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Chapter

Algebra is like a written language and it is used to write down ideas in mathematics. To fully
understand mathematics, you need to learn to read and write in algebraic ways, just like you

Weblink
Algebra masterclass

learned to read and write in primary school.

Learning algebra is like learning the alphabet. You need to know the basics before you can
start using it properly.

When you work out the area of a rectangle by multiplying the length and width, you are
already using algebra. The formula A = / X w is an example of algebra.

B Mathematical literacy
The mathematical words below have special meanings that you will learn in this chapter. It is

important that you learn to spell them and gradually learn what they mean in mathematics.
You may find the glossary or online mathematical dictionary useful for this purpose.

associative flow chart right-hand side
coefficient input simplify
commutative inverse operation solution
constant law solve
distributive left-hand side substitution
equation like terms term

evaluate linear unknown
expression output variable

ﬂ. Patterns and symbols

I/ B2IEE 11 Investigate: Restaurant tables
Restaurant tables

Many restaurants use square tables that can seat four people. When they get a booking for
more than four people, they put tables together so that more people can sit at them. Some
examples are shown below. Your teacher might have some cut-outs for you to use in this
investigation. Work in small groups.

£ == W =~ N | B D o A
@asbd g 8 D € 10 b
5= S T = T T I

¢ How many tables do you need to put together for 6 people?
e How many people can sit at 6 tables put together?
¢ How many tables will need to be put together for a big birthday party of 20 people?

Write a rule for the number of people that can sit at any number of tables.

You can see that for 1, 2, 3, 4, ... tables, the number of people that can be seated in the
investigation above are 4, 6, 8, 10, ... If you just look at the number pattern 4, 6, 8, 10, ..., the
4 is called the first term, the 6 is the second term, the 8 is the third term, and so on. Each
number in the pattern is called a term and the term number tells you which one it is.
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If you can write a rule for the number pattern, it gives you a way to work out other numbers in the
pattern. If you can connect the term number to the value of the term, it is easy to work out any
term without having to write out the pattern from the start.

Example 1

For the number pattern 3, 4,5, 6, 7, ...
a write a rule for the pattern
b work out the 9th term.

Solution
Method 1

a The numbers go up by 1 each time.

b Write out the pattern up to 9 terms.
Write the answer.
Method 2

a The 1st term is 3, the 2nd term is 4, the 3rd

Start from 3 and add 1 each time to
get the next number.

3,4,5,6,7,8,9,10, 11, ...
The 9th term is 11.

Add 2 to the term number.

term is 5, the 4th term is 6, etc., so each

term is 2 more than the term number.
b Work out the 9th term using the rule. The 9th term is 9 + 2 = 11.

In Example 1 we could also write the rule using Method 2 as ‘the (Ith term is (I + 2’. For any term,
we just fill in the box with the term number. You can also write the numbers in a table. We call the
top row of numbers the input numbers and the bottom row the output numbers, as shown below.

Input 1 2 3 4 5
Output 3 4 5 6 7

Example © 2

The table below shows input and output numbers for a rule. Write a rule for the output
numbers.

Input 5 6 7 8 9 10
Output 15 18 21 24 27 30

Solution
Look for a pattern. 15 is 3 times 5
18 is 3 times 6

Write the rule. The output number is three times the input number.
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Example © 3

For the number pattern 3, 6, 9, 12, ...

Writing a rule a write a rule using a box (0J) for the term number

WKMNAG70001 b work out the 8th term.
Solution
a  Write down how the pattern works. The terms go up by 3 each time.
Werite the rule in words. Each term is three times the term number.
Replace the words with symbols. The terms are 3 X .
b Use the rule. The 8th term = 3 X [
=3X8
=24

In algebra, instead of using a box, we usually use a letter to represent a number. Then we
substitute (put in) the number we want in place of the letter.

Variables and number patterns

A variable (pronumeral or unknown) is a letter or symbol that stands for a number.
We often use the symbol 7 for the term number of a number pattern. The symbol 4 is
often used for the term itself, so a4 is the fourth term of a number pattern.

Example &4

For the number pattern 5, 10, 15, 20, ..., use a variable to:
a write a rule for the pattern
b work out the 9th term.

Solution

a  Write down how the pattern works. The terms go up by 5 each time.
Write the rule in words. Each term is 5 times the term number.
Use the symbol 7 for the term number. Each term is 5 X #.

b Work out the 9th term. The 9th term, 29 =5 X 9

=45

Important!

Linear patterns

Linear number patterns go up or down by the same amount each time. You can write the
rule using this amount multiplied by the term number. It is added or taken from the same
fixed number each time.
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For the number pattern 5, 8, 11, 14,
a write a rule for the pattern

b work out the 12th term

¢ find which term is equal to 32.

Solution
a Check if the pattern is linear.

..., use a variable to:

Write the multiplying part of the rule.
Write the rule with ? for the fixed

number.
Try the rule for the first term.
Work out the missing number.
Write the rule.

b Work out the 12th term.

¢ Try some numbers out to find the

answer.

Write the answer.

The terms go up by 3 each time, so it is
linear.

The rule involves 3 X #.
The ruleis ? + 3 X #.

P+3X1=5
? must be 2.
The terms are 2, =2 + 3 X n.
ap =2+3X12

=3+36

=39
24+3X9=2+4+27=29

24+3X10=2+30=32
32 is the 10th term.

Write a rule in symbols for the following table of inputs and outputs.

Input p 2 3 4

5

Output v | 19 16 13

10

Solution

Write down how the pattern works.

Write the rule using ? for the fixed number.

Use the first term to work out ?.

Work out ?.

Write down the rule.

9780170194457

When the input number goes up by 1,
the output number goes down by 3.

v=2?—-3Xp
19=2?-3X2
19=?-6

? must be 25.

v=25-3Xp

Using a variable

AEMNAO070001

Finding the term

PSMNAO070001

Order of operations

SSMNA071005

Guess my rule

CTMNAO070027
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Example 7

Weblink A large barbecue costs $30 for 1 day’s hire and $10 for every extra day after that.
Exploring linear a  Write a rule for the cost of hire.
equations (L6553) b Find the cost to hire for 3 days.
Solution
Weblink a Change the rule so the first day includes $10. The first day costs $20 plus $10.
Exploring algebra Now write down the rule. It costs $20 to hire plus $10 for each
(L6552) day of hire.
Write the rule for d days. Hire cost = $20 + $10 X 4
b Work out the cost for 3 days. Cost for 3 days = $20 + $10 X 3
= $50
Enter as: 20 () 10 €3 @B — | 20+10x3 50

Exercise 6.1 Patterns and symbols

Understanding 1 A caterer uses portable trapezoidal tables for seating guests at functions. Tables are joined

end-to-end to seat the guests as shown here.
Extra queshons

@ q7 \ @ 47 \ / -

Extend the pattern to complete this table.

o

Number of tables (¢) 1 2 3 4 5 6
Number of guests (g) 5 8

b Use the information to make a rule in words for the number of guests that can be seated.
¢ Write the rule using [ for the number of tables

d How many people could be seated at 6 tables?

e How many tables would need to be joined in this arrangement to seat 38 people?

See Example 1 2 Write a rule in words for each of the following number patterns and work out the indicated
term:
Worked solutions a 6,7,8,9,10,...; 15th term b 4,8, 12,16, 20, ...; 21st term
Exercise 6.1 c 7,9,11,13,15, ...; 9th term d 20,19,18,17,...; 11th term
WSMNAO070001 € 12, 15, 18,21,24, ey 12th term f 11,8,5,2, _1, ey 10th term
See Example 2 3 Write a rule in words for each of the following number patterns.
4 Input 1 2 3 4 5

Output 5 10 15 20 25
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b [ Input 6 | 7 8 | 9 | 10
Output 4 5 6 7 8
¢ | Input 2 3 4 9 | 10
Output 8 | 11 | 14 | 29 | 32
d | Input 3 6 9 | 12 15
Output 7 13 19 25 31
€ | Input 4 7 8 9 | 12
Output 5 11 13 15 21
£ Input 3 8 10 @ 9 7
Output 13 33 41 37 29

4 For the number pattern 3, 6, 9, 12, ...:
a write a rule using a box (0J) for the term number b work out the 8th term.

5 For the number pattern 2, 7, 12, 17, ...
a write a rule using a box () for the term number b work out the 6th term.

6 For the number pattern 7, 11, 15, 19, ...
a write a rule using a box (0J) for the term number b work out the 10th term.

7 For each of the following number patterns, use the variable 7 to write the rule and find the
indicated term.

a 17,20,23, 26,29, ...; 10th term b 1,3,5,7,9, ...; 8th term
¢ 1,5,9,13,17, ...; 12th term d 18,16, 14,12, 10, ...; 20th term
e 3,1,5,9,13, ...; 14th term f 4,1,72,75,78,...;9th term

8 Write rules in symbols for the following tables of inputs and outputs.

Lr 12 3 | 4 5 6
b 1 4 7 10 | 13 | 16
b [, 1 2 3 4 5 6
» 7 |12 17 | 22 | 27
o 1 2 3 4 5
b 3 6 9 |12 | 15 | 18
d|p 3 4 5 6 7 8
k s |10 | 12 | 14 | 16 | 18
¢y 0 1 2 3 4 5
s 1 4 7 10 | 13 | 16
f 2 2 3 4 5 6 7
b 2 4 6 s | 10 | 12
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See Example 3

Fluency

See Examples 4, 5

Worked solutions

Exercise 6.1

WSMNAQ70001

See Example 6




Problem solving

9 Doreen is saying some numbers and someone hears her say ‘11, 14, 17, 20, 23’. What will be
the 15th number she says?

10 ‘One elephant went out to play, upon a spider’s web one day
He found it such tremendous fun, he called three more elephants to come
Four elephants went out to play, upon a spider’s web one day
They found it such tremendous fun, they called three more elephants to come
Seven elephants went . ..

They all fell down, and the poem is done!’
The spider’s web will not hold more than 20 elephants. How many lines does the poem have?

SeeExample7 11 A silo has 2050 kg of cattle feed. Each day, 70 kg is used to supplement the feed of a herd of
cattle. How long is it before the silo needs refilling?

Worked soluti - . .
12 As a child in a family gets older, they get more pocket money. Peter is 6 and gets 80 cents a
Exercise 6.1 week. Pat is 8 and gets $2 a week. Sue is 11 and gets $3.80 a week. Cherie is 16. How much

WSMNAQ70001 does she get each week?

m Number rules

You already know that you can use ‘turn-arounds’ for multiplying and adding. The product 8 X 3
has the same answer as 3 X 8, and 4 + 5 has the same answer as 5 + 4. You can always turn
around addition and multiplication.

When you multiply three numbers, for example 7 X 4 X 5, it doesn’t matter if you do 7 X 4
first or 4 X 5 first. You would probably calculate 4 X 5 first to get 7 X (4 X 5) =7 X 20 = 140
because it is easier than doing (7 X 4) X 5 = 28 X 5 = 140. When you add three numbers you
can always choose whether to start with the front numbers or the back numbers. For 123 + 27 +
48 you would add the front numbers first to get 150 + 48, but for 24 + 38 + 52 you would add
the back numbers first to get 24 + 90.

Mathematicians have special names for turn-around and front-or-back-first rules.

Important!

Commutative and associative laws

Addition and multiplication are both commutative. The order in which the operation is
done does not matter, so @ + b = b + aand a X b = b X a for any numbers.

Addition and multiplication are both associative.

When the operation is performed on three numbers, it does not matter which pair is done
first,soa+b+c=(a+b)+c=a+b+c)andaXbXc=(@Xb) Xc=aX (bXo).

These rules are called laws because they work for all numbers.

Although 5 — 5 can be turned around to 5 — 5, you cannot turn 5 — 3 around, so subtraction is
not commutative. To be commutative, you must be able to change the order for a7y numbers.
Division is not commutative because 6 + 3 #3 =+ 6.
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Example © 8

Calculate 18 X 25 X 40 in your head.

Solution

Calculate 25 X 40 first as it is easiest. Think 25 X 4 tens = 100 tens = 1000
Now calculate 18 X 1000. Think 18 X 1000 = 18 thousand
Werite the answer. 18 X 25 X 40 = 18 000

When you have many numbers to add together, you can add them in any order because addition is
both commutative and associative. It makes sense to choose the order to make tens.

Example T°9

Work out 3 +24 +22 +9 + 11 + 17 + 38.

Solution AEMNAO70002
Put the units together to make tens. 3424427 +9+11+17+38
S~—

Write down what the units add up to. ~ The units make 3 tens and there are 4 units left over
Add the rest of the tens in your head. 3 and 2 and 2 and 1 and 1 and 3 makes 12 tens
Write the answer. 349422417 +24+ 11+ 38=124

You can calculate 36 X 24 in your head by multiplying 36 by 20 and then adding 36 X 4.
These are both easy to do using ‘double and put on a zero’ and ‘double double’ to give 720 +
144, which is 864. You can do 47 X 19 by calculating 47 X 20 and subtracting 47 X 1 to get
940 — 47, which is 893. Any multiplication can be broken into two parts like these, but you can
also do the opposite when two numbers are multiplied by the same number and then added or
subtracted.

28 X 34 + 28 X 16 can be calculated more easily as 28 X 50. 28 X 34 = 952, 28 X 16 = 448
and 28 X 50 = 1400, which is indeed 952 + 448. This works for any case, so if you have to add or
subtract the product of the same number with some others, you can always perform the addition
or subtraction first. Sometimes this is easier, and sometimes it’s easier to do it the other way
around. Mathematicians also have a special name for this rule.

Distributive law

The product of the sum (or difference) of two numbers with another number is the same as
the sum (or difference) of the products of that number with each one separately. This can be
written in symbols as:
aX(b+c)=axXb+aXc
and aX(b—c)=aXb—aXc.

9780170194457




Expandominoes

The addition and subtraction cases of the distributive law can be summarised as:

aX (b+c)=aXb+aXc using the symbol + for ‘plus or minus’.

Example ©°10

Find a shortcut to work out 102 X 128.

Solution

Look for a break-up. Think 102 is 100 plus 2.

Work out the parts. Think 100 X 128 is 12 800 and 2 X 128 is 256.
Add them together. Think 12 800 + 256 is 13 056.

Write the answer. 102 X 128 = 13 056

The distributive law can be used with variables to get rid of brackets. This is called expanding
brackets. This is what you are really doing when you use a shortcut to work out 47 X 19.

Example T11

Show the shortcut to work out 47 X 19 using the distributive law.

Solution

Write down the problem. 47 X 19

Show the break-up of 19 in brackets. =47 X (20— 1)
Show the use of the distributive law. =47 X20—-47 X1
Show the answers to the multiplications. =940 — 47

Werite the final answer. = 893

You should write the equals signs underneath each other so that the reasoning for each step is
shown clearly, just like it is in Example 11.

You can expand the brackets of expressions with variables to work out part of the answer, even
if you don’t know what the variable stands for.

Example © 12

Expand the brackets and simplify 5 X (2 + 8).

Solution

Write down the problem. 5X (m+ 8)
Use the distributive law. =5Xm+5X8
Simplify (work out) 5 X 8. =5Xm+40

In algebra, we often leave out the multiply sign between symbols, so 5 X (72 4+ 8) can be written as
5(mz + 8) and 5 X 7z can be written as 57z. Try using this convention to write out the expansion of
5(m2 + 8) without using multiply signs between symbols.
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Example " 13
Expand the brackets and simplify 6(3p — 7).
Solution PSMNA070003
Write down the problem. 6(3p—17)
Put in the multiply sign in your head. Think 6 X 3p — 7)
Use the distributive law. —6X3p—6X7 HSMNA071018
Simplify 6 X 3p and 6 X 7. — 18 — 42

Investigate: Modelling expansion

Teacher notes
You can use a simple model to show expansion of brackets. You will need some ekl erpensiar

paperclips, small squares and strips of paper coloured on one side to model numbers and
variables. You can make the squares and strips as follows:

® Draw lines 1 cm apart on a blank piece of paper in the pattern shown on the right.

o It doesn’t matter how long the strips are, as long as they are not an exact centimetre length.
Label the strips of equal length 7z, p and x.

e Use a highlighter or coloured pencil to shade the other side of the paper.
e Cut out the squares and strips and label the reverse sides of the strips.

X| X | x|Xx|Xx|Xx

The white side represents a positive unit and the coloured side represents a negative unit.

Use your strips and squares to model (2x — 3) by putting 2 x-strips and 3 coloured-side
squares together with a paperclip. Make another 3 models of (2x — 3). Your models should look
like this:

|

Unclip your 4 models to expand 4(2x — 3) and collect the x-strips and squares to work out
the result of the expansion.
Use your models to work out 3(2 — x), 2(4»2 — 3p) and 3(m + 4p — 2x + 5).
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You can model the expansion of “3(x — 2) by making 3 models of (x — 2) and turning

them over to change from 3 times to 3 times. What do you get as the answer?

Expand negative Now use your models to work out ~2(5 — 2p), — (272 — 3p + x) and ~4(4 — 3p + 2m — x).
biEe s Write down your results and discuss them in groups of 3 people.

I v

PSMNA070004

Exercise 6.2 Number rules

Understanding 1 Work out each of the following in your head and explain how you did it. Your teacher may
ask you to explain it to your neighbour.

Extra questions
@ 20 % 154 X 500 b 80 x 136 x 125
et ¢ 75 X 234 X 40 d 68490+ 13 +43 +73 +7 +37
EQMNAQ70002 e 88452 +25+59+24 + 46+ 64 f 3427 +74+86+50+92+22
Seobxamples8,9 & 79+324+ 61422438 +428+20+67 h 88483+ 16+77 + 17 + 84 + 20 + 34
i 72+45+68+ 11440445+ 67 + 35
Fluency 2 Use the distributive law to find shortcuts for working out each of the following.
SeeExamples 10,11 @ 101X 143 b 152 X 99 ¢ 327 X 102
- d 999 X 68 e 302 X 35 f 49 X 247
Worked solutions s 19 X 28 h 21 X 422 i 99 X 1002

Exercise 6.2

WSMNAOT0002 3 Expand the brackets and simplify each of the following.

See Example 12 a 3@+2) b 2(h+2) c 2(m+3) d 4(x + 6)
See Example 13 e 4(x-2) £ 30m-17) 8 8(k-3) h 5(-5)
R 4 Expand the brackets and simplify each of the following.
Exercise 6.2 a 4Q2m +3) b 7(a+b) c 12(2p +5) d 5(+2)
WSMNAO70002 e 6Bx+4) £ 12Qm + n) g 10(dp +29) h 3(2a + 4b)

Problem solving 5 peer was paid $12 an hour to pack. He worked 3 hours on Monday, 5 hours on Tuesday,

4 hours on Wednesday and 3 hours on Friday. Explain how to use a mathematical law to work
out how much he should be paid.

6 Expand the brackets and simplify each of the following.

Worked solutions a 3(x+2) b 77(p +1) ¢ 20(m—3) d “5(k—4)
Exercise 6.2 e 46—y f 9@ +4) g (B+3) h “(m—2)
WSMNAQ70002 i (6 —2x) j 3@m+5) k 5By —6) I ~(4-7x
Reasoning 7 Write down shortcuts using the distributive law to work out each of the following. Your
teacher may ask you to explain it to your neighbour.
a 103 X 49 b 999 X 104 c 205 X 51
d 1002 X 458 e 11 X734 f 111 x75
8 Show how to expand the brackets in each of the following, explaining every step.
a 2(m—p) b 7Gf— 29 c 4Gm —5) d 5Gm —3)
e 6(3x—4) f 3(1—4) g 6(2 —3p) h 102 — 2m)
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9 Work out a short-cut for multiplying by 11 in your head and explain the rule.
10 Work out a rule for multiplying a two-digit number by 99 and explain the rule.

m Algebraic expressions

You have already seen that symbols and letters can be used to represent unknown numbers and
that 4 X g is usually written as 4a. We also usually write a2 X 4 as 4a. It follows that 5x + 2p — 6
means ‘multiply 5 by some number, add twice another number and take 6 from the total’. There
are special names for the algebraic way of writing this.

Expressions

An expression has variables and/or numbers connected by arithmetic operations like +, +
and powers. An expression with numbers only is an arithmetic expression, while one with
variables is an algebraic expression. The numbers are called constants. The numbers that are
multiplied by the variables are called coefficients, the parts separated from the rest by + or
— are called terms and a number on its own is called a constant term.

Coefficients  @onstant term

Terms F\ /
To evaluate an algebraic expression we put in values for the variables (substitute values) and
work out the answer.

The sign in front of the term is usually included as part of the term. In the expression above, the
terms can be considered as +5x, +2p and —6 (that is: ™5x, T2p and ~6).

Example © 14

What are the coefficients of each of the following?

a Te b "10f c v d —w
Solution

a  Write the number multiplied by the variable.  The coefficient is 7.

b Include the sign. The coefficient is ~10.

¢ There is one v, so v = 1. The coefficient is 1.

d Include the sign. The coefficient is 1.
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Writing algebraic
expressions

WKMNAO070002

Example

How many terms are there in each of the following expressions?

a g+8

Solution

a gand 8 are separated by +.
b The — and + separate the parts.
¢ The ‘v — 2p’ is not separated from the 2.

d 3(m + 2) is one term.

b 8 —m+ 3pg

c 2(w—2p)

There are 2 terms.
There are 3 terms.
There is 1 term.

There are 2 terms.

d 6m+30(m+2)

The English language has many words that mean the same thing, so you need to be able to
translate all the words that describe arithmetic operations.

Key words for operations

The symbol 7 is used for a number in the table below. It doesn’t make any difference if a
different symbol is used for the variable.

Word Example Meaning
Sum The sum of a number and 6. n+6
. . 5
Quotient The quotient of 20 and a number. 20 = 1 or 20
n
Product The product of a number and negative 8. “8n or —8n
Difference The difference between 30 and a number. 30 —n
Double A number doubled. 2n
Quarter A quarter of a number. n=dor?
4
Increase A number is increased by 5. n+5
Less 8 less than a number. n—8
Decrease 11 is decreased by a number. 11 —n

Example 16

Write each of the following as an algebraic expression, using p and g as variables.
a The difference between a number and 18.

b 21 more than triple a number.

¢ The product of 8 and the sum of two numbers.
d Substitute the values p = 3 and ¢ = 4 to evaluate the expression in part c.

Solution

a Difference means subtract.

b Triple means 3 times.
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¢ The total is multiplied by 8. 8(p +q)

d Write the expression. 8(p+¢q)
Substitute values. =803 +4)
Work out the brackets. =8X7
Multiply. =56

Enter as: $ () 3 (G 4 @D EB — | 83+4) 56

You could substitute 7z = 3 in the formula ¢ = 10072 to work out the number of centimetres in
3 metres.

One reason for writing algebraic expressions is to make it clear when they can be simplified.
The distributive law means that if you have 5p + 8p then you can add the 5 and 8 before
multiplying by the number.

Collecting like terms

If an algebraic expression contains terms with exactly the same variables, we call these like
terms. Like terms can be added or subtracted to simplify the expression.

Example W17

Simplify each of the following by collecting like terms. S
Grouping like terms
a Tm+ 8m

b 9 —3p PSMNAO70005

Solution

a The terms are alike, so you can add them. Tm + 8m
7+8=15 =15m

b The terms are alike, so you can take one away from the other. ~ 9p — 3p
9-3=6 —6p

Example © 18

Simplify each of the following by collecting like terms.
a S5x+3y—Tx+ 6y

b & +7gh+2g—gh AEMNA070003
Solution
a Identify the like terms. @@@@

Simplify 5x — 7x and 3y + 6y. =—2x+9y

We write a positive term first if we can. =49 —2xor 9y — 2« _
9780170194457 15
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Algebra

HSMNA071019

Understanding

Extra questions
Exercise 6.3

EQMNA070003

See Example 14

See Example 15

b Identify the like terms (g% and g are

different).
Simplify 7gh — gh.

g2+ 2g

=g +6gh +2g

When expressions are multiplied or divided, it is usual to simplify them if possible by multiplying
or dividing the coefficients.

Example © 19

Simplify each of the following.

a 3fX5d b 18 + 6
Solution
a Rearrange the order using the associative law

and put the variables in alphabetical order.
Multiply the coefficients.

Divide the coefficients.

Multiply the coefficients.

2
Usex X x° = x°.

Simplify the 15 and 9 by dividing each by 3,
write g as ¢ X g% and 77 as m X m.

Cancel the 7z and the g.

15mg

¢ 6x X 5x% X2y d Sy

3£ X 5d

=3 X5XdXf

= 15df

18 + 6

= 3P

6x X 5x% X 2y

=60x X &* X y

= 60xy

SngB

Smig

_Srgx g’
3m X mg”

_%

" 3m

Exercise 6.3 Algebraic expressions

1 What are the coefficients of each of the following expressions?

a 5h b 7x c GOg
d 2y e 12ab f p
g —gb h ~5¢ i 164
j k ~892x°yz 1 412
m 6(3x — 5) n —(7x— 8y) o 7x%(y +52)
p BGe—dy q 2 3—y
3 q 4
2 How many terms are there in each of the following expressions?
a 2k+1 b m+3p+n
c 4x d 2w+7y+v
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e 44+ 7n f 4m —2k—7
g 9 h 3p+2¢q

i x+y+z j 4pqg+ 6q+Tp
k 6k — 3k + 2m — n® 1 6ef + 4e

m 6(3x —5) n 3x+ 2(x + 2y)
o 7Bm + n) — 4(m — 2n) p xg3

1 —
qg=-2x+4)+1-3(x+1) r M + 2k — B m Worked solutions
2 5(k—3) :
Exercise 6.3

3 Find the like terms in each of these sets.

WSMNA070003
a 2my, 3x, 6am, 16x, 4mb b 2nuw, 3km, 4w, Snuw, 6m, Taw
c 8k, 3x, 2w, 12g, 23w d 2p,5mgq, 5p, 7q, Tm
e x3x%y, x° £ 4mn, 3m, 4, 2nm, mn, 2n
g %%y, 2x, 3y, 4x7y h 7,2a,4b,5p,9,d, 2
4 Simplify each of these expressions by adding like terms. See Example 17
a 2m+5m b 4k + 7k c 2ab + 5ab
d 5mn + 2nm e xy+xy £ 3abc + 4abc + 2bac
5 Simplify each of these expressions by subtracting like terms.
a 5m—3m b 84 —3d c 12mk — Tmk
d 45abc — 12abc e 45fg — 13/g £ 48mn — 29mn
6 Simplify each of these by adding or subtracting like terms.
a Sm+2m—3m b 124 — 4a — 5a ¢ 3x+5x+7x
d 12f+ 15f — 18f e 87475 — 657 £ 5mn + 6mn — 4nm
g 3pq — 2pg + pg h 11abc + 3abc — 5abc i 8 —3p—>5p
7 Simplify the following. Fluency
a 3x+4+5x+6 b 4m — 6+ 4m + 10 .
c 2mn +3f+ S5mn +Tf d 10k —4 —6k+12 Worked solutions
e 23xy + 23ab + 17xy — 17ab £ 157 +15—15r—r Exercise 6.3
8 Simplify the following, WSMNAQ70003
a 6m+3m b &+2+3k ¢ 12mx + 4xm
d 2d+9+3d e 2f+3g+4f+7¢ f 4y +3x+2x+ 8y
g llp—p h 7+59-3 i 8abc — 4abc — abe
9 Simplify each of the following. See Example 18
a 3x+ 8y —8x+2y b u—2w—5u+7w
¢ —x°y +4xy® — 6x + Tx d 2p—8p—8p+2g
e Sabc+ 3ab — 2bc — 9abc f —d+4d + 6d + 24
10 Simplify each of the following. See Example 19
a 3m X 2m b 5k X 11k c 12f X 9f
d 6g X3 Xx4h e 10 X 2m X 6n f 4a X3 X7a
g 4x X 7x X3 h 5m X2 X 3m i 206° +5
. 21p%g mn
18yz + 6 k 1 —
b 7pa 18172
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m 2;*1;{ + 764" n “Tef X ~9¢f? ° it
s _ _ _
Worked solutions p AP q 1577 X “8ut r dgh X ~4ah®
Exercise 6.3 02
m
—_— t 2 =1
WSMNAOQ70003 S 355, S5gk <+ 15km

Problem solving 11 Write an expression for each of the following. Use N to represent any number.

See Example 16 a double the number b half the number

¢ triple the number one-quarter the number

e one-tenth the number the next consecutive number
¢ 5 times the number the sum of the number and 21
i the difference between the number and 10 2 more than the number

lk the number increased by 3 the number times itself

m the square root of the number

—_—— .o

12 If A, B and C represent any three numbers, write an expression for:

a the sum of A and B b the sum of all three numbers A, B and C
¢ the difference between B and C, where B is d the product of A and C
greater than C
e the product of all three numbers A, Band C  { the quotient of A and B
¢ the sum of A and B, divided by C h the quotient of C and B.

13 Evaluate each expression in question 12 by substituting A = 12, B =4 and C = 2.

14 Write an expression for:

the sum of 3 and A

5 added to C

3 taken away from E
the sum of A, Band W
R to the power of 2

3 less than B

8 increased by D

X decreased by F

m divided by 7z

the sum of A and B, divided by 2.

— o oo T

=g 0 60D

15 Write an expression for:
a the number of students in a class if there are B boys and G girls

b the number of pies needed at a party if there are N children and each child can eat two pies
¢ the number of children remaining in class if X leave for the library out of a total group of T

the amount of money earned by selling N cakes at the school fete, where each cake is
priced at $2

e the cost of each film ticket where the total cost is $M and there are three people going to the film

f the total cost of buying A cans of lemonade and B ice-creams, where each can costs $1 and
each ice-cream costs $2.
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16 Imagine that you must repeat question 11 using the pronumeral A, instead of N. What Reasoning

difference would this make to your answers? Does it matter which letter of the alphabet you
choose to use?

17 Write an expression for the cost of buying ¢ children’s tickets at $21 each and & adult tickets at
$27 each. Select A, B, C or D.
A 2la+27c Ba+c
C 274+ 21c Da+c+21+427
18 Write formulas for each of the following situations.
a Change M metres to 7z millimetres.
b Change A hours to d days.
¢ A curtain has a cut length ¢, 15 cm more than the finished length / cm.
19 Substitute the values M = 1.4, / =72 and / = 900 to evaluate the formulas in question 18.
20 In the USA, temperature is measured in degrees Fahrenheit. To change degrees Fahrenheit to
Celsius, you need to subtract 32, then multiply by 5 and finally divide by 9.
a  Write a formula to change f degrees Fahrenheit to ¢ degrees Celsius.
b One mild December afternoon in Miami it was 50 F. Find the temperature in Celsius.

¢ One summer’s day in New York it was 95 F. What was this in Celsius?

m Solving equations

The equals sign, =, is used in different ways in mathematics. 5 + 4 = ? means that we have to work
out the answer to the sum 5 + 4. But 3 X 4 =5 4 7 is a mathematical sentence that says that

the product of 3 and 4 is the same as the result of adding 5 and 7. The equation7 —3 =2 X 3 is
another mathematical sentence. One of these mathematical sentences is true and the other one is
false. Which one is true and which one is false?

Equations

An equation is a mathematical sentence. It has an equals sign with expressions on both sides.
The expressions can be arithmetic or algebraic.

Example $°20

Write equations to show each of the following mathematical sentences and state whether or
not the equation is true.

a Five times four is the same as six times three.

b The sum of eleven and eight is the same as the sum of twelve and seven.

¢ Five times a number is the same as thirty. >

9780170194457




> Solution

a  Write the expressions with an equals 5X4=6X3
sigh between them.
Work out each side. Left-hand side =5 X 4 =20
Right-hand side =6 X 3 = 18
The LHS and RHS are not the same. The equation 5 X 4 = 6 X 3 is not true.
b Write the expressions with an equals 11+8=12+7
sign between them.
Work out each side. Left-hand side = 11 + 8 = 19
Right-hand side = 12 + 7 = 19
The LHS and RHS are the same. The equation 11 + 8 = 12 + 7 is true.
¢ Write the expression, using x as the 5x =30

‘number’ and thirty on the RHS.

You don’t know what number x is, so you The equation might be true, but it cannot be
can’t say whether or not the equation is true. ~ stated without knowing the number.

In Example 20, to work out whether or not the first two equations were true, you worked out the
answer to each side. This is called evaluating the expressions. You should be able to see that the
last equation is true for the number 6, but is not true for any other number. The equation
x* — 6x 4+ 8 = 0 is true for 2 or 4. Some algebraic equations are not true for any numbers, and
some are true for more than one number.

An equation can be true, false, or true for some number(s) and false for others.

Solutions of an equation
A solution of an algebraic equation is a value of the variable that makes the equation true.

A solution makes the left-hand side (LHS) equal to the right-hand side (RHS).
The process of finding the solution to an equation is called solving an equation.

Balances like the one below were used for centuries by merchants and traders. If the mass in the
left-hand pan is the same as the mass in the right-hand pan, the balance is level. If not, the balance
tilts at an angle.
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The balance shown above can be shown by this diagram.

Left-hand Right-hand
side \I'/

A side
Example T°21

Find the unknown mass if the balance is level.

Weblink

Algebra balance

scales: Negatives

Al —

Solution
The left-hand side and the right-hand side are equal. ?2|+2=7
Think what must be added to 2 to obtain 7. ? | must be 5.

The balance problem below shows two equal masses on the left-hand side.

—  —

The balance problem can be written as the following equation.
Pl+[]=24

We can also write this equation using a variable as follows.

or 2m =24 HSMNA071023
So m =12

Example ¥522

State whether the number in the brackets is a solution to the equation.

a d—3=10(7) b f+8=12(4)
Solution
a  Write down the left-hand side of the equation. LHS=d4d-3
Replace d with 7 and work out the result. =7-3=4
Compare the result with the right-hand side. LHS =4 # 10 = RHS
The left-hand side # right-hand side. 7 is not a solution to d — 3 = 10.
b Write down the left-hand side of the equation. LHS=f+8
Replace f with 4 and work out the result. =4+8=12
Compare the result with the right-hand side. LHS = 12 = RHS
The left-hand side = right-hand side. 4 is a solution to f+ 8 = 12.
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One way of solving equations is to guess a solution and check the guess by inserting it into the
equation to see if it makes the left-hand side equal the right-hand side.

Example 23

Find a solution to each of the following equations.

a 10—¢=8
b 3d=15
Solution
a Write down the left-hand side of the equation. LHS =10 — ¢
Try ¢ = 4 as a solution. =10-4=6
6 #8. 4 is not a solution.
Try ¢ = 2 as a solution. LHS=10-2=8
State the result. t =2 is a solution to 10 — # = 8.
b Write down the left-hand side of the equation. LHS =34
Try d = 7 as a solution. =3X7=21
21 #15. d = 7 is not a solution.
Try d =5 as a solution. 3xXx5=15
State the result. d =5 is a solution to 3d = 15.

The process used in Example 23 is called the ‘guess and check’ or ‘trial and error’ method of
solving equations.

Investigate: Modelling equations
MSCICRSTRIY  Work in pairs for this investigation.

You can use the modelling method from Section 6.2 to solve equations. For this
investigation, you will need the strips and squares from that investigation, and a piece of
paper with an equals sign in the middle. Use your strips and squares to model the equation
x — 5 = 3 as shown below.

) g - (]

To get the x on its own, you need to get rid of the 5 negative (red) squares.
Add 5 positive (white) squares to both sides so that it looks like this:

: ?:D@ =
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Now put red and white squares in pairs together on the LHS, so that it looks like this:

p - ]
s

But each pair means (1 — 1), so each pair of red and white squares comes to nothing. Take
them away so the model looks like this:

p - [ A1

Counting the squares on the right-hand side gives the answer x = 8!
Try using your model to solve the following equations. Remember, to get rid of a
number on the left-hand side, add the opposite number to both sides.

x+3=7
p—>5=3
m+8=06

Set each other some problems to solve.

There is another way of informally solving equations as well as the balance model, guess and
check, and the model in the investigation above. This method uses a flow chart that shows the
steps involved on the left-hand side of an equation using arrows between a line of boxes. The
variable is shown in the first box. The answer from the right-hand side of the equation is shown in
the last box. The boxes in-between are for the numbers that result from each operation. The
operations are shown above the arrows between the boxes.

Example 24

Write the equation 3d + 5 = 20 as a flow chart.

Solution

Werite the equation. 3d+5=20

Make all operations obvious. 3Xd+5=20

Show the amounts as boxes and operations as arrows. X3, 25,

A flow chart is used to solve an equation by moving backwards along the boxes (backtracking) .
from the right-hand side to the beginning. At each step, the operation is ‘undone’ by doing the

opposite operation. We call the opposite operation the inverse operation. WKMNA070003
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Solving equations

PSMNA070006

Example 25

Solve the equation 3d + 5 = 20 using backtracking on a flow chart.

Solution

Draw the flow chart.

Put in the inverse operations.

Apply the inverse operations, one step at a time.
Go all the way to the start.

State the result.

[0 )
(][] = [
5]+ [5] < [

d =5 is a solution to 3d + 5 = 20.

When you find what you think is a solution to an equation, you should always check to see if it
works. Do this by putting the value back into the equation. If the LHS = RHS, the value is a
solution. In Example 25, if you substitute 5 in for d on the LHS, you have:

3d+5=3X5+5

=20

This means that d = 5 is a solution to the equation 34 + 5 = 20.
Sometimes you will need to swap the left- and right-hand sides and/or make the operations in
the equation more obvious before you begin backtracking.

Example ¥°26

Use backtracking to solve the following equations.
a 19=4y — 17
b 30=502¢—4)
3r—38
c
2
Solution

a Swap the LHS and RHS of the equation to
get the variable on the LHS.

=11

Make all operations obvious.

Werite the equation as a flow chart.
Apply the inverse operations.
Begin at the final result and backtrack.

State the result.

b Swap the LHS and RHS of the equation to
get the variable on the LHS.

4y —17=19

4Xy—-17=19

O] ]~ [s9]
x 4 -17

(o] -] - 9]

y=9

5(2e¢—4) =30
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Show all operations. 5X(2Xe—4) =30
Express the equation as a flow chart. x2, |:| 4, |:| X5,
) ) x 2 -4 x5
Apply the inverse operations. 42_' |:| 44_' 45_'
-+ + -
Begin at the result and backtrack. - ~ IE' -~
+ + +
State the result. e=5
3r—8
c =11
2
Show all operations. BXxr—8) +2=11
Express the rule as a flow chart. X3, -8, |:| 22,
) . x 3 -8 +2
Apply the inverse operations. 43_' 48_' 42_'
+ + X
Begin at the result and backtrack. - -~ T E
= + X
State the result. r=10

The modelling method using paper coloured on both sides and the backtracking method both
use inverse operations to find the solution to an equation. This is the formal method of solving
equations where the left-hand side is a linear rule (like x + 3 or 6x +5, which produce linear
number patterns if we input x = 1,2, 3, 4, ...).

Rules for solving equations using inverse operations

1. What is done to one side must be done to the other.
2. To ‘undo’ or cancel an operation, apply its inverse.
3. Keep the equals signs underneath each other.

Example © 27
VTMNAQ70001

Solve each of these equations using inverse operations.

a x+3=12

b y—4=8

Solution

a Write down the equation. x+3=12
Undo ‘+ 3’ by applying ‘— 3. x+3-3=12-3
Evaluate both sides. x+0=9
State the result. x=9
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b Write down the equation. y—4=8
Undo ‘— 4’ by applying ‘+ 4. y—4+4=8+4
Evaluate both sides. y+0=12
State the result. y=12

Example © 28

Solve each of these equations using inverse operations.
a 2a=14

b
b §75

Solution
a Write down the equation. 22.=14

2a means 2 X a. We need to undo ‘multiplication by 2’.

Undo ‘X 2’ by applying ‘= 2’. 20+2=14+2
. . . 22 14
Rewrite using fractions. — ==
2 2
Evaluate both sides and state the result. a=17
b Write down the equation. g =5
g means b + 3. We need to undo ‘division by 3’.
b
Undo ‘= 3’ by applying ‘X 3. 3 X3=5X3
Evaluate both sides and state the result. b=15

If there is more than one operation, you should do the inverse operations in the opposite order to
the normal order of operations.

Example © 29

Solve the following equations using inverse operations.

a 6m+5=47 b 16 =4(5y — 11) c 7/9;14:14

Solution

a Write down the equation showing all operations. 6 Xm+5=47
Undo the ‘+ 5’ by subtracting 5 from both sides. 6Xm+5—-5=47-5
Simplify. 6 X m=42
Undo the X 6’ by dividing both sides by 6. 6Xm+6=42+6
Simplify. m=17

Check as: 6 7 @8 —» 6x7+45 uz
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b Rearrange the equation. 4(5y — 11) =16

Show all operations. 4X (5Xxy—11) =16
X X y—11 1
Undo the ‘X 4’ by dividing both sides by 4. AXG 4/)’ ) = 76
Simplify. 5%y —11=4
Undo the ‘— 11’ by adding 11 to both sides. 5Xy—11+11=4+11
Simplify. 5Xy=15
Undo the ‘X 5’ by dividing both sides by 5. 5 =
Simplify. y=3
Chekas @@ ED > ED ! EPDEBD —  |usxan 16
Xh—1
¢ Write down the equation showing all operations. 73—4 =14
Xh—1

Undo the ‘= 3’ by multiplying both sides by 3. 7”3—4 X3 =143
Simplify. 7Xbh— 14 =42
Undo the ‘— 14’ by adding 14 to both sides. TXhb—14+14=42+ 14
Simplify. 7Xbh=56
Undo the ‘X 7’ by dividing both sides by 7. TXbh+7=56~+17
Simplify. h=28

Checkoas: ()7 ED - EGD @D ED > EB — | 7x6-1u):3 |

When equations involve brackets, it is often easier to expand the brackets using the distributive
law before solving the equation.

Example 30
HSMNAO071022

Solve the following equations.
a 3(f—7)=24
b 52¢g+1)+8=33

Solution

a Write down the equation. 3(f—7) =24
Expand the brackets. 3f—-21=24
Undo the ‘— 21’ by adding 21 to both sides. 3f—21+21=24+21
Simplify. 3f=45
Undo the ‘X 3’ by dividing both sides by 3. 3f+3=45+3
Simplify. f=15
Check as: 3 5y - W [EXE ] - | 3(15-7) 2y
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b Write down the equation. 52¢+1) +8=33
Expand the brackets. 10g +5+8 =33
Simplify. 10¢ + 13 = 33
Undo the ‘13’ by subtracting 13 from both sides. 10g+13 - 13=33 — 13
Simplify. 10¢ = 20
Undo the ‘X 10’ by dividing both sides by 10. 10g ~ 10 =20 + 10
Simplify. g=2

Checkas: S ({2 ED 2 ED @D EDEBD —  [sioxe+nss 33|

— Exercise 6.4 Solving equations
Xtra questions

For questions 1 to 6, the masses shown on the balances are in kilograms. All parcels marked as ?’
EQMNA070004  in any one question are of equal mass. Find the masses of these parcels.

Understanding 1 2

b
’-’ An

N
-}
B
B
=
B
‘H
o
‘ﬂ
®

\»
)
[~ |
[~]
=
N
H
[E
~
o
N | N

70 123

N)

N

N)
|~ |

N

N)

©®

N
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6 a b |_|
2022 2
2|9 d e 18 WSMNA070004

B

Worked solutions
Exercise 6.4

For question 7 to 9, the level balance has been replaced by an equals sign. Find the masses of the
parcels marked ?’.

7 a [ b
0B E -
; g
8 a M l b
B .
p=sail ,_,
? ?21=1?1?
- :
?
ll ’
l K2 g
ki m
10 Find the value of the variable that makes the following equations true. See Example 23
a d+1=7 b 3+m=14 c a—3=10 d 6—c=2
e 3e=15 f 1}[—2=4 o s+25=9 h 15— ;=10
i 8¢=16 j g—6=8 k 54+/=12 I 3k=15
m 5x — 2x = 18 0 a4 da=25 0133= p 32—z=8
11 Is the number in brackets a solution to the equation (yes or no)? Fluency
a a+4=70) b m—6=3(09) c 15—n=70) See Examole 22
d f+4=11(6) e 10— g=6() f 2h+3=17(6) P
¢ 3d—4=11(5) h 2b+3=17(7) i 8—47=16()
i 114+c=74)
12 Write the following equations as flow charts, rearranging if necessary. See Example 24
a 3hb+4=19 b 5y-7=13 ¢ 271=Tu+6
-8
d5=6/—13 ¢ @:4 £ I’T:u

13 Solve each of the equations in question 12 by backtracking the flow charts you formed.
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See Example 25 14 Put in the inverse operations for each of the following flow charts.

ax—3>|:|_—8> bx_5, +_12,
¢ ;Z.D‘_g. d+_4.D+_11.
e X_“.D‘_“LD;E’. f+_3.D+_7.D*_2.

15 Solve each of the flow charts in question 14 by backtracking.

See Example 26 16 Use flow charts and backtracking to solve the following equations.

a 2d+6=22 b 3k—17 =13 e Las=12
Worked solutions 3

WSMNA070004 ) 4][ —9
o Tn+ 11 =60 h 48 = 6e — 12 P
17 Give the inverses of the following operations.
a  Walk in the door. b Pick up a book. c Add3.
d Subtract 2. e Look up. f Multiply by 7.
g Divide by 3. h Fall down. i Take off from the airstrip.

j  Put on ahat.

18 Copy and complete the following.

a 7—-0=0 b O-4=0 c 8+-0=1 d%XDZI
e 12-0=0 f 11 x0O=1 g 2+-0=1 hs-0=0
i O—d=0 i mxO=1
19 What must be done to each expression to get 4 by itself?
a b—6 b 8b c b+5 d b+3
e bX10 f 745 g% h b—12
i b+a j bXc
20 Copy and complete the following.
a d+3— =d b dx4+ =d c d—4 =d
d 3d = e 4+d =d f d+7 =d
d 1 . B
i 4 4
m

21 Solve these equations by using the instructions given.
a x -+ 14 = 20 (Subtract 14 from both sides.) b y —7 =4 (Add 7 to both sides.)

¢ 3w = 12 (Divide both sides by 3.) d % = 3 (Multiply both sides by 12.)
e 9+ d =17 (Subtract 9 from both sides.) f g+ 12 = 6 (Multiply both sides by 12.)
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22 Copy and complete the following.

a a+5=14 b 6b=18
a+5-[ |=14-] 60=18
o= ] HEN
b=[]
c d-12=21 d i:13
5
d-12+ |=21+ f _
I:l I:l 7x|:|_13x|:|
d:|:| le:l
23 Solve these equations by using inverse operations. See Examples 27, 28
a 5p=35 b x—10=8 c %: ds+4=5
e d—5=6 f 8f/=32 g y—13= h b+4=12
i pXT7=49 i 36Xg=72 k a— 14 =20 1 1/9—2=7
m 9/ =81 n 94+ f=17 o g:

For questions 24 and 25 below, [ ] indicates that one or more numbers and/or operations need to
be completed.

24 Use inverse operations to complete the following steps for solving each equation.

a 3h+4=22 b 5m+3=28 c 2p-4=12
3h+4[ |=22[ ] sm+3[ =28 | 2p-4[_J=12[]
3p [ sm - L] 2 _[]
h=[] m=[_]
25 Use inverse operations to complete the following steps for solving each equation.
a c+4 b k+2 c r=>5
= —= =8
5 ’ 7 > 3
ct+4 k+2 r=>5
SIS B2 357
C+4:|:| k‘+2=|:| r—5=
C+4|:|:|:| k+2|:|:|:| r=>5 D:D
=[] e <[]
26 Solve these equations. See Example 29
a 7a+9 =30 b 3s+6=18 c 3y—1=
d 2x+3=15 e 3e—12=6 f 10p —2=98
g 4=3m—-2 h 5w—-8=2 i 59+ 14=289
j 2d-7=1 k 44=9+7x I 10+4m =34
m 57 — 14 =16 n 5h+7=42 o 3c—8=16
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See Example 30 27 Solve these equations by first using the distributive law.

a 2a+1)=6 b 4(b+3)=12 c 3(c—4)=27
d 3(f—10) =18 e 4(2g+3) =136 f 42=0603h-2)
g 5B3k£+2)=25 h 82/—1) =064 i 2m+3)—-7=19

Problem solving 28 Find the value of the variable in each of the following.
x is the number of eggs in a dozen.

1

o

y is the number of wheels on a car.

¢ pis the number of runs in a century in cricket.

d 2 is the number of days in a week.

e ris the number of letters in the English alphabet.
f ¢ is the number of points for a goal in netball.

g tis the number of cards in a pack without jokers.

See Example 20 29 For each of the following, write an equation that shows the information.
a When 6 is added to a number, the answer is 11.

o

When a number is reduced by 7, the result is 8.

¢ Three times a number is 12.

d Half a number is 9.

e When a number is doubled, the result is 16.

£ Multiply a number by 3 and add 1. The result is 10.

¢ Multiply a number by 4 and subtract 5. The result is 19.

30 Work out the number in each case in question 29.

Reasoning 31 Write each of the following as an equation and solve using inverse operations.
a The sum of a number and eight is 6.

b The product of a number and 7 is 42.

The difference between a number and ten is 3.

[¢]

[T

The quotient of a number and 5 is 35.

e The sum of double a number and 7 is 29.

e e 32 Write each of the following as an equation and solve using inverse operations.
Exercise 6.4 a Three times the sum of a number and 5 is 36.

WSMNAG70004 b The difference between seven times a number and 5 is 51.

¢ The quotient of the sum of eight and a number and nine is 4.
d The product of 4 and the sum of twice a number and 3 is 96.
The sum of a third of a number and 20 is 2.

(¢}
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Chapter 6 summary

® A number pattern consists of terms. The term number shows which term it is; the second, iz
third and fifth terms of 4, 7, 10, 13, 16, 19, 25, ... are 7, 10 and 16 respectively. Ermreetonay

e The rule for a number pattern is written with the term number as the input and the term as equations
the output number. A number pattern can be written as a table with the input numbers in the QZMNA070001

first row and the output numbers in the second row.

e A variable (pronumeral or unknown) is a letter or symbol that stands for a number. The rule

for a number pattern can be written with a variable for the term number. algebrahelp

e A linear number pattern goes up or down by the same amount from one term to the next.

e Addition and multiplication are both commutative: when two numbers are added or
subtracted, the order makes no difference, soa + b = b +aand a X b = b X afor any
numbers.

e Addition and multiplication are both associative. When the operation is performed on three
numbers, it does not matter which pair is done first, soa + b +c= (@ +b) +c=a + (b + ¢
anda X b X c=(a X b) X c=a X (b X ¢) for any three numbers.

e The commutative and associative properties are called laws because they work for all numbers.

® The distributive law states that the product of the sum (or difference) of two numbers with
another number is the same as the sum (or difference) of the products of that number with
each one separately. This can be written in symbols as:

aX(b+c)=aXb+aXc and aX (b—c)=aXb—-aXec.

e The removal of brackets using the distributive law is called expanding brackets.
® An arithmetic expression has numbers connected by arithmetic operations such as — and X.

® An algebraic expression includes variables. Replacement of the variables by values is called
substitution.

® A constant is a number in an algebraic expression. The numbers that are multiplied by the
variables are called coefficients, the parts separated from the rest by + or — are called terms,
and a number on its own is called a constant term.

e If an algebraic expression contains terms with exactly the same variables, we call these like
terms. Like terms can be added or subtracted to simplify the expression.

® An equation is a mathematical sentence. It has an equals sign with expressions on both sides.
The expressions can be arithmetic or algebraic.

e Calculation of the answer to an expression is called evaluation of the expression.

e A solution of an algebraic equation is a value of the variable that makes the equation true. A
solution makes the left-hand side (LHS) equal to the right-hand side (RHS).

e The process of finding the solution to an equation is called solving an equation.

e The ‘guess and check’ (trial and error) method of solving equations involves the evaluation of
both sides of the equation with different values of the variable until a solution is found.

® An equation with only a number on the right-hand side can be shown as a flow chart. The
operations are shown in the correct order on arrows between boxes that contain the values at
each step. The variable is shown in the first box and the right-hand side value is in the last box.

e The backtracking method solves an equation by working backwards on a flow chart.

* Inverse operations are opposites. The inverse of X is = and the inverse of — is +. They can be
used to solve an equation by isolating the variable on the left-hand side.
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Chapter 6 review

Understanding 1

See Example 1

See Example 2 2

Expressions and
equations

WKMNAO070004 3
See Example 3

SeeExample 14 4
See Example 15 5

SeeExamples 4,5 6

See Examples 8,9 7

See Example 15 8
9

See Examples 17, 18 10

See Example 21 11

SeeExample22 12

Werite a rule in words for each of the following number patterns and work out the indicated
term.

a 3,8,13,18,23, ..., 12th term b 7,11, 15,19, ..., 20th term

Werite a rule in words for each of the following number patterns.
a | Input 1 2 3 4 5
QOutput 5 9 13 17 21

b | Input 3 4 5 6 7
Output 7 10 13 16 19

For the number pattern 3, 9, 15, 21, 27, ...
a write a rule using a box (CJ) for the term number
b work out the 11th term.

What is the coefficient of ~3x%z?
How many terms are in the expression ~3x —5y + 8 + z?

For the number pattern 4, 10, 16, 22, 28, ... use the variable # to write the rule and
find the 15th term.

Work out these problems in your head.
a 20X 123 X5 b 16 +28 + 12 + 34

How many terms are there in the expression 3(2x + 5y) — 3z + 2?
What are the like terms in the set 3p, 3¢, 5pg, ~2p, 64?

Simplify each of the following:
a 7e+5e b 3k —2m+ 6m+4k—1

For this question, the masses shown on the balances are in kilograms. For each part, all masses
marked with ? are the same. Find the masses of the parcels marked.

2
A

d
IEI

Is the number in brackets a solution to the equation (yes or no)?
a k+8=15(7) b 6h=18 (4)

RO BEO N BES N BRI BN
[~]
1
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13

14

15

16

17

18

19

20

21

22

23

24
25

26
27

Find the values of the variables that make each of the following equations true.

a t+ 14 =27 b 4u =36
Werite the following equations as flow charts. Lo 11
a 4p +8=27 b _T =7

Insert inverse operations on each of the following flow charts.
* p]=-O b [0

Use flow charts and backtracking to solve the following equations.

a 2h+5=17 b 4m—14 =18 c§+3=7 d

For the number pattern 44, 41, 38, 35, 33, ... use the variable 7 to write the rule and find the
20th term.

Werite rules in symbols for the following tables of inputs and outputs.
alf [ 1] 2] 3] 4] 5] 6
b 2 9 16 23 30 37

blm | 1 | 2 | 3 | 4 | 5 | 6
P 99 | 95 | 91 | 8 | 8 | 79

Expand the brackets and simplify each of the following:

a 5d+98) b 6(2h —3p)
Simplify each of the following:
a 7€ —S5e+¢& —2e b 6x+5y—-3+y+8—-7y—9%
Simplify each of the following: >

_ 1807
a3x X 5y b 24pgr@ =+ 6pr c :

24712

Solve these equations using inverse operations. .
a 9g+5=41 b 7”—5:11
Solve these equations by first using the distributive law.
a 3(m+2)=15 b 23w —11) =20

Peter says 5, 8, 11, 14, 17°. What would be the 10th number he says?

A life raft has 75 litres of water on board. Each person on the life raft drinks 1.8 litres of water
each day. There are 4 people on the life raft. How much water is left after 4 days? How long
will the water last?

Write down and explain a shortcut for working out 171 X 99.

David was paid $34 for every ten books he sold at a bookshop. On Tuesday he sold 180, on
Wednesday 60 and on Thursday 120. Explain how to use a mathematical law to work out
how much he was paid.

9780170194457

See Example 23

See Example 24

See Example 25

See Example 26

Fluency

See Examples 12, 13

See Examples 27-29

See Example 30

Problem solving




Reasoning

28

29

30

32
33
34

Write expressions for:
a the difference between 9 and ¢ b the product of fand 7 less than 40
¢ the number of men and women at a wedding.

Write each of the following as an equation and solve to find the number.
a The sum of a number and 7 is 20.
b The difference between triple a number and 8 is 7.

Werite a formula to find the total number of seconds, #, in 7z minutes and s seconds. Use your
formula to find the total number of seconds in 3 minutes 21 seconds.

The daily hiring cost of a pneumatic drill is a linear rule of the number of days. It costs $59 to
hire for 2 days and $95 to hire for 5 days. How much would it cost for 11 days?

Expand and simplify —(6x — 5).
Work out a rule for multiplying a two-digit number by 201 and explain the rule.

Werite each of the following as an equation and solve using inverse operations.
a The quotient of a number and 5 is ~3.
b The product of a number and 3 is 5 less than 29.
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Chapter 6

Exercise 6.1 Exercise 6.2
1a 1 There are many shortcuts possible. Only one is
shown for each part.
Number of 2l s lals | g a 20 X 500 X 154 = 1 540 000
tablei(t) - b 80 X 12.5 X 136 = 136 000
Number o c 75 X 40 X 234 =702 000
guests () | > 8 111417720 d 1317443437 +73 + 68+ 90 =331
. e 88 +52 +24 +46 + 25 + 64 + 59 =358
lc) zr:nc;r;thmanfztlmes the number of tables. £ 3427 474486450 492 4 22 — 354
d 20 people g 79+61+32+4+38+22+28+420+ 67 =347
e 12 tables h 8 4+77+16+84+17+34+88420=419
X ber olus 5 20 i 72 +68+45+45+ 40+ 11 + 67 + 35 =383
2 a The term number plus 5;
b 4 times the term nEmber; 84 2a 14300+ 143 =14 443
. ) b 15200 — 152 = 15 048
¢ 5 more than twice the term number; 23
d 21 minus the term number; 10 ¢ 32700 + 654 = 33 354
e 9 more than three times the term number; 45 d 68000 — 68 = 67 932
f 14 minus three times the term number; 16 e 10500 +70 = 10570
f 24700 ~2 — 247 =12 103
3 a Five times the term number g 560 — 28 =532
b 2 less than the term number h 8440 + 422 = 8862
¢ 2 more than 3 times the term number i 1002000 — 1002 =99 198
d 1 more than double the term number
e 3 less than double the term number 3a3a+6 b 2h+4
f 1 more than four times the term number ¢ 2m+6 d dx +24
e 4x-8 f 3m-21
4a3x0 b 24 g 8k-24 h 5y-25
5a 5X0-3 b 27 4a 8m+12 b 7a+7b
e A B b 43 ¢ 24p + 60 d 50+ 10
e 18x + 24 f 24m + 121
7a 3n+14;44 b 2n—1;15 g 40p + 20g h 6a+ 125
c 4n —3;45 d 20 — 2%, 720
e 4n — 7,49 f 7 —3m 20 5 Use the distributive law in reverse to add the hours
first,s0 12 X (3 +5 + 4 4 3) = $180.
P BT kmis  dhaxbia SR Dro6 b7 e 2
e s=3Xr41 f be2Xag_2 d 56420 e 24+ 4y f 794—36
g k-3 h —m+2 i 6+ 12x
9 53 j 12m—15 k "15y + 30 I 4+ 7x
10 16 7 a 4900 + 147 = 5047
b 104 000 — 104 = 103 896
LI e 29) dhasa ¢ 20500 + 2 + 205 = 10 455
12 $6.80 d 458 000 + 916 = 458 916
e 7340 + 734 = 8074
f 7500 + 750 + 75 = 8325
8 Show your steps to your neighbour.
a 2m—2p b 21f— 14g
c 12m — 20 d 15m — 15

9780170194457



Answers

e 18x — 24 f 3 -3k
g 12 —-18p h 20 — 20m

9 Use 11x = 10x + x. Add the number to ten times
itself.
For example, 11 X 86 = 10 X 86 + 86 = 860 +
86 = 946.

10 Use 99x = 100x — x. Subtract the number from
100 times itself. For example, 99 X 86 = 100 X
86 — 86 = 8600 — 86 = 8514.

Exercise 6.3
1a5 b 7 c 6
d 2 e 12 f 1
g 1 h =5 i 16
j 1 k —892 1 412
m 6 n 1 o7
1 % r i
2 13 4
2a 2 b 3 c 1
d 3 e 2 f 3
g 1 h 2 i3
j 3 k 4 1 2
m 1 n 2 o 2
p1 q3 r 3
3 a 3xand 16x b 2w and 5mw
¢ 2w and 23w d 2pand 5p
e 3x% and ¥ f 4mn, 2nm and mn
g x°y and 4x%y h 7,9 and 2
4a Tm b 114 c 7ab
d 7mn e 2xy f 9abc
5a 2m b 54 c Smk
d 33abc e 32fg f 19mn
6a 4m b 3a ¢ 15x
d 9f e 95 £ 7mn
g 2pq h 9abc i 0
7a 8+ 10 b 8+ 4
¢ 7mn+ 10f d 46+ 8
e 40xy + 6ab f 15—~
8a 9Im b 4k +2
c 16mx d 54+9
e 6/ + 10g f 12y +5x
g 10p h 4+5¢9
i 3abc

38

b 5w — 4u
d 2 — 14p
f 48 +5d + 24d°

9a 10y —Sx
¢ x — 5%y + 4xy?
e 3ab — 2bc — 4abc

10 a 67 b 55¢° c 108f?
d 72gh e 120mmn f 844°
g 84x h 3077 i 4
i 3y k 3p 1~
2m
-1
m 4pg n 637 v
7t
P 55 q 120m° r “4adgh’
3s
S ¢ 22
5tm? 3m N 1
11a 2Nor2 X N bN+20r§or§N
N 1
¢ 3Nor3 X N dN+4orZorZN

e N+100rﬁoriN f

10 10 N+1
g 5Nor5 X N h N+21
i N-10 i N+2
k N+3 I N°orN.N
m VN
12a A+B b A+B+C
¢c B-C d AC
e ABC fA+Bor%
A+B o C
13a 16 b 18 c 2
d 24 e 9 f 3
g 8 h%orOS
14a 3+ A b B-3
c C+5 d D+8o0r8+D
e E-3 f X-F
g A+B+W hm+mor%
i R? | A+B) <20 tB
15a B+ G b 2 X Nor2N
c T-X d 2N
M
eM+30r? f A+2B
16 No, it makes no difference at all.
17 C
18 a m = 100M bdz%ord:/o+24
c c=[+15
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19 a 7 = 140 mm

b d =3 days

¢c ¢c=915cm

142 Fle=+=[]

20 a C:LI;BZ) b 10°C c 25°C
x5
= .
Exercise 6.4
= 2 -9
1a 6kg b 10kg °;2—'D:9—'
2a 11kg b 23 kg d
3a l4kg b 24 kg . .
4a 23k b 36k
i i =
5a l4kg b 16kg +16
6a 12kg b 20 kg f. .
7a 4kg b 15 kg
15 a /9—3 bSZZ c bh=28
8a 27kg b 21kg d k=16 e M=9 f /=12
Vo il b 15l 16a d=8 b £=10 ¢ r=21
10a 6 b 11 ¢ 13 d m=5 e x=17 f g=17
d 4 e 5 £ 3 g n=7 h e=10 i f=12
g3 h 5 i 2
D 14 k7 15 17 a Walk out the door b Put down a book
]mé n s 0 27 ¢ Subtract 3 d Add2
4 e Look down f Divide by 7
- g Multiply by 3 h Getup
il o Yes b Ves ¢ No i Land on the airstrip j Take off a hat
d No e Yes f No
g Yes h Yes i No o 7=7=0 b;‘_4:0
j No c 8+8=1 de4:1
1
lZa. e 12—-12=0 f 11><ﬁ:1
g2+2=1 ha—a=0
b[y] =~ i d—d=0 i =1
. |:| . 19 a Add6 b Divide by 8
¢ Subtract 5 d Multiply by 3
— x6 -13 e Divide by 10 f Subtract 7
d g Multiply by 4 h Add 12
e s i Subtract « j Divide by ¢
elz]—» 2[4
20a d+3-3=4d bdXx4+4=4d
c d—4+4+4=4d d3d+3=d
A== e dtd—4=d fd+7x7=d
13a h=>5 b y=4 cu=3 giXB:d hd><1><2:d
dj=3 e k=14 f p=41 13 2
i d+a—a=d i —Xm=d
m
21a x=6 b y=11 c w=+4
d m=36 e d=38 f ¢g=72
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Answers

2a a+5=14 b 6b=18
4+5-5=14-5 6b 18
4= 9 6 6
b=3
c d—12=21 d j;ZB
d—12+4+12=21+12 I
J—33 ?x7:13><7
f=91
Bap=7 b x=18 ¢ H=2
g y=20 h =48 i p=7
i g=2 k a=34 I h=284
m/:=9 n f=38 0 u=064
24 a 3h+4=22 b Sm+3=28
3h+4—4=22—4 Sm+3—-3=28-3
3h_18 2
3 3 5 5
h=6 m=>5
¢ 2p—4=12
p—4+4=12+4
2p_16
2 2
p=28
25 a c+4 b k+2
5 0 7
‘;’4><5:3><5 k%zw:sw
c+4=15 k+2=35
c+4—-4=15-4 k+2-2=35-2
c=11 k=33
© T2 3-_8x3
r—5=24
r—545=24+5
r=29
26a a=3 b s=4 cy=3
d x:é € €:6 f p—lO
g m=2 h w=2 i y=15
j d=4 k x=5 I m=6
m#n=>56 nb=7 oc=8
273 a=2 b b=0 G G=
g k=1 h j=45 i m=10

40

28 a 12 b 4 c 100
d 7 e 26 f 1
g 52

29a 6+0=11lor6+x=11
bO-7=80orx—7=38
c OOX3=120rx X3 =12

1 1
e 0X2=160rx X2=16
f 3XxO)+4+1=100r(3Xx)+1=10
g (OX4)—5=190r(x X4) —5=19

30a 5 b 15 c 4
d 18 e 8 f 3
g 6

31la x+8=6; 2 b 7x=42;6
¢ n—10=13;13 d§:35,175
e 2x+7=29;11

32a 3(x+5) =367
b 7x —5=51;8
¢ 78 408

> 1
d 4Q2m + 3) = 96; 105

e %—1—20:2; 54

Chapter review

1 a 2 less than 5 times the term number; 58
b 3 more than four times the term number; 83

2 a 1 more than 4 times the term number
b 2 less than 3 times the term number

3a 600-3 b 63
473
54
6 61 — 2; 88
7a 12300 b 90
853
9 3p and “2p; 3g and 64
10 a 12¢ b 7k+4m —1
11a 16kg b 5kg
¢ 9kg d 14kg
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12 a Yes b No

13a =13 b u=9

1421’(_4>|:|+_8>
._’D_’.
15 a
Bl O

+6 + 11
b—><x_|:|—>f_ 17
16 2 [5=e] =[] ===
b (5] =
[n=8]=—= l+l4
c :20+_5,+_3>
5 T3
7] == 1] ==
=3 +5 X 2

17 47 — 3n; 13

18a h=7f-5 b p=103 —4m
19 a 54+ 40 b 125 — 18p
20a 87 —7e b 6x—y—92+5
21 a 15xy b 447

2

4v

22a g=4 bp=6
23a m=3 b w=7
24 32

25 46.2 L; 10 days (with 3 L left)
26 17 100 — 171 = 16 929

27 34 X (180 + 60 + 120) +~ 10 = $1224 (Distributive

law in reverse)

28a 9—¢
b 40 — 7for 140 — 7)

c m—+w

29a n+7=20;n=13
b3x—-8=7;x=5

9780170194457

30 1 = 602 + 5; 201
31 $167
325 — 6x

33 Use 201x = 200x + x to get ‘double the number,
put two zeros on the end and then add the number
again’.

34 a ?:’3; m="15
b 3x+5=29%x=38
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