coefficients first.
= 4× 2× a× a× b

3. Multiply the coefficients and pronumerals
separately.

= 8a2b

b. 1. Write the expression. b. 7ax×−6bx×−2abx

2. Rearrange the expression, writing the
coefficients first.

= 7×−6×−2× a× a× b× b× x× x× x

3. Multiply the coefficients and pronumerals
separately.

= 84a2b2x3

TI | THINK WRITE CASIO | THINK WRITE

a−b. In a new problem,
on a Calculator page,
complete the entry
lines as:
4a× 2b× a 7a× x×
−6b× x× −2a× b× x
Press ENTER after
each entry line.

a−b.

a. 4a× 2b× a= 8a2b
b. 7a× x×−6b× x×−2a×

b × x= 84a2b2x3

a−b. On the Main
screen, complete
the entry lines
as:
4a× 2b× a
7a× x×−6b×
x×−2a× b× x

Press EXE after
each entry line.

a−b.

a. 4a× 2b× a= 8a2b
b. 7a× x×−6b× x×−2a × b×
x= 84a2b2x3
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2.4.3 Division of algebraic terms
eles-4594 • When dividing two algebraic terms, first rewrite the terms in fraction form.

• Simplify the fraction by dividing through by the highest common factor of the coefficients and cancelling
down the pronumerals.

• Remember that when dividing pronumerals we subtract their indices.

36x3yz2 ÷ 40x2y2 = 36x3yz2

40x2y2

= ��369 × x× �x× �x× �y× z× z
10��40 × �x× �x× y× �y

= 9xz2

10y

WORKED EXAMPLE 9 Dividing algebraic terms

Simplify the following terms.
12xy

4xz
a. −8ab2 ÷−16a2bb.

THINK WRITE

a. 1. Write the term. a.
12xy

4xz

2. Cancel the common factors. =
3��12 × �x× y

1�4× �x× z

3. Write the answer. = 3y

z

b. 1. Write the term as a fraction. b.
−8ab2

−16a2b

2. Cancel the common factors. =
1��−8 ×1

�a×��b2b

2���−16 ×a��a2 × �b1

3. Simplify and write the answer. = 1

2
× 1

a
× b

1

= b

2a

DISCUSSION

Is the expression ab the same as ba? Explain your answer.
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Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Digital documents SkillSHEET Like terms (doc-6125)
SkillSHEET Collecting like terms (doc-6126)
SkillSHEET Multiplying algebraic terms (doc-6127)
SkillSHEET Dividing algebraic terms (doc-6128)
SkillSHEET Adding and subtracting integers (doc-10817)
SkillSHEET Multiplying and dividing integers (doc-10818)

Video elesson Simplification of expressions (eles-1884)

Interactivities Individual pathway interactivity: Simplifying algebraic expressions (int-4482)

Simplifying expressions (int-3771)
Multiplying variables (int-3772)
Dividing expressions with variables (int-3773)

Exercise 2.4 Simplification of algebraic expressions

Individual pathways

PRACTISE
1, 3, 9, 10, 11, 14, 19, 22, 25, 26

CONSOLIDATE
2, 4, 5, 7, 12, 15, 17, 20, 23,
27, 28

MASTER
6, 8, 13, 16, 18, 21, 24, 29, 30

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. For each of the following terms, select the terms listed in brackets that are like terms.

6ab
(
7a, 8b, 9ab, −ab, 4a2b2

)
a. −x (3xy, −xy, 4x, 4y, −yx)b.

3az
(
3ay, −3za, −az, 3z2a, 3a2z

)
c. x2 (2x, 2x2, 2x3, −2x, −x2)d.

2. For each of the following terms, select the terms listed in brackets that are like terms.

a. 2x2y
(
xy, −2xy, −2xy2, −2x2y, −2x2y2

)
b. 3x2y5

(
3xy, 3x5y2, 3x4y3, −x2y5, −3x2y5

)
c. 5x2 p3w5

(
−5x3w5 p3, p3 x2 w5, 5xp3w5, −5x2 p3w5,w5 p2 x3

)
d. −x2y5z4

(
−xy5, −y2z5x4, −x+ y+ z, 4y5z4x2, −2x2z4y5

)
3. WE7 Simplify the following expressions.

5x+ 2xa. 3y+ 8yb. 7m+ 12mc.
13q− 2qd. 17r− 9re. −x+ 4xf.

4. Simplify the following expressions.

5a+ 2a+ aa. 9y+ 2y− 3yb. 7x− 2x+ 8xc.
14 p− 3p+ 5pd. 2q2 + 7q2e. 5x2 − 2x2f.

5. Simplify the following expressions.

6x2 + 2x2 − 3ya. 3m2 + 2n−m2b. −2g2 − 4g+ 5g− 12c.
−5m2 + 5m− 4m+ 15d. 12a2 + 3b+ 4b2 − 2be. 6m+ 2n2 − 3m+ 5n2f.

6. Simplify the following expressions.

3xy+ 2y2 + 9yxa. 3ab+ 3a2b+ 2a2b− abb. 9x2y− 3xy+ 7yx2c.
4m2n+ 3n− 3m2n+ 8nd. −3x2 − 4yx2 − 4x2 + 6x2ye. 4− 2a2b− ba2 + 5b− 9a2f.
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7. MC Choose which of the following is a simplification of the expression 18p− 19p.
A. p B. −p C. p2 D. −1 E. p− 1

8. MC Choose which of the following is a simplification of the expression 5x2 − 8x+ 6x− 9.

3x− 9A. 3x2 − 9B. 5x2 + 2x− 9C.
5x2 − 2x− 9D. −3x2 + 6x− 9E.

9. MC Choose which of the following is a simplification of the expression 12a− a+ 15b− 14b.

11a+ bA. 12B. 11a− bC.
13a+ bD. −12a− bE.

10. MC Choose which of the following is a simplification of the expression −7m2n+ 5m2 + 3−m2 + 2m2n.

−9m2n+ 4m2 + 3A. −9m2n+ 8B. −5m2n− 4m2 + 3C.
−5m2n+ 4m2 + 3D. 5m2n+ 4m2 + 3E.

11. WE8 Simplify the following.
a. 3m× 2n b. 4x× 5y c. 2p× 4q d. 5x×−2y e. 3y×−4x

12. Simplify the following.
a. −3m×−5n b. 5a× 2a c. 3mn× 2p d. −6ab× b e. −5m×−2mn

13. Simplify the following.

−6a× 3aba. −3xy×−5xy× 2xb. 4pq×−p× 3q2c.
4c×−7cd× 2cd. −3a2 ×−5ab3 × 2ab4e.

14. WE9 Simplify the following.

a.
6x

2
b.

9m

3
c.

12y

6
d.

8m

2
e. 12m÷ 3

15. Simplify the following.
a. 14x÷ 7 b. −21x÷ 3 c. −32m÷ s8 d.

4m

8
e.

6x

18

16. Simplify the following.

8mn

18n
a.

6ab

12a2b
b.

28xyz

14x
c.

2x2yz

8xz
d. −7xy2z2 ÷ 11xyze.

Understanding

17. Simplify the following.

a. 5x× 4y× 2xy b. 7xy× 4ax× 2y
c.

6x2y

12y2
d.

−15x2ab

12b2x2

18. Simplify the following.

a.
2p3q2

p3q2

b. −4a×−5ab2 × 2a c. −a× 4ab× 2ba× b d. 2a× 2a× 2a× 2a

19. Jim buys m pens at p cents each and n books at q dollars each.

a. Calculate how much Jim spends in:

dollarsi. cents.ii.

b. Calculate how much change Jim will have if he starts with $20.

20. At a local discount clothing store 4 shirts and 3 pairs of shorts cost $138 in total. If a pair of shorts costs
2.5 times as much as a shirt, calculate the cost of each kind of clothing.
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21. Anthony and Jamila are taking their 3 children to see a movie at the cinema. The total cost for the 2 adults
and 3 children is $108. If an adult’s ticket is 1.5 times the cost of a child’s, calculate the cost of 1 child’s
ticket plus 1 adult’s ticket.

Reasoning

22. Class 9A were given an algebra test. One of the questions is shown below.

Simplify the following expression:
3ab

2
× 4ac

6b
× 7c.

Sean, who is a student in class 9A, wrote his answer as
12aabc

12b
× 7c. Explain why Sean’s answer is

incorrect, and write the correct answer.

23. Using the appropriate method to divide fractions, simplify the following expression.

15a2b2

16c4
÷
(

5ac2

4b3
× a

2b4

)
24. Answer the following questions.

a. Simplify the expression
n

(n+ 1)
× (n+ 1)
(n+ 2)

.

b. Simplify the expression
n

(n+ 1)
× (n+ 1)
(n+ 2)

× (n+ 2)
(n+ 3)

.

c. Use the results from parts a and b to evaluate
1

2
× 2

3
× 3

4
× … × 99

100
.

Problem solving

25. a. Fill in the empty bricks in the following pyramids. The expression in each brick is obtained by adding the
expressions in the two bricks below it.
i.

2a + 3b

3a + b2a – b

ii.
8p + 3q

5p – 2q

2p + 3q

b. Fill in the empty bricks in the following pyramids. The expression in each brick is obtained by
multiplying the expressions in the two bricks below it.
i.

m2 2m3n

ii.
48d2e2

8de

3d

26. For the triangle shown:

a. write an expression for the perimeter of the triangle

b. show that the triangle’sperimeter can be simplified to
43

21
x

c. calculate the cost (to the nearest dollar) to frame the triangle using timber
that costs $4.50 per metre, if x equals 2 metres.

x

5x
—
7

x
–
3
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27. For the rectangle shown:

a. write an expression for the perimeter of the rectangle

b. show that the expression for the perimeter can be simplified to 6
4

7
w

c. calculate the cost (to the nearest cent) to create a wire frame for the rectangle
using wire that costs $1.57 per metre, if w equals seven metres.

w

16w
—
7

28. A rectangular chocolate block has dimensions x and (4x− 7).
a. Write an expression for the perimeter (P) in the form P=−x+−(4x− 7).
b. Expand and simplify this expression.
c. Calculate the perimeter of the chocolate block when x= 3.
d. Explain why x cannot equal 1.

29. A doghouse in the shape of a rectangular prism is to be reinforced with
steel edging along its outer edges including the base. The cost of the
steel edging is $1.50 per metre. All measurements are in centimetres.

a. Write an expression for the total length of the straight edges of the
frame.

b. Expand the expression.
c. Evaluate the cost of steel needed when x= 80 cm.

x + 20

x + 40
x + 20

30. A tile manufacturer produces tiles that have the side lengths shown. All measurements are in centimetres.

a. Write an expression for the perimeter of each shape.
b. Evaluate the value of x for which the perimeter of the triangular tile is the same as the perimeter of the

square tile.

2xv

2x

5x +
 12 4x

2.5 Expanding brackets

LEARNING INTENTION

At the end of this subtopic you should be able to:
• apply the distributive law to expand and simplify an expression with a single set of brackets
• apply the distributive law to expand and simplify expressions containing two or more sets of brackets.

2.5.1 The Distributive Law
eles-4595

• There are two ways of calculating the area of the rectangle shown. 5 cm 3 cm

4 cm
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The rectangle can be treated as a single shape with a length of 4 cm and a width of 5+ 3 cm.

A = l×w
= 4(5+ 3)
= 4× 8
= 32 cm2

1.

The areas of the two smaller rectangles can be added together.

A = 4× 5+ 4× 3
= 20+ 12
= 32 cm2

2.

• The length of the rectangle shown is a and its width is b+ c.

b c

a ab ac

b + c

• This rectangle’s area can be found in two different ways.

A = l×w
= a(b+ c)

This expression is described as factorised because it shows one number (or factor) multiplied by
another. The two factors are a and (b+ c).

1.

The areas of the two small rectangles can be added together.

A= ab+ ac

This expression is described as expanded, which means that it is written without brackets.

2.

• a(b+ c)= ab+ ac is called the Distributive Law.

The Distributive Law

In order to expand a single set of brackets we apply the
distributive law, which states that:

a(b+ c)= a× b+ a× c= ab+ ac

• A helpful way to expand brackets is to draw arrows between factors as you work out each multiplication.

x(x − y) = x2…

x(x − y) = x2 − xy
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WORKED EXAMPLE 10 Expanding a single set of brackets

Use two different methods to calculate the value of the following.
a. 7(5+ 15) b. 10(9− 1)

THINK WRITE

a. 1. Method 1: Work out the brackets first, then evaluate. a. 7(5+ 15)
= 7× 20
= 140

2. Method 2: Expand the brackets first, then evaluate.
7(5 + 15)

= 7× 5+ 7× 15
= 35+ 105
= 140

b. 1. Method 1: Work out the brackets first, then evaluate. b. 10(9− 1)
= 10× 8
= 80

2. Method 2: Expand the brackets first, then evaluate
10(9 – 1)

= 10× 9+ 10×−1
= 90− 10
= 80

WORKED EXAMPLE 11 Expanding using arrows

Expand the following expressions.
a. 5(x+ 3) b. −4y(2x−w) c. 3× (5− 6y+ 2y)

THINK WRITE

a. 1. Draw arrows to help with the expansion. a.

5(x + 3)

2. Simplify and write the answer. = 5× x+ 5× 3
= 5x+ 15

b. 1. Draw arrows to help with the expansion. b.

−4y(2x − w)

2. Simplify and write the answer. = −4y× 2x− 4y×−w
= −8xy+ 4wy

c. 1. Draw arrows to help with the expansion. c.

3�(5 − 6� + 2�)

2. Simplify and write the answer. = 3x× 5+ 3x×−6x+ 3x× 2y

= 15x− 18x2 + 6xy
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2.5.2 Expanding and simplifying
eles-4596

• When a problem involves expanding that is more complicated, it is likely that the like terms will need to be
collected and simplified after you have expanded the brackets.

• When solving these more complicated problems, expand all sets of brackets first, then simplify any like
terms that result from the expansion.

WORKED EXAMPLE 12 Expanding and simplifying

Expand and simplify the following expressions by collecting like terms.
a. 4(x− 4)+ 5 b. x(y− 2)+ 5x c. −x(y− 2)+ 5x d. 7x− 6(y− 2x)

THINK WRITE

a. 1. Expand the brackets. a.
4(x − 4) + 5

2. Simplify and write the answer. = 4x− 16+ 5
= 4x− 11

b. 1. Expand the brackets. b.
x(y − 2) + 5x

2. Simplify and write the answer. = xy− 2x+ 5x
= xy+ 3x

c. 1. Expand the brackets. c.
−x(y − z) + 5x

2. Simplify and write the answer. (Note: There
are no like terms.)

−xy+ xz+ 5x

d. 1. Expand the brackets. d.

7x − 6(y − 2x)

2. Simplify and write the answer. = 7x− 6y+ 12x
= 19x− 6y

WORKED EXAMPLE 13 Expanding two sets of brackets and simplifying

Expand and simplify the following expressions.
a. 5(x+ 2y)+ 6(x− 3y) b. 5x(y− 2)− y(x+ 3)

THINK WRITE

a. 1. Expand each set of brackets. a.

5(x + 2y) + 6(x − 3y)

2. Simplify and write the answer. = 5x+ 10y+ 6x− 18y
= 11x− 8y

b. 1. Expand each set of brackets. b.

5x (y − 2) − y(x + 3)

2. Simplify and write the answer. = 5xy− 10x− xy− 3y
= 4xy− 10x− 3y
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2.5.3 Expanding binomial factors
eles-4597 • Remember that a binomial is an expression containing two terms, for example x+ 3 or 2y− z2. In this

section we will look at how two binomials can be multiplied together.
• The rectangle shown has length a+ b and width c+ d.

c + d

d

ad

c

aca

bdbcb

a + b

• There are two ways of finding the area of the large rectangle.
1. A = l×w

= (a+ b)× (c+ d)
= (a+ b)(c+ d)

This is a factorised expression in which the two factors are (a+ b) and (c+ d).
2. The areas of the four small rectangles can be added together.
A= ac+ ad+ bc+ bd
So (a+ b)(c+ d)= ac+ ad+ bc+ bd

• There are several methods that can be helpful when remembering how to expand binomial factors.
One commonly used method is FOIL.

• Each of the letters in FOIL stand for:
First — multiply the first term in each bracket.
Outer — multiply the two outer terms of each bracket.
Inner — multiply the two inner terms of each bracket.
Last — multiply the last term of each bracket.

(a + b)(c + d)

FOIL – First Outer Inner Last

O
F

L
I

OR (a + b)(c + d)

eyebrow

nose

eyebroweyebrow

mouthmouth

‘eyebrow, eyebrow, nose and mouth’

(a+ b)(c+ d)= ac+ ad+ bc+ bd (a+ b)(c+ d)= ac+ bd+ bc+ ad

Expanding binomial factors

Using FOIL, the expanded product of two binomial factors is given by:

(a+ b) (c+ d)= a× c+ a× d+ b× c+ b× d= ac+ ad+ bc+ bd

It is expected that the result will have 4 terms.

Note: It may be possible to simplify like terms after expanding.
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WORKED EXAMPLE 14 Expanding and simplifying two binomial factors

Expand and simplify each of the following expressions.
a. a(x− 5) (x+ 3) b. (x+ 2) (x+ 3) c. (2x+ 2) (2x+ 3)

THINK WRITE

a. 1. Expand the brackets using FOIL. a.

(x − 5)(x + 3)

2. Simplify the expression by collecting like terms. = x2 + 3x− 5x− 15

= x2 − 2x− 15

b. 1. Expand the brackets using FOIL. b.

(x + 2)(x + 3)

2. Simplify the expression by collecting like terms. = x2 + 3x+ 2x+ 6

= x2 + 5x+ 6

c. 1. Expand the brackets using FOIL. c.

(2x + 2)(2x + 3)

2. Simplify the expression by collecting like terms. = 4x2 + 6x+ 4x+ 6

= 4x2 + 10x+ 6

TI | THINK WRITE CASIO | THINK WRITE

a−c. In a new problem,
on a Calculator
page, press:
• MENU
• 3: Algebra 3
• 3: Expand 3.
Complete the entry
lines as: expand
((x− 5)× (x+ 3))
expand
((x+ 2)× (x+ 3))
expand
((2x+ 2)× (2x+ 3))

Press ENTER
after each entry.
Note: Remember
to include the
multiplication
sign between
the brackets.

a−c.

a. (x− 5) (x+ 3)
= x2 − 2x− 15

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

c. (2x+ 2) (2x+ 3)
= 4x2 + 10x+ 6

a−c. On the Main screen,
press:
• Action
• Transformation
• Expand
Complete the entry
lines as:
expand
((x− 5) (x+ 3))
expand
((x+ 2) (x+ 3))
expand
((2x+ 2) (2x+ 3))

Press EXE after each
entry line.

a−c.

a. (x− 5x+ 3) = x2 − 2x− 15
b. (x+ 2x+ 3) = x2 + 5x+ 6
c. (2x+ 22x+ 3)
= 4x2 + 10x+ 6

DISCUSSION

Explain why, when expanded, (x+ y)(2x+ y) gives the same result as (2x+ y)(x+ y).
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Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Digital documents SkillSHEET Expanding brackets (doc-10819)
SkillSHEET Expanding a pair of brackets (doc-10820)

Video eLessons Expanding brackets (eles-1888)
Expansion of binomial expressions (eles-1908)

Interactivities Individual pathway interactivity: Expanding brackets (int-4483)

Expanding binomial factors (int-6033)
Expanding brackets (int-6034)
Like terms (int-6035)

Exercise 2.5 Expanding brackets

Individual pathways

PRACTISE
1, 2, 7, 9, 12, 15, 18, 22, 24, 26,
30, 33

CONSOLIDATE
3, 4, 6, 10, 13, 17, 20, 21, 25, 27,
31, 34

MASTER
5, 8, 11, 14, 16, 19, 23, 28, 29, 32,
35, 36

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. WE10 Use 2 different methods to find the value of the following expressions.
a. 8(10− 2) b. 11(99+ 1) c. −5(3+ 1) d. 7(100− 1)

2. WE11 Expand the following expressions. For the first two examples, draw a diagram to represent
the expression.
a. 3(x+ 2) b. 4(x+ 3) c. 4(x+ 1) d. 7(x− 1)

3. Expand the following expressions.
a. −3(p− 2) b. −(x− 1) c. 3(2b− 4) d. 8(3m− 2)

4. Expand each of the following. For the first two examples, draw a diagram to represent the expression.
a. x(x+ 2) b. a(a+ 5) c. x(4+ x) d. m(7−m)

5. Expand each of the following.

2x(y+ 2)a. −3y(x+ 4)b. −b(3− a)c. −6a(5− 3a)d.

6. WE12 Expand and simplify the following expressions by collecting like terms.

2(p− 3)+ 4a. 5(x− 5)+ 8b. −7(p+ 2)− 3c.
−4(3p− 1)− 1d. 6x(x− 3)− 2xe.

7. Expand and simplify the following expressions by collecting like terms.

2m(m+ 5)− 3ma. 3x(p+ 2)− 5b. 4y(y− 1)+ 7c.
−4 p(p− 2)+ 5pd. 5(x− 2y)− 3y− xe.

8. Expand and simplify the following expressions by collecting like terms.

2m(m− 5)+ 2m− 4a. −3p(p− 2q)+ 4pq− 1b. −7a(5− 2b)+ 5a− 4abc.
4c(2d− 3c)− cd− 5cd. 6p+ 3− 4(2p+ 5)e.
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9. WE13 Expand and simplify the following expressions.

2(x+ 2y)+ 3(2x− y)a. 4(2 p+ 3q)+ 2(p− 2q)b. 7(2a+ 3b)+ 4(a+ 2b)c.
5(3c+ 4d)+ 2(2c+ d)d. −4(m+ 2n)+ 3(2m− n)e.

10. Expand and simplify the following expressions.

−3(2x+ y)+ 4(3x− 2y)a. −2(3x+ 2y)+ 3(5x+ 3y)b. −5(4p+ 2q)+ 2(3 p+ q)c.
6(a− 2b)− 5(2a− 3b)d. 5(2x− y)− 2(3x− 2y)e.

11. Expand and simplify the following expressions.
a. 4(2p− 4q)− 3(p− 2q)
b. 2(c− 3d )− 5(2c− 3d )

c. 7(2x− 3y)− (x− 2y)
d. −5(p− 2q)− (2 p− q)

e. −3(a− 2b)− (2a+ 3b)

12. Expand and simplify the following expressions.

a(b+ 2)+ b(a− 3)a. x(y+ 4)+ y(x− 2)b. c(d− 2)+ c(d+ 5)c.
p(q− 5)+ p(q+ 3)d. 3c (d− 2)+ c(2d− 5)e.

13. Expand and simplify the following expressions.

7a(b− 3)− b(2a+ 3)a. 2m(n+ 3)−m(2n+ 1)b. 4c (d− 5)+ 2c (d− 8)c.
3m(2m+ 4)− 2(3m+ 5)d. 5c (2d− 1)− (3c+ cd )e.

14. Expand and simplify the following expressions.

a. −3a (5a+ b)+ 2b (b− 3a)
b. −4c (2c− 6d)+ d(3d− 2c)
c. 6m(2m− 3)− (2m+ 4)
d. 7x(5− x)+ 6(x− 1)
e. −2y (5y− 1)− 4(2 y+ 3)

15. MC Choose the expression that is the equivalent of 3(a+ 2b)+ 2(2a− b).
5a+ 6bA. 7a+ 4bB. 5(3a+ b)C. 7a+ 8bD. 5a+ 2bE.

16. MC Choose the expression that is the equivalent of −3(x− 2y)− (x− 5y).
−4x+ 11yA. −4x− 11yB. 4x+ 11yC. 4x+ 7yD. −4x− 7yE.

17. MC Choose the expression that is the equivalent of 2m(n+ 4)+m(3n− 2).
3m+ 4n− 8A. 5mn+ 4mB. 5mn+ 10mC. 5mn+ 6mD. 3mn+ 4mE.

18. WE14 Expand and simplify each of the following expressions.

(a+ 2)(a+ 3)a. (x+ 4)(x+ 3)b. (y+ 3)(y+ 2)c. (m+ 4)(m+ 5)d. (b+ 2)(b+ 1)e.

19. Expand and simplify each of the following expressions.

(p+ 1)(p+ 4)a. (a− 2)(a+ 3)b. (x− 4)(x+ 5)c. (m+ 3)(m− 4)d. (y+ 5)(y− 3)e.

20. Expand and simplify each of the following expressions.

(y− 6)(y+ 2)a. (x− 3)(x+ 1)b. (x− 3)(x− 4)c. (p− 2)(p− 3)d. (x− 3)(x− 1)e.

21. Expand and simplify each of the following expressions.

(2a+ 3)(a+ 2)a. (c− 6)(4c− 7)b. (7− 2t)(5− t)c. (2+ 3t)(5− 2t)d.
(7− 5x)(2− 3x)e. (5x− 2)(5x− 2)f.

22. Expand and simplify each of the following expressions.

(x+ y)(z+ 1)a. (2x+ y)(z+ 4)b. (3p+ q)(r+ 1)c.
(a+ 2b)(a+ b)d. (2c+ d)(c− 3d)e. (x+ y)(2x− 3y)f.

23. Expand and simplify each of the following expressions.

(4p− 3q)(p+ q)a. (a+ 2b)(b+ c)b. (3p− 2q)(1− 3r)c.
(4x− y)(3x− y)d. (p− q)(2p− r)e. (5− 2j)(3k− 1)f.
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24. Choose the expression that is the equivalent of (4− y)(7+ y).
A. 28− y2 B. 28− 3y+ y2 C. 28− 3y− y2 D. 11− 2y E. 28− 11y− y2

25. MC Choose the expression that is the equivalent of (2 p+ 1)(p− 5).
A. 2p2 − 5 B. 2p2 − 11p− 5 C. 2p2 − 9p− 5 D. 2p2 − 6p− 5 E. 2p2 − 4p− 5

Understanding

26. Expand the following expressions using FOIL, then simplify.

(x+ 3)(x− 3)a. (x+ 5)(x− 5)b. (x+ 7)(x− 7)c.
(x− 1)(x+ 1)d. (x− 2)(x+ 2)e. (2x− 1)(2x+ 1)f.

27. Expand the following expressions using FOIL, then simplify.

(x+ 1)(x+ 1)a. (x+ 2)(x+ 2)b. (x+ 8)(x+ 8)c.
(x− 3)(x− 3)d. (x− 5)(x− 5)e. (x− 9)(x− 9)f.

28. Simplify the following expressions.

2.1x (3x+ 4.7y)− 3.1y(1.4x+ y)a. (2.1x− 3.2y)(2.1x+ 3.2y)b.

(3.4x+ 5.1y)2c.

29. For the box shown, calculate the following in expanded form:

4x + 3

3x – 1

x

a. the total surface area b. the volume.

Reasoning

30. For each of the following shapes:

i. write down the area in factor form
ii. expand and simplify the expression
iii. discuss any limitations on the value of x.

a. (x + 3y) m

(4x – y) m

       b.

(x + 5) cm

(2x – 1) cm

31. Show that the following is true.

(a− x)(a+ x)− 2(a− x)(a− x)− 2x(a− x)
=−(a− x)2

32. A series of incorrect expansions of (x+ 8)(x− 3) are shown below. For each of these incorrect expansions,
explain the mistake that has been made.
a. x2 + 11x+ 24 b. x2 + 5x+ 24 c. x2 − 3x
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Problem solving

33. Three students gave the following incorrect answers when expanding −5(3x− 20).
i. −5x− 20 ii. −8x+ 25 iii. 15x− 100

a. Explain the errors made by each student. b. Determine the correct answer.

34. In a test, a student expanded brackets and obtained the following answers. Identify and correct the student’s
errors and write the correct expansions.
a. −2(a− 5)=−2a− 10 b. 2b(3b− 1)= 6b2 − 1 c. −2(c− 4)= 2c+ 8

35. Three students’ attempts at expanding (3x+ 4)(2x+ 5) are shown.

Student A Student B

Student C

a. State which student’s work is correct.
b. Copy each of the incorrect answers into your workbook and correct the mistakes in each one as though

you were their teacher.

36. Rectangular floor mats have an area of (x2 + 2x− 15) cm2.

a. The length of a mat is (x+ 5) cm. Determine an expression for the width of this mat.
b. If the length of a mat is 70 cm, evaluate its width.
c. If the width of a mat is 1 m, evaluate its length.

2.6 Difference of two squares and perfect squares

LEARNING INTENTION

At the end of this subtopic you should be able to:
• recognise and use the difference of two squares rule to quickly expand and simplify binomial products

with the form (a+ b) (a− b)
• recognise and use the perfect square rule to quickly expand and simplify binomial products with the

form (a± b)2.

2.6.1 Difference of two squares
eles-4598 • Consider the expansion of (x+ 4) (x− 4):

(x+ 4) (x− 4)= x2 − 4x+ 4x− 16= x2 − 16
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• Now consider the expansion of (x− 6) (x+ 6):

(x− 6) (x+ 6)= x2 + 6x− 6x− 36= x2 − 36

• In both cases the middle two terms cancel each other out, leaving two terms, both of which are perfect
squares.

• The two terms that are left are the first value squared minus the second value squared. This is where the
phrase difference of two squares originates.

• In both cases the binomial terms can be written in the form (x+ a) and (x− a). If we can recognise
expressions that have this form, we can use the pattern above to quickly expand those expressions.
For example: (x+ 12) (x− 12)= x2 − 122 = x2 − 144

Difference of two squares

The difference of two squares rule is used to quickly expand certain
binomial products, as long as they are in the forms shown below:

• (a+ b) (a− b)= a2 − b2

• (a− b) (a+ b)= a2 − b2

Because the two binomial brackets are being multiplied, the order of the
brackets does not affect the final result.

WORKED EXAMPLE 15 Expanding using difference of two squares

Use the difference of two squares rule to expand and simplify each of the following expressions.
a. (x+ 8)(x− 8) b. (6− 3)(6+ x) c. (2x− 3)(2x+ 3) d. (3x+ 5)(5− 3x)

THINK WRITE

a. 1. Write the expression. a. (x+ 8)(x− 8)

2. This expression is in the form (a+ b)(a− b), so the
difference of two squares rule can be used. Expand
using the formula.

= x2 − 82

= x2 − 64

b. 1. Write the expression. b. (6− x)(6+ x)
2. This expression is in the form (a+ b) (a− b), so the

difference of two squares rule can be used. Expand
using the formula.
Note: 36− x2 is not the same as x2 − 36.

= 62 − x2

= 36− x2

c. 1. Write the expression. c. (2x− 3)(2x+ 3)

2. This expression is in the form (a− b) (a+ b), so the
difference of two squares rule can be used. Expand
using the formula.
Note: (2x)2 and 2x2 are not the same. In this case
a = 2x, so a2 = (2x)2.

= (2x)2 − 32

= 4x2 − 9

d. 1. Write the expression. d. (3x+ 5)(5− 3x)

2. The difference of two squares rule can be used if we
rearrange the terms, since 3x+ 5= 5+ 3x. Expand using
the formula.

(5+ 3x)(5− 3x)
= 52 − (3x)2

= 25− 9x2
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2.6.2 Perfect squares
eles-4599 • A perfect square is the result of the square of a whole number. 1× 1= 1, 2× 2= 4 and 3× 3= 9, showing

that 1, 4 and 9 are all perfect squares.
• Similarly, (x+ 3) (x+ 3)= (x+ 3)2 is a perfect square because it is the result of a binomial factor multiplied

by itself.
• Consider the diagram illustrating (x+ 3)2. What shape is it?
• The area is given by x2 + 3x+ 3x+ 9= x2 + 6x+ 9.
• We can see from the diagram that there are two squares produced

(
x2 and 32 = 9

)
and

two rectangles that are identical to each other (2× 3x).
• Compare this with the expansion of (x+ 6)2:

(x+ 6) (x+ 6)= x2 + 6x+ 6x+ 36= x2 + 12x+ 36

x 3

3

x x2 3x

93x

• A pattern begins to emerge after comparing these two expansions. The square of a binomial equals the
square of the first term, plus double the product of the two terms plus the square of the second term.
For example: (x+ 10) (x+ 10)= x2 + 2× 10× x+ 102 = x2 + 20x+ 100

Perfect squares

The rule for the expansion of the square of a binomial is given by:
• (a+ b)2 = (a+ b) (a+ b)= a2 + 2ab+ b2

• (a− b)2 = (a− b) (a− b)= a2 − 2ab+ b2

We can use the above rules to quickly expand binomial products that are presented as squares.

WORKED EXAMPLE 16 Expanding perfect squares

Use the rules for expanding perfect binomial squares to expand and simplify the following.
(x+ 1)(x+ 1)a. (x− 2)2b.

(2x+ 5)2c. (4x− 5y)2d.

THINK WRITE

a. 1. This expression is the square of a binomial. a. (x+ 1)(x+ 1)

2. Apply the formula for perfect squares:
(a+ b)2 = a2 + 2ab+ b2

= x2 + 2× x× 1+ 12

= x2 + 2x+ 1

b. 1. This expression is the square of a binomial. b. (x− 2)2

2. Apply the formula for perfect squares:
(a− b)2 = a2 − 2ab+ b2.

= (x− 2)(x− 2)
= x2 − 2× x× 2× 22

= x2 − 4x+ 4

c. 1. This expression is the square of a binomial. c. (2x+ 5)2

2. Apply the formula for perfect squares:
(a+ b)2 = a2 + 2ab+ b2.

= (2x)2 + 2× 2x× 5+ 52

= 4x2 + 20x+ 25

d. 1. This expression is the square of a binomial. d. (4x− 5y)2

2. Apply the formula for perfect squares:
(a− b)2 = a2 − 2ab+ b2.

= (4x)2 − 2× 4x× 5y+ (5y)2

= 16x2 − 40xy+ 25y2
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DISCUSSION

How could you represent (x− 3)2 on a diagram?

Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Digital document SkillSHEET Recognising expansion patterns (doc-10821)

Interactivities Individual pathway interactivity: Difference of two squares and perfect squares (int-4484)

Difference of two squares (int-6036)

Exercise 2.6 Difference of two squares and perfect squares

Individual pathways

PRACTISE
1, 3, 5, 8, 13, 16, 20, 21

CONSOLIDATE
2, 6, 9, 11, 14, 17, 22, 23

MASTER
4, 7, 10, 12, 15, 18, 19, 24, 25

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 Use the difference of two squares rule to expand and simplify each of the following.
a. (x+ 2)(x− 2) b. (y+ 3)(y− 3) c. (m+ 5)(m− 5) d. (a+ 7)(a− 7)

2. Use the difference of two squares rule to expand and simplify each of the following.
a. (x+ 6)(x− 6) b. (p− 12)(p+ 12) c. (a+ 10)(a− 10) d. (m− 11)(m+ 11)

3. Use the difference of two squares rule to expand and simplify each of the following.

(2x+ 3)(2x− 3)a. (3y− 1)(3y+ 1)b. (5d− 2)(5d+ 2)c. (7c+ 3)(7c− 3)d. (2+ 3p)(2− 3p)e.

4. Use the difference of two squares rule to expand and simplify each of the following.

(d− 9x)(d+ 9x)a. (5− 12a)(5+ 12a)b. (3x+ 10y)(3x− 10y)c.
(2b− 5c)(2b+ 5c)d. (10− 2x)(2x+ 10)e.

5. WE16 Use the rule for the expansion of the square of a binomial to expand and simplify each of
the following.
a. (x+ 2)(x+ 2) b. (a+ 3)(a+ 3) c. (b+ 7)(b+ 7) d. (c+ 9)(c+ 9)

6. Use the rule for the expansion of the square of a binomial to expand and simplify each of the following.
a. (m+ 12)2 b. (n+ 10)2 c. (x− 6)2 d. (y− 5)2

7. Use the rule for the expansion of the square of a binomial to expand and simplify each of the following.
a. (9− c)2 b. (8+ e)2 c. 2(x+ y)2 d. (u− v)2

8. Use the rule for expanding perfect binomial squares rule to expand and simplify each of the following.
a. (2a+ 3)2 b. (3x+ 1)2 c. (2m− 5)2 d. (4x− 3)2

9. Use the rule for expanding perfect binomial squares to expand and simplify each of the following.
a. (5a− 1)2 b. (7p+ 4)2 c. (9x+ 2)2 d. (4c− 6)2

10. Use the rule for expanding perfect binomial squares to expand and simplify each of the following.
a. (5+ 3p)2 b. (2− 5x)2 c. (9x− 4 y)2 d. (8x− 3y)2
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Understanding

11. Use the difference of two squares rule to expand and simplify each of the following.

(x+ 3) (x− 3)a. (2x+ 3) (2x− 3)b. (7x− 4) (7x+ 4)c.
(2x+ 7y) (2x− 7y)d.

(
x2 + y2

) (
x2 − y2

)
e.

12. Expand and simplify the following perfect squares.

(4x+ 5)2a. (7x− 3y)2b.
(
5x2 − 2y

)2
c.

2(x− y)2d.

(
2

x
+ 4x

)2

e.

13. A square has a perimeter of 4x+ 12. Calculate its area.

14. Francis has fenced off a square in her paddock for spring lambs. The area of the paddock is
(9x2 + 6x+ 1)m2.
Using pattern recognition, determine the side length of the paddock in terms of x.

15. A square has an area of x2 + 18x+ 81. Determine an expression for the perimeter of this square.

Reasoning

16. Show that a2 − b2 = (a+ b)(a− b) is true for each of the following.
a. a= 5, b= 4 b. a= 9, b= 1 c. a= 2, b= 7 d. a=−10, b=−3

17. Lin has a square bedroom. Her sister Tasneem has a room that is 1 m shorter in length than Lin’s room,
but 1 m wider.

a. Show that Lin has the larger bedroom.
b. Determine how much bigger Lin’s bedroom is than Tasneem’s bedroom.

18. Expand each of the following pairs of expressions.

a. i. (x− 4)(x+ 4) and (4− x)(4+ x)
ii. (x− 11)(x+ 11) and (11− x)(11+ x)
iii. (2x− 9)(2x+ 9) and (9− 2x)(9+ 2x)

b. State what you notice about the answers to the pairs of expansions above.
c. Explain how this is possible.

19. Answer the following questions.

Expand (10k+ 5)2.a.

Show that (10k+ 5)2 = 100k(k+ 1)+ 25.b.

Using part b, evaluate 252 and 852.c.

Problem solving

20. A large square has been subdivided into 2 squares and 2 rectangles.

a. Write formulas for the areas of these 4 pieces, using the dimensions a and b
marked on the diagram.

b. Write an equation that states that the area of the large square is equal to the
combined area of its 4 pieces. Do you recognise this equation?

b

b

a

a
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21. Expand each of the following pairs of expressions.

i. (x− 3)2 and (3− x)2
ii. (x− 15)2 and (15− x)2
iii. (3x− 7)2 and (7− 3x)2

a.

State what you notice about the answers to the pairs of expansions above.b.
Explain how this is possible.c.

22. Use the perfect squares rule to quickly evaluate the following.

272a. 332b. 392c. 472d.

23. Allen is creating a square deck with a square pool installed in the middle of it. The side length of the deck is
(2x+ 3)m and the side length of the pool is (x− 2)m. Evaluate the area of the decking around the pool.

24. Ram wants to create a rectangular garden that is 10 m longer than it is wide. Write an expression for the area
of the garden in terms of x, where x is the average length of the two sides.

25. The expansion of perfect squares (a+ b)2 = a2 + 2ab+ b2 and (a− b)2 = a2 − 2ab+ b2 can be used to
simplify some arithmetic calculations. For example:

972 = (100− 3)2

= 1002 − 2× 100× 3+ 32

= 9409

Use this method to evaluate the following.
a. 1032 b. 622 c. 9972 d. 10122 e. 532 f. 982

2.7 Further expansions

LEARNING INTENTION

At the end of this subtopic you should be able to:
• expand multiple sets of brackets and simplify the result.

2.7.1 Expanding multiple sets of brackets
eles-4600 • When expanding expressions with more than two sets of brackets, expand all brackets first before

simplifying the like terms.
• It is important to be careful with signs, particularly when subtracting one expression from another.

For example:
3x (x+ 6)− (x+ 5) (x− 3)
= 3x2 + 18x−

(
x2 + 5x− 3x− 15

)
= 3x2 + 18x−

(
x2 + 2x− 15

)
= 3x2 + 18x− x2 − 2x+ 15
= 2x2 + 16x+ 15

• When expanding this, since the entire expression (x+ 5) (x− 3) is being subtracted from 3x (x+ 6), its
expanded form needs to be kept inside its own set of brackets. This helps us to remember that, as each term
is being subtracted, the sign of each term will switch when opening up the brackets.

• When expanding, it can help to treat the expression as though it has a −1 at the front, as shown.

−(�
2

 + 2� − 15) = −1(�
2

 + 2� − 15) = −�
2

 − 2� + 15
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WORKED EXAMPLE 17 Expanding and simplifying multiple sets of brackets

Expand and simplify each of the following expressions.
a. (x+ 3)(x+ 4)+ 4(x− 2) b. (x− 2)(x+ 3)− (x− 1)(x+ 2)

THINK WRITE

a. 1. Expand each set of brackets. a.

(x + 3)(x + 4) + 4(x − 2)

2. Simplify by collecting like terms. = x2 + 4x+ 3x+ 12+ 4x− 8

= x2 + 11x+ 4

b. 1. Expand and simplify each pair of brackets.
Because the second expression is being
subtracted, keep it in a separate set of
brackets.

b.

(x − 2)(x + 3) − (x − 1)(x + 2)

= x2 + 3x− 2x− 6−
(
x2 + 2x− x− 2

)
2. Subtract all of the second result from the

first result. Remember that −
(
x2 + x− 2

)
=

−1
(
x2 + x− 2

)
. Simplify by collecting like

terms.

= x2 + x− 6−
(
x2 + x− 2

)
= x2 + x− 6− x2 + x+ 2
= −4

WORKED EXAMPLE 18 Further expanding with multiple sets of brackets

Consider the expression (4x+ 3) (4x+ 3)− (2x− 5) (2x− 5).
a. Expand and simplify this expression.
b. Apply the difference of perfect squares rule to verify your answer.

THINK WRITE

a. 1. Expand each set of brackets. a. (4x+ 3) (4x+ 3)− (2x− 5) (2x− 5)

2. Simplify by collecting like terms. = 16x2 + 12x+ 12x+ 9−
(
4x2 − 10x− 10x+ 25

)
= 16x2 + 24x+ 9−

(
4x2 − 20x+ 25

)
= 16x2 + 24x+ 9− 4x2 + 20x− 25

= 12x2 + 44x− 16

b. 1. Rewrite as the difference of two squares. b. (4x+ 3) (4x+ 3)− (2x− 5) (2x− 5)

2. Apply the difference of two squares rule,
where a= (4x+ 3) and b= (2x− 5).

= (4x+ 3)2 − (2x− 5)2

= ((4x+ 3)+ (2x− 5)) ((4x+ 3)− (2x− 5))

3 Simplify, then expand the new brackets. = (6x− 2) (2x+ 8)
= 12x2 + 48x− 4x− 16

4. Simplify by collecting like terms. = 12x2 + 44x− 16

DISCUSSION

On a diagram, how would you show (m+ 2)(m+ 3)− (m+ 2)(m+ 4)?
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Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Interactivity Individual pathway interactivity: Further expansions (int-4485)

Exercise 2.7 Further expansions

Individual pathways

PRACTISE
1, 4, 8, 11, 14

CONSOLIDATE
2, 5, 7, 9, 12, 15

MASTER
3, 6, 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. WE17 Expand and simplify each of the following expressions.

(x+ 3)(x+ 5)+ (x+ 2)(x+ 3)a. (x+ 4)(x+ 2)+ (x+ 3)(x+ 4)b.
(x+ 5)(x+ 4)+ (x+ 3)(x+ 2)c. (x+ 1)(x+ 3)+ (x+ 2)(x+ 4)d.

2. Expand and simplify each of the following expressions.

(p− 3)(p+ 5)+ (p+ 1)(p− 6)a. (a+ 4)(a− 2)+ (a− 3)(a− 4)b.
(p− 2)(p+ 2)+ (p+ 4)(p− 5)c. (x− 4)(x+ 4)+ (x− 1)(x+ 20)d.

3. Expand and simplify each of the following expressions.

(y− 1)(y+ 3)+ (y− 2)(y+ 2)a. (d+ 7)(d+ 1)+ (d+ 3)(d− 3)b.
(x+ 2)(x+ 3)+ (x− 4)(x− 1)c. (y+ 6)(y− 1)+ (y− 2)(y− 3)d.

4. Expand and simplify each of the following expressions.

(x+ 2)2 + (x− 5)(x− 3)a. (y− 1)2 + (y+ 2)(y− 4)b.

(p+ 2)(p+ 7)+ (p− 3)2c. (m− 6)(m− 1)+ (m+ 5)2d.

5. Expand and simplify each of the following expressions.

(x+ 3)(x+ 5)− (x+ 2)(x+ 5)a. (x+ 5)(x+ 2)− (x+ 1)(x+ 2)b.
(x+ 3)(x+ 2)− (x+ 4)(x+ 3)c. (m− 2)(m+ 3)− (m+ 2)(m− 4)d.

6. Expand and simplify each of the following expressions.

(b+ 4)(b− 6)− (b− 1)(b+ 2)a. (y− 2)(y− 5)− (y+ 2)(y+ 6)b.
(p− 1)(p+ 4)− (p− 2)(p− 3)c. (x+ 7)(x+ 2)− (x− 3)(x− 4)d.

7. Expand and simplify each of the following expressions.

(m+ 3)2 − (m+ 4)(m− 2)a. (a− 6)2 − (a− 2)(a− 3)b.

(p− 3)(p+ 1)− (p+ 2)2c. (x+ 5)(x− 4)− (x− 1)2d.

Understanding

8. WE18 Consider the expression (x+ 3) (x+ 3)− (x− 5) (x− 5).
Expand and simplify this expression.a.
Apply the difference of perfect squares rule to verify your answer.b.
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9. Consider the expression (4x− 5) (4x− 5)− (x+ 2) (x+ 2).
a. Expand and simplify this expression.
b. Apply the difference of perfect squares rule to verify your answer.

10. Consider the expression (3x− 2y) (3x− 2y)− (y− x) (y− x).
Expand and simplify this expression.a.
Apply the difference of perfect squares rule to verify your answer.b.

Reasoning

11. Determine the value of x for which (x+ 3)+ (x= 4)2 = (x+ 5)2 is true.

12. Show that (p− 1)(p+ 2)+ (p− 3)(p+ 1)= 2p2 − p− 5.

13. Show that (x+ 2)(x− 3)− (x+ 1)2=−3x− 7.

Problem solving

14. Answer the following questions.

Show that (a2 + b2 )(c2 + d 2)= (ac− bd)2 + (ad+ bc)2.a.
Using part a, write (22 + 12)(32 + 42) as the sum of two squares and evaluate.b.

15. Answer the following questions.

a. Expand
(
x2 + x− 1

)2
.

b. Show that
(
x2 + x− 1

)2 = (x− 1)x(x+ 1)(x+ 2)+ 1.
c. i. Evaluate 4× 3× 2× 1+ 1.

ii. Determine the value of x if 4× 3× 2× 1+ 1= (x− 1)x(x+ 1)(x+ 2)+ 1.

16. Answer the following questions.

Expand (a+ b)(d+ e).a.
Expand (a+ b+ c)(d+ e+ f). Draw a diagram to illustrate your answer.b.

2.8 The highest common factor

LEARNING INTENTION

At the end of this subtopic you should be able to:
• determine the highest common factor for a group of terms
• factorise expressions by dividing out the highest common factor from each term.

2.8.1 Factorising expressions
eles-4601 • Factorising a number or term means writing it as the product of a pair of its factors. For example, 18ab

could be factorised as 3a× 6b.
• Factorising an algebraic expression is the opposite process to expanding.
• 3 (x+ 6) is the product of 3 and (x+ 6) and is the factorised form of 3x+ 18.
• In this section we will start with the expanded form of an expression, for example 6x+ 12, and work to

re-write it in factorised form, in this case 6 (x+ 2).
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WORKED EXAMPLE 19 Factorising terms

Complete the following factorisations.
15x= 5x× ________a. 15x2= 3x× ________b. −18ab2 = 6a× ________c.

THINK WRITE

a. Divide 15x by 5x. a.
15x

5x
= 3

So, 15x= 5x× 3.

b. Divide 15x2 by 3x. b.
15x2

3x
= 5x

So, 15x2 = 3x× 5x.

c. Divide −18ab2 by 6a. c.
−18ab2

6a
= −3b2

So, −18ab2 = 6a×−3b2.

• The highest common factor (HCF) of two or more numbers is the largest factor that divides into all of
them. The highest common factor of 18 and 27 is 9, since it is the biggest number that divides evenly into
both 18 and 27.

• We can determine the HCF of two or more algebraic terms by determining the highest common factor
of the coefficients, as well as any pronumerals that are common to all terms. For example, the HCF of
30xyz, 25x2z and 15xz2 is 5xz. It can help to write each term in expanded form so that you can determine
all of the common pronumerals.

WORKED EXAMPLE 20 Determining the highest common factor of two terms

Determine the highest common factor for each of the following pairs of terms.
25a2b and 10aba. 3xy and −3xzb.

THINK WRITE

a. 1. Write 25a2b in expanded form. a. 25a2b = 5× 5× a× a× b
2. Write 10ab in expanded form. 10ab = 2× 5× a× b
3. Write the HCF. HCF = 5ab

b. 1. Write 3xy in expanded form. b. 3xy = 3× x× y

2. Write −3xz in expanded form. −3xz = −1× 3× x× z
3. Write the HCF. HCF = 3x

2.8.2 Factorising expressions by determining the highest common
factoreles-4602

• To factorise an expression such as 15x2yz+ 12xy2, determine the highest common factor of both terms.
Writing each term in expanded form can help identify what is common to both terms.

15x2yz+ 12xy2 = 3× 5× x× x× y× z+ 3× 4× x× y× y
= 3× x× y× 5× x× z+ 3× x× y× 4× y
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• We can see that 3xy is common to both terms. To complete the factorisation, place 3xy on the outside of a
set of brackets and simplify what is left inside the brackets.

= 3× x× y (5× x× z+ 4× y)
= 3xy (5xz+ 4y)

• By removing the HCF from both terms, we have factorised the expression.
• The answer can always be checked by expanding out the brackets and making sure it produces the original

expression.

WORKED EXAMPLE 21 Factorising by first determining the HCF

Factorise each expression by first determining the HCF.
a. 5x+ 15y
b. −14xy− 7y
c. 6x2y+ 9xy2

THINK WRITE

a. 1. The HCF is 5. a. 5x+ 15y = 5( )

2. Divide each term by 5 to determine the
binomial.

= 5(x+ 3y)

3. Check the answer by expanding. 5(x + 3y) = 5x + 15y (correct)

b. 1. The HCF is 7y or −7y, but −7y makes things
a little simpler.

b. −14xy− 7y = −7 ( )

2. Divide each term by −7y to determine the
binomial.

= −7y(2x+ 1)

3. Check the answer by expanding. −7y(2x + 1) = −14xy − 7y (correct)

c. 1. The HCF is 3xy. c. 6x2y+ 9xy2 = 3xy ( )

2. Divide each term by 3xy to determine the
binomial.

= 3xy(2x+ 3y)

3. Check the answer by expanding. 3xy(2x + 3y) = 6x2y + 9xy2 (correct)
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TI | THINK WRITE CASIO | THINK WRITE

a−c. In a new problem,
on a Calculator
page, press:
• MENU
• 3: Algebra 3
• 2: Factor 2.
Complete the
entry lines as:
factor

(
5x+ 15y

)
factor(
−14x× y− 7y

)
factor(
6x2 × y+ 9x× y2

)
Press ENTER
after each entry.

a−c.

a. 5x+ 15y= 5 (x+ 3)
b. −14xy− 7y=−7y (2x+ 1)
c. 6x2y+ 9xy2 = 3xy

(
2x+ 3y

)

a−c. On the Main screen,
press:
• Action
• Transformation
• Factor.
Complete the entry
lines as:
factor

(
5x+ 15y

)
factor(
−14x× y− 7y

)
factor(
6x2 × y+ 9x× y2

)
Press EXE after
each entry.

a−c.

a.
(
5x+ 15y

)
= 5

(
x+ 3y

)
b.

(
−14xy− 7y

)
=

−7y (2x+ 1)
c.

(
6x2y+ 9xy2

)
=

3xy
(
2x+ 3y

)

DISCUSSION

How do you find the factors of terms within algebraic expressions?

Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Digital documents SkillSHEET Finding the highest common factor (doc-10822)
SkillSHEET Factorising by finding the HCF (doc-10823)

Video elesson Factorisation (eles-1887)

Interactivities Individual pathway interactivity: The highest common factor (int-4486)

Highest common factor (int-6037)

Exercise 2.8 The highest common factor

Individual pathways

PRACTISE
1, 3, 7, 11, 13, 16, 21, 23, 26

CONSOLIDATE
2, 4, 8, 10, 14, 17, 18, 22, 24, 27

MASTER
5, 9, 12, 15, 19, 20, 25, 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. WE19 Complete each of the following factorisations by writing in the missing factor.

8a= 4× _______a. 8a= 2a× _______b. 12x2 = 4x× _______c.
−12x2 = 3x2 × _______d. 3x2 = x× _______e. 15a2b= ab× _______f.
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2. Complete each of the following factorisations by writing in the missing factor.

12x=−4× _______a. 10mn= 10 n× _______b. 10mn=−10× _______c.
a2b2 = ab× _______d. 30x2 = 10x× _______e. −15mn2 =−3m× _______f.

3. WE20 Determine the highest common factor (HCF) of each of the following.

4 and 12a. 6 and 15b. 10 and 25c. 24 and 32d. 12, 15 and 21e.

4. Determine the highest common factor (HCF) of each of the following.

25, 50 and 200a. 17 and 23b. 6a and 12abc.
14xy and 21xzd. 60pq and 30qe.

5. Determine the highest common factor (HCF) of each of the following.

50cde and 70fgha. 6x2 and 15xb. 6a and 9cc.
5ab and 25d. 3x2y and 4x2ze.

6. MC Choose which of the following pairs has a highest common factor of 5m.

2m and 5mA. 5m and mB. 25mn and 15lmC.
20m and 40mD. 5m and lmE.

7. WE21 Factorise each of the following expressions.
a. 4x+ 12y b. 5m+ 15n c. 7a+ 14b d. 7m− 21n e. −8a− 24b f. 8x− 4y

8. Factorise each of the following expressions.

−12p− 2qa. 6p+ 12pq+ 18qb. 32x+ 8y+ 16zc.
16m− 4n+ 24 pd. 72x− 8y+ 64 pqe. 15x2 − 3yf.

9. Factorise each of the following expressions.

5p2 − 20qa. 5x+ 5b. 56q+ 8p2c.
7p− 42x2yd. 16p2 + 20q+ 4e. 12+ 36a2b− 24b2f.

10. Factorise each of the following expressions.

9a+ 21ba. 4c+ 18d2b. 12p2 + 20q2c. 35− 14m2nd. 25y2 − 15xe.

11. Factorise each of the following expressions.

16a2 + 20ba. 42m2 + 12nb. 63p2 + 81− 27yc.
121a2 − 55b+ 110cd. 10− 22x2y3 + 14xye.

12. Factorise each of the following expressions.

18a2bc− 27ab− 90ca. 144p+ 36q2 − 84pqb. 63a2b2 − 49+ 56ab2c.
22+ 99p3q2 − 44p2rd. 36− 24ab2 + 18b2ce.

13. Factorise each of the the following expressions.

−x+ 5a. −a+ 7b. −b+ 9c. −2m− 6d. −6 p− 12e. −4a− 8f.

14. Factorise each of the following expressions.

−3n2 + 15ma. −7x2y2 + 21b. −7y2 − 49zc.
−12p2 − 18qd. −63m+ 56e. −12m3 − 50x3f.

15. Factorise each of the following expressions.

−9a2b+ 30a. −15p− 12qb. −18x2 + 4y2c.
−3ab+ 18m− 21d. −10− 25p2 − 45qe. −90m2 + 27n+ 54p3f.

16. Factorise each of the following expressions.

a2 + 5aa. 14q− q2b. 18m+ 5m2c.
6p+ 7p2d. 7n2 − 2ne. 7p− p2q+ pqf.
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17. Factorise each of the following expressions.

xy+ 9y− 3y2a. 5c+ 3c2d− cdb. 3ab+ a2b+ 4ab2c.
2x2y+ xy+ 5xy2d. 5p2q2 − 4pq+ 3p2qe. 6x2y2 − 5xy+ x2yf.

18. Factorise each of the following expressions.

5x2 + 15xa. 24m2 − 6mb. 32a2 − 4ac.
−2m2 + 8md. −5x2 + 25xe. −7y2 + 14yf.

19. Factorise each of the following expressions.

−3a2 + 9aa. −12p2 − 2pb. −26y2 − 13yc.
4m− 18m2d. −6t+ 36t2e. −8p− 24p2f.

Understanding

20. A large billboard display is in the shape of a rectangle as shown. The billboard has
3 regions (A, B, C) with dimensions in terms of x, as shown.

a. Calculate the total area of the billboard. Give your answer in factorised form.
b. Determine an expression for the area of each region of the billboard. Write

the expression in its simplest form.

21. Consider the expression 3ab2 + 18ab+ 27a.

a. Factorise this expression by taking out the highest common factor from
each term.

b. Use the rule for perfect squares to fully factorise this expression.

(x + 3)

(x + 1)

x

2x

B

A

C

22. Consider the expression x2 (x+ 4)+ 8x (x+ 4)+ 16 (x+ 4).
a. Factorise this expression by taking out the highest common factor from each term.
b. Use the rule for perfect squares to fully factorise this expression.

Reasoning

23. A question on Marcia’s recent Algebra test was,‘Using factorisation, simplify the following expression:
a2(a− b)− b2(a− b)’. Marcia’s answer was (a+ b) (a− b)2. If Marcia used the difference of two squares
rule to get her solution, explain the steps she took to get that answer.

24. Prove that, as long as a≠ 0, then (x+ a)2 ≠ x2 + a2.

25. Using the fact that any positive number, n, can be written as
(√

n
)2

, factorise the following expressions

using the difference of two squares rule.
a. x2 − 13 b. 4x2 − 17 c. (x+ 3)2 − 10

Problem solving

26. Evaluate
x2 + 2xy+ y2

4x2 − 4y2
÷ x2 + xy

8xy− 8x2
.

27. It has been said that, for any 2 numbers, the product of their LCM and HCF is the same as the product of the
2 numbers themselves. Show whether this is true.

28. a. Factorise 36x2 − 100y2 by first taking out the common factor and then using the difference of two
squares rule.

b. Factorise 36x2 − 100y2 by first using the difference of two squares rule and then taking out the
common factor.

c. Comment on whether you got the same answer for parts a and b.
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2.9 The highest common binomial factor

LEARNING INTENTION

At the end of this subtopic you should be able to:
• factorise expressions by taking out a common binomial factor
• factorise expressions by grouping terms.

2.9.1 The common binomial factor
eles-4603

• When factorising an expression, we look for the highest common factor(s) first.
• It is possible for the HCF to be a binomial expression.
• Consider the expression 7 (a− b)+ 8x (a− b). The binomial expression (a−b) is a common factor to both

terms. Factorising this expression looks like this:

7 (a− b)+ 8x (a− b) = 7× (a−b)+ 8x× (a−b)
= (a−b) (7+ 8x)

WORKED EXAMPLE 22 Factorising by finding a binomial common factor

Factorise each of the following expressions.
5(x+ y)+ 6b(x+ y)a. 2b(a− 3b)− (a− 3b)b.

Note: In both of these expressions the HCF is a binomial factor.

THINK WRITE

a. 1. The HCF is (x+ y). a.
5(x+ y)
x+ y

= 5, 6b(x+ y)
x+ y

= 6b

2. Divide each term by (x+ y) to determine
the binomial.

Therefore,

5(x+ y)+ 6b(x+ y)
= (x+ y)(5+ 6b)

b. 1. The HCF is (a− 3b). b.
2b(a− 3b)
a− 3b

= 2b, −1(a− 3b)
a− 3b

=−1

2. Divide each term by (a− 3b) to determine
the binomial.

Therefore,

2b(a− 3b)− (a− 3b)
= 2b(a− 3b)− 1(a− 3b)
= (a− 3b)(2b− 1)

2.9.2 Factorising by grouping in pairs
eles-4604 • If an algebraic expression has four terms and no common factors in any of its terms, it may be possible to

group the terms in pairs and find a common factor in each pair.
• Consider the expression 10x+ 15− 6ax− 9a.
• We can attempt to factorise by grouping the first two terms and the last two terms:

10x+ 15− 6ax− 9a = 5× 2x+ 5× 3− 3a× 2x− 3a× 3
= 5 (2x+ 3)−3a (2x+ 3)
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• Once a common factor has been taken out from each pair of terms, a common binomial factor will appear.
This common binomial factor can also be factorised out.

5 (2x+ 3)−3a (2x+ 3)= (2x+ 3) (5− 3a)

• Thus the expression 10x+ 15− 6ax− 9a can be factorised to become (2x+ 3) (5− 3a).
• It is worth noting that it doesn’t matter which terms are paired up first — the final result will still be

the same.

10x+ 15− 6ax− 9a = 10x− 6ax+ 15− 9a
= 2x× 5+ 2x×−3a+ 3× 5+ 3×−3a
= 2x (5− 3a)+ 3 (5− 3a)
= (5− 3a) (2x+ 3)
= (2x+ 3) (5− 3a)

WORKED EXAMPLE 23 Factorising by grouping in pairs

Factorise each of the following expressions by grouping the terms in pairs.
5a+ 10b+ ac+ 2bca. x− 3y+ ax− 3ayb. 5p+ 6q+ 15pq+ 2c.

THINK WRITE

a. 1. Write the expression. a. 5a+ 10b+ ac+ 2bc
5a + 10b = 5(a+ 2b)
ac+ 2bc = c(a+ 2b)

2. Take out the common factor a+ 2b. = 5(a+ 2b)+ c(a+ 2b)
= (a+ 2b)(5+ c)

b. 1. Write the expression. b. x− 3y+ ax− 3ay
x− 3y = 1(x− 3y)

ax− 3ay = a(x− 3y)

2. Take out the common factor x− 3y. = 1(x− 3y)+ a(x− 3y)
= (x− 3y)(1+ a)

c. 1. Write the expression. c. 5p+ 6q+ 15pq+ 2

2. There are no simple common factors.
Write the terms in a different order.

= 5p+ 15pq+ 6q+ 2
5p+ 15pq = 5p(1+ 3q)

6q+ 2 = 2(3q+ 1)

3. Take out the common factor 1+ 3q.
Note:1+ 3q= 3q+ 1.

= 5p(1+ 3q)+ 2(3q+ 1)
= 5p(1+ 3q)+ 2(1+ 3q)

= (1+ 3q)(5p+ 2)

DISCUSSION

How do you factorise expressions with four terms?
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Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Interactivities Individual pathway interactivity: The highest common binomial factor (int-4487)

Common binomial factor (int-6038)

Exercise 2.9 The highest common binomial factor

Individual pathways

PRACTISE
1, 3, 6, 9, 12

CONSOLIDATE
2, 4, 7, 10, 13

MASTER
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. WE22 Factorise each of the following expressions.

2(a+ b)+ 3c(a+ b)a. 4(m+ n)+ p(m+ n)b. 7x(2m+ 1)− y(2m+ 1)c.
4a(3b+ 2)− b(3b+ 2)d. z(x+ 2y)− 3(x+ 2y)e.

2. Factorise each of the following expressions.

12 p(6− q)− 5(6− q)a. 3p2(x− y)+ 2q(x− y)b. 4a2(b− 3)+ 3b (b− 3)c.
p2(q+ 2p)− 5(q+ 2p)d. 6(5m+ 1)+ n2(5m+ 1)e.

3. WE23 Factorise each of the following expressions by grouping the terms in pairs.

xy+ 2x+ 2y+ 4a. ab+ 3a+ 3b+ 9b. xy− 4y+ 3x− 12c.
2xy+ x+ 6y+ 3d. 3ab+ a+ 12b+ 4e. ab− 2a+ 5b− 10f.

4. Factorise each of the following expressions by grouping the terms in pairs.

m− 2n+ am− 2ana. 5+ 3p+ 15a+ 9apb. 15mn− 5n− 6m+ 2c.
10pq− q− 20p+ 2d. 6x− 2− 3xy+ ye. 16p− 4− 12pq+ 3qf.

5. Factorise each of the following expressions by grouping the terms in pairs.

10xy+ 5x− 4y− 2a. 6ab+ 9b− 4a− 6b. 5ab− 10ac− 3b+ 6cc.
4x+ 12y− xz− 3yzd. 5pr+ 10qr− 3p− 6qe. ac− 5bc− 2a+ 10bf.

Understanding

6. Simplify the following expressions using factorising.
ax+ 2ay+ 3az

bx+ 2by+ 3bz
a.

10 (3x− 4)+ 2y (3x− 4)
7a (10+ 2y)− 5 (10+ 2y)

b.

7. Use factorising by grouping in pairs to simplify the following expressions.
3x+ 6+ xy+ 2y

6+ 2y+ 18x+ 6xy
a.

5xy+ 10x+ 3ay+ 6a

15bx− 10x+ 9ab− 6a
b.

8. Use factorising by grouping in pairs to simplify the following expressions.

6x2 + 15xy− 4x− 10y

6xy+ 4x+ 15y2 + 10y
a.

mp+ 4mq− 4np− 16nq

mp+ 4mq+ 4np+ 16nq
b.
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Reasoning

9. Using the method of rectangles to expand, show how a(m+ n)+ 3(m+ n) equals (a+ 3)(m+ n).
10. Fully factorise 6x+ 4x2 + 6x+ 9 by grouping in pairs. Discuss what you noticed about this factorisation.

11. a. Write out the product 5(x+ 2)(x+ 3) and show that it also corresponds to the diagram shown.

x

x x x x x

2

3 3 3 3 3

b. Explain why 5(x+ 2)(x+ 3) is equivalent to (5x+ 10)(x+ 3). Use bracket expansion and a labelled
diagram to support your answer.

c. Explain why 5(x+ 2)(x+ 3) is equivalent to (x+ 2)(5x+ 15). Use bracket expansion and a labelled
diagram to support your answer.

Problem solving

12. A series of five squares of increasing size and a list of five area formulas are shown.

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

expression of 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.

13. Fully factorise both sets and brackets in the expression (−12xy+ 27x+ 8y− 18)− (−8xy+ 18x+ 12y− 27)
using grouping in pairs, then factorise the result.

14. The area formulas shown relate to either squares or rectangles.

i. 9s2 + 48s+ 64
ii. 25s2 − 4
iii. s2 + 4s+ 3
iv. 4s2 − 28s− 32

a. Without completing any algebraic operations, examine these formulas and work out which ones
belong to squares and which ones belong to rectangles. Explain your answer.

b. Factorise each formula and classify it as a square or rectangle. Check your classifications against your
answer to part a.
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2.10 Solving worded problems

LEARNING INTENTION

At the end of this subtopic you should be able to:
• write an algebraic expression for worded problems
• apply the skills covered in this topic to solve worded problems.

2.10.1 Converting worded problems into algebraic expressions
eles-4605

• It is important to be able to convert worded problems (or ‘real-world problems’) into algebraic expressions.
The key words that were identified in subtopic 2.3 can help with this process.

• Drawing diagrams is a useful strategy for understanding and solving worded problems.
• If a worded problem uses units in its questions, make sure that any answers also use those units.

WORKED EXAMPLE 24 Converting worded problems

A rectangular swimming pool measures 30m by 20m. A
path around the edge of the pool is x m wide on each side.
a. Determine the area of the pool.
b. Write an expression for the area of the pool plus the

area of the path.
c. Write an expression for the area of the path.
d. If the path is 1.5 m wide, calculate the area of the path.

THINK WRITE

a. 1. Construct a drawing of the pool. a.

x

x

x

30 m

20 m x

2. Calculate the area of the pool. Area = length×width
= 20× 30

= 600 m2

b. 1. Write an expression for the total length from
one edge of the path to the other. Write
another expression for the total width from
one edge of the path to the other.

b. Length = 30+ x+ x
= 30+ 2x

Width = 20+ x+ x
= 20+ 2x

2. Area = length × width Area = length×width
= (30+ 2x)(20+ 2x)
= 600+ 60x+ 40x+ 4x2

= (600+ 100x+ 4x2) m2
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c. Determine an expression for the area of
the path by subtracting the area of the pool
from the total area of the pool and the path
combined.

c. Area of path = total area− area of pool

= 600+ 100x+ 4x2 − 600

= (100x+ 4x2)m2

d. Substitute 1.5 for x in the expression you
have found for the area of the path.

d. When x= 1.5,
Area of path = 100 (1.5)+ 4(1.5)2

= 159 m2

• The algebraic expression found in part c of Worked example 24 allows us to calculate the area of the path
for any given width.

WORKED EXAMPLE 25 Writing expressions for worded problems

Suppose that the page of a typical textbook is 24 cm high
by 16 cm wide. Each page has margins of x cm at the
top and bottom, and margins of y cm on the left and right.
a. Write an expression for the height of the section of the page that

lies inside the margins.
b. Write an expression for the width of the section of the page that

lies inside the margins.
c. Write an expression for the area of the section of the page that lies

inside the margins.
d. Show that, if the margins on the left and right are doubled, the

area within the margins is reduced by (48y− 4xy) cm.
e. If the margins at the top and the bottom of the page are 1.5 cm

and the margins on the left and right of the page are 1 cm,
calculate the size of the area that lies within the margins.

THINK WRITE

a. 1. Construct a drawing that shows the
key dimensions of the page and its
margins.

a.

x

y

16 cm

24 cmy

x

2. The total height of the page (24 cm)
is effectively reduced by x cm at the
top and x cm at the bottom.

Height = 24− x− x
= (24− 2x) cm
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b. The total width of the page (16 cm) is
reduced by y cm on the left and y cm on
the right.

b. Width = 16− y− y
= (16− 2y)cm

c. The area of the page that lies within the
margins is the product of the width and
height.

c. Area1 = (24− 2x)(16− 2y)
= (384− 48y− 32x+ 4xy)cm2

d. 1. If the left and right margins are
doubled they both become 2y cm.
Determine the new expression for the
new width of the page.

d. Width = 16− 2y− 2y
= (16− 4y)cm

2. Determine the new expression for the
reduced area.

Area2 = (24− 2x)(16− 4y)
= 24× 16+ 24×−4y− 2x× 16− 2x×−2y

= (384− 96y− 32x+ 8xy) cm2

3. Determine the difference in area
by subtracting the reduced area
obtained in part d from the original
area obtained in part c.

Difference in area = Area1 −Area2

= 384− 48y− 32x+ 4xy
−(384− 96y− 32x+ 8xy)

= 384− 48y− 32x+ 4xy
−384+ 96y+ 32x− 8xy

= 48y− 4xy
So the amount by which the area is reduced is
(48y− 4xy)cm2.

e. Using the area found in c, substitute
1.5 for x and 1 for y. Solve the
expression.

e. Area = (384− 48y− 32x+ 4xy) cm2

= 384− 48 (1)− 32 (1.5)+ 4 (1.5) (1)
294 cm2

DISCUSSION

How can you use algebraic skills in real-life situations?

Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Interactivity Individual pathway interactivity: Solving worded problems (int-4488)
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Exercise 2.10 Solving worded problems

Individual pathways

PRACTISE
1, 2, 6, 9, 12

CONSOLIDATE
3, 5, 7, 10, 13

MASTER
4, 8, 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. Answer the following for each shape shown.

i. Determine an expression for the perimeter.
ii. Determine the perimeter when x= 5.
iii. Determine an expression for the area. If necessary, simplify the expression by expanding.
iv. Determine the area when x= 5.

3x

a.

x + 2

b.

4x – 1

c.

3x + 1

2x

d.

x – 3

5x + 2e. 3x + 5

x + 4

6x

3x

f.

Understanding

2. WE24 A rectangular swimming pool measures 50 m by 25 m.
A path around the edge of the pool is xm wide on each side.

a. Determine the area of the pool.
b. Write an expression for the area of the pool plus the area of

the path.
c. Write an expression for the area of the path.
d. If the path is 2.3 m wide, calculate the area of the path.
e. If the area of the path is 200 m2, write an equation that can

be solved to calculate the width of the path.

3. WE25 The pages of a book are 20 cm high by 15 cm wide. The
pages have margins of x cm at the top and bottom and margins of
y cm on the left and right.

a. Write an expression for the height of the section of the pages
that lie inside the margins.

b. Write an expression for the width of the section of the pages that
lie inside the margins.

c. Write an expression for the area of the section of the pages that
lie inside the margins.

d. Show that, if the margins on the left and right are doubled, the
area between the margins is reduced by (40y− 4xy) cm.
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4. A rectangular book cover is 8 cm long and 5 cm wide.

a. Calculate the area of the book cover.
b. i. If the length of the book cover is increased by v cm, write an expression for its new length.

ii. If the width of the book cover is increased by v cm, write an expression for its new width.
iii. Write an expression for the new area of the book cover. Expand this expression.
iv. Calculate the increased area of the book cover if v= 2 cm.

c. i. If the length of the book cover is decreased by d cm, write an expression for its new length.
ii. If the width of the book cover is decreased by d cm, write an expression for its new width.
iii. Write an expression for the new area of the book cover. Expand this expression.
iv. Calculate the new area of the book cover if d= 2 cm.

d. i. If the length of the book cover is made x times longer, write an expression for its new length.
ii. If the width of the book cover is increased by x cm, write an expression for its new width.
iii. Write an expression for the new area of the book cover. Expand this expression.
iv. Calculate the new area of the book cover if x= 5 cm.

5. A square has sides of length 5xm.

a. Write an expression for its perimeter.
b. Write an expression for its area.
c. i. If the square’s length is decreased by 2 m, write an expression for its new length.

ii. If the square’s width is decreased by 3 m, write an expression for its new width.
iii. Write an expression for the square’s new area. Expand this expression.
iv. Calculate the square’s area when x= 6 m.

6. A rectangular sign has a length of 2x cm and a width of x cm.

a. Write an expression for the sign’s perimeter.
b. Write an expression for the sign’s area.
c. i. If the sign’s length is increased by y cm, write an expression for its new length.

ii. If the sign’s width is decreased by y cm, write an expression for its new width.
iii. Write an expression for the sign’s new area and expand.
iv. Calculate the sign’s area when x= 4 cm and y= 3 cm using your expression.

7. A square has a side length of x cm.

a. Write an expression for its perimeter.
b. Write an expression for its area.
c. i. If the square’s side length is increased by y cm, write an expression for its new side length.

ii. Write an expression for the square’s new perimeter. Expand this expression.
iii. Calculate the square’s perimeter when x= 5 cm and y= 9 cm.
iv. Write an expression for the square’s new area and expand.
v. Calculate the square’s area when x= 3.2 cm and y= 4.6 cm.

8. A swimming pool with length (4p+ 2) m and width 3pm is
surrounded by a path of width pm.
Write the following in expanded form:

a. An expression for the perimeter of the pool
b. An expression for the area of the pool
c. An expression for the length of the pool and path
d. An expression for the width of the pool and path
e. An expression for the perimeter of the pool and path
f. An expression for the area of the pool and path
g. An expression for the area of the path
h. The area of the path when p= 2 m

4p + 2

3p

p
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Reasoning

9. The Body Mass Index (B) is used as an indicator of whether or not a person is in a healthy weight range for
their height. It can be calculated using the formula B= m

h2
, where m is the person’s mass in kilograms and

h is the person’s height in metres. Use this formula to answer the following questions, correct to 1 decimal
place.

a. Calculate Samir’s Body Mass Index if they weigh 85 kg and are 1.75 m tall.
b. A person is considered to be in a healthy weight range if their Body Mass Index is between 21 to 25

inclusive. Comment on Samir’s weight for a person of their height.
c. Calculate the Body Mass Index, correct to 1 decimal place, for each of the following people:

i. Sammara, who is 1.65 m tall and has a mass of 52 kg
ii. Nimco, who is 1.78 m tall and has a mass of 79 kg
iii. Manuel, who is 1.72 m tall and has a mass of 65 kg.

d. The healthy Body Mass Index range for children changes up until adulthood. These graphs show the
Body Mass Index for boys and girls aged from 2 to 20 years of age.
Study these graphs carefully and decide on possible age ranges (between 2 and 20) for Sammara, Nimco
and Manuel if their BMI was in the satisfactory range. Give the age ranges in half-year intervals.
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10. The figure shown is a rectangle. For the purpose of this activity we are going to call this
rectangle an ‘algebra rectangle’.
The length of each algebra rectangle is x cm and the width is 1 cm.
These algebra rectangles are put together to form larger rectangles in one of two ways.

x

1

Long algebra rectangle (3-long) Tall algebra rectangle (3-tall)

xxx

xxx

11

x

x

1

1

1

1

1

1

To calculate the perimeter of each of these algebra rectangles:
• perimeter of 3-long algebra rectangle P= (x+ x+ x+ x+ x+ x)+ (1+ 1)= 6x+ 2
• perimeter of 3-tall algebra rectangle P= (x+ x)+ (1+ 1+ 1+ 1+ 1+ 1)= 2x+ 6.

a. Using the expressions for the perimeters of a 3-long algebra rectangle and a 3-tall algebra rectangle as a
basis, find the perimeter of each of the following algebra rectangles and add them to the table shown.

Type of algebra
rectangle Perimeter

Type of algebra
rectangle Perimeter

1-long 1-tall

2-long 2-tall

3-long 6x+ 2 3-tall 2x+ 6

4-long 4-tall

5-long 5-tall

b. Can you see the pattern? Based on this pattern, calculate the perimeter of a 20-long algebra rectangle and
a 20-tall algebra rectangle.

c. Determine the values of x that will result in a tall algebra rectangle that has a larger perimeter than a long
algebra rectangle.

11. Can you evaluate 9972 without a calculator in less than 90 seconds? It is possible to work out the answer
using long multiplication, but it would take a fair amount of time and effort. Mathematicians are always
looking for quick and simple ways of solving problems.
What if we consider the expanding formula that produces the difference of two squares?
(a+ b)(a− b)= a2 − b2

Adding b2 to both sides gives (a+ b)(a− b)+ b2 = a2 − b2 + b2.
Simplifying and swapping sides gives a2 = (a+ b)(a− b)+ b2.
We can use this formula, combined with the fact that multiplying by 1000 is an easy operation, to
evaluate 9972.

a. If a= 9972, determine what the value of b should be so that (a+ b) equals 1000.
b. Substitute these a and b values into the formula to evaluate 9972

.

c. Try the above method to evaluate the following.

i. 9952 ii. 9902
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Problem solving

12. In the picture of the phone shown, the dimensions are in cm.

x + 1

x + 7x + 2

x

a. Use the information in the picture to write an expression for the area of:

i. the viewing screen ii. the entire front face of the phone.

b. Your friend has a phone that is 4 cm longer than the one shown, but also 1 cm narrower. Write
expressions in expanded form for:

i. the length and width of your friend’s phone
ii. the area of your friend’s phone.

c. If the phone in the picture is 5 cm wide, use your answer to part b to calculate the area of the front face of
your friend’s phone.

13. A proposed new flag for Australian schools will have the Australian flag in the top left-hand corner. The
dimensions of this new flag are given in metres.

x – 2

2x

x

x

a. Write an expression in factorised form for the area of:

i. the Australian flag section of the proposed flag ii. the whole area of the proposed flag.

b. Use the answers from part a to write the area of the Australian flag as a fraction of the school flag.
Simplify this fraction.

c. Use the fraction from part b to express the area of the Australian flag as a percentage of the proposed
school flag.

d. Use the formula for the percentage of the area taken up by the Australian flag to find the percentages for
the following suggested widths for the proposed school flag.

i. 4 m ii. 4.5 m iii. 4.8 m

e. If the percentage of the school flag taken up by the Australian flag measures the importance a school
places on Australia, determine what can be said about the three suggested flag widths.
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14. A new game has been created by students for the school fair. To win the game you need to hit the shaded
region of the target shown with 5 darts.

x

R

a. Write an expression to calculate the area of the shaded region of the game board.
b. Calculate the area of the shaded region of the game board if R= 7.5 cm and x= 4 cm.

c. Show that R=
√

A+ x2

𝜋 by transposing the formula found in part a.

d. If A= 80 cm2 and x= 3 cm, calculate the value of R.
e. The students found that the best size for the game board is when R= 10 and x= 5. For a board of this

size, determine the percentage of the total board that is shaded.

15. Cubic expressions are the expanded form of expressions with three linear factors. The expansion process for
three linear factors is called trinomial expansion.

a. Explain how the area model can be altered to show that binomial expansion can also be altered to become
a model for trinomial expansion.

b. Investigate the powers in cubic expressions by expanding the following expressions.

i. (3x+ 2)(−x+ 1)(x+ 1)
ii. (x+ 5)(2x− 2)(4x− 8)
iii. (3− x) (x+ 8)(5− x)

c. Describe the patterns in the powers in a cubic expression.
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2.11 Review
2.11.1 Topic summary

Substitution

• Evaluating an expression 

involves replacing pronumerals

with specific values.

 

• This process is called 

substitution. 

e.g. Evaluate 3x2 – 4y 

when x = 2 and y = 5:

3x2 – 4y = 3(22) – 4(5)

 = 12 – 20

 = –8

Factorising

• Factorising is the opposite 

process to expanding.

• An expression is factorised 

common factor of each term.

e.g. 9xy + 15xz – 21x2 

= 3x(3y + 5z – 7x)

The highest common factor

of each term is 3x.

Grouping in pairs

• When presented with an 

expression that has 4 terms 

with no common factor, we 

can factorise by grouping 

the terms in pairs. 

e.g. (x – 6)(x + 6) = x2 – 36

      (2x + 5)2 = 4x2 + 20x + 25

      (x – 2)2 = x2 – 4x + 4 

e.g. 6xy + 8y – 12xz – 16z

= 2y(3x + 4) – 4z(3x + 4)

= (3x + 4)(2y – 4z)

• An expression is a group of terms in which 

each term is separated by a + or a – sign.

• A pronumeral is a letter that can take the 

place of a number. Pronumerals are also 

referred to as variables.

• Consider the expression 3x + 5y2 – 8 – 9x2z.

• This expression has 4 terms.

• The constant term is –8.

The smallest coefficient is –9.

The coefficient of x is 3.

• 
• 
• The pronumerals used are x, y and z.

Expressions

• We can expand a single set of brackets 

using the Distributive Law:

a(b + c) = ab + ac

• The product of binomial factors can be 

expanded using FOIL:

(a + b)(c + d) = ac + ad + bc + bd

e.g. (x + 3)(y – 4) = xy – 4x + 3y – 12 

Expanding brackets

• We can also expand if we recognise the

  following special cases. 

• Difference of two squares:

(a + b)(a – b) = a2 – b2

• Perfect squares:

(a + b)2 = a2 + 2ab + b2

(a – b)2 = a2 – 2ab + b2

Special cases

• Two terms are considered like terms if they have exactly the same 

pronumera

The expression 4a × 2b × a can be simplified to 8a2b. 

l component.

• 3x and –10x are like terms.

• 5x2 and 11x are not like terms.

• 4abc and –3cab are like terms.

e.g. The expression 3xy + 10xy – 5xy has 3 like terms and can be simplified to 8xy.

Simplifying algebraic expressions

• In order to turn a worded problem 

into an algebraic expression it is 

important to look out for the 

following words.

• Words that mean addition: 

sum, altogether, add, more than, 

and, in total

• Words that mean subtraction: 

difference, less than, take away, 

take off, fewer than, 

• Words that mean multiplication: 

product, groups of, times, of, 

for each, double, triple 

• Words that mean division: 

quotient, split into, halve, thirds.

Setting up worded problems

• Drawing diagrams will help set up 

expressions to solve worded problems.

• Make sure you include units in your 

answers.

Solving application questions

• A formula is a mathematical rule that 

represents a real-world relationship.

• The area of a triangle is given by

   the rule: 

Area =   × b × h

Area =   × 10 × 15 = 75 cm2

Formula

1
–
2

1
–
2

ALGEBRA

   e.g. The area of a triangle when

   b = 10 cm and h = 15 cm: 

3y
z

by determining the highest

• An algebraic expression can be simplified by adding or subtracting like terms.

.The expression 12xy ÷ 4xz can be simplified to
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2.11.2 Success criteria
Tick the column to indicate that you have completed the subtopic and how well 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

2.2 I can identify the number of terms in an algebraic expression.

I can identify the variables, constant terms and coefficients of the terms in
an expression.

I can evaluate an expression or formula by substituting values for each
variable.

2.3 I can assign pronumerals to the unknown quantities in a worded problem.

I can convert the worded statements presented in a question into algebraic
expressions.

2.4 I can identify like terms.

I can simplify algebraic expressions by adding and subtracting like terms.

I can simplify algebraic expressions that involve multiplication and division
of multiple algebraic terms.

2.5 I can use the distributive law to expand and simplify an expression with a
single set of brackets.

I can use the distributive law to expand and simplify expressions containing
two or more sets of brackets.

2.6 I can quickly expand and simplify binomial products using the rule for
difference of two squares.

I can quickly expand and simplify binomial products using the rule for
perfect squares.

2.7 I can expand multiple sets of brackets and simplify the result.

2.8 I can determine the highest common factor for a group of terms.

I can factorise expressions by dividing out the highest common factor from
each term.

2.9 I can factorise an expression by taking out a common binomial factor

I can factorise expressions by grouping terms in pairs.

2.10 I can write an algebraic expression for a worded problem and use it to solve
that problem.
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2.11.3 Project

Quilt squares

People all over the world are interested in quilt making, which involves stitching
pieces of fabric together and inserting stuffing between layers of stitched-
together fabric. When making a quilt, the fabric can be arranged and sewn in a
variety of ways to create attractive geometric designs. Because of the potential
for interesting designs in quilt-making, quilts are often used as decorative
objects.

Medini is designing a quilt. She is sewing pieces of differently coloured fabric
together to make a block, then copying the block and sewing the blocks together
in a repeated pattern.

Making your own quilt

A scaled diagram of the basic block that Medini is using to make her
quilt is shown. The letters indicate the colours of the fabric that make
up the block: yellow, black and white. The yellow and white pieces are
square, while the black pieces are rectangular. The finished blocks are sewn
together in rows and columns.

Trace or copy the basic block shown onto a sheet of paper. Repeat this
process until you have 9 blocks. Colour in each section and cut out
all 9 blocks.

y b

w b

b

b

y

y y1. Place all 9 blocks together to form a 3× 3 square. Draw and colour a
scaled diagram of your result.

2. Describe the feature created by arranging the blocks in the manner
described in question 1. Observe the shapes created by the different colours.

Medini sold her design to a company that now manufactures quilts made from 100 of these blocks. Each
quilt covers an area of 1.44 m2 Each row and column has the same number of blocks. Answer the following,
ignoring any seam allowances.

3. Calculate the side length of each square block.
4. If the entire quilt has an area of 1.44 m2, what is the area of each block?
5. Determine the dimensions of the yellow, black and white pieces of fabric of each block.
6. Calculate the area of the yellow, black and white pieces of fabric of each block.
7. Determine the total area of each of the three different colours required to construct this quilt.
8. Due to popular demand, the company that manufactures these quilts now makes them in different

sizes. A customer can specify the approximate quilt area, the three colours they want and the number
of blocks in the quilt, but the quilt must be either square or rectangular. Come up with a general
formula that would let the company quickly work out the areas of the three coloured fabrics in each
block. Give an example of this formula. Draw a diagram on a separate sheet of paper to illustrate your
formula.

Resourceseses
Resources

eWorkbook Topic 2 Workbook (worksheets, code puzzle and project) (ewbk-2002)

Interactivities Crossword (int-0699)

Sudoku puzzle (int-3203)
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Exercise 2.11 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 Select the coefficient of the second term in the expression −5xy2 + 2y+ 8y2 + 6.
−5A. 2B. 8C. 6D. 5E.

2. MC Jodie had $55 in her purse. She spent $x. Select the expression for the amount of money she has
left.

$ (x− 55)A. $ (x+ 55)B. $55xC. $ (55− x)D. $

(
55

x

)
E.

3. MC
3x

5
− x

4
can be simplified to:

A.
7x

20
B.

2x

20
C.

2x

1
D.

4x

20
E.

x

20

4. MC
3

p
÷ 6

p
is equal to:

A. 1 B. 2 C. 12p D. 12p2
E.

1

2p2

5. MC The volume of a sphere, V, is given by the formula V= 4𝜋r3

3
, where r is the radius of the sphere.

If r= 3, select the volume of the sphere from the following options.
25.12A. 38.37B. 64.05C. 113.10D. 4.19E.

6. MC Choose the equivalent of 6− 4x (x+ 2)+ 3x.

6− 4x2 − 5xA. 6+ 4x2 + 5xB. 6− 4x2 + 5xC. 6+ 4x2 + 5xD. 6+ 4x2 − 5xE.

7. MC Choose the equivalent of (3− a)(3+ a).
9+ a2A. 9− a2B. 3+ a2C. 3− a2D. 9− aE.

8. MC Choose the equivalent of (2y+ 5)2.

4y2 + 20y+ 25A. 4y2 + 10y+ 25B. 2y2 + 20y+ 25C. 2y2 + 20y+ 5D. 2y2 + 10y+ 25E.

9. MC Select what 6(a+ 2b)− x(a+ 2b) equals when it is factorised.
6− x(a+ 2b)A. (6− x)(a+ 2b)B. 6(a+ 2b− x)C. (6+ x)(a− 2b)D. (6+ x)(a+ 2b)E.

10. a. For the expression −8xy2 + 2x+ 8y2 − 5:
i. state the number of terms
ii. state the coefficient of the first term
iii. state the constant term
iv. state the term with the smallest coefficient.

b. Write expressions for the following, where x and y represent the following numbers.

i. A number 8 more than y
ii. The difference between x and y
iii. The sum of x and y
iv. A number that is 7 times the product of x and y
v. The number given when 2 times x is subtracted from 5 times y
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11. a. Leo receives x dollars for each car he washes. If he washes y cars, calculate how much he earn.
b. A piece of rope is 24 m long.

i. If Rawiri cuts km off, calculate how much is left.
ii. After Rawiri has cut km off, he divides the rest of the rope into three pieces of equal length.

Calculate the length of each piece.

12. Simplify the following expressions by collecting like terms.

8p+ 9pa. 5y2 + 2y− 4y2b. 9s2t− 12s2tc.
11c2d− 2cd+ 5dc2d. n2 − p2q− 3p2q+ 6e. 8ab+ 2a2b2 − 5a2b2 + 7abf.

13. Simplify the following expressions.

6a× 2ba. 2ab× bb. 2xy× 4yxc.
4x

12
d. 18÷ 4be.

14. Expand the following expressions.
5(x+ 3)a. −(y+ 5)b. −x(3− 2x)c. −4x(2m+ 1)d.

15. Expand and simplify the following expressions by collecting like terms.
3(x− 2)+ 9a. −2(5m− 1)− 3b.
4m(m− 3)+ 3m− 5c. 7p− 2− (3p+ 4)d.

16. Expand and simplify the following expressions.
3(a+ 2b)+ 2(3a+ b)a. −4(2x+ 3y)+ 3(x− 2y)b.
2m(n+ 6)−m(3n+ 1)c. −2x(3− 2x)− (4x− 3)d.

17. Expand and simplify the following expressions.
(x+ 4)(x+ 5)a. (m− 2)(m+ 1)b. (3m− 2)(m− 5)c. (2a+ b)(a− 3b)d.

18. Expand and simplify the following expressions.
(x+ 4)(x− 4)a. (9−m)(9+m)b. (x+ y)(x− y)c. (1− 2a)(1+ 2a)d.

19. Expand and simplify the following expressions.

(x+ 5)2a. (m− 3)2b. (4x+ 1)2c. (2− 3y)2d.

20. Expand and simplify the following expressions.

(x+ 2)(x+ 1)+ (x+ 3)(x+ 2)a. (m+ 7)(m− 2)+ (m+ 3)2b.

(x+ 6)(x+ 2)− (x+ 3)(x− 1)c. (b− 7)2 − (b− 3)(b− 4)d.

21. Expand and simplify the following expressions.

(x+ 2)2 + (x+ 3)2a. (x− 2)2 − (x− 3)2b. (x+ 4)2 − (x− 4)2c.

22. If y= 5x2 + 2x− 1, determine the value of y when:
a. x= 2
b. x= 5.

23. The volume (V) of each of the following paint tins is given by the formula V=𝜋r2h, where r is the
radius and h is the height of the cylinder. Determine the value of V (to 2 decimal places) when:
a. r= 7 cm and h= 2 cm
b. r= 9.3 cm and h= 19.8 cm.
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24. Factorise each of the following expressions by determining common factors.

6x+ 12a. 6x2 + 12x2yb. 8a2 − 4bc.
16x2 − 24xyd. −2x− 4e. b2 − 3b+ 4bcf.

25. Simplify each of the following expressions using common factor techniques.
5(x+ y)− 4a(x+ y)a. 7a(a+ 5c)− 6c(b+ 5c)b. 15x(d+ 2e)+ 25xy(d+ 2e)c.
2x+ 2y+ ax+ ayd. 6xy+ 4x− 6y− 4e. pq− r+ p− rqf.

Problem solving

26. A rectangular rug has a length of 3x cm and a width of x cm.
a. Write an expression for the rug’s perimeter.
b. Write an expression for the rug’s area.
c. The rug’s side length is increased by y cm.

i. Write an expression for its new side length.
ii. Write an expression for the rug’s new perimeter. Expand this expression.
iii. Calculate the rug’s perimeter when x= 90 cm and y= 30 cm.
iv. Write an expression for the rug’s new area. Expand this expression.
v. Calculate the rug’s area when x= 90 cm and y= 30 cm.

27. A rectangular garden bed has a length of 15 m and a width of 8 m. It is surrounded by a path with a
width of pm

a. Write down the total area of the garden bed and path in factorised form.
b. Expand the expression you wrote down in part a.
c. Calculate the area of the path in terms of p.
d. Write an equation that can be solved to find the width of the path if the area of the path

is 200 m2.

28. Calculate the circumference of a circle whose area is 𝜋
(
x

y

)
cm2 . Give your answer in terms

of 𝜋.

29. The large sign shown appears in a parking lot at the entrance to car park 5. It has
a uniform width, with dimensions shown.

x

x

x

x

y

y

Write an algebraic expression for the area of the front of the sign.
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30. At the end of a lesson involving boxes of Smarties, the Smarties left over are shared equally among the
class. There are 6 boxes full of Smarties left over and 42 Smarties that are no longer in boxes.
a. Write an expression for the total number of Smarties

left over.
(Hint: Let n= the number of Smarties in a box.)

b. Write the expression from part a in factorised form.
c. If there are only three people in the class, write an

expression for the number of Smarties each
person receives.

d. If there are x people in the class, write an expression
for the number of Smarties each person receives.

31. When entering numbers into an electronic device,
or even writing numbers down, we can often make
mistakes. A common type of mistake is called a
transposition error. This is when two digits are
written in the reverse order. For example, the
number 2869 could be written as 8269, 2689 or
2896.
A common rule for checking if these mistakes
have been made is to see if the difference between
the correct number and the recorded number is a
multiple of 9. If it is, a transposition error has
occurred.
We can use algebraic expressions to check this rule. Let the digit in the thousands position be
represented by a, the digit in the hundreds position by b, the digit in the tens position by c, and the digit
in the ones position by d.
In this way the real number can be represented as 1000a+ 100b+ 10c+ d.

a. If the digits in the ones position and the tens position were written in the reverse order, the number
would be 1000a+ 100b+ 10d+ c. The difference between the correct number and the incorrect one
would then be 1000a+ 100b+ 10c+ d− (1000a+ 100b+ 10d+ c).
i. Simplify this expression.
ii. Is the expression a multiple of nine? Explain your answer.

b. If a transposition error had occurred with the tens and hundreds positions, the incorrect number
would be 1000a+ 100c+ 10b+ d.
Perform the procedure shown in part a to work out whether the difference between the correct
number and the incorrect one is a multiple of 9.

c. Consider a transposition error in the thousands and hundreds positions. Explain whether the
difference between the two numbers is a multiple of 9.

d. Comment on this rule for transposition errors.
e. The price marked on the tag of a CD in a music store is x dollars and y cents. Its value is less than
$100. The person on the counter makes a mistake and enters a value of y dollars and x cents into the
cash register.
Show whether the multiple of 9 rule for checking transposition errors applies in this case.

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-2002) ⃞

Solutions

Download a copy of the fully worked solutions to every
question in this topic (sol-0722) ⃞

Digital documents

2.2 SkillSHEET Alternative expressions used for the four
operations (doc-6122) ⃞

2.3 SkillSHEET Algebraic expressions (doc-6123)
SkillSHEET Substitution into algebraic expressions
(doc-6124) ⃞

2.4 SkillSHEET Like terms (doc-6125) ⃞
SkillSHEET Collecting like terms (doc-6126) ⃞
SkillSHEET Multiplying algebraic terms (doc-6127) ⃞
SkillSHEET Dividing algebraic terms (doc-6128) ⃞
SkillSHEET Adding and subtracting integers
(doc-10817) ⃞
SkillSHEET Multiplying and dividing integers
(doc-10818) ⃞

2.5 SkillSHEET Expanding brackets (doc-10819) ⃞
SkillSHEET Expanding a pair of brackets (doc-10820) ⃞

2.6 SkillSHEET Recognising expansion patterns
(doc-10821) ⃞

2.8 SkillSHEET Finding the highest common factor
(doc-10822) ⃞
SkillSHEET Factorising by finding the HCF (doc-10823) ⃞

Video eLessons

2.2 Expressions (eles-4588) ⃞
Substitution 1 (eles-4589) ⃞
Substitution into formulas (eles-4590) ⃞
Substitution 2 (eles-1892) ⃞

2.3 Algebra in worded problems (eles-4591) ⃞
2.4 Addition and subtraction of like terms (eles-4592) ⃞

Multiplication of algebraic terms (eles-4593) ⃞
Division of algebraic terms (eles-4594) ⃞
Simplification of expressions (eles-1884) ⃞

2.5 The Distributive Law (eles-4595) ⃞
Expanding and simplifying (eles-4596) ⃞
Expanding binomial factors (eles-4597) ⃞
Expanding brackets (eles-1888) ⃞
Expansion of binomial expressions (eles-1908) ⃞

2.6 Difference of two squares (eles-4598) ⃞
Perfect squares (eles-4599) ⃞

2.7 Expanding multiple sets of brackets (eles-4600) ⃞
2.8 Factorising expressions (eles-4601) ⃞

Factorising expressions by finding the highest
common factor (eles-4602) ⃞
Factorisation (eles-1887) ⃞

2.9 The common binomial factor (eles-4603) ⃞
Factorising by grouping in pairs (eles-4604) ⃞

2.10 Converting worded problems into algebra (eles-4605) ⃞

Interactivities

2.2 Individual pathway interactivity: Using pronumerals
(int-4480) ⃞
Substituting positive and negative numbers (int-3765) ⃞

2.3 Individual pathway interactivity: Algebra in worded
problems (int-4481) ⃞

2.4 Individual pathway interactivity: Simplifying algebraic
expressions (int-4482) ⃞
Multiplying variables (int-3772) ⃞
Simplifying expressions (int-3771) ⃞
Dividing expressions with variables (int-3773) ⃞

2.5 Individual pathway interactivity: Expanding brackets
(int-4483) ⃞
Expanding brackets (int-6034) ⃞
Expanding binomial factors (int-6033) ⃞
Like terms (int-6035) ⃞

2.6 Individual pathway interactivity: Difference of two
squares and perfect squares (int-4484) ⃞
Difference of two squares (int-6036) ⃞

2.7 Individual pathway interactivity: Further expansions
(int-4485) ⃞

2.8 Individual pathway interactivity: The highest common
factor (int-4486) ⃞
Highest common factor (int-6037) ⃞

2.9 Individual pathway interactivity: The highest common
binomial factor (int-4487) ⃞
Common binomial factor (int-6038) ⃞

2.10 Individual pathway interactivity: Solving worded
problems (int-4488) ⃞

2.11 Crossword (int-0699) ⃞
Sudoku puzzle (int-3203) ⃞

Teacher resources

There are many resources available exclusively for teachers
online.

To access these online resources, log on to www.jacplus.com.au.

TOPIC 2 Algebra 133

PAGE PROOFS



“c02Algebra_PrintPDF” — 2021/8/14 — 8:59 — page 134 — #68

Answers
Topic 2 Algebra
Exercise 2.1 Pre-test
1. D

2. 2x2 − y2 − xyz= 11

3. m= 2

4. E

5. A

6. 2m+ 13na. −2xy− 3x+ 5yb.

7. 6q2 + qr− r2

8. D

9. Yes

10. False

11. 3b2 − 21b+ 37

12. 4p(2p+ 5)a. 5(5x2 − 2y)b. xy(6+ 8x− 3y)c.

13. (7a− 1)(b+ 3)a. (5x− 2)
(
2y+ 1

)
b.

14. 2x(2x− 1)+ 2x(3x+ 2)+ 2(3x+ 2)(2x− 1)
15. (x+ 4)(x− 1)

Exercise 2.2 Using pronumerals

1. 3a. −2b.
1

3
c. −1

4
d.

2. 5a. −2b.
1

6
c. −2

7
d.

3. 15a. −2

5
b. −7

2
c. −1

7
d.

4. a. i. 3 ii. 5 iii. 8 iv. 5x2

b. i. 3 ii. −9 iii. −6 iv. −9m2

c. i. 4 ii. 5 iii. 5 iv. −7x2

d. i. 4 ii. 9 iii. 4 iv. −9b2

5. a. i. 4 ii. 4 iii. −2 iv. −3ac

b. i. 5 ii. 5 iii. 9 iv. −3u

c. i. 5 ii. −1 iii. 8 iv. −m
d. i. 5 ii. 7 iii. 14 iv. −3cd2

6. a. i. 3 ii. 3 iii. −7 iv. −10x2

b. i. 5 ii. −3 iii. 7 iv. −6x2

c. i. 5 ii. −5 iii. 8 iv. −5x

d. i. 6 ii. 6 iii. 6 iv. −15xy

7. 2, 12, −8a. 0, 2, 6b.
−1, 9, −3c. 0, 1, −1d.

8. 4, −11, 19a. 1, 4, 16b.
0, 21, −3c. 8, 2, −4d.

9.
√

3, 2, 1a. 0, 3, −2b.

−12, −12, −6c.
3

5
, 1, −1

5
d.

10. Ba. Db. Ac. Bd.

11. 4a. −6b. 6c.
7d. −12e. −3f.

12. 7a. −40b. 7c.

13. i. 32 ii. 250a.
i. 4 ii. 3b.

14. 15a. 10b. 18c.
45d. 30e.

15. 10.72a. 21b. 22.4c.
50d. 171e.

16. 4a. −30b. 32.75c.
38.33d. 34.56e.

17. a. Sample responses can be found in the worked solutions
in the online resources.

b. 12 cm

18. 10a. 10b.

19. a. 15

b. Sample responses can be found in the worked solutions
in the online resources.

20. a. 5

b. Sample responses can be found in the worked solutions
in the online resources.

21. a. 19.44

b. Sample responses can be found in the worked solutions
in the online resources.

22. 63 cm3a. 4 cmb.

23. 461.81a. 9.55b.

24. 1671.33a. 2.64b.

25. a.
d 2d+ 2g g

2g d+ g 2d

2d+ g 0 d+ 2g

Magic number = 3d+ 3g

b, c Sample responses can be found in the worked solutions
in the online resources.

26. mna.
(m− 2) (n− 2)b.
(2m+ 2n) unitsc.

27. y− (z− x)

Exercise 2.3 Algebra in worded problems
1. 11a. x+ 5b. y+ 5c.

2. 3.5 kma. (x+ 2) kmb.

3. 4a. 2.5+ tb. 2.5+ yc.

4. d− x kma. d+ y kmb. 2d+ 4 kmc.

5. 10n, where n= number of shirtsa.
N+ 30, where N= the number of Nick’s dollarsb.
i. g− 4 ii. 7g− 4c.

6. i. 94 ii. 6x+ ya.

i. 66 ii. 6p+ qb.

i. 28 ii. 6x+ y− 6p− qc.

7. xy dollars

8.
x

n
a.

x

2n
b.

9. (30− d) cma.
30− d

4
cmb.

3(30− d)
4

cmc.

10.
x

4
a.

x

6
b.

x

6
− x

6
= x

12
c.
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11.
24− c

7
hoursa.

(
c+ 24− c

7

)
= 6c+ 24

7
b.

12. 1a. 8∶30 pm and 9 pmb.
5c. 24d.
7∶30 pm and 8∶00 pme.

13. a. $
(
y− 30

)
b. $

(
1

3

(
y− 30

))
c. $930

14. b= 2h− 1a. 19 blocksb.

15. 15 red vases and 10 clear vases

16. The father is 32 years old.

17. 4 dots= 4 triangles
5 dots= 10 triangles
6 dots= 20 triangles
7 dots= 35 triangles

t= d!
6 (d− 3) ! where d! is the product of all positive

integers less than or equal to d.

18. a. x= T− 3

T− 1
b., c. Answer is undefined.

Exercise 2.4 Simplification of algebraic
expressions
1. 9ab, −aba. 4xb.

−3za,−azc. 2x2,−x2d.

2. −2x2ya. −x2y5, −3x2y5b.
p3x2w5,−5x2p3w5c. 4y5z4x2,−2x2z4y5d.

3. 7xa. 11yb. 19mc. 11qd. 8re. 3xf.

4. 8aa. 8yb. 13xc. 16pd. 9q2e. 3x2f.

5. 8x2 − 3ya. 2m2 + 2nb.
−2g2 + g− 12c. −5m2 +m+ 15d.

12a2 + b+ 4b2e. 3m+ 7n2f.

6. 12xy+ 2y2a. 2ab+ 5a2bb.
16x2y− 3xyc. m2n+ 11nd.
−7x2 + 2x2ye. −3a2b− 9a2 + 5b+ 4f.

7. B

8. D

9. A

10. D

11. 6mna. 20xyb. 8pqc.
−10xyd. −12xye.

12. 15mna. 10a2b. 6mnpc.
−6ab2d. 10m2ne.

13. −18a2ba. 30x3y2b. −12p2q3c.
−56c3dd. 30a4b7e.

14. 3xa. 3mb. 2yc. 4md. 4me.

15. 2xa. −7xb. −4mc.
m

2
d.

x

3
e.

16.
4m

9
a.

1

2a
b. 2yzc.

xy

4
d.

−7yz

11
e.

17. 40x2y2a. 56ax2y2b.

x2

2y
c.

−5a

4b
d.

18. 2a. 40a3b2b.

−8a3b3c. 16a4d.

19. i. (0.01mp+ nq) dollars ii. (mp+ 100 nq) centsa.
20− (0.01mp+ nq) dollarsb.

20. Shirt =$12 each
Shorts =$30 each

21. $45

22. The correct answer is 7a2c2. Sample responses can be found
in the worked solutions in the online resources.

23.
3b9

2c6

24.
n

(n+ 2)
a.

n

(n+ 3)
b.

1

100
c.

25. a. i.

2a + 3ba + b 

3a + b2a – b

3a + 4b

–a + 2b

ii.

5p – 2q

8p + 3q

3p + 5q

p + 2q 3p – 5q2p + 3q

b. i.
18m3n2

3m2n

m2 2m3n

6mn

ii.
48d2e2

8de 6de

3d2e4d

26. a. P= x

3
+ x+ 5x

7
b. Sample responses can be found in the worked solutions

in the online resources.

c. $18

27. a. P= 2w+ 32w

7
b. Sample responses can be found in the worked solutions

in the online resources.

c. $72.22

28. P= 2x+ 2 (4x− 7)a.
P= 10x− 14b.
16 unitsc.
If x= 1 the rectangle will have a negative value
perimeter, which is not possible.

d.

29. l= 4 (x+ 40)+ 8 (x+ 20)a.
l= 12x+ 320b.
$19.20c.

30. P1 = (10x+ 12) cm
P2 = 16x cm
a. x= 2b.

Exercise 2.5 Expanding brackets
1. 64a. 1100b.

−20c. 693d.
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2. 3x+ 6

6

x 2

3 3x

a.

4x+ 12

12

x 3

4 4x

b.

4x+ 4c. 7x− 7d.

3. −3p+ 6a. −x+ 1b.
6b− 12c. 24m− 16d.

4. x2 + 2x

2x

x 2

x x2

a.

a2 + 5a

5a

a 5

a a2

b.

4x+ x2c. 7m−m2d.

5. 2xy+ 4xa. −3xy− 12yb.

−3b+ abc. −30a+ 18a2d.

6. 2p− 2a. 5x− 17b. −7p− 17c.

−12p+ 3d. 6x2 − 20xe.

7. 2m2 + 7ma. 3px+ 6x− 5b.

4y2 − 4y+ 7c. −4p2 + 13pd.
4x− 13ye.

8. 2m2 − 8m− 4a. −3p2 + 10pq− 1b.

−30a+ 10abc. 7cd− 12c2 − 5cd.
−2p− 17e.

9. 8x+ ya. 10p+ 8qb. 18a+ 29bc.
19c+ 22dd. 2m− 11ne.

10. 6x− 11ya. 9x+ 5yb. −14p− 8qc.
−4a+ 3bd. 4x− ye.

11. 5p− 10qa. −8c+ 9db. 13x− 19yc.
−7p+ 11qd. −5a+ 3be.

12. 2ab+ 2a− 3ba. 2xy+ 4x− 2yb.
2cd+ 3cc. 2pq− 2pd.
5cd− 11ce.

13. 5ab− 21a− 3ba. 5mb.

6cd− 36cc. 6m2 + 6m− 10d.
9cd− 8ce.

14. −15a2 + 2b2 − 9aba.

−8c2 + 3d2 + 22cdb.

12m2 − 20m− 4c.

−7x2 + 41x− 6d.

−10y2 − 6y− 12e.

15. B

16. A

17. D

18. a2 + 5a+ 6a. x2 + 7x+ 12b.

y2 + 5y+ 6c. m2 + 9m+ 20d.

b2 + 3b+ 2e.

19. p2 + 5p+ 4a. a2 + a− 6b.

x2 + x− 20c. m2 −m− 12d.

y2 + 2y− 15e.

20. y2 − 4y− 12a. x2 − 2x− 3b.

x2 − 7x+ 12c. p2 − 5p+ 6d.

x2 − 4x+ 3e.

21. 2a2 + 7a+ 6a. 4c2 − 31c+ 42b.

2t2 − 17t+ 35c. −6t2 + 11t+ 10d.

15x2 − 31x+ 14e. 25x2 − 20x+ 4f.

22. xz+ x+ yz+ ya. 2xz+ 8x+ yz+ 4yb.

3pr+ 3p+ qr+ qc. a2 + 3ab+ 2b2d.

2c2 − 5cd− 3d2e. 2x2 − xy− 3y2f.

23. 4p2 + pq− 3q2a. ab+ ac+ 2b2 + 2bcb.

3p− 9pr− 2q+ 6qrc. 12x2 − 7xy+ y2d.

2p2 − pr− 2pq+ qre. 15k+ 5− 6jk− 2jf.

24. C

25. C

26. x2 − 9a. x2 − 25b. x2 − 49c.

x2 − 1d. x2 − 4e. 4x2 − 1f.

27. x2 + 2x+ 1a. x2 + 4x+ 4b.

x2 + 16x+ 64c. x2 − 6x+ 9d.

x2 − 10x+ 25e. x2 − 18x+ 81f.

28. 6.3x2 + 5.53xy− 3.1y2a.

4.41x2 − 10.24y2b.

11.56x2 + 34.68xy+ 26.01y2c.

29. Surface area = 38x2 + 14x− 6a.

Volume= 12x3 + 5x2 − 3xb.

30. a. i. ((x+ 3y)(4x− y))m2

ii. (4x2 + 11xy− 3y2) cm2

iii. Both brackets must be positive; therefore, x >−3y, x > y

4

b. i.
(2x− 1)(x+ 5)

2

ii.
2x2 + 9x− 5

2
iii. Sample responses can be found in the worked

solutions in the online resources.

31. Sample responses can be found in the worked solutions in
the online resources.

32. Negative sign ignoreda.
Negative sign ignoredb.
Distributive law not usedc.

33. a. i. The student did not multiply both terms.

ii. The student used addition instead of multiplication.

iii. The student did not change negative and positive
signs.

b. 100− 15x

34. a. −2(a− 5)= 2a− 10 is incorrect because the student did
not change the multiplied negative signs for −2×−5 to
a positive sign. The correct answer is −2a+ 10.

b. 2b(3b− 1)= 6b2 − 1 is incorrect because the student did
not multiply −1 and 2b together. The correct answer is
6b2 − 2b.

c. −2(c− 4)= 2c+ 8 is incorrect because the student left
out the negative sign when multiplying −2 and c. The
correct answer is −2c+ 8.
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35. a. Student C

b. Corrections to the students’ answers are shown in bold.
Student A:
(3x+ 4)(2x+ 5)
= 3x× 2x+ 3x× 5+ 4× 2x+ 4× 5
= 6x2+ 23x+ 20
(Also, 29x+ 20 does not equal 49x.)
Student B:
(3x+ 4)(2x+ 5)
= 3x× 2x+ 3x× 5+ 4× 2x+ 4× 5
= 6x2 + 15x+ 8x+ 20
= 6x2 + 23x+ 20

36. w= x2 + 2x− 15

x+ 5
a.

w= 62 cmb.
l= 108 cmc.

Exercise 2.6 Difference of two squares and
perfect squares
1. x2 − 4a. y2 − 9b. m2 − 25c. a2 − 49d.

2. x2 − 36a. p2 − 144b. a2 − 100c. m2 − 121d.

3. 4x2 − 9a. 9y2 − 1b. 25d2 − 4c.

492c− 9d. 42 − 9pe.

4. d2 − 81x2a. 25− 144a2b. 9x2 − 100y2c.
4b2 − 25c2d. 100− 4x2e.

5. x2 + 4x+ 4a. a2 + 6a+ 9b.
b2 + 14b+ 49c. c2 + 18c+ 81d.

6. m2 + 24m+ 144a. n2 + 20n+ 100b.
x2 − 12x+ 36c. y2 − 10y+ 25d.

7. 81− 18c+ c2a. 64+ 16e+ e2b.
2x2 + 4xy2 + 2y2c. u2 − 2uv+ v2d.

8. 4a2 + 12a+ 9a. 9x2 + 6x+ 1b.
4m2 − 20m+ 25c. 16x2 − 24x+ 9d.

9. 25a2 − 10a+ 1a. 49p2 + 56p+ 16b.
81x2 + 36x+ 4c. 16c− 48c+ 36d.

10. 25+ 30p+ 9p2a. 4− 20x+ 25x2b.
81x2 − 72xy+ 16y2c. 64x2 − 48xy+ 9y2d.

11. x2 − 9a. 4x2 − 9b. 49x2 − 16c.
4x2 − 49y2d. x4 − y4e.

12. 16x2 + 40x+ 25a. 49x2 − 42xy+ 9y2b.
25x4 − 20x2y+ 4y2c. 2x2 − 4xy+ 2y2d.
4

x2
+ 16+ 16x2e.

13. (x2 + 6x+ 9) units2

14. (3x+ 1)m

15. Perimeter = 4x+ 36

16. Sample responses can be found in the worked solutions in
the online resources.

17. a. Sample responses can be found in the worked solutions
in the online resources.

b. Lin’s bedroom is larger by 1 m2.

18. a. i. x2 − 16 and 16− x2

ii. x2 − 121 and 121− x2

iii. 4x2 − 81 and 81− 4x2

b. The answers to the pairs of expansions are the same,
except that the negative and positive signs are reversed.

c. This is possible because when a negative number is
multiplied by a positive number, it becomes negative.
When expanding a DOTS in which the expressions have
different signs, the signs will be reversed.

19. a. 100k2 + 100k+ 25

b. (10k+ 5)2 = 100× k× k+ 100× k+ 25
= 100k(k+ 1)+ 25

c. 252= (10× 2+ 5)2
Let k= 2
252 = 100k(k+ 1)+ 25
= 100× 2× (2+ 1)+ 25
= 625
852 = (10× 8+ 5)2
Let k= 8.
852 = 100k(k+ 1)+ 25

= 100× 8× (8+ 1)+ 25
= 7225

20. a. A1 = a2 units2

A2 = ab units2

A3 = ab units2

A4 = b2 units2

b. A = a2 + ab+ ab+ b2

= a2 + 2ab+ b2

This is the equation for perfect squares.

21. a. i. x2 − 6x+ 9 and 9− 6x+ x2

ii. x2 − 30x+ 225 and 225− 30x+ x2

iii. 9x2 − 42x+ 49 and 49− 42x+ 9x2

b. The answers to the pairs of expansions are the same.

c. This is possible because when a negative number
is multiplied by itself, it becomes positive. When
expanding a perfect square in which the two expressions
are the same, the negative signs cancel out and result in
the same answer.

22. 729a. 1089b. 1521c. 2209d.

23. (3x2 + 16x+ 5)m2

24. (x2 − 25)m2

25. 10609a. 3844b. 994 009c.
1 024 144d. 2809e. 9604f.

Exercise 2.7 Further expansions
1. 2x2 + 13x+ 21a. 2x2 + 13x+ 20b.

2x2 + 14x+ 26c. 2x2 + 10x+ 11d.

2. 2p2 − 3p− 21a. 2a2 − 5a+ 4b.
2p2 − p− 24c. 2x2 + 19x− 36d.

3. 2y2 + 2y− 7a. 2d2 + 8d− 2b.
2x2 + 10c. 2y2d.

4. 2x2 − 4x+ 19a. 2y2 − 4y− 7b.
2p2 + 3p+ 23c. 2m2 + 3m+ 31d.

5. x+ 5a. 4x+ 8b.
−2x− 6c. 3m+ 2d.

6. −3b− 22a. −15y− 2b.
8p− 10c. 16x+ 2d.

7. 4m+ 17a. −7a+ 30b.
−6p− 7c. 3x− 21d.

8. a. 16x− 16
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b. Sample responses can be found in the worked solutions
in the online resources.

9. a. 15x2 − 44x+ 21

b. Sample responses can be found in the worked solutions
in the online resources.

10. a. 8x2 − 10xy+ 3y2

b. Sample responses can be found in the worked solutions
in the online resources.

11. x=−4

12. ( p2 + p− 2) + (p2 − 2p− 3)

= p2 + p2 + p− 2p− 2− 3

= 2p2 − p− 5

13. (x+ 2) (x− 3)− (x+ 1)2 = (x2 − x− 6)− (x2 + 2x+ 1)
= −3x− 7

14. a. Sample responses can be found in the worked solutions
in the online resources.

b. a= 2, b= 1, c= 3, d= 4
(22 + 12) (32 + 42) = (2× 3− 1× 4)2 + (2× 4− 1× 3)2

= 4 + 121
= 125

15. a. x4 + 2x3 − x2 − 2x+ 1

b. Sample responses can be found in the worked solutions
in the online resources.

c. i. 25

ii. x= 2

16. a. ad+ ae+ bd+ be

b. (a+ b+ c)(d+ e+ f)= ad+ ae+ bd+ be+ cd+ ce+
af+ bf+ cf

a b c

d ad bd cd

e ae be ce

f af bf cf

Exercise 2.8 The highest common factor
1. 2aa. 4b. 3xc.

−4d. 3xe. 15af.

2. −3xa. mb. −mnc.

abd. 3xe. 5n2f.

3. 4a. 3b. 5c. 8d. 3e.

4. 25a. 1b. 6ac. 7xd. 30qe.

5. 10a. 3xb. 3c. 5d. x2e.

6. C

7. 4(x+ 3y)a. 5(m+ 3n)b.
7(a+ 2b)c. 7(m− 3n)d.
−8(a+ 3b)e. 4(2x− y)f.

8. −2(6p+ q)a. 6(p+ 2pq+ 3q)b.
8(4x+ y+ 2z)c. 4(4m− n+ 6p)d.

8(9x− y+ 8pq)e. 3(5x2 − y)f.

9. 5(p2 − 4q)a. 5(x+ 1)b.

8(7q + p2)c. 7(p− 6x2y)d.

4(4p2 + 5q+ 1)e. 12(1+ 3a2b− 2b2)f.

10. 3(3a+ 7b)a. 2(2c+ 9d2)b.

4(3p2 + 5q2)c. 7(5− 2m2n)d.

5(5y2 − 3x)e.

11. 4(4a2 + 5b)a. 6(7m2 + 2n)b.

9(7p2 + 9− 3y)c. 11(11a2 − 5b+ 10c)d.

2(5− 11x2y3 + 7xy)e.

12. 9(2a2bc− 3ab− 10c)a. 12(12p+ 3q2 − 7pq)b.

7(9a2b2 − 7+ 8ab2)c. 11(2+ 9p3q2 − 4p2r)d.

6(6− 4ab2 + 3b2c)e.

13. −(x− 5)a. −(a− 7)b. −(b− 9)c.
−2(m+ 3)d. −6(p+ 2)e. −4(a+ 2)f.

14. −3(n2 − 5m)a. −7(x2y2 − 3)b. −7(y2 + 7z)c.

−6(2p2 + 3q)d. −7(9m− 8)e. −2(6m3 + 25x3)f.

15. −3(3a2b− 10)a. −3(5p+ 4q)b.

−2(9x2 − 2y2)c. −3(ab− 6m+ 7)d.

−5(2+ 5p2 + 9q)e. −9(10m2 − 3n− 6p3)f.

16. a(a+ 5)a. q(14− q)b. m(18+ 5m)c.
p(6+ 7p)d. n(7n− 2)e. p(7− pq+ q)f.

17. y(x+ 9− 3y)a. c(5+ 3cd− d)b.
ab(3+ a+ 4b)c. xy(2x+ 1+ 5y)d.
pq(5pq− 4+ 3p)e. xy(6xy− 5+ x)f.

18. 5x(x+ 3)a. 6m(4m− 1)b. 4a(8a− 1)c.
−2m(m− 4)d. −5x(x− 5)e. −7y(y− 2)f.

19. −3a(a− 3)a. −2p(6p+ 1)b. −13y(2y+ 1)c.
2m(2− 9m)d. −6t(1− 6t)e. −8p(1+ 3p)f.

20. 2(x+ 3)(4x+ 1)a.
A = x(x+ 3)
B = (5x+ 2)(x+ 3)
C = 2(x+ 3)x

b.

21. 3a(b2 + 6b+ 9)a.

3a(b+ 3)2b.

22. (x+ 4)(x2 + 8x+ 18)a.

(x+ 4)3b.

23. Sample responses can be found in the worked solutions in
the online resources.

24. Sample responses can be found in the worked solutions in
the online resources.

25.
(
x+

√
13
)(

x−
√

13
)

a. (
2x−

√
17
)(

2x+
√

17
)

b. (
x+ 3+

√
10
)(

x+ 3−
√

10
)

c.

26. −2

27. True. Sample responses can be found in the worked
solutions in the online resources.

28. 4(3x− 5y)(3x+ 5y)a.
4(3x− 5y)(3x+ 5y)b.
Yes, the answers are the same.c.

Exercise 2.9 The highest common binomial
factor
1. (a+ b)(2+ 3c)a. (m+ n)(4+ p)b.

(2m+ 1)(7x− y)c. (3b+ 2)(4a− b)d.
(x+ 2y)(z− 3)e.
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2. (6− q)(12p− 5)a. (x− y)(3p2 + 2q)b.

(b− 3)(4a2 + 3b)c. (q+ 2p)(p2 − 5)d.

(5m+ 1)(6+ n2)e.

3. (y+ 2)(x+ 2)a. (b+ 3)(a+ 3)b.
(x− 4)(y+ 3)c. (2y+ 1)(x+ 3)d.
(3b+ 1)(a+ 4)e. (b− 2)(a+ 5)f.

4. (m− 2n)(1+ a)a. (5+ 3p)(1+ 3a)b.
(3m− 1)(5n− 2)c. (10p− 1)(q− 2)d.
(3x− 1)(2− y)e. (4p− 1)(4− 3q)f.

5. (2y+ 1)(5x− 2)a. (2a+ 3)(3b− 2)b.
(b− 2c)(5a− 3)c. (x+ 3y)(4− z)d.
(p+ 2q)(5r− 3)e. (a− 5b)(c− 2)f.

6.
a

b
a.

3x− 4

7a− 5
b.

7.
x+ 2

2+ 6x
a.

y+ 2

3b− 2
b.

8.
3x− 2

3y+ 2
a.

m− 4n

m+ 4n
b.

9. Sample responses can be found in the worked solutions in
the online resources.

10. (2x+ 3)2 This is a perfect square.

11. a. 5(x+ 2)(x+ 3)= 5(x2 + 5x+ 6)= 5x2 + 25x+ 30

x 3 x 3 x 3 x 3 x 3

x x2 3x x2 3x x2 3x x2 3x x2 3x

2 2x 6 2x 6 2x 6 2x 6 2x 6

b. 5(x+ 2)(x+ 3)= (5× x+ 2× 5)(x+ 3)
= (5x+ 10)(x+ 3)

x 2 x 2 x 2 x 2 x 2

x x2 2x x2 2x x2 2x x2 2x x2 2x

3 3x 6 3x 6 3x 6 3x 6 3x 6

c. 5(x+ 2)(x+ 3)= (5× x+ 3× 5)(x+ 2)
= (5x+ 15)(x+ 2)

5x 15

x 5x2 15x

2 10x 30

12. a. Side length
a
= x+ 3

Side length
b
= x+ 5

Side length c= x+ 8
Side lengthd= x− 3
Side lengthe= x+ 6

b. Aa= II= (x+ 3)2
Ab= III= (x+ 5)2
Ac=V= (x+ 8)2
Ad= I= (x− 3)2
Ae= IV= (x+ 6)2

c. Aa= II= 64 cm2

Ab= III= 100 cm2

Ac=V= 169 cm2

Ad= I= 4 cm2

Ae= IV= 121 cm2

13. − (x+ 1)
(
4y− 9

)
14. a. i. Square, because it is a perfect square.

ii. Rectangle, because it is a DOTS.

iii. Rectangle, because it is a trinomial.

iv. Rectangle, because it is a trinomial.
b. (3s+ 8)2i. (5s+ 2)(5s− 2)ii.

(s+ 1)(s+ 3)iii. 4(s− 8)(s+ 1)iv.

Exercise 2.10 Solving worded problems
1. a. 12xi. 60ii. 9x2iii. 225iv.

b. 4x+ 8i. 28ii.

x2 + 4x+ 4iii. 49iv.

c. 16x− 4i. 76ii.

16x2 − 8x+ 1iii. 361iv.

d. 10x+ 2i. 52ii.

6x2 + 2xiii. 160iv.

e. 12x− 2i. 58ii.

5x2 − 13x− 6iii. 54iv.

f. 20x+ 18i. 118ii.

21x2 + 42xiii. 735iv.

2. 1250 m2a.

(1250+ 150x+ 4x2)m2b.

(150x+ 4x2)m2c.

366.16 m2d.

150x+ 4x2 = 200e.

3. a. (20− 2x) cm

b. (15− 2y) cm

c. (300− 40y− 30x+ 4xy) cm2

d. Sample responses can be found in the worked solutions
in the online resources.

4. a. 40 cm2

b. i. (8+ v) cm

ii. (5+ v) cm

iii. (v2 + 13v+ 40) cm2

iv. 70 cm2

c. i. (8− d) cm

ii. (5− d) cm

iii. (40− 13d+ d2) cm2

iv. 18 cm2

d. 8x cm2i. (5+ x) cmii.

(8x2 + 40x) cm2iii. 400 cm2iv.

5. 20xma. 25x2m2b.

i. (5x− 2)m

ii. (5x− 3)m

iii. (25x2 − 25x+ 6)m2

iv. 756m2

c.

6. a. 6x cm

b. 2x2cm2

c. i. (2x+ y) cm

ii. (x− y) cm

iii. (2x2 − xy− y2) cm2

iv. 11 cm2

TOPIC 2 Algebra 139

PAGE PROOFS



“c02Algebra_PrintPDF” — 2021/8/14 — 8:59 — page 140 — #74

7. a. 4x cm

b. x2 cm2

c. i. (x+ y) cm

ii. (4x+ 4y) cm

iii. 56 cm

iv. (x2 + 2xy+ y2) cm2

v. 60.84 cm2

8. (14p+ 4)ma. (12p2 + 6p)m2b.
(6p+ 2)mc. 5pmd.

(22p+ 4)me. (30p2 + 10p)m2f.

(18p2 + 4p)m2g. 80 m2h.

9. a. 27.8
b. Samir is not within the healthy weight range.

c. i. 19.1 ii. 24.9 iii. 22.0
d. Sammara: 9 to 20 years of age; Nimco: 17.5 to 20 years

of age; Manuel: 13.5 to 20 years of age

10.

Type of
algebra Perimeter

Type of
algebra
rectangle Perimeter

1-long 2x+ 2 1-tall 2x+ 2

2-long 4x+ 2 2-tall 2x+ 4

3-long 6x+ 2 3-tall 2x+ 6

4-long 8x+ 2 4-tall 2x+ 8

5-long 10x+ 2 5-tall 2x+ 10

a.

Perimeter: long 40x+ 2, tall 2x+ 40b.
0< x< 1c.

11. 3a.
994009b.
i. 990025 ii. 980100c.

12. i. Ascreen = x(x+ 2)= x2 + 2x

ii. Aphone 1 = (x+ 1) (x+ 7)= x2 + 8x+ 7

a.

i. l= x+ 11, w= x

ii. Aphone 2 = x(x+ 11)= x2 + 11x

b.

x= 4cm,Aphone2 = 60 cm2c.

13. a. x(x− 2)m2i. x(2x)m2ii.

b.
x− 2

2x

c.
50(x− 2)

x
%

d. 25%i. 27.8%ii. 29.17%iii.

e. The third flag places the most importance on Australia.

14. a. A=𝜋R2 − x2

b. A= 160.71 cm2

c. Sample responses can be found in the worked solutions
in the online resources.

d. R= 5.32 cm

e. 92.0%
15. a. Sample responses can be found in the worked solutions

in the online resources.

b. i. −3x3 − 2x2 + 3x+ 2

ii. 8x3 + 16x2 − 104x+ 80

iii. x3 − 49x+ 120

c. In a cubic expression there are four terms with
descending powers of x and ascending values of the
pronumeral.
For example, (x+ a)3 = x3 + 3ax2 + 3a2x+ a3, where
the powers of x are descending and the values of a
are ascending.

Project
1. Solution not required.

2. Students need to describe the feature created by arranging the
blocks.

3. 0.12 m

4. 0.0144 m2

5. Yellow: 0.03 m× 0.03 m
Black: 0.03 m× 0.06 m
White: 0.06 m× 0.06 m

6. Yellow: 0.0009 m2

Black: 0.0018 m2

White: 0.0036 m2

7. Yellow: 0.0036 m2

Black: 0.0072 m2

White: 0.0036 m2

8. Students are required to derive a general formula that
would allow the company to determine the area of the three
coloured fabrics in each block. They should give an example
and illustrate it with the help of a diagram.

Exercise 2.11 Review questions
1. B

2. D

3. A

4. B

5. D

6. A

7. B

8. A

9. B

10. a. i. 4

ii. −8

iii. −5.

iv. −8xy2

b. i. y+ 8

ii. x− y

iii. x+ y

iv. 7xy

v. 5y− 2x

11. $xya.
i. (24− k)m

ii.
24− k

3
m

b.

12. 17pa. y2 + 2yb.

−3s2tc. 16c2d− 2cdd.

n2 − 4p2q+ 6e. 15ab− 3a2b2f.

13. 12aba. 2ab2b. 8x2y2c.
x

3
d.

9

2b
e.
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14. 5x+ 15a. −y− 5b.
−3x+ 2x2c. −8m2 − 4md.

15. 3x+ 3a. −10m− 1b.
4m2 − 9m− 5c. 4p− 6d.

16. 9a+ 8ba. −5x− 18yb.
−mn+ 11mc. 4x2 − 10x+ 3d.

17. x2 + 9x+ 20a. m2 −m− 2b.
3m2 − 17m+ 10c. 2a2 − 5ab− 3b2d.

18. x2 − 16a. 81−m2b.
x2 − y2c. 1− 4a2d.

19. x2 + 10x+ 25a. m2 − 6m+ 9b.
16x2 + 8x+ 1c. 4− 12y+ 9y2d.

20. 2x2 + 8x+ 8a. 2m2 + 11m− 5b.
6x+ 15c. −7b+ 37d.

21. 2x2 + 10x+ 13a. 2x− 5b.
16xc.

22. 23a. 134b.

23. 307.88 cm3a. 5379.98 cm3b.

24. 6(x+ 2)a. 6x2(1+ 2xy)b.
4(2a2 − b)c. 8x(2x− 3y)d.
−2(x+ 2)e. b(b− 3+ 4c)f.

25. (5− 4a)(x+ y)a. (7a− 6c)(b+ 5c)b.
5x(3+ 5y)(d+ 2e)c. (2+ a)(x+ y)d.
2(x− 1)(3y+ 2)e. (p− r)(q+ 1)f.

26. a. 8x cm

b. 32x cm2

c. i. (3x+ y) cm

ii. (8x+ 2y) cm

iii. 780 cm

iv. (3x2 + xy) cm2

v. 27 000 cm2

27. (8+ 2p)(15+ 2p)m2a. (4p2 + 46p+ 120)m2b.

(4p2 + 46p)m2c. 4p2 + 46p= 200d.

28.
2𝜋x
y

cm

29. 5xy− 4y2

30. 6n+ 42a. 6(n+ 7)b.

2(n+ 7)c.
6(n+ 7)

x
d.

31. a. i. 9(c − d)
ii. Yes, this is a multiple of 9 because the number that

multiplies the brackets is 9.

b. 90(b − c) –90 is a multiple of 9, so the difference
between the correct and incorrect numbers is a multiple
of 9.

c. 900 (a− b) is a multiple of 9, so the difference between
the correct and incorrect numbers is a multiple of 9.

d. If two adjacent digits are transposed, the difference
between the correct number and the transposed number
is a multiple of 9.

e. Let the correct price of the CD be $ab.cd. This can be
written as 10a+ b+ 0.1c+ 0.01d.
The cashier enters $cd.ab as the price. This can be
written as 10c+ d+ 0.1.
The difference is 10a+ b+ 0.1c+ 0.01d − (10c+ d+
0.1a+ 0.01b).
This is equal to 9.9a+ 0.99b − 9.9c − 0.99d, which is
a multiple of 9.
This means that the rule for checking transposition errors
applies in this case.
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