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TIXEERl Overview

Why learn this?

Positive integers are whole numbers. We use positive
integers every day. Addition, subtraction, multiplication
and division of positive integers are the building blocks
of Mathematics.

When you count the number of runs you make in a game
of cricket, you are using integers. When you add your
runs to the runs your teammates scored, the total number
of runs will be a positive integer. This result is found by
the addition of integers.

Many daily activities depend on knowing how to answer
simple questions like, “When you went for that walk,
how far did you go?’ or ‘How many people live in your
house?’

ISOMIEN

Every day we see integers displayed on screens — for
example when we look at the weather forecast or check
our unread messages. We normally don’t even think
about integers — they are just the numbers we see all
around us.

Understanding integers and their addition, subtraction, multiplication and division is important for everyday
life and work. Many jobs, including hospitality, banking, construction, design, engineering, nursing, teaching,
finance and medicine all require an understanding of the use of integers.

Hey students! Bring these pages to life online

Watch Engage with Ask questions
videos interactivities and check solutions

Find all this and MORE in jacPLUS (C)

jacTUTOR, your Extra learning

personal Al tutor— resources
here to help when LESSON 25
you’re stuck! Ask Subtracting integers
it anything. LEARNING INTENTION
.:n::»:r;— o Differentiated
et g et e question sets

@ 2.5.1 Subtraction of integers

Questions with
immediate
feedback, and fully
worked solutions
to help students
get unstuck.

Reading content
and rich media,
including
interactivities and
videos for every
concept
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Exercise 1.1 Pre-test learn

1. I Choose the largest of the following numbers.
A. 5656 B. 5665 C. 5566 D. 5666

2. State how many three-digit numbers you can make from the digits 6, 9 and 1 if you are allowed to
repeat digits.

3. Calculate the following additions.
a. 1366 +948 +97
b. 6544937423 + 68941
c. 3085+ 38 420389 + 3000 + 235

4. Calculate the following subtractions.
a. 987 — 365 b. 9432 — 2175 c. 3001 — 1739

5. Calculate the following using a mental strategy.
2X8X6XS

6. Evaluate the following.

31248

7. A large chicken farm sorts its eggs into cartons of 12 eggs. If they have 3852 eggs to sort, calculate the
number of complete cartons that can be sorted.

8. A landscape gardener charges an initial fee of $165, plus $52 per hour. Determine how much the
landscape gardener will charge for a job that takes 35 hours if a customer has taken advantage of a
special offer of $120 off the total.

9. If an order was made for 25 boxes of Fanta and each box contains 24 cans, use factors to calculate the
total amount of cans.

10. Round 32 895 to the first digit.

11. Calculate the following.
a.48+4 b. 168 =8 c. 625 +25

12. Complete each statement by placing <, > or = in the empty box so that the statement is true.
a.2x4[18x2 b. 162018 c.16x20132=+8

13. Evaluate the following.
a.7x6+3+7 b.3X8+6+4 c.7+[66—(5X5)]x3

14. Evaluate the following using long division.
a. 2752+ 16 b. 7548 =17 c. 493521

15. Aziz takes 3 minutes to complete one lap of a running course, while Jani takes 4 minutes to complete
one lap. Not counting the start of the race, determine when Aziz will next be running beside Jani.

TOPIC 1 Positive integers 3



KPP Place value

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand that the value of each digit in a number depends on its position or place value.

1.2.1 Place value

e Numbers are made up of the digits 0, 1,2,3,4,5,6,7,8 and 9.
e The position of a digit in a number gives a different value to the digit. The table below shows the value of
the digit 6 in some different numbers.

Number Name of number Value of the digit 6
16 Sixteen 6
3562 Three thousand, five hundred and sixty-two 60
18634 Eighteen thousand, six hundred and thirty-four 600

e Each position in a number has its own place value. The number 59 376 can be represented in a place value
table as shown.

Ten thousands Thousands Hundreds Tens Ones
5 9 3 7 6

WORKED EXAMPLE 1 Expanded form

Write 59 376 in expanded form.

THINK WRITE

1. 59376 is the same as 5 ten
thousands, 9 thousands, 3
hundreds, 7 tens and 6 ones.

2. Multiply each of the digits by 59376 =5x 1000049 X% 1000 +3x 100+ 7 X 10+ 6 X 1
its place value.

3. Perform each of the = 50000+ 9000 + 300+ 70+ 6
multiplications to show how
the expanded form is written.

Ten thousands Thousands Hundreds | Tens | Ones
5 9 3 7 6

Place-holding zeros

e On 17 March 2025 the Australian Bureau of Statistics’ population clock estimated Australia’s population to
be 26 974 026. In a place value table, this number appears as follows.

Ten Hundred Ten
millions | Millions thousands thousands Thousands Hundreds | Tens | Ones
2 6 9 7 4 0 2 6

4 Jacaranda Maths Quest 7



e The zero (0) in the place value table means that there are no hundreds. The zero must be written to hold
the place value, otherwise, the number would be written as 2 697 426 and would no longer have the
same value.

Reading numbers

¢ To make numbers easier to read and name, they are written in groups of three digits with a space between
each group. The only exception to this rule is that four-digit numbers are usually written as a group of
four digits.

Number Name of number
4357 Four thousand, three hundred and fifty-seven
12345 Twelve thousand, three hundred and forty-five
102345 | One hundred and two thousand, three hundred and forty-five

123456789 One hundred and twenty-three million, four hundred and fifty-six thousand, seven
hundred and eighty-nine

» 1.2.2 Ordering and comparing numbers

e Numbers in ascending order are placed from smallest to
largest, starting on the left. The numbers, 1, 25, 192, 908 11 1 5
and 1115 are in ascending order. 125 192 908
largest to smallest, starting on the left. The numbers 5 2 ‘34 105
8532, 934, 105, 53 and 5 are in descending order. 8 3 9 33 5

e Numbers are ordered according to their place values. For whole numbers, the number with the most digits
is the greatest in value because the first digit will have the highest place value.

e [f two numbers have the same number of digits, then the digits with the highest place value are compared.
If they are equal, the next highest place values are compared, and so on.

WORKED EXAMPLE 2 Ordering numbers

Write the following numbers in descending order.
858, 58, 85, 8588, 5888, 855

e Numbers in descending order are placed from

THINK WRITE
1. Write the numbers with the most digits. 8588 and 5888
2. There are two numbers with 4 digits. The number with the 8588, 5888

higher digit in the thousands column is larger. The other
number is placed second.

3. Compare the two numbers with 3 digits. Both have the same 858, 855
hundreds and tens values, so compare the value of the units.
4. Compare the two 2-digit numbers. 85,58
5. Write the answer. 8588, 5888, 858, 855, 85, 58

TOPIC 1 Positive integers 5



e The < symbol means is less than. The number sentence 3 <5 is
read from left to right. It is read as ‘three is less than five’.

e The > symbol means is greater than. The number sentence
5> 3 is also read from left to right. It is read as ‘five is greater
than three’.

° When comparing two numbers using the symbols < and >, think
of a crocodile’s mouth. To work out the correct symbol to place
between two numbers so the number sentence is correct, just
remember that the crocodile always wants to eat the bigger number.

WORKED EXAMPLE 3 Writing number sentences

Copy and complete the following number sentences by placing the < or > symbol in each box.

a. 5201160 b. 876414720
THINK WRITE
a. 1. Examine the two numbers and determine which number a. 160 is larger than 52.
is larger.
2. Recall that the symbols < and > are like a crocodile’s The crocodile opens its mouth to
mouth. eat the larger number.

To work out the correct symbol to place between 52 and 52 <160
160, remember that the crocodile always wants to eat the
larger number.
3. The correct number sentence should read ‘52 is less than 52 <160
160°.
Write the correct statement.
b. 1. Examine the two numbers and determine which number b. 8764 is larger than 4720.

is larger.

2. Recall that the symbols < and > are like a crocodile’s The crocodile opens its mouth to
mouth. eat the larger number.
To determine the correct symbol to be placed between 8764 > 4720

8764 and 4720, remember that the crocodile always
wants to eat the larger number.
3. The correct number sentence should read ‘8764 is 8764 > 4720
greater than 4720°.
Werite the correct statement.
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Exercise 1.2 Place value

learn

’ 1.2 Quick quiz ‘ 1.2 Exercise

Individual pathways

B PRACTISE B CONSOLIDATE
1,4,7,9,10, 13,16, 17, 19, 2,5,8,11, 14, 18, 20, 23, 26
22,25

Fluency

1. [IZW Write the following numbers in expanded form.
a. 925 b. 28469 c. 800002

2. Write the following numbers in words.
a. 765 b. 9105 c. 90450

3. Write each of the following as a numeral.

a. Four hundred and ninety-five
b. Two thousand, six hundred and seventy
c. One hundred and nine thousand, six hundred and five

4. Using words, write the value of the 4 in the distance to Yancannia.

g 68 " White i e i~
. ( 214 BW““?\

7//

galmon Gums
grass Patch

96
124
203

671

B MASTER
3,6,12, 15, 21, 24, 27

d. 1080100

d. 100236
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7.

8.

Using words, write the value of the 3 in the distance to Coober Pedy.

FCEIl STUART HWY

Glendambo 113
Coober Pedy 366
Cadney Park 517

Marla 597 |§
Alice Springs 1050 )@

5 MAJOR REST AREA
| LAKE HART 40

SREI NI

Using words, write the value of the 5 in the distance to Alice Springs.

Kulgera 178
Alice Springs 452

Understanding

9.

10.

11.

12.

13.

14.

15.

16.

17.

T Select the largest of the following numbers.
A. 4884 B. 4488 C. 4848

T Select the smallest of the following numbers.
A. 4884 B. 4488 C. 4848

A Write the following numbers in descending order.
8569, 742, 48987, 28, 647

Rearrange the following numbers so that they are in descending order.
47890, 58625, 72167, 12947, 32320

Organise the following numbers into descending order.
6477, 7647, 7476, 4776, 6747

Change the order of the following numbers to put them in descending order.
8088, 8800, 8080, 8808, 8008, 8880

Write the following numbers in ascending order.
58, 9, 743, 68247, 1258 647

Rearrange the following numbers in ascending order.
78 645, 58 610, 60000, 34 108, 84 364

Organise the following numbers in ascending order.
9201, 2910, 1902, 9021, 2019, 1290
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18. Change the order of the following numbers so that they are in ascending order.
211, 221, 212, 1112, 222, 111

19. IEA Copy and complete the following number sentences by placing the < or > symbol in each box.
a. 34501567 b. 89198 c. 234596123459 d. 7765017756

20. We can use the abbreviation K to represent $1000. For example, $50 000 can be written as $50K. Using this
rule, determine what amounts each of the following represent.

a. $6K b. $340K c. $58K
21. Write the following using K as an abbreviation, as shown in Question 20.

a. $430000 b. $7000 c. $800000
Reasoning

22. Determine the largest five-digit number you can write if each digit must be different and no digit may be
prime. Show your working.

23. A new mobile phone company is investigating the habits of phone users. From the following sample of
phone calls, determine the most common length of call. Start by rounding each call time to the nearest
half-minute (30 seconds).

1325 10s 43s 71s 243 s 52s
142s 332s 6s 38s 63s 32s
132 32s 43s 52s 352s 101s
124 s 28s 153s 10s 243 s 34s

24. Astronomers and other scientists use scientific notation when
working with very large or very small numbers. For example, the
‘astronomical unit’ (AU) is the average distance of the Earth from
the Sun; it is equal to150 million km or 1.5 x 10'* cm. Explain
why scientists use scientific notation.

Problem solving

25. Determine how many two-digit numbers you can make
using the digits 1 and 2 if:

a. you are not allowed to repeat any digits
b. you can repeat the digits.
26. Determine how many three-digit numbers you can make using the digits 1, 2 and 3 if:

a. you are not allowed to repeat any digits
b. you can repeat the digits.

Explain whether there is a relationship between the initial number of digits and the number of arrangements
when:

c. repetition is not allowed
d. repetition is allowed.

27. Without actually counting to one million, determine a way of estimating the time it would take to count out
loud from 0 to 1 000 000.
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Strategies for adding and subtracting positive
Integers

LEARNING INTENTION

At the end of this lesson you should be able to:
e add and subtract positive integers using mental strategies.

1.3.1 Mental strategies for addition

e Mental strategies for addition are different ways to add large numbers or integers in your head,
without a calculator.

Jump strategy for addition
e The jump strategy for addition involves breaking the number being added into smaller parts.

For example:

535+87=
Break 87 into 80 and 7.
535+80=615
615+7=622

+ 80

/\H
s

510 520 séoTsio 550 560 570 580 590 600 6i0T6i0\63’0 640
535 615 622

Split strategy for addition

e The split strategy for addition involves splitting both numbers being added into their expanded forms and
then adding the parts that have the same place value.

For example:
165 +432 =

Split 165 into 1 hundred, 6 tens and 5 ones: 165 =100+ 60+ 5
Split 432 into 4 hundreds, 3 tens and 2 ones: 432 =400 + 30 + 2

1654432 =100+ 60+ 5+400+30+2
=100+400+60+30+5+2
=500+90+7
=597
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WORKED EXAMPLE 4 Using mental strategies to add numbers

a. Calculate 514 + 88 using the jump strategy.
b. Calculate 759 + 412 using the split strategy.

THINK WRITE
a. 1. Write the question. 514 4+ 88
2. Break 88 into 80 plus 8. 88=80+8
3. Add 80 to 514 to get 594. 514 + 80 =594
4. Add 8 to 594 to get 602. 594 +8 =602
5. Write the answer. 514 + 88 =602
b. 1. Write the question. 759+ 412
2. Split each number up by writing it in expanded 759=700+50+9
form. 412=400+10+2
3. Add the numbers with the same place value 7004+400+50+10+9+2 =1100+60+ 11
together. = 1171
4. Write the answer. 759+412=1171

Compensation strategy for addition

e The compensation strategy for addition involves making one of the numbers being added larger by
rounding up to the nearest ten or hundred, completing the addition, and then subtracting the added amount.

For example:
243 +78 =

1. Round 78 up to 80.
243 +80=323

2. Now subtract 2, since 78 was rounded up to 80 by adding 2.
323-2=321

Rearrange strategy for addition

e The rearrange strategy for addition involves rearranging the numbers being added to form numbers that add
up to multiples of 10.

For example:
16+ 17+ 14=

Swap the order and add 16 and 14 first, since this will result in a multiple of 10.
16 +14+17=

304+ 17=47

TOPIC 1 Positive integers 11



WORKED EXAMPLE 5 Using mental strategies to add numbers

a. Calculate 576 + 86 using the compensation strategy.
b. Calculate 38 + 13 + 22 using the rearrange strategy.

THINK WRITE
a. 1. Write the question. 576 + 86
2. Round 86 up to the nearest 10. 86 becomes 90 when rounded up by
adding 4.
3. Add 576 to the rounded-up number (90). 576 + 90 = 666
4. Subtract 4, since 86 was rounded up to 90 by 666 —4 =662
adding 4.
5. Write the answer. 576 + 86 = 662
b. 1. Write the question. 38+ 13+22
2. Rearrange the numbers so that a multiple of =38 +22+13
10 can be formed. 38 + 22 = 60, so add these =60+ 13
numbers first.
3. Add 13 to 60. =73
4. Write the answer. 38+13+22=73

WORKED EXAMPLE 6 Using mental strategies to add numbers

Calculate 713 + 143 using an appropriate mental strategy.

THINK WRITE
1. Write the question. 7134143
2. Select a strategy. Since the numbers are both Split strategy

large numbers, it may be easiest to split them up.

3. Use the strategy to add numbers.

e Write each number in expanded form. 713 =700+ 10+3
e Add numbers with the same place values. 143 =100+40+3
e Complete the final addition. =700+100+10+40+3+3
=800+50+6
= 856
4. Write the answer. 713 4+ 143 = 856

1.3.2 Mental strategies for subtraction

* Mental strategies for subtraction are different ways to subtract numbers without doing lots of working.

Jump strategy for subtraction

e The jump strategy for subtraction is like the jump strategy for addition, but you jump backward instead
of forward.

¢ The number being subtracted is broken into smaller parts and then each part is subtracted one by one.
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For example:

-7 =20

635—-127=

Break 127 into 100, 20 and 7.
635 —-100=535

535-20=515
515—=7=508

-100

50(7510T520 530T540 550 560 570 580 590 600 610 620 630T640

508 515 535

Adding up to find the difference

635

e Sometimes, even though you are subtracting, it can be helpful to use addition when trying to subtract

numbers mentally.

e Start with the smaller number and add to that number in parts until you get to the larger number.

For example:

672 —-613 =
613 +7 =620
620 +50 = 670
670+2 =672

The numbers added are 7, 50 and 2, which give a total of 59.

Therefore 672 — 613 =59.

WORKED EXAMPLE 7 Using mental strategies to subtract numbers

Calculate the following.
a. 854 — 84 using the jump strategy.

THINK WRITE
a. 1. Write the question. 854 — 84
2. Break 84 into 80 plus 4. 84=80+4
3. Subtract 80 from 854 to get 774. 854 —-80="774
4. Subtract 4 from 774 to get 770. 774 -4 =770
5. Write the answer. 854 -84 =770
b. 1. Write the question. 436 — 381
2. Starting at the smaller number, determine what 381 4+9=390
needs to be added to get to the larger number. 390 +40=430
3. Add up all the parts. 430+ 6 =436
4. Write the answer. 94+40+6=55
436 —381 =155

b. 436 — 381 using the adding strategy.
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Compensation strategy for subtraction

e The compensation strategy for subtraction is like the compensation strategy for addition, except that you

will round up the number being subtracted to the nearest ten or hundred and then add the amount used to do
the rounding up.

For example:
94 —49 =
Round up 49 to 50 by adding 1.

94 —-50=44
Add 1 to the answer, since 49 was rounded up to 50 by adding 1.

44 + 1=45
94 — 49 =45

WORKED EXAMPLE 8 Using the compensation strategy to subtract numbers

Calculate 174 — 38 using the compensation strategy.

THINK WRITE

1. Write the question. 174 — 38

2. Round 38 up to the nearest 10 by adding 2. 38 becomes 40.

3. Subtract 40 from 174. 174 — 40=134

4. Add 2 since, 38 was rounded up to 40 by 134 + 2 = 136

adding 2.

5. Write the answer. 174 —38 =136
Checking subtraction by adding
Remember, a subtraction can always be checked by adding
the two smaller numbers to see if they add up to the larger
number.

DISCUSSION

What techniques have you used to mentally add numbers? What shortcuts have you used?
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Exercise 1.3  Strategies for adding and subtracting positive
integers learn

1.3 Quick quiz 1.3 Exercise

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,2,5,7,12,13, 16 3,6,8, 11,14, 17 4,9,10, 15,18
Fluency

1. IEZZA Use the jump strategy to calculate the following.
a. 143+ 85 b. 1537 + 266

2. IIZ™A Use the split strategy to calculate the following.
a. 645+ 261 b. 370 +78

3. IlIEA Use the compensation strategy to calculate the following.
a. 471+ 89 b. 74 + 28

4. IHEA Use the rearrange strategy to calculate the following.
a. 27+36+23 b. 14+34+16

Understanding

5. State whether the following statement is true or false. Show your working.
346 + 451 calculated using the split strategy becomes 300 +400 +40+ 50+ 6+ 1.

6. A 56 + 12 + 14 is equal to:
A. 60 B. 82 c. 70 D. 92

7. lIEA Calculate 421 + 54 + 372 using an appropriate mental strategy.

8. IlIZZN Use the jump strategy to calculate the following.
a. 88 —43 b. 674 —323

9. Add up the difference to calculate the following.
a. 351 —-287 b. 79 — 46

10. IIEA Use the compensation strategy to calculate the following.
a. 65—48 b. 956 — 729

11. Calculate 953 — 675 using an appropriate mental strategy.

12. Fill in the gaps for the following sentences.

a. All the numbers in the 5-times table end in or
b. The numbers in the -times tables all end in 0.
Reasoning

13. A student calculates 145+ 671 —472. They give their answer as 344. State whether you agree with their
answer. Explain your response.
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14. A student has shown the following working on a test.

641 +357=600+10+4+300+70+5 =989
a. Determine where the student made an error.
b. Determine the correct answer.

15. Twenty children were playing in the playground. Eight of the children left for home, then six more children
came to the playground. Determine how many children are in the playground now. Show your working.

Problem solving

16. There are 763 students at a senior school campus. Of these, 213 students are currently completing exams.
Calculate how many students are not completing exams.

17. Harriet has $243 in savings. She adds $93 to her savings account. The next day she spends $175 from her
account. Determine how much is left in her savings account.

18. The sum of two numbers is 19 and their difference is 7. Evaluate the two numbers.

Algorithms for adding and subtracting
positive integers

LEARNING INTENTION

At the end of this lesson you should be able to:
¢ add and subtract positive integers using algorithms.

1.4.1 Addition of positive integers using algorithms

¢ To add numbers or positive integers, write them in columns according to place value and then add them,
starting at the ones column.
e The sum is the result obtained when numbers are added together.

WORKED EXAMPLE 9 Adding integers in columns

Arrange these numbers in columns, then add them.
1462 + 78 + 316

THINK WRITE
1. Set out the numbers in columns according to place value.
2. Add the digits in the ones column in your head
(2 + 8+ 6=16). Write the 6 in the ones column of your
answer and regroup the 1 to the tens column, as shown in
the plum colour.

Hundreds

— Thousands
Tens

~

3. Add the digits in the tens column (1 + 6+ 7 + 1 = 15). Write
the 5 in the tens column of your answer and regroup the 1 to
the hundreds column, as shown in pink.

+
oo | W
Nl — 3
o o © o Ones
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4. Add the digits in the hundreds column (1 +4 + 3 =8).
Write 8 in the hundreds column of your answer, as
shown in pink. There is nothing to regroup.

5. There is only a 1 in the thousands column. Write 1
in the thousands column of your answer.

6. State the answer. The sum of 1462, 78 and 316 is 1856.

WORKED EXAMPLE 10 Adding by making a multiple of 10

Perform the addition 27 + 19 + 141 + 73 by finding suitable pairs of numbers to make multiples of 50.

THINK WRITE

1. Write the question. 27+19+141+73

2. Look for pairs of numbers that can be added to make a =27+4+73)+ (141 +19)
multiple of 10. Reorder the sum, pairing these numbers.

3. Add the number pairs. =100+ 160

4. Complete the addition. = 260

1.4.2 Commutative and associative laws for addition
e The Commutative Law for addition means that you can add numbers in any order.

e The Associative Law for addition means that the order in which additions are calculated is not important
and does not change the result.

ACTIVITY: There’s something about Gauss

In the late 1780s, a German teacher gave his class the task of
adding the numbers from 1 to 100. One student came up with
the correct answer in less than a minute. That student, Johann
Carl Friedrich Gauss, used grouping in pairs to work out the
sum. He paired the smallest number with the largest number,
then the second smallest with the second largest, and so on.
Gauss went on to become one of the world’s most famous
mathematicians.

Try the technique that Gauss used with the numbers from
1 to 10, then 1 to 20, then 1 to 50 and finally 1 to 100.

Did you notice any patterns?
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1.4.3 Subtraction of positive integers using algorithms

e Subtraction is the opposite (or ‘inverse’) of addition. To work out 800 — 360 you could ask the question,
‘What do I need to add to 360 to get 800?” The answer is 440.

e The difference is the result when one number is subtracted from another number. For example, the
difference between 800 and 360 is 440.

¢ One of the main distinctions between addition and subtraction is the fact that the order in which you
subtract numbers is very important. For example, 6 — 3 does not give the same result as 3 — 6.

e This means that subtraction is neither commutative nor associative.

Subtraction of positive integers with no regrouping

e To subtract two numbers, write them in columns according to their place values and then subtract each
column in order, starting with the ones column.

WORKED EXAMPLE 11 Subtracting numbers without regrouping

Perform the subtraction 395 — 174.
THINK WRITE

1. Set out the difference in columns according to Z
place value. g
s g2 &
5 o £
T = O
3 95
- 1 7 4

2. Subtract the digits in the ones column 3 9 5
(5—4=1). Write the 1 in the ones - 1 7 4
column of your answer. 1

3. Subtract the digits in the tens column 3 9 5
(9 — 7 =2). Write the 2 in the tens -1 7 4
column of your answer.

4. Subtract the digits in the hundreds column 3 9 5
(3 —1=2). Write the 2 in the hundreds column -1 7 4
of your answer. )

5. State the answer. The difference between 395 and 174 is 221.

Not all subtraction problems are as simple as the one shown in Worked
example 11. For example, working out 32 — 14 requires a different -
approach because you can’t subtract 4 from 2 in the ones column.

A subtraction like this requires regrouping.

— W
EENE \S)

-~
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Subtraction of positive integers with regrouping

e The most common method of subtraction is to use regrouping, which is called the decomposition method.
e It’s called ‘decomposition’ because the larger number is decomposed, or taken apart.
e A visual representation of the decomposition method is shown here to help you understand how it works.

Visual representation of subtracting using decomposition

Evaluate 32 — 14.

1.  Decompose each number by breaking it up into
place value parts (tens and ones in this case).

2. Since we can’t take 4 ones from 2 ones, we instead
regroup a block of 10 and split them into ones.

3.  Rewrite 32 as 2 tens and 12 ones.
Note: Effectively we have regrouped a ten from
the tens column and given it to the ones column so
that we can work out the subtraction.

4.  We can now complete the subtraction.
e Subtracting the ones first gives:

12 —4 =8 ones
e Subtracting the tens next gives:
2—1=1ten

 This gives us 1 ten and 8 ones left over after
the subtraction.
e This is the same as 18 individual blocks.

5. State the answer.

32

Regrouping step:

32

|

|
HEEEEE
HEENEN

|
HEEE
HEEE

32-14=18

[]

() | ones
N EE
| EE

N I

| EE
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Algorithmic approach to subtraction using decomposition

The subtraction 32 — 14 can be solved using the following algorithm (set of steps).

1. Set out the difference in columns according to place value. _ i i
2 3 12
2.  Because 4 can’t be subtracted from 2, take one 10 from the tens 1 4
column of the larger number and add it to the ones column of the same
number. So 2 becomes 12, and the 3 tens become 2 tens. 1 8

3. Subtract 4 units from 12 units (12 —4 =38).
Subtract 1 ten from the remaining 2 tens (2—1=1).

Werite the answer. 32—14 =18

WORKED EXAMPLE 12 Subtracting numbers using decomposition

Subtract the following:
a. 6892 — 467 b. 3000 — 467

THINK WRITE

6 88912

a. 1. Since 7 cannot be subtracted from 2, take one ten from the tens a. 467

column of the larger number and add it to the units column of the -
same number. The 2 becomes 12 and the 9 tens become 8 tens. 6425
. Subtract the 7 units from the 12 units (12 —7 =5).
. Subtract 6 tens from the 8 remaining tens (8 —6 =2).
. Subtract 4 hundreds from the 8 hundreds (8 —4 =4).
. Subtract 0 thousands from the 6 thousands (6 — 0 =06).

. State the answer. 6892 — 467 = 6425
239000110

— 467

2533

O O A ODN

b. 1. Since 7 cannot be taken from 0, 0 needs to become 10. b.
2. We cannot take 10 from the tens column because it is also O.
The first column that we can take anything from is the thousands,
s0 3000 is decomposed to 2 thousands, 9 hundreds, 9 tens and
10 units.
. Subtract the units (10 — 7 =3).

. Subtract the tens (9 — 6 = 3).
. Subtract the hundreds (9 — 4 =5).
. Subtract the thousands (2 — 0 =2).

. State the answer. 3000 — 467 = 2533

N O o0 AW
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Digital technology

Scientific calculators can evaluate the sum of two or more numbers. VEG v
17245+378+936
183559
Scientific calculators can evaluate the difference between two or VEG A
more numbers. 254587 -3954
B33

Exercise 1.4  Algorithms for adding and subtracting positive
integers learn

1.4 Quick quiz 1.4 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,2,6,9, 12,13, 18, 22, 25 3,5,7,14,15,17, 19, 23, 26 4,8,10, 11, 16, 20, 21, 24, 27, 28
Fluency

1. Answer these questions by doing the working in your head.

a.7+8 b. 20+ 17 c. 195+15
d. 227413 e. 1000+ 730

2. Answer these questions by doing the working in your head.

a. 17000 + 1220 b. 125000 + 50 000 c.2+8+1+9
d. 6+8+9+4+3+2+4+1+7 e 124+54+3+7+15+8

3. Add the following numbers, setting them out in columns as shown. Check your answers using a calculator.

a. 34 b. 68069 c. 399
465 317 1489
_ 8 2798

+4254 +38943
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4. EA Arrange the following numbers in columns, then
add them.

a. 137+ 841

b. 1494562 + 55

c. 376 +948 + 11

d. 84+12972+459+ 1423
e. 1700245+ 378 +930

Check your answers with a calculator.

5. lIEN Mentally perform each of the following additions by pairing suitable numbers together.

a. 56+87+24+13 b. 744+ 189+ 6411
c. 984247 +305+3+95+42 d. 180 +364 +59+ 141 +47+20+ 16
6. Answer the following questions without using a calculator.
a. 11-5 b. 53-30 c. 100—-95
d. 150 —-25 e. 1100 —200
7. Work out the following without using a calculator.
a. 1700 — 1000 b. 100—-20-10 c. 1000 —50—300— 150
d. 24-3-16 e. 54—-28
8. Calculate the following.
a. 10+8—-5+2-11 b. 40+ 15-35 c. 120—40-25
d. 15+45+25-85 e. 100—-70+43 f. 1000 —400 4250+ 150+ 150
9. IIEEEEEN Work out the following subtractions.
a. 167—132 b. 47836 —-12713 c. 642803 —58204

Understanding

10. Solve the following subtractions.

a. 664 —397
b. 12900 — 8487
c. 69000 —3561
d. 2683 —-49

Check your answers using a calculator.

11. Work out the following subtractions.

a. 70400 —1003

b. 27321 —-25768

c. 812741 —462923

d. 23718482 —4629738

Check your answers using a calculator. $150
. . $12
12. Hella was performing in a ballet and needed to buy a tutu, ballet 685

shoes and white tights. Based on the prices shown in the photograph,
calculate how much she spent in total on her costume.

13. A print dictionary is split into two volumes. There are 1544 pages in the A—K volume and 1488 pages in the
L-Z volume. Calculate how many pages the dictionary has in total.
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14. Nathan has taken his sister and her friends to lunch $26
for her birthday. Determine what the total cost of '

the items shown will be. $22

15. Of all the world’s rivers, the Amazon in South
America and the Nile in Africa are the two
longest. The Amazon is 6437 kilometres in length
and the Nile is 233 kilometres longer than the
Amazon. Calculate the length of the Nile.

16. An arithmagon is a triangular figure in which the two numbers at the end of each line
add to the number along the line, like in the example shown.
Solve each of these arithmagons.

a. b. c.
l3i j21 25i ‘_\30 28i j44
20 25 56

17. The following photographs show three of the highest waterfalls in the world.
Determine how much higher:

a. Victoria Falls is than Iguazu Falls
b. Iguazu Falls is than Niagara Falls
c. Victoria Falls is than Niagara Falls.

— = T T aese——
Victorm’v »Iguazu Falls (Brazil)
il

56 metres

2

18. Prithvi received a box of 36 chocolates. They ate 3 on Monday, 11 on Tuesday and gave 7 away on
Wednesday. Calculate how many they had left.

19. A crowd of 24 083 attended an NRL match between Canterbury-Bankstown Bulldogs and St George
Illawarra Dragons. If 14 492 people supported the Bulldogs and the rest supported the Dragons, calculate
how many supporters the Dragons had.
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20. A school bus left Laurel High School with 31 students aboard. Thirteen of these passengers disembarked at
Hardy Railway Station. The bus collected 24 more students at Hardy High School and a further 11 students
disembarked at Laurel Swimming Pool. Calculate how many students were still on the bus.

21. Shu-Ling and Ty were driving from Melbourne to Sydney for a holiday. Sydney
The distance between Melbourne and Sydney via the Hume Highway is
867 kilometres, but they chose the more scenic Princes Highway even
though the distance is 1039 kilometres. They drove to Lakes Entrance on
the first day (339 kilometres), a further 347 kilometres to Narooma on the
second day, and arrived in Sydney on the third day.

a. Calculate how much further it is from Melbourne to Sydney via the
Princes Highway than via the Hume Highway.
b. Determine how far Shu-Ling and Ty travelled on the third day.

Melbourne
Reasoning

22. Fill in the missing numbers. The * represents a digit.

a. 6x8x2x% b. 3%9x%

—%6%5

—488417 1507
%499 x4

23. In less than 10 seconds, without using a calculator, calculate the answer to 6 849 317 — 999 999.
Explain how you reached your answer.

24. A beetle has fallen into a hole that is 15 metres deep. It is able to climb a distance of 3 metres during the day,
but at night the beetle is tired and must rest. However, during the night it slides back 1 metre. How many
days will it take the beetle to reach the top of the hole to freedom? Explain your answer.

Problem solving

25. Five termites start munching through a log.
Pixie is 19 mm ahead of Bitsie.
Trixie is 6 mm ahead of Mixie.
Mixie is twice as far ahead as Itsie.
Itsie is 10 mm behind Bitsie.
Mixie has eaten through 52 mm.

Determine which termite has eaten the most. Show your working.

26. In a class of 22 students, each attends swimming practice or
lifesaving, or both. If 16 students attend swimming practice and
9 attend lifesaving, work out how many attend both.

27. Zaina works in a restaurant where people work from Monday
to Friday, on weekends only, or from Monday to Sunday. There
are 15 employees at the restaurant. If 13 employees work every
Monday and 14 employees work every Sunday, evaluate how
many employees do not work from Monday to Sunday.

28. There are 20 chocolate bars on the table all containing only fruit, only nuts, or fruit and nuts together. If
12 chocolate bars contain nuts and 14 chocolate bars contain fruit, evaluate the number of chocolate bars that
contain both fruit and nuts.
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Multiplying positive integers

LEARNING INTENTION

At the end of this lesson you should be able to:
e multiply positive integers using mental strategies and algorithms.

1.5.1  Multiplying positive integers

e Multiplication is a short way of performing repeated addition of the same number.
For example, 3 + 3 + 3 + 3 4+ 3 represents 5 groups of 3 and can be written as 5 X 3.

e The product is the answer you get when numbers are multiplied.
For example, the product of 5 and 3 is 15 because 5 x 3 =15.

e Multiplication is commutative because the order in which numbers are multiplied is not important.
For example, 3 X8 =8 X 3.

Multiplying using diagrams

e The following diagram shows 2 groups of balls with 4 balls in each group. There are 8 balls in total.
This can be written as a multiplication.

2x4=8

e
=}
[=1
Q
Q
[=1

p 1 p2

©O00
©000

¢ Instead, what if we looked at the picture as 4 groups of balls with 2 balls in each group? Would we get the
same answer? Count the balls and see. There are still 8 balls in total.

4x2=8

Group 1 Group 2 Group 3 Group 4

O O
O O

Multiplying two numbers

OO
OO

When two numbers are multiplied, the order does not matter;
the answer will always be the same.
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WORKED EXAMPLE 13 Using a diagram to multiply numbers

a. Draw a diagram to show 2 X 6. b. State what 2 X 6 is equal to.

THINK WRITE/DRAW
a. Draw a diagram with 2 groups of 6.

Q
[}
[=1
=]
S}

CO0000:
OOOO000

b. Count how many circles there are altogether. There are 12 circles.
Write the answer. 2XxX6=12

e To multiply small numbers, we learn the times tables. We can also use diagrams.
e To multiply larger numbers, we need to use other methods. These methods are discussed later in this topic.

Multiplying using expanded form

¢ In this method of multiplication the larger number being multplied is broken up into expanded form first,
then each component is multiplied by the smaller number.
For example, here is how the expanded form can be used to calculate 215 X 4.
The expanded form of 215=2004+ 1045

215%X4=(200x4)+ (10x4)+(5x4)
= 800+40+20
= 860

Multiplying using the area model

e The area model of multiplication involves using the expanded form of the larger number and constructing
rectangles for each component, arranged according to place value.
This diagram shows how to calculate 215 X 4 using an area model. (Note: This graph is not drawn to scale.)

200 10 5

4 200 x 4 =800 10x4=40 S5x4=20

800 + 40 + 20 = 860
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1.5.2  The short multiplication algorithm

e The short multiplication algorithm can be used when multiplying a large number by a single digit number.

o Start by lining up the numbers in columns, with one number under the other number. Place the larger
number on top.

« Next, multiply each place value in the larger number by the smaller number, starting with the
units column.

o Write the answer to each multiplication underneath the smaller number in the appropriate column.

o If an answer has two place values, regroup the larger place value to the next column on the left and add it
to the result of the next multiplication.

1. 5x4=20
22 15 2. Write the 0 in the units column and regroup the 2 over to the tens column.
x 4) 3. Perform the next multiplication and add the regrouped number to the result.
_ Ix4=4;44+2=6
860 4. Write the 6 in the tens column.

9,1

. 2X4=8
6. Write the 8 in the hundreds column.

WORKED EXAMPLE 14 Multiplying using short multiplication

Calculate 1456 x 5.

THINK WRITE
1. Write the numbers in columns according to place value, 1456
with the larger number on top. x 5
2. Multiply the units by 5(5 X 6 =30). Write down the 0 and 212435 6
regroup the 3 to the tens column. X 5
3. Multiply the tens by 5 and add the regrouped number 7280
(5% 5=25;25+3=28). Write the 8 in the tens column and -
regroup the 2 to the hundreds column.
4. Multiply the hundreds by 5 and add the regrouped number
(5% 4=20;20+ 2 =22). Write the last 2 in the hundreds column
and regroup the other 2 to the thousands column.
5. Multiply the thousands by 5 and add the regrouped number
(5%X1=5; 5+2=7). Write 7 in the thousands column
of the answer.
6. Write the answer. 1456 X 5="7280
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1.5.3 The long multiplication algorithm

¢ The long multiplication algorithm is used to multiply numbers that both have more than one digit. The
process is the same as that for short multiplication, but it is repeated for each additional digit.
¢ When multiplying two numbers that both have more than one digit, a 0 is added in the second row.

WORKED EXAMPLE 15 Multiplying whole numbers

Evaluate the following.

a. 547x6
b. 35 % 62
THINK WRITE
a. 1. Set up the multiplication in columns, with the smaller number 547
on the bottom. X 6
2. Multiply each digit in 547 by 6. 2544 7
e 7Xx6=42. Write 2 and regroup 4. X 6
* 4x6+4=28. Write 8 and regroup 2. 3282
® 5X6+42=32. Write 32.
3. Write the answer. 547 X 6 =3282
b. 1. Set up the multiplication in columns. 35
X 62
2. Multiply 35 by 2. 135
® 5X2=10. Write 0 and regroup 1.
© 3X2+1=7.6+1="7. Write 7. X 62
_70
3. Add a 0 to the second row because you are multiplying by 335
a number in the tens column.
X 62
210
4. Multiply 35 by 6. 335
e 5% 6=30. Write 0 and regroup 3.
* 3X6+3=21. Write 21. xX62
5. Add 70 and 2100 to get the answer. 70
+2100
2170
6. Write the answer. 35%x62=2170
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WORKED EXAMPLE 16 Multiplying using long multiplication

Calculate 1456 x 132 using long multiplication.

THINK

1.

Set the product up in columns according to place value,
writing the larger number on top.

Multiply the larger number by the units digit in the smaller number
using short multiplication (1456 X 2 =2912). Write the answer
directly below the problem.

Place a zero in the units column, as shown in pink, when
multiplying the larger number by the tens digit of the smaller
number (1456 X 3 =4368). This is because you are really working
out 1456 X 30 =43 680. Write the answer directly below the
previous answer.

Place zeros in the units and tens columns, as shown in pink, when
multiplying the larger number by the hundreds digit of the smaller
number (1456 X 1 = 1456). This is because you are really working
out 1456 X 100 = 145 600. Write the answer directly below the
previous answer.

Add the numbers in each column of the three rows to determine
the answer.

Werite the answer.

WRITE

1456
x 132

114156
x 132
2912

114156
X 132
2912
43680

1456
x_132
2912
43680
+145600
192192

1456 132=192192

The Distributive Law applies only to multiplication. It states that a(b + ¢) = ab + ac. The Distributive Law
helps with mental calculation because it means, for example, that 8 X 13 can be thought of as:

8% 13 =8x%x((3+10)
=8%x3+8x10
=24+80
=104

Digital technology

Scientific calculators can evaluate the multiplication of large numbers.

DEG r

S7e3o#*2074
119949790

1.5.4  Mental strategies for multiplication

¢ In many cases it is not practical to use a pen and paper (or even a calculator) to perform multiplication.
e There are mental strategies that can make multiplication easier.
e Multiplication is associative — this means smaller numbers can be paired up for multiplication.

For example, 2X 17 X5 =17X(2X5)
=17x10
=170

This calculation has been simplified by finding the pair of numbers that multiply to equal 10.
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WORKED EXAMPLE 17 Using mental strategies for multiplication

Use mental strategies to calculate 4 x 23 x 25.

THINK WRITE
1. Write the question. 4%x23%25
2. Look for a number pair that makes a simpler =23X(4x%x25)

multiplication and rearrange. 4 X 25 = 100, and
multiplying by 100 is simpler than multiplying by

either 4 or 25.
3. Mentally calculate 4 X 25. =23 %100
4. Mentally calculate the final answer. = 2300

WORKED EXAMPLE 18 Using mental strategies for multiplication

Use a mental strategy to calculate 34 x 200.

THINK WRITE

1. Write the question. 34 %200

2. Write 200 as 2 X 100. =34x%x2x100
3. Mentally calculate 34 X 2. =68 x 100

4. Mentally calculate 68 X 100. = 6800

Multiplying multiples of 10 or 100

If both numbers are multiples of 10,100 and so on, ignore the zeros, multiply
the remaining numbers, then add the total number of zeros to the answer.

For example, 900 x 6000 = 5 400 000.

e Consider the multiplication 9 X 58. This multiplication can be regarded as 10 X 58 — 1 X 58. Using this
way of writing the multiplication, the answer can be mentally calculated by multiplying 58 by 10 and then
subtracting 58 from the answer. This can be thought of as the ‘multiply by 10’ strategy.

WORKED EXAMPLE 19 Using mental strategies for multiplication

Use a mental strategy to calculate 77 X 9.

THINK WRITE
1. Write the question. 77%X9
2. Use the strategy of ‘multiply by 10’. =77x10-77x% 1
3. Calculate 77 X 10 and then subtract 77. =770-T77
=693
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Exercise 1.5  Multiplying positive integers learn

1.5 Quick quiz 1.5 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,2,6,8, 11,13, 16, 17, 22, 23, 24, 3,4,9,12,14, 18, 19, 25, 26, 5,7,10, 15, 20, 21, 28, 29, 32,
27, 30, 33 31, 34 35, 36

Fluency

1. IHEHEH Represent each of the following as a diagram and then use the diagram to calculate the product.
a. 8x3 b. 6 X9 c. 12x5 d. 13x2 e. 15x3

2. Calculate the product of each of the following without using a calculator.
a. 25x4 b. 45x2 c. 16x2 d. 21x3 e. 54x2

3. Calculate the product of each of the following without using a calculator.
a. 25%x3 b. 3Xx4X%x6 c. 3X3%3 d. 5X6X%3 e. 8X5x%2

4. Calculate 267 X 3 by rewriting the larger number in expanded form.

5. Use an area model to:

a. show 523 x4
b. calculate 523 x 4.

6. lEZH Calculate the following using short multiplication.
a. 16x8 b. 137x9 c. 8573 d. 4920 x5

7. Calculate the following using short multiplication.
a. 7888 x 8 b. 2015 8 c. 10597 x6 d. 41060 x 12

Check your answers using a calculator.

8. B Calculate the following using long multiplication.
a. 52x44 b. 97 x 31 c. 59x28

9. Calculate the following using long multiplication.
a. 16 X57 b. 850X 76 c. 407 x 53

10. Calculate the following using long multiplication.
a. 80055 %27 b. 57835%x476 c. 8027 %215

Check your answers using a calculator.

11. Use mental strategies to calculate the following.
a. 2x8x%5 b. 4Xx19x25 c. 50x45x2 d. 4X67x%250

12. lIIZEM Use mental strategies to calculate the following.
a. 45x20 b. 62X 50 c. 84x200 d. 862000

13. Calculate each of the following.
a. 200 x40 b. 600 x 800 c. 1100x 5000 d. 900 000 x 7000

14. Calculate each of the following.
a. 90x 80 b. 800 x 7000 c. 9000 x 6000 d. 12000 x 1100
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15

16.

17.

18.

19.

20.

21.

. lIEX Use mental strategies to calculate each of the following.
a. 34 X9 b. 628 X9 c. 75x99 d. 26 X8

a. Calculate 56 x 100.
. Calculate 56 x 10.
c. Use your answers to parts a and b to calculate the answer to 56 X 90.

o

Use the method demonstrated in question 16 to calculate each of the following.
a. 48x90 b. 125x90 c. 32900

a. Calculate 25 X 6.
b. Multiply your answer to part a by 2.
c. Now calculate 25 X 12.

Use one of the methods demonstrated in this lesson to mentally calculate the value of each of the following.
a. 15x12 b. 70X 12 c. 40x16 d. 34x20

Answer the following questions.

a. Calculate the value of 9 X 10.

b. Calculate the value of 9 X 3.

c. Calculate the value of 9 X 13.

Use one of the methods demonstrated in this lesson to mentally calculate the value of each of the following.
a. 25%x 13 b. 24X 13

Understanding

22

23

24

32

. A school has eight Year 7 classes with 26 students in each class. Calculate how many students there are in
Year 7 in total.

. A shop owner sells 84 bananas each day. Calculate how many bananas are sold in 2 weeks.

. Ezra wants to make a telephone call to their friend Aasuka, who lives in San Francisco. The call will cost $3
per minute. If Ezra speaks to Aasuka for 24 minutes:

a. calculate what the call will cost
b. calculate what Ezra would pay if they made this call every month for 2 years.
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25,

26.

27.

28.

29.

Santilla is buying some generators. The generators cost
$12 000 each. She needs 11 of them. Calculate how much they
will cost her in total.

Julie was saving money to buy a digital camera. She was able
to save $75 each month.

a. Calculate how much she saved over 9 months.

b. Calculate how much she saved over 16 months.

c. If Julie continues to save money at the same rate,calculate
how much she will save over a period of 3 years.

A car can travel 14 kilometres using 1 litre of fuel.
Calculate how far it could travel with 35 litres of fuel.

In 1995 a team of British soldiers in Hamelin, Germany, constructed a
bridge in the fastest time ever. The bridge spanned an 8-metre gap and
took the soldiers 8 minutes and 44 seconds to build. Determine how
many seconds in total it took to build the bridge.

Narissa does a paper round each morning before school. She travels
2 kilometres each morning on her bicycle, delivers 80 papers and is
paid $35. She does her round each weekday.

. Calculate how far she travels in 1 week.

. Determine how much she gets paid in 1 week.

. Calculate how far she travels in 12 weeks.

. Calculate how much she would be paid over 52 weeks.

. Calculate how many papers she would deliver in 1 week.

f. Determine how many papers she would deliver in 52 weeks.

® Q 0 T 9

Reasoning

30. Jake says the product of 42 and 35 is 1428. His friend Ben worked out the answer to be 1470. State who is

31.

32.

Problem solving
33.

34.

correct, Jake or Ben. Explain your answer.
Explain whether the mathematical statement 23 X4 > 20 X 7 is true.

Imagine a simplified form of a car numberplate that consists
of one letter followed by one number, from AO up to Z9.
Determine how many numberplates could be issued under
this system.

Remember that all numberplates issued have to be different.

Evaluate the product of 4, 16 and 9 using expanded form.

Consider numbers with two identical digits multiplied
by 99. Determine:

11%99, 2299, 33x99

Can you see a pattern? Explain it.

Without using a calculator or long multiplication, write down the answers to the following.

a. 44 x99 b. 55%99
d. 77x99 e. 88x99

c. 66 x99
f. 99 x99
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35. Theo eats one of the strawberries in a basket, then he and his two friends split them
evenly. If Theo’s friends get 15 strawberries each, determine how many there were
in the basket to begin with.

36. The product of two consecutive numbers is 1190. Evaluate the two numbers and
their sum.

Dividing positive integers

LEARNING INTENTION

At the end of this lesson you should be able to:
e divide positive integers using mental strategies and the short division algorithm.

1.6.1 Dividing positive integers

e Division is the process of sharing (or dividing) a number into equal parts. If 10 is divided into five parts,
you can write this as 10 +5=2.

¢ Division is the opposite (or inverse) of multiplication. To evaluate 56 + 8, you could ask the question, ‘By
which number do I multiply 8 to get 56?° 8 X 7 =56, so the answer is 7.

e The commutative law does not apply to division. This means the order in which you divide numbers is
important. For example, 10 + 5 is not the same as 5 + 10.

¢ A division can be written in a variety of ways, as shown.

10 +5=2
2
5)10
The vinculum 10
represents the —> —— = 2
division symbol. 5

e Consider a box of chocolates that is to be equally shared
between a group of friends.
There are 20 chocolates in total and 4 people equally sharing the
box. How can the chocolates be divided evenly between the
4 friends?
20 chocolates divided by 4 people means they will get
5 chocolates each.
We can write this mathematically as:
20+4=5
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Checking division by multiplying
A division can always be checked by multiplying.

If 20 -4 =S5, then 4 X 5 =20.

Dividing using expanded form

e One way to divide numbers is to first break the dividend (the number being divided) into expanded form
and then divide each part by the divisor (the number of parts that the dividend is being divided into).

For example, calculate 636 + 6.
1. Write the dividend (636) in expanded form. 636 = 600 + 30 + 6
2. Divide each part by the divisor (6).
3. Add the results.

6006 =100
30-6=5
6+-6=1

50636 +6=100+5+1=106

1.6.2 The short division algorithm

* Another way to divide numbers is to use an algorithm known as short division.
e Here is a demonstration of how to use this algorithm to calculate 636 divided by 6.

6)636

I~ Divide 6int0o 6.6+ 6=1.
6 @36 Write 1 on top.

10 Divide 6 into 3.
6 cannot divide into 3.
6 6 Therefore 0 is placed on top.
3 is regrouped over to the next digit (6).

6 63 the new number formed is 36.
Divide 6 into 36. 36 + 6 = 6.
Write 6 on top.

106 \When 3 is regrouped over to 6,

e Sometimes there is a number left over after numbers have been
divided. This number is called a remainder. The letter r is used
to show that a number is a remainder.

A box of 9 chocolates needs to be shared evenly between 2
people. Because 9 cannot be divided exactly into 2 groups, each
person will get 4 chocolates, with 1 chocolate left over.

9+ 2 =4 remainder 1
or
9+2=4r1
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WORKED EXAMPLE 20 Dividing using short division

Evaluate the following.

a. 834+2

THINK
a. 1. Write the equation as a short division.

2. Divide each digit by 2.

e 8+2=4. Write 4 on top.

e 3+2=1r1. Write 1 on top and regroup the
remainder of | to the next digit. The next digit
becomes 14.

° 14+2="7. Write 7 on top.

3. Write the answer.

b. 1. Write the equation as a short division.

2. Divide each digit by 3.
e 4+3=1r1. Write 1 on top and regroup the

remainder of 1 to the next digit. The next digit
becomes 16.

°* 16 -3=5r 1. Write 5 on top and regroup the
remainder of | over to the next digit. The next digit
becomes 16.

°* 16+3=5r1. Write 5r 1 on top.

3. Write the answer.

b. 466 -3

WRITE

2)834

417
2)83!4

834 +2=417

3)466

155r1

3)4%616!

466 +3=155r1

WORKED EXAMPLE 21 Dividing using short division

Calculate 89 656 + 8 using short division.

THINK

1.
2.

Write the equation as a short division.

Divide 8 into the first digit and regroup the remainder
to the next digit. 8 divides into 8 once. Write 1 above
the 8 as shown. There is no remainder.

. Divide 8 into the second digit and regroup the remainder

to the next digit. 8 divides into 9 once, with 1 left over.
Write 1 above the 9 and regroup 1 to the hundreds column.

. Divide 8 into the third digit and regroup the remainder to

the next digit. 8 divides into 16 twice, with no remainder.
Write 2 above the 6.

. Divide 8 into the fourth digit and regroup the remainder to

the next digit. 8 doesn’t divide into 5. Write 0 above
the 5. Regroup 5 to the next digit.

Divide 8 into 56. 8 divides into 56 seven times. Write
7 above the 6. There is no remainder.

. Write the answer.

WRITE

8)89 656
11207

8)89'65%

89656 -8 = 11207
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1.6.3 Dividing numbers that are multiples of 10

* When we are dividing numbers that are multiples of 10, an equivalent number
of zeros can be cancelled from both the dividend (numerator) and the divisor
(denominator). 2
¢ The dividend is the quantity to be divided.
. . .. . .. 5)10
e The divisor is the number by which the dividend is to be divided. / AN
¢ The quotient is the answer obtained when one number is divided by another Divisor Dividend
number.

WORKED EXAMPLE 22 Dividing numbers that are multiples of 10

Calculate 48 000 + 600. Note that both numbers are multiples of 10.

Quotient

THINK WRITE
1. Write the question. 48 000 + 600
4
2. Write the question as a fraction. = M
60
. . 480
3. Cancel as many zeros as possible, crossing off the same = —
number of zeros in both numerator and denominator. 6
4. Perform the division. 080
6)4°80
5. Write the answer. 48 000 +~ 600 = 80

Note: The principle of associativity is not true for division. This means that, for example, (80 + 8) + 2 is not
equivalent to 80 + (8 = 2). This is shown by the following.

80+8)+2=10+2 80+(8+2)=80+4

Digital technology

Scientific calculators can evaluate the division of large numbers. G A

277ea+24 1137

ACTIVITY: Magic division

1. a. Choose a digit from 2 to 9. Write it 6 times to form a 6-digit number. For example, if you choose 4
your 6-digit number will be 444 444.
b. Divide your 6-digit number by 33.
c. Divide your result from part b by 37.
d. Divide your result from part ¢ by 91.
e. What do you notice about your result from part d?
2. Repeat question 1 with a different 6-digit number and explain how the ‘magic division’ works.
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Exercise 1.6  Dividing positive integers learn

1.6 Quick quiz 1.6 Exercise

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,6,8,12,15,18 2,4,7,9,13,14, 16, 19 3,5,10, 11,17, 20
Fluency

1. Calculate these divisions without using a calculator. There should be no remainder.

a.24+6 b. 36 -9 c. 9612
d. 56 +7 e. 26+2 f. 45+15
2. Calculate these divisions without using a calculator. There should be no remainder.
a. 27+3=+3 b. 96 +8+6 c.48+12+2
d. 56 +7+4 e. 100+2+10 f.90+3+2

Check your answers using multiplication.

3. Perform the following calculations, which involve a combination of multiplication and division. Remember
to work from left to right.

a.4x5+2 b. 80+10x7 c. 144+12x7

d. 120+10x5 e. 121+11x4
4. lIZZA Calculate the following using short division.

a. 3)1455 b. 7)43456 c.11)30371 d. 8)640360
5. IZ3M Calculate the following using short division.

a. 3)255 194 b. 6)516 285 c. 776328520 d. 8)480594

Check your answers using a calculator.

6. Divide the following numbers, which are multiples of 10.
a. 4200+ 6 b. 210+ 30 c. 720000 =+ 800

7. Divide the following numbers, which are multiples of 10.
a. 4000000 + 8000 b. 600000 + 120 c. 480000 + 600

8. Calculate 144 + 2 by breaking 144 up into expanded form.
9. Calculate 642 =+ 3 by breaking 642 up into expanded form.
10. Calculate 4256 + 8 by breaking 4256 up into expanded form.
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Understanding

11. Kelly works part time at the local pet shop. Last year she
earned $2496.

a. Calculate how much Kelly earned each month.
b. Calculate how much Kelly earned each week.

12. At the milk processing plant, the engineer asked Farid how
many cows he had to milk each day. Farid said he milked
192 cows, because he had 1674 litres of milk at the end
of each day and each cow produced 9 litres. Determine
whether Farid really milks 192 cows each day. If not,
calculate how many cows he does milk.

13. When Juan caters for a celebration like a wedding, he
confirms the arrangements with the client by filling out
a form. Juan has been called to answer the phone, so it
has been left to you to fill in the missing details. Copy and
complete this planning form.

Celebration type Wedding
Number of guests 152
Number of people per table 8

Number of tables required

Number of courses for each guest 4

Total number of courses to be served

Number of courses each waiter can serve 80

Number of waiters required

Charge per guest $55

Total charge for catering

14. Janet is a land developer. She has bought 10450 square metres of land. She intends to subdivide the land
into 11 separate blocks.

a. Calculate how many square metres each block will be.
b. If she sells each block for $72 250, determine how much she will receive for the subdivided land.

Reasoning

15. Kayla divides 243 by 9 and works out the answer to be 27. Her friend Tristan calculates the answer to be 26.
State whether either Kayla or Tristan calculated the correct answer.

16. Explain whether this statement is true: 1148 + 4 =282. Justify your answer by breaking 1148 up into
expanded form.
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17. Some people like to keep mice as pets. Female mice give
birth to about six litters of babies per year, with about six
babies in each litter.

a. If you own a female mouse, how many pet mice will
you have at the end of one year if none of the female’s
babies have any litters of their own? Explain how you
reached your answer.

b. Explain how many female mice you had at the start of
the year if, at the end of the year, you had 111 mice
and none of your females’ babies had any litters of
their own. Show your working.

Problem solving

18. Danh has booked a beach house for a week over the
summer period for a group of 12 friends. The house
costs $1344 for the week. If all 12 people stayed for
7 nights, determine how much each person will pay
per night.

19. A total of 62 people have been invited to a dinner party. Each table can seat 8 people. Determine how many
tables are needed.

i

20. List the first four whole numbers that will have a remainder of 2 when you divide by 8. Describe the pattern
and explain how you found these numbers.
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Rounding and estimating

LEARNING INTENTION

At the end of this lesson you should be able to:
e provide an estimate to a problem by rounding to the first digit.

1.7.1  Rounding integers

e Numbers or integers can be rounded to different degrees of accuracy.

Rounding to the nearest 10

e To round to the nearest 10, think about which multiple of 10 the number is closest to. For example, if 34 is
rounded to the nearest 10, the result is 30 because 34 is closer to 30 than it is to 40.

34 =30

(Note: The symbol =~ means ‘is approximately equal to’.)

Rounding to the nearest 100

e To round to the nearest 100, think about which multiple of 100 the number is closest to. For example, if
177 is rounded to the nearest 100, the result is 200 because 177 is closer to 200 than it is to 100.

Rounding to the first (or leading) digit

e To round to the first (or leading) digit, use the following guidelines: 12 3 6 7 g
» Consider the digit after the leading one (i.e. the second digit). 0 9
o If the second digit is 0, 1,2, 3 or 4, the first digit stays the same 4 5
and all the following digits are replaced with zeros.
« If the second digit is 5, 6,7, 8 or 9, the first digit is raised by 1
(rounded up) and all the following digits are replaced with zeros.
e For example, if 2345 is rounded to the first digit, the result is 2000
because 2345 is closer to 2000 than it is to 3000.

2345

:

2000 2500 3000
2345 ~ 2000

TOPIC 1 Positive integers 41



WORKED EXAMPLE 23 Rounding to the first digit

Round the following numbers to the first (or leading) digit.
a. 2371 b. 872

THINK WRITE

a. Since the second digit (3) is less than 5, leave the leading a. 2371 ~ 2000
digit unchanged and replace all other digits with zeros.

b. Since the second digit (7) is greater than 5, add 1 to the b. 872 =~ 900
leading digit and replace all other digits with zeros.

1.7.2 Estimation

e An estimate is not the same as a guess, because an estimate is based on information.

e When you do not need to know an exact amount, an estimate or approximation is enough.

e To estimate the answer to a mathematical problem, round the numbers to the first digit and find an
approximate answer.

¢ Estimations can be made when multiplying, dividing, adding or subtracting. They can also be used when
there is more than one operation in the same question.

WORKED EXAMPLE 24 Estimating by rounding to the first digit

Estimate 48 921 x 823 by rounding to the first digit.

THINK WRITE

1. Write the question. 48921 x 823

2. Round each part of the question to the first digit. ~ 50000 x 800

3. Multiply ~ 40000 000

4. Write the answer. 48921 x 823 ~ 40 000 000
DISCUSSION

Is the estimated answer to the multiplication in Worked example 24 higher or lower than the actual answer?
Justify your response.
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Exercise 1.7 Rounding and estimating learn

1.7 Quick quiz 1.7 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,5,6,15,18 2,7,8,13, 14,16, 19 3,9,10,11,12,17, 20
Fluency

1. IEZEH Round each of the following to the first (or leading) digit.

a. 6 b. 45 c. 1368
d. 12145 e. 168879 f. 4985452

2. [lIZZH Estimate 67 451 X 432 by rounding to the first digit.

3. Copy and complete the following table by rounding the numbers to the first digit. The first row has been
completed as an example.
¢ In the ‘Estimate’ column, round each number to the first digit.
¢ In the ‘Estimated answer’ column, calculate the answer.
¢ In the ‘Prediction’ column, guess whether the actual answer will be higher or lower than your estimate.
e Use a calculator to work out the actual answer and record it in the ‘Calculation’ column to determine
whether it is higher or lower than your estimate.

Estimate Estimated Prediction Calculation
answer

Example | 4129 =246 4000 + 200 20 Lower 16.784 553, so lower

487+ 962

33041+ 82629

184029 + 723419

93261 — 37381

321 —194

468011 —171962

36 x 198

Tl e |F| e

623 x 12671

29486 % 39

I~
.

31690 +963

63003 +2590

|

69241 + 1297

4. I Select which of the following is the best estimate of 4372 + 2587.
A. 1000 B. 5527 C. 6000 D. 7000

5. I Choose which of the following is the best estimate of 672 X 54.
A. 30000 B. 35000 C. 36000 D. 40000

6. A Select which of the following is the best estimate of 67 843 + 365.
A. 150 B. 175 C. 200 D. 230
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Understanding

7. Estimate the answers to each of the following by rounding to the first digit.

a. 596141768 b. 48022 +538 c. 9701 x 37
d. 98631 + 608 897 e. 650143790
8. Estimate the answers to each of the following by rounding to the first digit.
a. 11890 —3642 b. 112000 x 83 c. 66501 +738
d. 392x 113486 e. 12476 +24

Questions 9 to 12 relate to the following information.

Su-Lin was using her calculator to answer some mathematical questions, but she got a different answer each
time she performed the same calculation. Using your estimation skills, predict which of Su-Lin’s answers is
most likely to be correct.

9. I 217 %489

A. 706 B. 106113 C. 13203 D. 105203
10. I 89 344 =256

A. 39 B. 1595 C. 89088 D. 349
11. & 78 X 6703

A. 522834 B. 52260 C. 6781 D. 56732501
12. & 53669 ~451

A. 10 B. 1076 C. 53218 D. 119

13. Kody is selling tickets for his school’s theatre production of South Pacific. So far he has sold 439 tickets for
Thursday night’s performance, 529 for Friday’s and 587 for Saturday’s. The costs of the tickets are $9.80 for
adults and $4.90 for students.

a. Round the figures to the first digit to estimate the number of tickets Kody has sold so far.
b. If approximately half the tickets sold were adult tickets and the other half were student tickets, estimate
how much money has been received so far by rounding the cost of the tickets to the first digit.

14. For the following calculations:

i. estimate the answer by rounding to the first digit
ii. calculate the answer using a written method for parts a and b and a calculator for part c.

a. 6650—1310 b. 36 X223 c. 18251 +391

Reasoning

15. Ava wants to buy three items that cost $5.58, $15.92 and $7.22. Estimate the total cost of the three items by
rounding each number to the nearest whole number, and then adding.

16. Estimate the number of graduating students shown in the photograph.
(Do not count all of the students in the photograph.) If the hall where
they are graduating holds 12 times this number, estimate the total
capacity of the hall.

Show your working and write a sentence explaining how you solved
this problem.

17. At Kooboora Secondary College there are 127 students in Year 7, 152 students in Year 8 and 319 students in
Years 9 and 10. Estimate the total number of students in Years 7-10.
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Problem solving

18. Describe a situation in everyday life where it is not appropriate to estimate values.

19. Shari bought a car five years ago for $21 798. The car’s value has decreased to one-third of its initial value.
Determine the approximate value of the car today.

20. During the intermission of the school production of South Pacific, Jia is
planning to run a stall selling hamburgers to raise money for the school. She
has priced the items she needs and made a list in order to estimate her expenses.
a. By rounding the item price to the first digit, use the following table to
estimate how much each item will cost Jia for the quantity she requires.

b. Estimate what Jia’s total shopping bill will be.

c. If Jia sells 300 hamburgers over the 3 nights for $2 each, determine how
much money she will receive for the hamburgers.

d. Determine approximately how much money Jia will raise through selling
hamburgers over the 3 nights.

Item Item price Quantity required Estimated cost
Bread rolls $2.90/dozen 25 packets of 12
Hamburgers $2.40/dozen 25 packets of 12
Tomato sauce $1.80/litre 2 litres
Margarine $2.20/tub 2 tubs
Onions $1.85/kilogram 2 kilograms
Tomatoes $3.50/kilogram 2 kilograms
Lettuce $1.10 each 5 lettuces

T RE] Order of operations

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand how the order of operations is to be applied
e apply the order of operations to solve problems.

1.8.1 BIDMAS

e There are rules in mathematics that ensure everyone has the same understanding of mathematical
operations. These rules are known as the order of operations.

e The acronym BIDMAS (Brackets, Indices or roots, Division and Multiplication, Addition and Subtraction)
can be used to remember the correct order of operations.

Note: Division and multiplication have the same order as each other so are to be performed left to right.
Addition and subtraction have the same order as each other and also should be performed left to right.
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BIDMAS

BIDMAS helps us to remember the correct order in which we perform the various operations,
working from left to right.

Q
& $
& S § O
o4 & & S & &
& S = S S Ry
D) $ N > v &
() 57 X I =

Order of operations

WORKED EXAMPLE 25 Applying the order of operations

Calculate 6 + 12 + 4.

THINK WRITE
1. Write the question. 6+12+4

2. Follow BIDMAS.
e Brackets: there are none.

e Indices or roots: there are none.
e Division and multiplication: there is one division.
e Addition and subtraction: there is one addition.

3. Apply BIDMAS by working out the division before 6+12+4=64+3
the addition.

4. Calculate the answer. =9

WORKED EXAMPLE 26 Applying the order of operations

Calculate the following.

a. 12+2+4x(4+6) b. 80 +[((11—2) x2)+2]
THINK WRITE
a. 1. Write the question. a. 12+2+4%xX(4+06)
2. Apply BIDMAS. Remove the brackets by working =12+24+4%10
out the addition inside.
3. Perform the division and multiplication next, doing =12+2+4%10
whichever occurs first as you work from left to right. =6+40
4. Complete the addition last and calculate the answer. =46
b. 1. Write the question. 80+ [((11=2)%x2) +2]
2. Remove the innermost brackets first by working out the =80+[(9%2)+2]

subtraction inside them.

3. Remove the next pair of brackets by working out the =80+[18+2]
multiplication inside them.

4. Remove the final pair of brackets by working out the =80+20
addition inside them.

5. Perform the division last and calculate the answer. =4
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ACTIVITY: Order of operations

Using the expressions from Worked example 26, investigate whether the order of operations is applied on
different devices such as your mobile phone or a computer. Do you have to take any special steps to ensure
that the order of operations is followed?

WORKED EXAMPLE 27 Inserting brackets to make a statement true

Insert one set of brackets in the appropriate place to make the following equation true.
3x10—8+2+4=7

THINK WRITE
1. Write the left-hand side of the equation. 3x10—-8+2+4
2. Place one set of brackets around the first two values. =3x10)—8=+2+4
3. Perform the multiplication inside the bracket. =30—-8+2+4
4. Perform the division. =30—-4+4
5. Perform the subtraction and addition working from left =26+4
to right. =30
Note: Since this is not the answer, the above process Since this is not equal to 7 we must
must be repeated. place the brackets in a different position.
6. Place one set of brackets around the second and third 3Xx10—-8+2+4
values. =3X(10-8)+2+4
7. Perform the subtraction inside the bracket. =3%x2+2+4
8. Perform the multiplication and division working from =6+2+4
left to right. =3+4
9. Perform the addition last and calculate the answer. =7
10. Write the answer showing the bracket placement that 3X(10-8)+2+4=7

makes the statement true.

WORKED EXAMPLE 28 Using the order of operations

Calculate 58 — (2 x 8 + 3?) using the order of operations.

THINK WRITE
1. Write the question. 58— (2% 8+3?)

2. Apply BIDMAS.
e Remove the brackets first.

« Calculate the indices inside the brackets. =58—(2%x8+9)
« Perform the multiplication inside the brackets. =58—(16+9)
« Perform the addition inside the brackets. =58 —(25)

e Perform the subtraction.

3. Write the answer. = 33
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Digital technology

Scientific calculators can evaluate the expression using the order eG4
of operations. G+ GE—-22) (=¥ |
DISCUSSION

Use a calculator to work out the answer to Worked example 28. Do you think it is easier or harder to
perform the calculation using a calculator? What do you think the advantages and disadvantages are of
using a calculator compared to calculating using mental strategies?

Exercise 1.8 Order of operations learn

1.8 Quick quiz 1.8 Exercise

Individual pathways

B PRACTISE Hl CONSOLIDATE B MASTER
1,2,6,9, 14,17, 20, 21 3,7,10,12, 13, 16, 18, 22, 23 4,5,8,11,15,19, 24, 25
Fluency
1. HEZEZZA Follow the order of operations rules and calculate each of the following.
a. 3+4=2 b. 8+1x1 c. 24+(12—-4)
d. 15x(17—-15) e. 11+6%8
2. Follow the order of operations rules and calculate each of the following.
a. 30—-45+9 b. 56 +(7+1) c. 12x(20—-12) d. (7+5—-(10+2)
3. Follow the order of operations rules and calculate each of the following.
a. 3xX4+23-10-5x%x2 b. 42+7x8—-8X%3 c. 10+40+5+14
d. 81 +9+108+12 e. 164+12+2x%x10 f. (18 —15)+3%x27
4. Follow the order of operations rules and calculate each of the following.
a. 44+ (6+3x9) 11 b. 52+134+75+25
c. 88+(24—-13)x12 d. (4+5)%x(20—-14)+2
e. {[(16+4)+4]-2}x6 f. 60 = {[(12—3)x2]+2}

Understanding

5. Insert one set of brackets in the appropriate place to make these equations true.

a. 12-8+4=1 b. 44+8X5—-4x5=40 c.3x10-2+44+4=10
d. 12x4+2—-12=60 e. 10+5+5%x9%x9=281 f. 18—3X3+5=9

6. Calculate the following, using the order of operations.

48

a. 6+3x4 b. 18—12+3 c.2—-4-6 d. 17—-3+38
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7. Calculate the following, using the order of operations.

a. 6x3+9 b. 72+8x%3 c. 7—-(3+4) d. (6+3)+9
8. Evaluate each of the following.

a. 3x2-3x1 b. 6X5—-2x%x6 c. 4x(6+4) d. 8+3)x7
9. lIZZA Evaluate each of the following.

a. 4+7x3-2 b. 6—4+(4)°

c. (2 —=3x2 d.3+(8-2)+6

10. Evaluate each of the following.

a. 82+ (2)> CAxX8—[2+(3)]
c. (7+5+24=+6 d 30=-05-2)—-10

T

11. Evaluate each of the following.

a. 54+64+8%x9+4 b. 9+6)+5-8%0
c. 7T+7=TXT+7 d. IX5-3+2)—48+6
12. [ 20 — 6 X3+ 28 +7 is equal to:
A. 46 B. 10 C.6 D. 4

13. I Choose which of the following is the correct order of the two signs that can replace * in the equation
7#2%4 —3=12.
A — + B. +,X C. ==+ D. -, X

14. I Select which of the following the expression 6 —2 X 5 + 10 + 2 is equal to:
A 25 B. 40 C. 30 D. 1

15. Rewrite the left side of each equation, inserting brackets if necessary, to make each of the following
equations true.

a. 6+2%x4-3%x2=10 b. 6+2X4-3%x2=26
c. 6+2x4-3%x2=16 d. 64+2X4-3%x2=38

16. Model each situation with integers, then calculate the result.

a. Jemma starts out with $274 in the bank. She makes 2 withdrawals of $68 each, then 3 deposits of $50
each. Calculate how much money Jemma now has in the bank.

b. If 200 boxes of apples were each 3 short of the stated number of 40 apples, calculate the overall shortfall
in the number of apples.

c. A person with a mass of 108 kg wants to reduce his mass to 84 kg in 3 months. Determine what average
mass reduction is needed per month.

Reasoning

17. Discuss a real-life situation in which performing calculations in the wrong order could cause problems.

18. Keenan and Amona discovered that they had different
answers to the same question, which was to calculate
6 + 6 = 3. Keenan thought the answer was 8. Amona thought
the answer was 4. State who was correct, Keenan or Amona.
Explain your response.

19. I have a pile of pebbles. Arranging them in piles of 7 leaves
1 extra pebble, and arranging them in piles of 5 leaves 3
extra pebbles. If there are more than 10 pebbles in my pile,
determine the smallest number of pebbles possible for my
pile to have in it. Show your working.
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Problem solving

20.

21,

22.

23.

24,

25,

50

The student lockers at Jacaranda College are to be numbered consecutively from 1 to 800 using plastic
digits. Each digit costs 10c. Calculate the total cost of all the digits.

Xanthe bakes and sells cupcakes. A customer ordered
3 lemon cupcakes at $4.25 each, 3 chocolate cupcakes at
$4.75 each and 2 original cupcakes at $3.75 each.

a. Write an expression to help Xanthe calculate the
amount the customer has to pay.

b. Use this expression to calculate the amount that the
customer has to pay.

Local time in Sydney is 3 hours ahead of
Singapore time, which is 5 hours behind
Auckland (NZ) time. Auckland is 11 hours
ahead of Berlin (Germany) time. Determine the
time difference between:

a. Sydney and Berlin
b. Singapore and Berlin. SN

Minh was asked to buy enough ice creams for 7 > N
everyone in his class. There are 31 people in the & T
class. At the supermarket, ice creams come in —

packets of 3 or packets of 5. Minh is told that =

the cost of one ice cream is the same from either _ .~ =
packet. Determine how many packets (or what
combination of packets) Minhshould buy.

Use the digits 1,2, 3 and 4 and the operators 4, —, X and + to construct equations that result in the numbers

1 to 5 (the numbers 2 and 4 are already done for you). You must use each digit in each expression, and you
may not use the digits more than once. You may combine the digits to form larger numbers (such as 21). You
may also use brackets to make sure the operations are done in the correct order.

1=
2=4-3+2-1
3=
4=4-2+3-1
5=

Use the digits 1,2, 3 and 4 and the operators +, —, X and =+ to construct equations that result in the numbers
5 to 10 (the numbers 7 and 10 have already been done for you). You must use each digit in each expression
and you may not use the digits more than once. You may combine the digits to form larger numbers (such as
21). You may also use brackets to make sure the operations are done in the correct order.

5=

6=
7=24+3-1

8 =

9=
10=1+2+3+4
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XK Review

1.9.1  Topic summary

The position of a digit in a number gives a different value to the digit. To round to the first digit, use the
following guidelines:

 If the second digitis 0, 1, 2, 3 or

For example, the place value of each digit in the number 613 452 is:

R e Thousands| Hundreds Tens Ones 4, the first digit stays the same and
thousands | thousands all the following digits are
6 1 3 4 5 2 replaced with zeros.

« If the second digit is 5, 6, 7, 8 or
9, the first digit is increased by 1
(rounded up) and all the following
digits are replaced with zeros.

* The number 613 452 is read as ‘six hundred and thirteen thousand, four hundred

and fifty-two’.

POSITIVE INTEGERS

Positive integers

Positive integers are whole numbers including 0 without decimals or fractions.
* The integers 1, 2, 3,... are called positive integers.

« 0 is neither positive nor negative....

Subtraction of positive integers Multiplication of positive integers

Some mental strategies and algorithms
used to subtract numbers without a
calculator are:

¢ jump strategy

Some mental strategies and algorithms
used to add up numbers without a
calculator are:

¢ jump strategy

¢ A short way of performing
repeated addition of the same
number

Expanded form, area model, short

* split strategy
* compensation strategy

¢ adding up to find the difference
* compensation strategy

and long multiplication algorithms
are used to multiply.

« rearrange strategy « algorithm to subtract positive integers. e.g. 0 e
« algorithm to add positive integers. — €.g. 892467 — SlzhiL tpitaton

e.g. 462 + 78 + 316 1456
416 2 oo | Short multiplication s 152

78 8 %9 12 212356 2912

+ 3 16 y 0 . 43680

3 56 4 2 5 X 145600

- 7280 192192

Division of positive integers

* The process of sharing or dividing a number into equal parts.
¢ Expanded form and short division algorithm are used to divide.

Efg Quotient

417 )
2)8314
/SW
Divisor \ ivi
Dividend

Order of operations

* The order of operations is a set of rules we must follow so that we all
have a common understanding of mathematical operations.
¢ The set order in which we calculate problems is:

1. Brackets (Jor[]
2. Indices or roots a* or {/x
3. Division and Multiplication (working left to right) + or x
4. Addition and Subtraction (working left to right) + or —

* The acronym BIDMAS can be used to remember the correct order of operations.
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1.9.2 Success criteria

Tick the column to indicate that you have completed the lesson and how well you think you have understood it
using the traffic light system.

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

Lesson ‘ Success criteria ° O '

1.2 | understand that the value of each digit in a number depends on its
position or place value.

1.3 | can add and subtract positive integers using mental strategies.

1.4 | can add and subtract positive integers using algorithms.

1.5 | can multiply positive integers using mental strategies and algorithms.

1.6 | can divide positive integers using mental strategies and the short division
algorithm.

1.7 | can provide an estimate to a problem by rounding to the first digit.

1.8 | understand how the order of operations is to be applied.
| can apply the order of operations to solve problems.

1.9.3 Project

Ancient number systems

All ancient civilisations developed methods to
count and use numbers. The methods they used to
represent numbers did not involve the ten digits
1,2,3,4,5,6,7,8,9 and O that we use today. Instead
they involved different systems like letters, other
symbols, pebbles, tying knots in ropes, or cutting
notches in sticks. As the need to use and represent
larger numbers became more and more important,
many old systems fell out of use.

Egyptian numbers

The ancient Egyptians were one of the oldest known civilisations to have a recorded number system. In
about 5000 BCE, Egyptians used a system of symbols called hieroglyphs. An example of hieroglyphs can
be seen in the photograph.
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The hieroglyphs used for numbers are shown in this table.

Number J§! 10 100 1000 10000 100000 | 1000000 | 10000000

Symbol [ N @ T ) (@ :% <

The following example shows how the symbols are used to represent numbers. As the numbers get larger in
value, the symbols are simply repeated. This set of symbols represents 241 513.

I

caNNNteeeeeni

1. What number is represented by the following Egyptian hieroglyphs?
CAA A\ RCRR
22 Meennn

2. Show how the ancient Egyptians would have represented the number 2147.

The ancient Egyptian system of numbers was not limited to simply representing numbers. Addition and
subtraction could also be performed when it was required. Perform the following additions and subtractions,
giving your answers as Egyptian numbers.

S ANAN RYaVa 11
ann T @G0

ASSEARAII T NN
“annng nn |
nnn Nl

6. AN
2eennnil — S8EeAR I

7. Comment on any difficulties you encountered when performing the
calculations using Egyptian hieroglyphs.

4

Greek numbers

The ancient Greeks used an alphabet that had 27 letters (the modern Greek
alphabet has only 24 letters). These letters were also used to represent
numbers.

The first nine letters of the alphabet represented the numbers 1 to 9. The

middle nine letters of the alphabet represented the tens from 10 to 90. The
last nine letters of the alphabet represented the hundreds from 100 to 900.
Numbers were written by combining these letters. 5 23w

oy

8. Search online to find the 27 symbols used in the ancient Greek number system and the number that
each symbol represented.
9. How did the ancient Greeks represent numbers greater than or equal to 1000?
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10. Search online to find out about number systems used by other ancient civilisations. Try to find out what
symbols were used to represent numbers and how those symbols were used in calculations. Discuss any
advantages of these systems and suggest why the system may have fallen out of use. Present your
findings on a separate sheet of paper.

Maya Numbers

learn

eWorkbook  Topic 1 Workbook (worksheets, code puzzle and project) (ewbk-1902)

Interactivities Crossword (int-2586)
Sudoku puzzle (int-3163)

Exercise 1.9 Review questions learn

Fluency

1. State the place value of the digit shown in pink in each of the following.
a. 74037 b. 541910 c. 1904 000 d. 290

2. Write each of the following numbers in expanded form.
a. 392 b. 4109 c. 42001 d. 120000

3. List the numbers 394, 349, 943,934, 3994, 3499 in ascending order.
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10.

11.

12.

13.

14.

15.

16.

17.

List the numbers 1011, 101, 110, 1100, 1101 in descending order.

Calculate the sum of these numbers.
a. 43+ 84 b. 139 + 3048
c. 3488 +91 + 4062 d. 3486208 + 38 645 + 692 803

Calculate each of the following.
a. 20—12+8—-14 b. 35+ 15+5-20
c. 300—170+20 d. 18+10-3—-11

Calculate the difference between the following numbers.

a. 688 —273 b. 400 —183

c. 68348 —8026 d. 46234 — 8476
e. 286005 — 193048

Use mental strategies to multiply each of the following.
a. 2x15x%x5 b. 4x84 %25 c. 62x20
d. 67x9 e. 31x19

Evaluate the following multiplications using a diagram.
a. 3X6 b. 5x4 c. 2X7

Calculate the following using expanded form.
a. 24x4 b. 134x8 c. 642X5

Calculate the following using an area model or a method of your choice.
a. 2366 b. 347 x4 c. 675x5

Calculate the following using the short multiplication algorithm.
a. 128x9

b. 762X 3

c.3840%5

Calculate the following using the long multiplication algorithm.
a. 64X72 b. 542 x57 c. 50426364

Calculate each of the following using expanded form.
a. 645+5 b. 1040 +4 c. 15063 +3

Calculate each of the following.
a. 6x4+3 b. 4x9+12 c. 49+7x12
d. 81 +9x%5 e. 6X3+9+2

Divide the following multiples of 10.
a. 84000+ 120 b. 4900 + 700 c. 12300 =30

Evaluate the following using short division.

a. 4704 =3 b. 6867 7 c. 3762+7
d. 5702 =17 e. 11852+13
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18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

By rounding each number to its first digit, estimate the answer to each of the following calculations.

a. 6802+ 7486
c. 5304 =143
e. 49581 + 73258

b. 8914 — 3571
d. 5706 X 68
f. 289X 671

C.0 D. 201.50

Complete each statement by inserting =, < or > in the box to make the statement correct.

I3 Choose which of the following is an integer.
A. 2l B. 0.45
2
a. 6—4013+2
c. 5—400x5

Calculate the following using a mental strategy.

a. 315+12
c. 735+54

Calculate the following using a mental strategy.

a. 152-25
c. 745—-34

Evaluate the following.
a. (6—2)x7

c. 2X5

e. 7+8+2

Calculate the following.
a. 363

c. 45+9

e. 672+48

b. 107+7
d. 100—5009x%x5

b. 1010+ 80
d. 154462

b. 13554
d. 354 -76

b. 4X(4+2)
d. (10—6)%x2
f. 3X5+(6X%2)

b. 210+7
d. 1800=2
f. 625+25

Complete the following by inserting =, < or > in the box to make the statement correct.

a. 3.503.75
c. 4x3008x0.5

b. 22x2[]44
d. 5x20015

Complete the following by inserting =, < or > in the box to make the statement correct.

a. 12+-403
c. 10x6.5050

b. 5x((2+10)+4025
d. 5x2—-6=4[125

The lowest temperature recorded on a particular day in Melbourne was 4 °C and the highest was
27.5 °C. Calculate the difference between these two temperatures.

Follow the rules for the order of operations to calculate each of the following.

a. 35+(12-5)
c. 8x3+4
e. (6+4)x7
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b. 11X3+5
d. 5x12—-11x%x5
f. 5+[21-(5X%3)]x4



Problem solving

29. Uluru is a sacred Aboriginal site. The following map shows some roads between Uluru and Alice
Springs. The distances (in kilometres) along particular sections of road are indicated.
a. Calculate how far Kings Canyon Resort is from Ayers Rock Resort near Uluru.
b. Determine the shortest distance by road from Kings Canyon Resort to Alice Springs.
c. If you are travelling in a hire car in this part of Australia, you must travel only on sealed roads.

Work out the distance you need to travel if you are driving in a hire car from Kings Canyon Resort to
Alice Springs.

To Darwin

Simpsons

e Sealed road

s Unsealed road

Map not to scale

30. In summer, an ice cream factory operates 16 hours a day and makes
28 ice creams an hour.
a. Calculate how many ice creams are made each day.
b. If the factory operates 7 days a week, determine how many ice
creams are made in one week.
c. If there are 32 staff who run the machines over a week, calculate
how many ice creams each person would make.
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31.

32.

33.

34.

35.

36.

37.

When you add two even positive integers, the answer is even. The sum of an even and an odd positive
integer is an odd integer. Two odd positive integers add to give an even integer.

Determine what happens if you perform multiplication on these types of integers. Give examples to
support your answers. Write a general statement to summarise what would happen if you multiplied
more than two positive integers.

Complete the following subtraction by adding the missing digits to the boxes.

8 2 O o
-3 0 g8 0O
O s 5 o9

A lolly factory machine dispenses 760 lollies into 8 jars. Assuming that an equal number of lollies is
dispensed into each jar, evaluate how many lollies there are in each jar.

Julie sells 8 bottles of soft drink for $3 each and 12 bottles of water for $2 each.
a. Write a calculation that will find the total value of Julie’s sales.
b. Calculate the total value of Julie’s sales.

Dara estimates the crowd at a football match to be 20 000 people. If Dara’s estimate is correct to the
nearest 1000 people, evaluate the greatest number of people that could possibly be at the match.

a. Complete the addition table below.

+ 6 3
11 15

12
15

b. Complete the multiplication table below.

X 4 6
12 24 18
5
8

Minimum and maximum temperatures are recorded at many locations around the world.

a. In Melbourne the temperature often changes rapidly during the day. On one very hot day the
temperature reached 42 °C. A cool change arrived during the afternoon and the temperature dropped
by 18 °C. Determine the temperature after the cool change.

b. In Alaska the weather often changes suddenly as storms sweep across the frozen plains. On one day,
the temperature was 3 °C, but a storm caused the temperature to drop by 24 °C. Determine the
temperature during the storm.
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38. You have 30 questions to answer on a multiple choice test.
Each correct answer scores one mark (+1). Each incorrect
answer loses two marks (—2). Any unmarked questions will
be counted as incorrect. Evaluate the lowest number of
questions that you can answer correctly and still obtain a
score greater than 0. Determine how many marks you
would earn. Explain your reasoning.

+

X
I
-

39. Place the digits 1-9 (with no repeats) in the grid shown so = 4
that the equations reading across and down are true.

29 10 15

40. The following table lists a business’s profit over the past four years. Evaluate which two consecutive
years had the greatest difference. Show your working.

2016 2017 2018 2019
$ Profit/loss 1020 2620 3808 8222

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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Answers

Topic 1 Positive integers

1.1 Pre-test
1.D

2.27
3. a. 2411 b. 70555 c. 26747
4. a. 622 b. 7257 c. 1262
5. 480

6. 416

7.321

8. $1865

9. 600

10. 30000

11.a. 12 .21 c. 25

b
12. a. < b
13. a. 2 b. 8 c. 130
14. a. 172 b. 444 c. 235

15. 12 minutes after the race has started.

.= c. >

1.2 Place value

1.a.900+20+5

. 20000 + 8000 + 400 + 60 + 9
. 800000 + 2

. 1000000 + 80000 + 100

o 0 T 9o

. Seven hundred and sixty-five

. Nine thousand, one hundred and five

. Ninety thousand, four hundred and fifty

. One hundred thousand, two hundred and thirty-six

. a. 495 b. 2670 c. 109605

o 0 T 9O

3

4. Forty

5. Two hundred

6. Zero

7. Three hundred

8. Fifty

9.D

10. B

11. 48987, 8569, 742, 647,28

12. 72 167,58 625,47 890, 32 320, 12947
13. 7647,7476,6747,6477,4776

14. 8880, 8808, 8800, 8088, 8080, 8008
15. 9,58,743,68 247, 1258 647

16. 34 108,58 610, 60 000, 78 645, 84 364
17. 1290, 1902,2019,2910, 9021, 9201
18. 111,211,212,221,222,1112

19. a. 345 <567 b. 89 <98 c. 234596 > 23459
d. 7765 > 7756
20. a. $6000 b. $340000 c. $58 000
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21. a. $430K b. $7K
22. 98641
23. Half a minute (30 s)

24. Astronomers and other scientists work with very small or
very large numbers. Scientific notation is a system that
makes working with very small or very large numbers
easier.

25. a.2
b. 4

26. a. 6
b. 27

c. In part a, the number of two-digit numbers is the same
as the number of digits. In part b the number of three-
digit numbers is double the number of digits because the
number can begin with any one of the three digits, and
then there are two digits to choose from for the second
place and one digit for the third place; this makes six
possible numbers.

c. $800K

d. In part a, the number of two-digit numbers is 22. In part b
the number of three-digit numbers is 3°.

27. About 12 days at a rate of 1 number per second

1.3 Strategies for adding and subtracting
positive integers

1. a. 228 b. 1803
2. a. 906 b. 448
3. a. 560 b. 102
4. a. 86 b. 64
5. True

6. B

7. 847

8. a. 45 b. 351
9. a. 64 b. 33
10. a. 17 b. 227
11. 278
12.a. Sor0 b. 10

13. Yes. Working shown:
145 + 671: Break into 600, 70 and 1
145 4+ 600 = 745
745 + 70 =815
8154+ 1=2816
816 — 472: Break into 400, 70 and 2
816 —400=416
416 — 70 =346
346 —2 =344

14. a. The student has not listed the tens and ones correctly.
b. 998

15. There are 18 children on the playground now.
16. 550 students are not completing exams.
17. Harriet has $161 left in her savings account.

18. The two numbers are 13 and 6.



1.4 Algorithms for adding and subtracting

positive integers

1.

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

a. 15
d. 240

. 18220
40

.99

978
. 14462

180
. 827

e

o oo o

e
[e)}

. 125

. a. 700

a. 4
d. 0

.a. 35

a. 267
d. 2634

a. 69397
d. 19088744
$247

3032 pages
$71

6670 km

a. 7,6,14
a. 26 m

15

12149

31

a. 172km

oz

e T

b

T 05 T 0T BT

T T ovF

37
1730

. 175000
50

72648

766
. 1701553

. 280

23
. 900

70
26

20
73

.35123
. 4413

. 1553

. 15,10, 15
.26m

. 353km

C.

C.

C.

. 1335

C.

C.

C.

C.

C.

210

20

13629

. 790

. 500

.55
. 1150

584599
65439

349818

8,20,36
52 m

22. a. 638321 — 488417 = 149904
b. 3492 — 1685 = 1807 (other answers possible)

23. 5849318

24. 7 days

25. Trixie

26. Three students attend both swimming practice and
lifesaving.

27. Three people do not work Monday to Sunday.

28. 6

1.5 Multiplying positive integers

1. a. 24 b. 54 c. 60
d. 26 e. 45

2. a. 100 b. 90 c. 32
d. 63 e. 108

3.a.75 b. 72 c. 27
d. 90 e. 80

4. 801

10.
11.

12.

13.

14.

15.

16.
17.
18.
19.
20.
21.
22,
23.
24.
25.
26.
27.
28.
29.

30.
31.
32.
33.
34.

35.
36.

a. 500

20 3

4 2000

80 |12

2000 + 80 + 12 = 2092

b. 2092

a. 128 b. 1233

c. 2571 d. 24600

a. 63104 b. 16120

c. 63582 d. 492720

a. 2288 b. 3007 c. 1652
a. 912 b. 64 600 c. 21571
a. 2161485 b. 27529 460 c. 1725805
a. 80 b. 1900

c. 4500 d. 67000

a. 900 b. 3100

c. 16800 d. 172000

a 8000 b 480000

¢ 5500000 d 6300000000

a. 7200 b. 5600000

c. 54000000 d. 13200000

a. 306 b. 5652

c. 7425 d. 208

a. 5600 b. 560 c. 5040

a 4320 b 11250 c 28800
a. 150 b. 300 c. 300

a. 180 b. 840 c. 640 d. 680
a. 90 b. 27 c. 117

a. 325 b. 312

208

1176

a. $72 b. $1728

$132000

a. $675 b. $1200 c. $2700
490 km

524 seconds

a. 10km b. $175 c. 120km
d. $9100 e. 400 papers f. 20 800 papers

The correct answer is 1470 so Ben is correct.
92 > 140 False

260

576

1089;2178;3267
a. 4356
d. 7623

46
The two numbers are 34 and 35. Their sum is 69.

b. 5445
e. 8712

c. 6534
f. 9801
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1.6 Dividing positive integers

1. a. 4 b. 4 c. 8
d. 8 e. 13 f. 3
2.a.3 b. 2 c.2
d. 2 e.5 f. 15
3.a. 10 b. 56 c. 84
d. 60 e. 44
4. a. 485 b. 6208
c. 2761 d. 80045

5. a. 850064 remainder 2
c. 904 075 remainder 5

6. a. 700 b. 7

7. a. 500 b. 5000
8. 72

9. 214

10. 532

11. a. $208
12. 186 cows
13. Number of tables required: 19; total number of courses to

b. 86 047 remainder 3
d. 60074 remainder 2

c. 900
c. 800

b. $48

be served: 608; number of waiters required: 8; total charge

for catering: $8360

14. a. 950 m? b. $794 750
15. Kayla: 243 +9 =27
027

9)2%4%3
16. The statement is false.
17. a. 37 b. 3
18. $16 per night
19. There needs to be 8 tables.

20. 10, 18, 26, 34. Students should mention that the pattern in
the solution differs by the divisor and that it is found by
adding the remainder to each of the multiples.

1.7 Rounding and estimating

1.a. 10 b. 50 c. 1000
d. 10000 e. 200000 f. 5000 000
2. 28000000
3. Estimation table:
Estimated Actual
Estimate answer answer
a. | 500+ 1000 1500 1449
b. | 30000 + 80000 110000 115670
c. | 200000+ 700000 | 900000 907 448
d. | 90000 — 40000 50000 55880
e. | 300 —200 100 127
f. | 500000 —200000 | 300000 296 049
2. | 40%200 8000 | 7128
h. | 600X 10000 6000000 ' 7894033
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10.
11.
12,
13.

14.

15.
16.

17.
18.

19.
20.

N o o s

i. | 30000x40 1200000 1149954
j. | 30000+ 1000 30 32.907 58
k. | 60000 = 3000 20 24.325483
Li. | 70000+ 1000 70 53.385505

D

B

B

. a. 8000 b. 100 c. 400 000
d. 700 000 e. 11000
. a. 6000 b.8000000 . 100

d. 40000000 . 500

D

D

A

D

a. 1500 tickets  b. $11250

a. i 6000 ii. 5340

b. i. 8000 ii. 8028

c. i.50 ii. 46.677 749

$29

One way to estimate the number of students is to count (to
your best ability) the number of students in 1 row and in 1
column and multiply. It appears to be about 15 X 20 =300
students in the photograph. If the hall holds 12 times

this number, the capacity of the hall can be estimated as
30x 12 =3600.

600 students

It is important not to estimate calculations by rounding
when a very accurate answer is needed.

$7270

& Estimated
Item cost
Bread rolls $75
Hamburgers $50
Tomato sauce $4
Margarine $4
Onions $4
Tomatoes $8
Lettuce $5

b. $150 c. $600 d. $450

1.8 Order of operations

1.

2.

a. 5 b. 9 c.3
d. 30 e. 59

a. 25 b. 7 c. 96
d. 0



11.
12,
13.
14.
15.

16.

17.
18.
19.
20.
21.

22.

© ®» N o

a. 15 b. 24 c. 32 1.9 Review
d. 18 e. 76 f. 27 Proiect
a. 26 b. 7 c. 96 rojec
d. 27 e 18 3 1. 1530430
nn il

a (12—8)+4=1 B S AVARTY
b.(4+4+8)X5—4%x5=40
c.3x(10-2)+4+4=10 8. @@nnnn“nnnn
d. 12X @ +2)—12=60 eee 1"
e. 10+ (5+5)x9x9=81 . N2 eeennnn
f.(18—3)x3+5=9 5. N\
a. 18 b. 14 c. —8 d. 22 ] eeee RRRR””
a. 2 b. 27 c. 0 d. 1 ’
a3 b. 18 c. 40 d.77 7. List any difficulties you encountered.
a. 23 b. 18 c.2 d. 15 G Symbol Value Symbol ‘ Value
a. 8 b. 21 c. 16 d. 0 a 1 3 60
a. 27 b. 3 c. 21 d. 32 B 2 0 70
C 14 3 T 80
B ) 4 por¢ 90
D € 5 0 100
a.6+2x@-3)x2=10
b. (6+2)x4—3Xx2=26 Stk ¢ ALY
c.6+(2x4—-3)x2=16 ¢ 7 T 300
d. 6 +2 X4 —3 X2 =8, no brackets required 7 3 ) 400
a. 274 4+ 2x —68 + 3 x50 = $288 0 9 ¢ 500
b. 600 apples
c. 8kg t 10 X 600
When dealing with money. L3 20 P 700
Keenan (6+6+3=6+2=298) A 30 w 800
43 pebbles u ‘ 40 3 900
$229.20 v L 50
a. 3X(4.25+4.75)+2x3.75
b. $34.50 9. Adding a subscript or superscript iota (Greek letter for 10)

with the symbols used for 1 to 9 represented the numbers
a. Sydney Sh ahead

b. Singapore 6h ahead

1000 to 9000. M was used to represent 10 000. When
symbols were placed on top of the M, this meant that

. Two possible solutions: 2 packets with 3 ice creams and
5 packets with 5 ice creams, or 7 packets with 3 ice creams
and 2 packets with 5 ice creams.
With further investigation of the number pattern obtained by
summing 3s and 5s, it appears that there are combinations
of 3 packs and 5 packs that will amount to any quantity of
ice creams equal to or larger than 8.

the value of the symbols was multiplied by 10 000. This
enabled the ancient Greeks to represent larger numbers.

10. Sample response can be found in the worked solutions in
the online resources.

Exercise 1.9 Review questions
1.a.7 b. 40 000
c. 1000000 d. 90
3=21+(3+4) 2. a.300+90 +2 b. 4000 + 100 + 9
5=34+4-(2x1) c. 40000 + 2000 + 1 d. 100 000 + 20 000
. An example is shown below. 3. 349,394,934, 943,3499, 3994
5=4+3-(2x1) 4. 1101, 1100, 1011, 110, 101

. An example is shown below.
1=4-3)=2-1

6=3x4+2%1) 5. a. 127 b. 3187
B=4X(3—2+41) c. 7641 d. 4217656
9=4+3+2-1 6. a2 b. 35 c. 150 d. 14
7. a. 415 b. 217 c. 60322
d. 37758 e. 92957
8. a. 150 b. 8400 c. 1240
d. 603 e. 589
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10.
11.
12.
13.
14.
15.
16.
17.

64

c

' 000"

(o

a.

a.

a.

a.

a.

a

o

%)
X
(@)}

OOOO0O
COOO00
OCOOO0O

There are 18 balls = 18

OO0
OO0
OOOO

[\

X7

20 balls =20

OCOOO00O
OCOOO000

There are 14 balls = 14

96 b.
1416 b
1152 b
4608 b
129 b
8 b. 3

. 700 b.

. 1568 b.

.335r7 e.

1072

. 1388

. 2286

. 30894
. 260

c. 84
7

981
91119
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c. 3210
c. 3375
c. 19200

c. 18355064

c. 5021
d. 45 e.

c. 410

c. 53713

OO0

1

18.

19.
20.

21.
22,
23.
24.

25.
26.
27.
28.
29.
30.
31.

32.

33.
34.
35.
36.

37.
38.
39.

40.

a. 14000 b. 5000

d. 420000 e. 120000

C

a. < b. = c. >
a. 327 b. 1090 c. 789
a. 127 b. 81 c. 711
a.28 b.24 c. 10 d.8
a. 12 b. 30

d. 900 e. 14

a. < b. = c.

a. < b. < c
23.5

a. 5 b.38 ¢ 6 d. 5
a. 306 km b. 322km

a. 448 b. 3136

As long as one of the factors in a multiplication is even, the

e.

e.

C.

C.

.50
f.

210000

d. >

d. 216

d. 278
11 f. 27
.5

. 25

d. <

70 .29
482km
98

result will be even. Otherwise, the answer will be odd.

8240
—3681
4559
95
a. 8x34+12x2 b. $48
20499
> + 6 10 3
5 11 15 8
12 18 22 15
9 15 19 12
b x 4 8 6
3 12 24 18
5 20 40 30
2 8 16 12
a. 24°C b. =21°C
21 questions for 3 marks
8 + 4 X 6 = | 32
a B B
3 - 5 + 9 = 7
-
7 -2 -1 ] =14
29 10 15
2019 and 2018
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T RE] Overview

Why learn this?

Integers are whole numbers. They can be positive, negative or
equal to zero. Positive integers have values above zero and negative
integers have values below zero.

0 0

If you live in the southern parts of Australia, overnight temperatures 160 — — 60
often fall below zero in winter. These very cold temperatures are 120 = = 5o
written as negative integers. In summer the generally very hot 120 == 20
temperatures are written as positive integers. 100 E= 2
Using your understanding of the basic operations of addition, 80 == 20
subtraction, multiplication and division, you can measure the 00— — 10
temperature changes throughout a single day. You can also ==
measure the average daily temperature over a month and use 40—==—0
those measurements to compare your home town to other parts of 20— =10
Australia, or other parts of the world. 0 —_: :_— -20

-20 —HA— -30

In finance, positive numbers are used to represent the amount of
money in someone’s bank account, while negative numbers are used
to represent how much money someone owes, for example how
much they have to pay back after borrowing money or taking out

a loan from a bank.

Hey students! Bring these pages to life online

Watch Engage with Ask questions
videos interactivities and check solutions

Find all this and MORE in jacPLUS C)

jacTUTOR, your Extra learning

personal Al tutor— resources
here to help when LESSON 25
you’re stuck! Ask Subtracting Integers
it anything. LEARNING INTENTION
':"::*:r:' Rm Differentiated
s s e question sets

@ 2.5.1 Subtraction of integers

Reading content
and rich media,
including
interactivities and
videos for every
concept

Questions with
immediate
feedback, and fully
worked solutions
to help students
get unstuck.
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Exercise 2.1 Pre-test learn

1. Write an integer to express the following.
a. A debt of $250
b. 15 metres below sea level
c. The temperature is 20°C

2. Complete each statement by placing <, > or = in the empty box so that the statement is true.
a. =302 b. -5 -7 c. =210 -17 d. o[1-38

3. [ Select which of the following options has the numbers —5, 8, 2, 0, —1, —8, 3 arranged in
ascending order.
A. 8, =5 —-1,0,2,3, -8 B. -8, -5,-1,0,2,3,8
c.0,-1,2,3,-5 -8,8 D. -8,5, —-1,0,2,3,8

4. 4+ (=9) is equal to:
A. =5 B.5 C.—-13 D. 13

5. Determine the missing number in the following incomplete number sentence.
+(=8)=-16

6. Simplify the following algebraic expression —4x X 7y X —2z

7. Calculate the following.
a. 3+-5= b. 7—- -6 = c. -7+ —-12= d —16 +5=

8. Write the number that is 12 more than —5.

9. Narelle went for a hike at Mount Baw Baw. From her starting point, she climbed up 72 m and then
descended 15 m, before ascending a further 21m. Determine how far above her starting point she
is now.

10. Evaluate —8 X —6.

11. Evaluate the following.
a. 7X6+3+7 b. 3X8+6+4 c. 74+[66 —(5%x5)]x3

12. I Select the simplified form of the algebraic expression 5g X —3h X —6k.
A. —15 ghk B. 18 ghk C. —90 ghk D. 90 ghk

13. If a=-5, b=4 and c = -2, evaluate 4 (a — b) = 3c.

14. Hang has $340 in the bank. She makes a deposit of $75 each month for the next three months, before
withdrawing $185 to buy a new dress. Determine the amount of money Hang has left in her account.

15. To improve goal kicking a new training drill was developed. In this training run, kicking a goal scores
you 6 points, but missing a goal loses you 2 points. If a team had 30 shots at goal and kicked 21 goals,
determine how many points they scored.
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ILP¥] Integers on the number line

LEARNING INTENTION

At the end of this lesson you should be able to:
e place integers on a number line
e compare integer values.

2.2.1 Integers

e Whole numbers are the numbers 0, 1,2, 3,4 ...
e Integers are positive and negative whole numbers. 0 is also an integer.

e The numbers ... —3,-2,—1,0,1,2,3 ... are called integers.

o The integers —1,—2, —3 ... are negative integers.

o The integers 1,2, 3 ... are positive integers. They can also be written as
+1,4+2,+3..

o 0is an integer. It is neither positive nor negative.

o The direction of an integer indicates whether it is positive or negative. The + sign
can be used to represent either an addition (if it appears between two quantities) or
the direction of an integer (if it appears in front of an integer). In the same way, the
— sign can be used to represent either a subtraction or the direction of an integer.

DISCUSSION

Can you think of an example of negative numbers that we encounter in everyday life?

WORKED EXAMPLE 1 Converting a description into an integer

Write the integer that is suggested by the following descriptions.
a. My flat is on the 5th floor.
b. This town is 20 m below sea level.

THINK WRITE

a. Numbers above 0 are positive, so place a + sign before a. +5(or5)
the number.

b. Numbers below 0 are negative, so place a — sign before b. —20
the number.

2.2.2 The number line

e Integers can be represented on a number line. On a number line, positive integers are written to the right
of 0, while negative integers are written to the left of 0.

<

>

| | | | | | | | | | |
5 4 3 2 -1 0 1 2 3 4 5

Negative integers Zero Positive integers
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e The magnitude of an integer shows the size of the integer in terms of its distance from 0. For example, the
number —3 is negative and has a magnitude of 3. This means it is a distance of 3 units from 0.

e The further a number is to the right of any number on a number line, the larger it is. For example, +5 is
greater than +2, while + 2 is greater than 0 and O is greater than —5.

¢ Opposite integers are the same distance from 0, but on opposite sides of 0. For example, 3 and —3 are
opposite integers because they are both 3 units from 0.

<
<

Value decreasing

}r ********** Opposites -———-——--—1
I
| |
Y Y
<~ T T T T T T T >
-4 3 2 -1 0 +1 +2 +3 +4
Negative integers Zero Positive integers

Value increasing

Y

WORKED EXAMPLE 2 Placing integers on a number line

Place the integers 9, —2, — 7, 5 on a number line.

THINK WRITE

1. Draw a number line from —10 to 10 so ~<~— T T T T T T T T T T T T T T T T T T T >
that you can include all of the numbers. -10 0 10

2. Mark the values 9, —2, —7,5 on the ~<~— T T T T T T T T T T T T T T T T T >
number line. -0 7 2 0 5 910

WORKED EXAMPLE 3 Writing integers in numerical order

Use a number line to help list the integers —4, 2, —3, 1 in numerical order.

THINK WRITE

1. Draw a number line from —5 to 5 so that < T T T T T T T T T >
you can include all of the numbers. -5 0 5

2. Mark the values. As you move from left -~ —¢ T T T ¢ ¢ T T T >
to right on the number line, the numbers S5 4 3 2 -1 0 1 2 3 4 5
become larger. In numerical order: —4, —3,1,2

WORKED EXAMPLE 4 Determining the opposite of an integer

Write opposites for the following integers.

a. =2 b. 3 c. 4
THINK WRITE
a. An opposite integer is the same distance from 0, a. The opposite of —2 is 2.

but has the opposite sign.

b. An opposite integer is the same distance from O, b. The opposite of 3 is —3.
but has the opposite sign.

c. An opposite integer is the same distance from 0, c. The opposite of 4 is —4.
but has the opposite sign.
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Comparing integers

e The following inequality symbols can be used when comparing integers.
> means ‘greater than’
< means ‘less than’
> means ‘greater than or equal to’
< means ‘less than or equal to’

WORKED EXAMPLE 5 Comparing integers

Complete each statement by inserting the correct symbol: < or >.

a. 2015 b. —40-1 c. 0[1-3 d. 61-2
THINK WRITE

a. 2 sits to the left of 5 on the number line, so 2 is smaller. a. 2<5

b. —4 sits to the left of —1 on the number line, so —4 is smaller. b. —4<-—1

c. 01s to the right of —3 on the number line, so O is larger. c. 0>-3

d. 61s to the right of —2 on the number line, so 6 is larger. d. 6>-2

2.2.3 Using positive and negative numbers in daily life

e Because positive and negative numbers show both their
size and their direction away from zero, they are often
referred to as directed numbers.

¢ Directed numbers are often used to measure objects
from a reference point, for example, the temperature
above or below zero, the height above or below sea
level, or archaeological measurements that show the
depth beneath the Earth’s surface. Directed numbers
are also used when describing banking transactions.
Withdrawals of money from a bank account are shown
using negative signs while deposits into a bank account
are shown using positive signs.

L. 20 m

WORKED EXAMPLE 6 Converting a statement into a directed number

Write the integer that is suggested by each of the following situations.
a. The temperature was 1 degree below zero.
b. Romie has $500 in her bank account.

THINK WRITE
a. ‘Below zero’ means negative. a. —1

b. Romie has money in her account, so the integer  b. +500
is positive.
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Exercise 2.2 Integers on the number line learn(:]]

‘ 2.2 Quick quiz  []1] 2.2 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10 2,5,8, 11 3,6,9,12
Fluency

1. IIEEA Write the integer suggested by each of the following
descriptions.

a. The temperature today is 7 degrees below zero.
b. The penthouse is on the 10th floor.

c. The Dead Sea is 422 m below sea level.

d. Mount Kosciuszko is 2228 m above sea level.
e. The Dow Jones dropped 3 points overnight.

f. Chloe lost $30.

2. [llIZA Draw a number line from —10 to 10. Mark the following values on your number line.

a. 2 b. —4 c. =9 d. 7
e.5 f. —1 g. 0 h. =3

Understanding

3. IIEA Use a number line to place the following numbers in numerical order.

a. 5,—-2,3,-6,7 b. 0,—1,3,—4,—6 c. =5,7,-2,-3,1 d. —4,2,1,-3,5
4. INZH Write opposite integers for the following.
a. —6 b. 7 c. 1 d. -8
5. [lIEA Complete the following by inserting < or > in the box.
a. 2[d-5 b. 307 c. —20-6
d. 61-2 e. —103 f. —10Ld-6
6. From the following lists, select:
i. the smallest number ii. the largest number.
a.—3,7,-5 b. 2,—4,5,3,-2 c. 7,—10,5,-2,—-4 d. —4,-1,3,0,-2
Reasoning

7. The temperature in Oslo dropped to —6 °C overnight. During the day, the temperature rose by 4 °C.
Determine the maximum temperature on that day. Show full working.

8. A new apartment building is being built. It will include a ground floor reception area. If there will be
10 floors of apartments and 3 floors of underground parking, how many buttons will be needed in the lift?
Explain your answer.
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9. Lake Mungo, part of Mungo National Park in New South
Wales, is a World Heritage listed area. Archaeologists
estimate that the lake dried out 1800 years ago and, before
that, Aboriginal people lived on the shores of the lake.
Lake Mungo became one of the world’s most significant
archaeological sites following the discovery there of some
of the oldest remains of human civilisation on Earth.
Explain what —60 000 could mean in terms of human
occupation in the area around Lake Mungo.

Problem solving

10. Raj and Vanessa are going home from school in opposite
directions. Raj lives 1.2 km south of the school and Vanessa
lives 1.6 km north of the school.

a. Draw a number line to represent the three locations:
Raj’s house, Vanessa’s house and the school. Label the
three locations with directed numbers.

b. Determine how far apart Raj and Vanessa live from
each other.

11. An aeroplane flying at 12 km above sea level flies directly over a submarine travelling at 500 m below
sea level.

a. Draw a number line to represent the three locations: the aeroplane, the submarine and the ocean level.
Label the three locations with directed numbers.
b. Evaluate the distance between the submarine and the aeroplane.

12. a. Historians use BCE (Before Common Era) and CE (Common Era) when discussing dates. Explain what is
meant by 2000 CE.
b. If the millennium year 2000 CE (+2000) was considered to be zero, determine the:
i. integer value that the year 2010 would represent
ii. integer value that the year 1894 would represent.

c. Human exploration of space started in 1957, which led to new
discoveries. The successful orbit of Earth by Sputnik I gave hope
to humans that one day they would enter space and even walk on
the Moon. If we consider 1957 as being zero, state the directed
numbers that could be used to describe the following information.

i. Cosmonaut Yuri Gagarin was the first man to enter

space — 1961

ii. Neil Armstrong and Edwin ‘Buzz’ Aldrin of Apollo 11 were
the first humans to walk on the Moon — 1969

iii. Sally Ride was the first American woman in space — 1983

iv. Discovery was the first shuttle to dock with the International
Space Station — 1999

V. Rosetta was the first man-made probe to make a soft landing
on a comet — 2014

d. Draw a number line from —10 to 60 to show your answers
to part c.

72 Jacaranda Maths Quest 7



Adding integers

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand how a number line can be used to add integers
e use a number line to add integers
e add integers without the aid of a number line.

® 2.3.1 Addition of integers

«%  * Anumber line can be used to add integers.
e When adding a positive integer, move right along the number line.
e When adding a negative integer, move left along the number line.

& Move right

Adding a negative <—q———T—T1—T—T—T—T—T—T—T1> Adding a positive
number 5 4 3 2 -1 0 1 2 3 4 5 number

5 Move left i

e Consider the addition of —1+ (+4).

Y

Number of steps to take Start Finish
Starting point  from the starting point

% o

/‘ \ a e ETNEDETNN
Direction to face Direction to move <4 3202 ¢3 4
on the number line on the number line Direction to move
Symbol Meaning Action to take
—1 Starting point Start at —1.
+ Direction to face on the number line Face right for addition +.
(+) Direction to move on the number line Move forward for positive (+).
@) Number of steps to take from the starting point Move 4 places from —1.
= Finishing point Stop at +3.

Therefore, —1 + (+4)=+3
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WORKED EXAMPLE 7 Adding integers using a number line

Calculate the value of each of the following, using a number line.

a. =5+ (+3) b. =5+ (-3)
THINK WRITE
a. 1. Start at —5 and face right (because this is a. Start Finish

an addition). Move 3 steps forward
(because this number is positive). The
finishing point is —2.

— Forward

Y Y
1 ' I 1 1
6 5 4 3 2 -1 0

Direction to move

2. Write the answer. —S5+H3)=-2
b. 1. Start at —5 and face right (because this is b. Einich Start
an addition). Take 3 steps backwards Backwardze: ﬁ
(because this number is negative). The | /
finishing point is —8.
g p - l I l 1 1 1 1 L r.

<9 8 -7 6 5 4 3 -2 -1 0

Direction to move

2. Write the answer. —5+(-3)=-8

WORKED EXAMPLE 8 Writing a number sentence from a number line

Write number sentences to show the addition problems in the following diagrams.

A —r— | =

1
-6 -5 4 3 2 -1 0 -2 -1 0 +1 +2 43

THINK WRITE

a. 1. The first integer is 2 units to the left of zero, a. TFinish Start
so start at —2. The s.eC(?nd integer is 4 units Backward 4 < ‘%
to the left of —2, finishing at —6.

2. Write the number sentence. —2+(—4)=-6
b. 1. The first integer is 2 units to the left of zero, b.  Start
so start at —2. The second integer is 5 units &_} Forward 5 Finish
to the right of —2, finishing at +3. ¢ Hlls

-2 -1 0 +1 +2 43

2. Write the number sentence. —2+H+5 =43
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Addition of integers using the sign model

e In the sign model, a — sign and a + sign cancel each other out. This model can be used to add integers, as
shown in Worked example 9.

WORKED EXAMPLE 9 Adding integers using the sign model

Use the sign model to calculate each of the following.

a. =4+ (+1) b. +5+(-3)
THINK WRITE
a. 1. Show —4 as four negative signs. a. ———
2. Show +1 as one positive sign. +
3. Cancel out the opposite signs. There are 3 7T
negative signs left over. <
4. Write the answer. —4+(+1)=-3
b. 1. Show +5 as 5 positive signs. b. +++++
2. Show —3 as 3 negative signs. ===
3. Cancel out the opposite signs. There are 2 A XA+ +
positive signs left over. Pt
4. Write the answer. +54+(-3)=+2

WORKED EXAMPLE 10 Evaluating an algebraic expression

Evaluate the algebraic expressiona +2b +c¢, ifa=-2,b=1and c =-5.

THINK WRITE
1. Write the algebraic expression. a+2b+c
2. Substitute each pronumeral with the =-242X1+4+(-5)

appropriate integer.

3. Evaluate the expression by using the addition =—24+2-5
rule for addition of integers.

4. Write the answer. ==5

Digital technology

Scientific calculators can evaluate the addition of positive and negative numbers.

DEG R

-I00+282+C 1560
-424
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Exercise 2.3  Adding integers learn

2.3 Quick quiz 2.3 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,3,6,10, 13,16 2,4,7,11,14,17 5,8,9,12,15, 18, 19
Fluency

1. Calculate the value of each of the following.

a. =25+ (+10) b. =74+ (=3) c. 6+ (=7)
d. =84+ (-5) e. 13+ (+6) f. 16 4+(—16)

2. [IEZA Write number sentences to show the addition problems in the following diagrams.

N /N

a. < T T T > b. <T—T—7T—71T—T1 71>
-4 3 2 -1 0 -2 -1 0 +1 42 +3
/\ /\

T T T T T 1> < >
C. d <T—F—T—7T—7T 1>
6-54-3-2-10 2 -1 041 4243

7 N\

e. “I_I_I_I_I_I_ﬁ/\ f. <€ T T T >

0 42 +4 +6 4 -3 -2 -1 0

3. A Use the sign model to calculate each of the following.

a. +24(=-3) b. 43+ (—4) c. +44+(—4)
d. +34+(-2) e. =4+ (+2)
4. Calculate each of the following using number sentences. (Draw a number line or other model if you wish.)
a. 5+ (-2) b. =3+ (—4) c. =2+2
d. 64+ (=5) e. =545
5. Calculate each of the following using number sentences. (Draw a number line or other model if you wish.)
a. 44 (—6) b. =547 c. 6+(-9)
d. 3+(-3) e. 0+ (—6)
6. Write the answer for each of the following.
a. —5+(-2) b. —6+4 c. —8+8
d. 3+(=7) e. =347 f. =34+(=7)
7. Write the answer for each of the following.
a. —8+12 b. 19+ (-22) c. —64 +(—36)
d. —80+90 e. —2+4 f. =154+ (=7)
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8. Copy and complete this addition table.

21

-18

9. IlIIZIA Evaluate each algebraic expression, if a=3,b=2,¢c=—4.
a.a+b b. b+c c.at+b+c d. c+2b+a

Understanding

10. Determine the missing number in each of these incomplete number sentences.

a 8+ =0 b. -2+ =-8 c. _____+(-6)=4
d__ = +4+5=-2 e._  +(-5=-2

11. a. Copy and complete the addition table shown.
b. i. Determine the pattern shown along the leading (dotted) diagonal.
ii. Determine the pattern shown along the other (unmarked) diagonal.
iii. State whether the chart is symmetrical about the leading diagonal.

+ | 2| -1 0 1 2
N
-2 N -3
N
-1 N 0
N

0|2 N

\

N
1 AN
BN

2 N

12. Model each situation with an integer number sentence that shows the result of the following.

a. A lift went down 2 floors, then up another 3 floors.

b. A lift went down 3 floors, then up 5 floors.

c. Australia was 50 runs behind, then made another 63 runs.

d. A submarine at sea level, dived 50 metres then rose 26 m.

e. An account with a balance of $200 had $350 withdrawn from it.

Reasoning

13. Describe a situation to fit each of the following number sentences.

a. —3+(-2)=-5 b. =10+ (—40)=-50 c. 2+ (—=6)=—4
d. =204+20=0 e. —8+10=2
14. a. Write a rule starting with “When adding two negative numbers...’ 2

b. Write a rule starting with “When adding a negative number and a positive number...’

15. Arrange the numbers in this magic square so that all rows, columns and diagonals add
up to the same value. No numbers can be used twice.
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Problem solving

16. Kuni has a sporting equipment business. Due to a financial crisis,
she lost $2500 after six months and then lost $3075 by the end of
the year. Calculate the total amount that Kuni lost by the end of
the year.

17. In an AFL match, Dustin Martin scored two goals in the first
quarter and was awarded six points for each. He scored three
behinds in the fourth quarter and was awarded 1 point for each.
Calculate the total points gained by Dustin for his team.

18. Avery parks her car in a car park two floors below ground level.
She takes a lift to the shopping centre and goes up seven floors.
Then she takes a lift down three floors to catch up with her friend
Lucy. Determine the floor at which Avery gets off to meet Lucy.

19. Determine the effect of adding a number to its opposite integer.

Subtracting integers

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand how a number line can be used to subtract integers
e use a number line to subtract integers
e subtract integers without using a number line.

2.4.1 Subtraction of integers

e A number line can be used to subtract integers.

¢ Subtracting a number gives the same result as adding its opposite integer.
e When subtracting a positive integer, move left along the number line.

e When subtracting a negative integer, move right along the number line.

& Move right

T T T T T T T T T T T Subtracting a
5 4 3 2 -1 0 1 2 3 4 5 negative number

D Move left ﬁ

e Consider the subtraction of 12 — (+ 4).

Subtracting a
positive number
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Number of steps to take

Starting point from the starting point

12— (+4)

Direction to move
on the number line

Direction to face
on the number line

- Symbol Meaning

Finish Start

| 2 |

+7 48 49 +10 +11 +12

<—— SUBTRACT direction

Action to take

12 Starting point

Start at 12.

- Direction to face on the number line

(+) | Direction to move on the number line

Face left for subtraction —.

| Move forward for positive (+).

@) Number of steps to take from the starting point

Move 4 places from 12.

= Finishing point

Stop at +8.

Therefore, 12 — (+4) =48

WORKED EXAMPLE 11 Subtracting integers using a number line

Calculate the value of each of the following, using a number line.

a. —2—(+3)

THINK

a. 1. Start at —2 and face left (because this is

subtraction). Take 3 steps forwards

(because the number being subtracted is

positive). The finishing point is —5.

2. Write the answer.

b. 1. Start at —2 and face left (because this is

subtraction). Take 3 steps backwards

(because the number being subtracted is

negative). The finishing point is +1.

2. Write the answer.

b. —=2—(-3)
WRITE
a. SUBTRACT
Finish Start
forward 3 —-—— .ﬁ
Y Y
=% l I I I 1 1 1 1 1 p
-5 4 3 2 -1 0 +1 42 43
—2—(+3)=-5
b. SUBTRACT
e
Start Finish

ﬁ — backward 3

Y Y
\ Y Y

5 4 3 2 -1
—2-(=3)=+1

0 +1 +2 43
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2.4.2 Subtracting integers by adding opposites

* By developing and extending a pattern, we can show that subtracting negatives has the same effect as
adding a positive. This means that subtracting a negative integer is the same as adding the opposite integer.

For example, as demonstrated in part b of Worked example 11:

—2—(=3) = =2+ (+3)

=243
=+1

WORKED EXAMPLE 12 Subtracting integers

Calculate the following.

a.2-5 b. -3—-6 c. 5—(-3) d. —5—(—4)
THINK WRITE
a. 1. Write the question. a.2—-5=2—(4)5)
2. Rewrite the equation, changing subtraction to addition =2+(-5)
of the opposite integer. =-3

Add, using the addition rule for addition of integers.
e Start at +2.

e Face right for addition.

e Move backwards 5 units.

1. Write the question.

Rewrite the equation, changing subtraction to addition
of the opposite integer.

Add, using the addition rule for addition of integers.

e Start at —3.

e Face right for addition.

e Move backwards 6 units.

1. Write the question.

Rewrite the equation, changing subtraction to addition
of the opposite integer.

Add, using the addition rule for addition of integers.

e Start at +5.

e Face right for addition.

* Move forward 3 units.

1. Write the question.

Rewrite the equation, changing subtraction to addition
of the opposite integer.

Add, using the addition rule for addition of integers.

e Start at —5.

e Face right for addition.

* Move forward 4 units.

b. —3—6=—3—(+6)
= —3+(=6)
= -9

c. 5—(=3)=5+(+3)
=5+3
=38

d. —5—(—4) = =5+ (+4)
=—5+4
=-1
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WORKED EXAMPLE 13 Application of adding or subtracting integers

A news flash in Freezonia announced that there had been a record drop in temperature overnight.

At 6 pm the temperature was 10 °C and by 4 am it had fallen by 25 °C. What was the temperature
at4am?

THINK WRITE
1. The original temperature is 10 °C, so write the 10-25
number 10. The temperature fell by 25 °C, so write = 10+ (—25)

this as 10 — 25. Write the number sentence.
Rewrite as the addition of the opposite.

2. Complete the addition by starting at +10, facing =-—15
right, then moving backwards by 25 units.

3. Write the answer in a sentence. The temperature in Freezonia at 4 am was —15°C.

Digital technology

Scientific calculators can evaluate subtraction of positive and negative numbers.

D4T-ST-C -62)
o5

ACTIVITY: Radial diagrams

Insert the integers from —6 to +2 into the circles on the diagram
so that each straight line of three circles has each of the following
totals.

a. —6

o 5o Q Q
O
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Exercise 2.4  Subtracting integers

2.4 Quick quiz 2.4 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER

1,5,9,12,14,17 2,4,6,8,11,15,18

Fluency

1. IIZEH Calculate the value of each of the following.

a. 7—(+2) b. —18 — (+6) c.3—(+8)

d. 17— (=9) e. —28—(—12) f. —17 — (=28)
2. [IZHA Calculate the value of each of the following.

a.7-5 b. 8 —(=2) c. —4-6

d. —6—(—8) e. 1-10
3. Calculate the value of each of the following.

a. -5-5 b. —8 —(-98) c.0—4

d. 0—(-3) e. —10—(-20) f. =5—(=5)

4. Write number sentences to show the subtraction problems in the following diagrams.

3,7,10, 13, 16, 19, 20

<
L T T T T T T T T

T
-4 3 -2 -1 0 1 2 3 4 5

Understanding

5.

82

Mentally calculate the following and write the answer.
a. —7-3 b. 8 —(=5) c. =6—(-9)

. Mentally calculate the following and write the answer.

a. —8—8 b. 3—-20 c. 20— (-3)

. Determine the missing number in these incomplete number sentences.
a__ —7=-6 b. 8—_  =-17
c. 8—_ =17 d. —(=2)=7

. Write each of the numbers that can be described by the following.

a. 6 less than -2 b. 5 less than —8
c. 8°C below —1°C d. 3°C below 2°C

e. 3 to the left of +4 f. 4 to the left of —3

. I Select which of the following is equal to 7 + (— 4) — (— 2).

A9 B. 1 C. 13
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10.

11.

12,

13.

Model each situation with an integer number sentence that shows the result of
the following.

a. From ground level, a lift went down 2 floors, then down another 3 floors.

b. An Olympian dived down 5 metres from a board 3 metres above water level.

c. At 5:00 pm in Falls Creek the temperature was 1 °C. It then fell 6 °C by
11:00 pm.

d. A bank account with a balance of $500 had $150 withdrawn from it.

I From ground level, a lift went down 2 floors, then down another 3 floors
to a level 5 floors below the ground. Select which of the following number
sentences describes this situation.

A 2+3=5 B. 2+(-3)=-5

C.-2+43=1 D.2+(-3)=-1

State whether the following number sentences are true or false. Show your full
working.

a. 7-9=7+-9 b. 0—-8=-8-0

c. 8—12=-12+38 d 0—p=—p

IZEN The temperature in the freezer was —20 °C. Just before he went to bed,
Chen had a spoonful of ice cream and left the freezer door open all night. The
temperature in the freezer rose by 18 °C and the ice cream melted. Determine
the temperature in the freezer when Chen’s mother found the ice cream in the
morning.

Reasoning

14.

15.

16.

Nihal has to hand in an essay for English class with a maximum of 400 words. Currently his essay has
520 words. Calculate the number of words Nihal has to cut out of his essay.

Jill is climbing up a steep and slippery path to fetch a bucket of water. When she is 6 m above her starting
point, she slips back 1 m, grabs onto some bushes by the side of the path and climbs 7 m more to a flat
section of the path. Determine how far above her starting point Jill is when she reaches the flat section. Show
your working.

Sharyn opened a bank account when she started working
at her local fish and chip shop. Below is a week-by-week
breakdown of her transactions.

Week 1: deposited $56.00, then withdrew $45.00

Week 2: deposited $44.00, then withdrew $75.00

Week 3: deposited $52.80, then withdrew $22.00

Week 4: deposited $39.20, then withdrew $50.00
Sharyn’s bank account was opened with a $10 deposit.

a. Determine how much money was in Sharyn’s account
at the end of the month.

b. Show full working to determine in which week the
balance of Sharyn’s account was negative.

Problem solving

17.

Stuart is diving in the ocean. He starts at a depth of 5 m below the water’s surface, then rises 2 m. He then
dives a further 12 m down. Calculate the final depth that he reached.
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18. A hospital building has 6 floors above ground level and 4 floors below ground level. Over a 10-minute
period one busy morning, the lift started from ground level (reception) and made the following moves: up
2 floors, up 1 floor, down 4 floors, down 2 floors, up 3 floors, down 4 floors and up 6 floors.
a. Determine the floor on which the lift finished.
b. Determine the number of floors the lift travelled in the whole 10 minutes.

19. Rendah has a maths trick. For her trick she asks people to do the following mental maths steps:

. Pick a number between 1 and 10.
. Multiply the number by 9.
. Add the digits of the number. For example, if you chose the number 25 you would add 2 and 5 to get 7.

. Match your number to a letter of the alphabet; for example, 1 is A, 2 is B, 3 is C and so on.

1
2
3
4
5
6. Think of an animal that starts with your letter.

When the trick is done, Rendah asks people if they are thinking of a dog, and they almost always say yes. If
they say no, it’s usually because they picked a donkey, a dolphin or a dugong. Determine the missing step in
Rendah’s trick.

20. Determine the effect of subtracting a number from its opposite integer.

Multiplying and dividing integers (extending)

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand the patterns for multiplying and dividing integers
e multiply positive and negative integers
e divide positive and negative integers.

2.5.1 Multiplication of integers

e Patterns from multiplication tables can be used to determine the product when two directed numbers are
multiplied.

¢ Consider the following multiplication table — we already know how to complete part of the table.
 Notice that multiplying by 0 always results in 0.
o Notice that multiplying by 1 does not change the value of the number.

X =3 =2 —1 0 1 2 3
3 0 3 6 9
2 0 2 4 6
1 0 1 2 3
0 0 0 0 0

-1

—2

-3
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e Using a calculator to help with the multiplication of negative numbers, we can complete the table, as shown

here.
X =3 -2 -1 0 1 2 3
3 -9 —6 -3 0 3 6 9
2 —6 —4 -2 0 2 4 6
1 -3 -2 —1 0 1 2 3
0 0 0 0 0 0 0 0
-1 3 2 1 0 -1 -2 -3
-2 6 4 2 0 -2 —4 —6
=3 9 6 3 0 -3 —6 -9
¢ From this table, we can develop the following rules for multiplying integers.
Rules for multiplying integers
° When multiplying two integers with the same sign, the answer is always positive.
+X+=+or—Xx—=+
* When multiplying two integers with different signs, the answer is always negative.
+X—=—o0or —X+=-—
WORKED EXAMPLE 14 Multiplying integers
Evaluate:
a. —5x+2 b. —4X —6
THINK WRITE
a. 1. Write the question. a. —5X+2
2. Negative X positive = negative. =-10
b. 1. Write the question. b. —4X—6
2. Negative X negative = positive. =24

¢ Brackets can also be used to represent multiplication. For example, the expression (—3) (5) is the same as
—3 X 5. Likewise, the expression (2 —4) (11 — 3) is the same as (2 —4) X (11 —3).

2.5.2 Division of integers

e Division is the inverse, or opposite, of multiplication.
e The multiplication rules for directed numbers can be used to work out the division rules for directed
numbers.
Since 3x2=6then6+3=2and 6+2=3.
Since 3X—-2=—6then -6 +3=—-2and -6+-2 =3
Since —2X -3=6then 6 + -3 =—-2and 6 + -2 =-3.

TOPIC 2 Positive and negative integers 85



From this, we can develop the following rules for dividing integers.

Rules for dividing integers

e When dividing two integers with the same sign, the answer is always positive.

+i++=+or—+—=+
* When dividing two integers with different signs, the answer is negative.
++—=—or—++=-—

WORKED EXAMPLE 15 Dividing integers

Evaluate the following.

a. 10+-2 b. —12+4 c=20==5
THINK WRITE
a. 1. Write the question. a. 10+-2
2. The two integers have different signs, so the answer will = =5
be negative.
b. 1. Write the question. b. —12+4
2. The two integers have different signs, so the answer will =-3

be negative.
c. 1. Write the question. c. —20+-5

2. Both numbers have the same sign, so the answer will be =
positive.

WORKED EXAMPLE 16 Multiplying and dividing integers

Evaluate:

—16 4
a. — b. -5Xx —
+2 20

THINK WRITE

. . —16
a. 1. Write the question. a. —
+2

—16 .
Note: — is the same as —16 + +2.
+2
2. Evaluate the expression. =-—§
Note: negative + positive = negative

b. 1. Write the question. b. -5X —

2. Write the integer as a fraction with a denominator of 1 =—X—
and simplify. I 20
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3. Multiply the numerators then multiply the denominators and = —
simplify.
Note: negative + positive = negative

4. Write the answer. =—1

Digital technology

Scientific calculators can evaluate multiplication of positive and negative numbers.

DEG R

C2-42011-30

Scientific calculators can evaluate division of positive and negative numbers.

DEG R

P a4
=y -1

Exercise 2.5 Multiplying and dividing integers (extending)  learn

2.5 Quick quiz 2.5 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1, 4,10, 15, 16, 19 2,5,7,9,11,12,17,20 3, 6,8, 13, 14, 18, 21
Fluency
1. IlIZZ Calculate the following.
a. 2xX -5 b. —6X%3 c. =7X9
d. 6xX-5 e. —2X -3

2. Evaluate the following.
a. —6Xx-3 b. =5X =5 c. 0x—=7 d. —8x—1
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3. Calculate the following.

a. 10x—1 b. —15%2 c. —20x—10 d. —6X—6
4. I3HE Evaluate the following.

a. —8+-2 b. —8+2 c. 12+-3

d. —16+-8 e. —-90+-10
5. Calculate the following.

a. 88+ —11 b. —6+1 c.0+-4

d. —84 +4 e. —184+2
6. Evaluate the following.

a. —125+-5 b. —67 +—1 c. 129+-3

d. —284+4 e. 336 +—6

Understanding
7. KA Calculate the following.

—6 —24 -8
a. — b. — c. —
-8
8. lIIEEA Evaluate the following.
a.3><_—2 b.4><_—5 c. —9><_—3
—6 10 18
9. Calculate the value of each of the following.
a. 2x—-3x4 b. —4Xx-3x%3 c. —8X9x -2
10. Fill in the missing numbers in these number sentences.
a. 6x =—18 b. X3=—18 c. —8X =-8
d. —8X =38 e. —8X% =0
11. Fill in the missing numbers in these number sentences.
a. =21+ =-7 b. +—8=—4 c. +-9=8
d. —11+ =1 e. +-=7=0 f. =150+ -25=
12. Evaluate the following expressions.
a. —4+(—4)
b. 2x—4
c. 24+(-2)+(-2)
d. 3x -2
e. =5+ (=5)+(=5)+(=5)
f. 4X =5

13. I Select which of the following could be the missing numbers in the number sentence 16 +___
A 2,-8 B. -2,-8 C. 4,4 D. -2,8

14. I Select which of the following could be the missing numbers in the number sentence =
A. —15,3 B. 15,5 C. 25,5 D. —-30,—6

15. I Six people each owe the bank $50. Calculate the combined total of their six bank accounts.
A. $300 B. —$50 C. $50 D. —$300
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Reasoning

16. Evaluate the following multiplications.
a. i. (=1)(=2) ii. (=3)(=2)(=D)
iii. (=2)(=3)(=1)(—4) iv. (=H(=D(=5(=2)(=1)
b. Write a rule for multiplying more than two negative numbers.
c. Does this rule also apply to the division of negative numbers? Explain your answer.

17. When you multiply two integers, is the result an integer? What about when you divide two integers? Explain
your answer.

18. A spider is running down the stairs from the first floor of an old lady’s house to the basement below. It stops
every 5 steps to catch a fly. If there are 26 steps above the ground floor and 14 steps below the ground floor,
determine how many flies the spider catches.

Problem solving

19. Blake is jumping down the stairs, stepping on every second step only.
He jumps a total of ten times.

X
s
Sani)!

(18
l‘”v 3
1

P TIg

~ :;{' *‘ 3 i
- 5 QAN

a. Determine the number of steps he has skipped.

b. Determine the number of steps there are altogether.

c. If each step is 25 cm high, determine how far he has travelled in total.

d. If going up the stairs is considered going in a positive direction and going down the stairs is considered
going in a negative direction, rewrite your answer to part c.

20. Manu is working on the expression 8 +2 X (2 + 2) and says the answer is 1. Her friend Kareen says the
answer should be 16. Show, with full working, who is correct.

21. On a test, each correct answer scores 5 points, each incorrect answer scores —2 points, and each question left
unanswered scores 0 points. A student answers 16 questions on the test correctly, 3 incorrectly, and does not
answer 1 question. Write an expression for the student’s score and calculate the score.
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Mixed operations (extending)

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand how to apply the order of operations with integers when more than one operation is
involved
e apply the order of operations with positive and negative integers to solve expressions that involve more
than one operation.

2.6.1 Applying BIDMAS to positive and negative integers

e Lesson 1.8 in topic 1 explored how the order of operations is applied with positive integers when more than
one mathematical operation is involved.

e The same order of operations is also applied for negative integers.

¢ The order of operations involves solving the brackets first, then solving powers or indices, then
multiplication and division (working from left to right) and finally addition and subtraction (working from
left to right).

e The order of operations can be written as BIDMAS (Brackets, Indices and roots, Division and
Multiplication, Addition and Subtraction).

BIDMAS
o
© e§ g '§¢
N & . R4 g ) s
< § N » v &
() At : X + -

Order of operations

e Examples of these operations are shown in this table.

B Brackets 8X(3+5)=8%x(8)=64
I Indices 5+43’=5+9=14

D Division 17—8+4=17-2=15
M Multiplication T+6Xx3=T+18=25
A Addition 6X2+5=12+5=17
S Subtraction 21+3—-4=7-4=3
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WORKED EXAMPLE 17 Calculating an expression using order of operations

Calculate 58 — (2 x —8 + 3?) using the correct order of operations.

THINK WRITE
1. Write the question. 58— (2x—8+3?)
2. Using BIDMAS, start inside the brackets and =58—(2x—8+3?)
simplify the squared term (indices). =58—-(2%x—-8+9)
3. Perform the multiplication within the brackets. =58—-2X%x—-8+4+9)
=58—(—-16+9)
4. Perform the addition within the brackets. =58—(—-16+4+9)
=58—(-7)
5. When the brackets have been removed, =58—-7
perform the subtraction that had been outside =58+4+7
the brackets.
6. Write the answer. =65

WORKED EXAMPLE 18 Evaluating an expression using order of operations

Evaluate 5a + b, if a = —20 and b =4.

THINK WRITE
1. Write the expression as given. Sa+b
2. Substitute the given value for each pronumeral, =5x-20+4

inserting operation signs as required.

3. Perform the operations as they appear, from
left to right. =—100+4

4, Write the answer.
=-25

Digital technology

Scientific calculators can calculate expressions using order of operations.

DEG R

(=4 1E-5g -3 31
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Exercise 2.6 Mixed operations (extending) learn

2.6 Quick quiz 2.6 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,8,7,9, 11,14, 17 2,4,8,10, 12, 15,18 5,6,13, 16, 19, 20
Fluency

1. Calculate the following using the correct order of operations.

a. 6+3x—4 b. 18—12+-3 c. 8+—-4-10 d. 17-3+-8
2. Evaluate each of the following expressions using the correct order of operations.
a. 6x-3+9 b. 72+8x -3 c. 7+(=3-4) d. (6+3)+-9
3. Calculate each of the following expressions using the correct order of operations.
a. —3X-2+3x-1 b. =6X5—-2X—6
c. —4Xx(6——4) d. (=8+3)x-7
4. Evaluate each of the expressions using the correct order of operations.
a. 4+7x-3-2 b. —6—4 4+ (—3)*
c. (=2 =3x-2 d.3+(2-8)+-6
5. Calculate each of the expressions using the correct order of operations.
a. —8+2+(=2) b. —4x -8 —[2+(=3)’]
c. (=7+5—-24+6 d. —15+(2-5-10
6. Evaluate each of the expressions using the correct order of operations.
a.54+—-6+8x-9+—-4 b. (9——-6)+-5+-8x1
c. - 7T+-T+-Tx-T—-7 d. —9Xx-5-3--2)+-48+6

7. INIZEA Evaluate each of the following expressions.
a. 2x+3x,ifx=—4 b. 5+3d,ifd=-2 c. =5b—=3,ifb=-7
8. Evaluate each of the following expressions.

a.alb+c),ifa=6,b=-2,c=—4
b. x3—y,ifx=—4,y=4
c.2a(3b—-24),ifa=-2,b=6

9. I The expression 6 +2 X —5 — —10 + 2 is equal to:
A. —15 B. =35 C. —60 D. 1

10. I The expression (9 — —6) + —5 + —8 X 0 is equal to:
A. —15 B. -3 c. —60 D. 0
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Understanding

€1
11. A submarine dives 100 m below sea level, rises 60 m, then dives 25 m. R
Calculate its final position. T
12. Jini has $2075 in the bank. She makes 2 withdrawals of $150 each, then E . ‘ ‘ .
5 deposits of $60 each. Calculate the amount of money Jini now has in the
bank.

13. Sami weighs 156 kg and wants to reduce his weight to 64 kg in 4 months. Calculate the average weight loss
per month Sami will need to achieve in order to meet his weight loss goal.

Reasoning

14. Darcy says there is no difference between the expressions 8 —2 X (4 +2) and 8 —2 x4 + 2. Do you agree
with Darcy? Justify your answer with correct working.

15. Are the following expressions true or false? Justify your answer with correct working.
a.5x6-34+06—-2)<5%x(6-3)+5-2
b.24+(15+3)X1=24+15+3x1)

16. Merlin is riding his bike east at a steady pace of 10 km/h, while Morgan is riding her bike west at a steady
8 km/h. They pass each other on Backpedal Bridge at 12 noon. Assume that east is the positive direction and
west is negative, and that time before noon is negative and after noon is positive.

a. Determine the location of each person with respect to the bridge at 9 am.
b. Determine their locations with respect to the bridge at 2 pm.

c. Determine how far apart they were at 10 am.

d. Determine how far apart they will be at 4 pm.

Problem solving

17. Ryan buys 5 vanilla cupcakes at $5.75 each, 2 cinnamon donuts
at $3.25 each, and 3 chocolate chip cookies at $2.50 each.

‘7{-‘_,-&;‘”".( i
Determine the total amount Ryan has to pay.

18. A snail begins to climb up the side of a bucket. It climbs 3 cm .
and slips back 2 cm, then climbs a further 4 cm and slips back — ." 64 _——
1 cm. Write a number sentence to help you determine how far the (s, WG w

snail is from the bottom of the bucket. l “ “ E
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19. At many locations around the world, minimum and maximum temperatures are recorded. On one particular
day, the minimum temperature in the Arctic circle was recorded as —24 °C and the maximum temperature
was recorded as —7 °C. In London the maximum temperature was 10 °C and the minimum temperature
was —2 °C. In Mexico City the maximum temperature was 38 °C and the minimum temperature was 16 °C.
Calculate the difference in maximum and minimum temperatures at each of these three places.

: — |

4S8,
y 3

20. In a Maths competition marks are awarded as follows: 3 marks
for a hard question (H), 2 marks for a medium question (M) and
1 mark for an easy question (E).
If an answer is incorrect (I), 1 mark is deducted.
The top three students had the following scores:
Student 1: 10H, 3M, 5E, 21
Student 2: 7H, 7M, 3E, 31
Student 3: 9H, 6M, 5E, 01

a. Determine the number of marks each student received.
b. Determine who won the competition.
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3 \WHd Review

2.7.1  Topic summary

POSITIVE AND NEGATIVE INTEGERS

Integers can be represented on a number line.
 Positive integers are written to the

right of 0.
* Negative integers are written to the
left of 0.
< Value decreasing
Fo=-=-=- Opposites —————— 2
\ |

< T T T T T T T T 7
-4 3 2 -1 0 +l +2 +3 +4
Negative integers Zero  Positive integers
Value increasing >

POSITIVE AND NEGATIVE INTEGERS

Integers

Integers are positive and negative whole numbers including 0.
e The integers —1, —2, —3.. are called negative integers.

» The integers 1, 2, 3... are called positive integers.

* 0 is neither positive nor negative.

Subtraction of integers Multiplication of integers

A number line can be used to  Subtracting a number gives the e When multiplying integers with
add integers. same result as adding its opposite. the same sign, the answer is
» To add a positive integer, move T eg.2—(5) =2+ (=5 =-3or | positive.
to the right. —6—(=11)= -6+ (+11)=5 e.g.—4x—6=240r 7x 8 =56
eg —4+1=-3 .

When multiplying integers with
* To add a negative integer, move different signs, the answer is

to the left. Division of integers negative.
eg. 5+ (-3)=2

eg. 5%x2=—-100r9x -3=-27

Move right when adding * When dividing integers with the
a positive integer —————————> same sign, the answer is positive.
—~<———— Move left when adding eg 20+ —-4=50r24+6=4
a negative integer * When dividing integers with
B L A A S W B different signs, the answer
S-43-2-1 12345 is negative.
g 10+ 5= —20r‘735 -5

Mixed operations

» The order of operations is a set of rules that is followed so there is a common
understanding of the order in which to solve mathematical operations.
* The set order in which we calculate problems is:

1. Brackets ()or []
2. Indices or roots a‘or"x
3. Division and Multiplication (working left to right) + or X
4. Addition and Subtraction (working left to right) + or —

* The acronym BIDMAS can be used to remember the correct order of operations.
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2.7.2 Success criteria

Tick the column to indicate that you have completed the lesson and how well you think you have understood it
using the traffic light system.

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

Lesson ‘ Success criteria

o

o

2.2

2.3

2.4

25

2.6

| can place integers on a number line.

| can compare integer values.

| understand how a number line can be used to add integers.

| can use a number line to add integers.

| can add integers without using a number line.

| understand how a number line can be used to subtract integers.
| can use a number line to subtract integers.

| can subtract integers without using a number line.

| understand the patterns for multiplying and dividing integers.
| can multiply positive and negative integers.

| can divide positive and negative integers.

| understand how to apply the order of operations with integers when more
than one operation is involved.

| can apply the order of operations with positive and negative integers to
solve expressions with more than one operation.

2.7.3 Project

Directed numbers dice game

In this game, the winner is the first to complete a row of three
numbers, horizontally, vertically or diagonally.

Equipment: 2 players, 2 standard dice, Connect-3 board (shown),
dice placement sheet (shown), 9 blue counters, 9 red counters

Instructions:
e Roll the two dice and decide whether to add or subtract the
numbers on the dice.
e Put the dice on one of the squares on the dice placement sheet to

produce a total shown on the Connect-3 board shown.
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e Once you have worked out the answer, place your counter on the appropriate number on the Connect-3
board. You should check each other’s answers.

¢ You cannot cover a number that has already been covered. If you are unable to find a total that
has not been covered, you must pass. The winner is the first to complete a row of three numbers
either horizontally, vertically or diagonally.

Make your own board game using dice with negative numbers on each face and put different numbers on
the board. The dice placement sheet could also be changed to include X or + symbols.

Connect-3 board

-5 -4 -3 2

-1 0 1 2 3

4 5 6 7 8
9 10 11 12

Dice placement sheet
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Exercise 2.7 Review questions learn

Fluency
1. Select which of the following are integers.
a. —2% b. 0.45 c. 0 d. —201

2. Complete each statement by inserting the correct symbol:>, < or =.
a. —6L1-2 b. —7017 c. 0d -5 d. —10019

3. List the integers between —21 and —15.
4. Arrange the numbers —3, 2, 0, —15 in descending order.

5. Describe the integers shown on each number line.

a. <o ) ) b. ) ) C. ) ° *—>
T T T T T T T T T T

-2 -1 0 1 -6 -5 -4 3 -12 -11 -10 -9

6. Graph each of the following sets of integers on a number line.
a. integers between —7 and —2 b. integers > —3 c. integers < —4

7. Calculate the following.
a. —12+7 b. -9+ -8 c. 18+-10 d. 5+1

8. Write the number that is 2 more than each of the following integers.
a. —4 b. 5 c. —1 d. 0 e. —2

9. Calculate the following.
a. —5-3 b. 17—-9 c. 6—-9 d. 638 e. 12-20 f. —10—-12

10. Evaluate the following.

a. —6X7 b. 4X—8 c. 2x—5  d. (-8) e. —8 f. —2x(—8)
11. Calculate the following.

a. —36+3 b. -21+-7 c¢.45+-9 d. _—128 e. 64+—4 f. —100+25
12. Evaluate the following expressions.

a. 10—6x2 b. - 7——8=2 c. 3X-5——-6x%2

d. (-2)° e. (=3—12)+(=10+7)
13. Calculate the following expressions.

a. 2c+3c,ifc=—4 b. —2x(x+5),if x=-2

c. 2a’+a,ifa=-3 d. bifb=-5

e. 2a—5b+c,ifa=-2,b=2,c=5
14. Replace the box with =, < or > to make each of the following statements correct.

a. =51 -3 b. =22x -2 [J44 c. 402
d. —5x-30-15 e. 01 -7 f. —2(-4+7) 06
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15.

16.

17.

18.

19.

Replace the box with =, < or > to make each of the following statements correct.
a. —2x500 -9 b. 5X(-2—18)+—-4 025 ¢ 12+-403
d. 5x(=2—-18)=+40] —-25 e. —10x-50150 f. 5x—2-18=40125

Model the following situation with integers, then find the result. A scuba diver at 52 metres below sea
level made her ascent in 3 stages of 15 metres each. Determine how far below sea level she was then.

Some historians believe that the Roman era began in 146 BCE and ended in 455 CE. According to this
theory, calculate the length of the Roman era.

The lowest temperature recorded on Earth was —90 °C in Antarctica and the highest was 58 °C in
Africa. Determine the difference between these two temperatures.

Nazeem'’s bank account has a balance of —$43. He pays a bill of $51 using direct debit. Calculate his
bank balance now.

Problem solving

20.

21.

22.

23.

24,

For the following expressions, determine if the answer will be negative or positive. Explain your
answers using mathematical reasoning.
a. —17489 —25636 b. —65234 4+ 123 468 c. —44322 431212

Answer the following questions.

a. Add numbers to the empty sections in this diagram so that the numbers in each
circle add up to zero.

b. Add numbers to the empty sections in a different way so that the numbers in each
circle add up to —2.

fX—-Y>X),(Y—X<Y)and X and Y are integers, determine whether X and Y are
positive or negative values.

The negative integers —2 to —1000 are to be arranged in 5 columns as shown.

Identify the column in which —1000 should be placed.

a. Copy this table and use your calculator to complete it.

b. Look at your results in the x> column. State the sign of all the numbers.
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c. Look at the sign of the numbers in the x* column. What do you notice?

d. Describe the resulting sign of the numbers in the x* and x° columns.

e. Is the resulting sign in the x* column the same as the sign in the x* column? Comment about the signs
of the numbers in the x* and x> columns.

f. Now consider the inverse of raising a number to a power: taking the root of a number. You will notice
that 22 =4 and (—2)2 =4. It follows that, if we take the square root of 4, we can get +2 or —2 . (Your
calculator will only give you the positive answer.) The shorthand way of writing this is as \/é_t =+2.
Similarly, you will notice that W = +2. This pattern only applies to even roots. Now that you know
this, write a statement showing the square root of 100.

g. It is not possible to take the even root of a negative number, because no number raised to an even
power can produce a negative number. Explain what happens when you try to evaluate 1/ —144 on
the calculator.

h. Notice that with odd-numbered roots the sign of the answer is the same as the sign of the original

number. For example,e/g =2, but \3/ —8 = —2. Now that you know this, calculate \3/ —125.
i. Copy and complete the following table by filling in the blocks that are not shaded. Consider each
answer carefully — some of these calculations are not possible.

Integer (x)
16 +4

-16
27
=27
32
=32
81
—81
64
—64

j- In your own words, describe the sign that results from taking odd and even roots of positive and
negative numbers.

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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Answers

Topic 2 Positive and negative
integers

2.
1

2

10.
11.
12.
13.
14.
15.

© @ N o o r

1 Pre-test
.a. =250

.a. —3<2
d.0>—8

a. 2 b. 8

$380
108

b. —15
b. =5> -7

c. +20°C
c. =21<—17

c. —19 d. —11

c. 130

2.2 Integers on the number line

1. a. =7 b. 10 or + 10
c. —422 d. 2228 or + 2228
e. =3 f. =30
2. C BH FG A E D
S O T Y T O R 2 UL U
-10 -5 0 5 10
3.a.—6, —2,3,5,7 b. -6, —4, —1,0,3
c.=5, =3, =2,1,7 d.—4,-3,1,2,5
4.a.6 b. =7 c. —1 d. 8
5.a. > b. < c. >
d. > e. < f. <
6. a. i. =5 ii. 7
b. i. —4 ii. 5
c. i.—10 ii. 7
d. i. —4 ii. 3
7. —2°C
8. 14
9. Sample response: There were human settlements here
60 thousand years ago.

10. a. =
L#] : ®
Vanessa School Raj
-1.6 0 1.2

b. 2.8 km

11. a.
12 km
0 ,  Ocean level or
i sealevel
—0.5 km
b. 12.5km
12. a. 2000 years in Common Era.
b.i. 10 i. —106
c.i. 4 i. 12 iii. 26 iv. 42 v. 57
d. Neil Armstrong and Discovery
Buzz Aldrin mission Rosetta
Yuri mission

-10 0 10 20

2.3 Adding integers

1.a. —15 b. —10

d. —13 e. 19
2.a. —4+(+4)=0

c. 24 (-4)=-6

e. +6+(—4)=+2
3.a. —1 b. —1

d. +1 e. =2
4.a.5+(-2)=3

c. =2(+2)=0

e. =5(+5=0

5.a.44+(—6)=-2
c.6+(=9)=-3

e.0+(—-6)=—-6
6.a. —7 b. —2
d. —4 e. 4
7.a. 4 b. =3
d. 10 e.2
8. + |-13| 5
21| 8 |26
—18|-31|-13
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c. —1
.0

=1+ (+3) =42
A2+ (= ==2
=14 (=3)=—4

c.0

=344 =7
L6+ (=5=1

.=5+7=2
.34(=3)=0

c. —100



9.a5 b. =2 c. 1 d.3 5.a. —10 b. 13 c.3
10. a. -8 b. —6 c. 10 d- 12
d. =7 e.3 6.a. —16 b. —17 c. 23
d. —12
A EIEIDE
5 \41 ) () 7.a. 1 b. 9 c. =25 d.5
RIELIEERAE 8.a.—2—6=-38 b.—-8—-5=-13
. c. —1—-8=-9 d.2—-3=-1
0]-2|-1 u\\l 2 e.4—-3=1 f.—-3—4=-7
17.—1'0 17'27\‘3 9. D
2 O] 32 5 [ 10.a. —2—3=-5 b.3—5=-2
b. i. Even numbers, increase by increments of 2 c.1-6=-5 d. $500 — $150 = $350
ii. Zeros (addition of opposites) 1. B
iii. Yes 12. a. True b. True
12.2. —243=1 b. —3+5=2 ¢. True d- True
c. =50+63=13 d. =50+ 26=—-24 13. =2°C
e. 200 + (—=350) = —150 14. 400 — 520 = —120. Nihal has to cut 120 words.
13. a. Sample response: A diver is 3 m deep and dives a further 15. 12m
2 m deeper until she is 5 m deep. 16. a. Balance at end of month: $10
b. Sample response: A water pipe was drilled to 10 m deep, b. During the second week her balance was negative.

but a further 40 m was required to reach the water, which

17. Depth of 5 m below the surface = —5
was 50 m deep.

An ascent of 2m = +2

c. Sample response: The lift was on the second floor and A descent of 12m = —12
then travelled six floors down, stopping at the fourth-floor Total depth = =5 +2 — 12=—15
basement car park. —15 = 15 m below the surface

d. Sample response: Billy borrowed $20 from his mum. 18. a. 2nd floor
One week later he paid the loan back in full. b. It travelled 22 floors in 10 minutes.

e. Sample response: Shalini gave eight lollies to her brother 49 qubtract 5 from the number: 9 — 5 = 4
and later she got ten more lollies from her dad, leaving

. . 20. If you subtract a number from its opposite, the answer will
her with two extra lollies. y pp

be double the original number value, but it can be positive

14. a. “When adding two negative numbers, add the two or negative. For example: 2 — (—2) =4, or —2 — 2 = —4.

numbers as if they were positive numbers and then write

a negative sign in front of the answer”’ 2.5 Multiplying and dividing integers (extending)
b. ‘When adding a negative numbers and a positive number, 1. a —10 b. —18 c. —63
ignore the signs, subtract the smaller number and then d. —30 e 6
write the sign the large number has.’
15 2.a. 18 b. 25 c.0 d. 8
2 -12 7 3.a.—10 b. =30 c. 200 d. 36
‘ 4 -1 -6 4.a. 4 b. —4 c. =4
d.2 e. 9
| -9 10 -4
‘ 5.a. =8 b. —6 c. 0
16. $5575 d. =21 e. —92
17. 15 points 6. a. 25 b. 67 c. —43
18. 2nd floor d. =71 e. =56
19. If you add a number to its opposite, the answer will always 7. a. =3 b.3 e —1
be zero. For example: —2 +2 =0. 1
8. a. l b. —2 c. 1=
2.4 Subtracting integers 2
1a5 b —24 . —5 9.a. —24 b. 36 c. 144
d. 26 e. —16 f.o11 10. a. =3 b. —6 c. 1 d. —1 e. 0
2.a.2 b. 10 c. —10 11.a.3 b. 32 c. =72
d.2 e. =9 d. —11 e. 0 f. 6
3.a. —10 b. 0 c. —4 12. a. —8 b. —8 c. —6
d. 3 e. 10 .0 d. —6 e. —20 f. =20
4.a.2—(+5)=-3 b. =3 —(4+6)=—-9 13. B
c. —4—(-9)=5 d.5—(=7)=12 14. A
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15.

17.

18.
19.

20.

21.

D

a.i. 2 ii. —6 iii. 24 iv. —40

b. When multiplying an even number of negative numbers,
the answer is always positive. When multiplying an
odd number of negative numbers, the answer is always

negative.

c. Yes, because multiplication and division have the same
rules when working with negative numbers.

Agree. When you multiply two integers, the result is always
an integer. When you divide two integers, the answer is not
always an integer. If the integers do not divide equally, the
answer will be a fraction.

8flies

a. 10 b. 20 d. —5m

According to Kareen: 8 +2 X (2 + 2) applying BIDMAS to
this expression

c.5m

8+2x(4)
4x4
=16
Kareen is correct. We do need to apply BIDMAS when
more than one operation is used in an expression.

16 X5+ 3X —2+0=80—6="74 points

2.6 Mixed operations (extending)

1.

e
> w2 o

©® N o a > 0 N

a. —6 b. 22 c. —6 d. 6
a. —2 b. =27 c. 0 d. —1
a.3 b. —18 c. —40 d. 35
a. —19 b. —1 c. =2 d. -9
a. 0 b. 21 c.2 d. =5
a. 9 b. —11 c. =7 d. 32
a. —20 b. —1 c. 32
a. -36 b. —68 c.24
D
B

. —1004+ 60+ —25=—65m

. $2075

. 23 kg per month

. The two expressions are different due to the placement of

the bracket in the first expression. See the working below.
First expression: 8§ —2X (4 +2)

=8—-2x%(6)
=8-12=-+4
Second expression: § —2X4+2=8—8+2
=0+2
=+2

. a. False. See the working below.

5X6—-3+(5-2)<5%x(6—-3)+5-2
Apply BIDMAS to both of the expressions.
5X6—=34+(5-2)=5x6—-34+(3)
=30-3+3=33-3=30 (larger)
S5X(6—=3)+5—-2=5x3)+5-2
=154+5-2=20—2=18 (smaller)
5x6=3+(5-2)>

SX(6-3)+5-2.

Therefore, the statement given is not true.

b. True. See the working below.
24 (15+3)x1=24+15+(3x%1)
Apply BIDMAS to both of the expressions.
24 (15+3)X1=24+0B)x1=2+5=7
2415+B%x1)=2+15+3)=2+5=7
Because both the expressions are equal to 7, the
statement is true.
Merlin: —3 X 10 = =30, 30 km west of bridge
Morgan: —3 X —8 =24, 24 km east of bridge
b. Merlin: 2 X 10 =20, 20 km east of bridge
Morgan: 2 X —8 = —16, 16 km west of bridge
c. 36 km
d. 72km
17. The total amount Ryan paid to the bakery is $42.75.
18. 3+ -2+4+—-1=4
The snail is 4 cm from the bottom of the bucket.
19. a. Arctic Circle 17 °C,
London 12 °C,
Mexico 22 °C
20. a. Student 1: 39 marks; Student 2: 35 marks; Student 3,
44 marks

b. Student 3 won the competition with 44 marks.

16. a.

Project

Students should play the game to understand how it works.
Then students should present a game they have created,
which should include positive and negative numbers and any
operation.

2.7 Review questions

1. a. No b. No c. Yes d. Yes
2. a.< b. < c. > d. <
3. =20, —19, —18 — 17, —16

4.2,0, -3, —15

5.a.<lor <0 b. Between —6 and —3

c.>—12o0r>—11

6_ a. * & o 0
7-6-5-4-3-2
b. e o o
-3-2-10
C. %o o o
-6 -5-4-3
7.a. =5 b. —17 c. 8 d
8.a. —2 b. 7 c. 1 d. 2
e. 0
9.a. —8 b. 26 c.3 d. —2
e. —8 f.2
10. a. —42 b. —32 c. 10 d. 64
e. —64 f. —128
11. a. —12 b. 3 c. =5 d. 9
e. —16 f. —4
12. a. —2 b. =3 c. 27 d. —8
e.5
13. a. =20 b. 12 c. 15
d. —125 e. —9
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14. a. =5< -3 b.
.—=5%x3>-—15

. =2(—4+7)<6
SX(=2—-18)+—-4=25
SX(=2—-18)+4=-25
. S5X—2—-18+4<2.5

c.4>2 d
e.0>-7 f
15.a. —2X5< -9 b
c. 12+—-4<3 d
e. —10x—=5=50 f

16. =52 +3x15=-7
17. 601 years
18. 148°C
19. —$94
20. a. Negative
b. Positive
c. Negative

—22Xx—=2=44

Two negative numbers added together will always be
negative. When a positive and a negative number are
added together, if the larger number is positive the result
will be positive. If the larger number is negative the result

will be negative.

21. a. b.

%%
%

¢.

%Y
%

22. X is positive and Y is negative.

23. Column 2
24.a. | TInteger (x) x2 xS x* ‘ x°
2 4 8 16 32
-2 4 -8 16 -32
3 9 27 81 243
-3 9 —27 81 —243
4 16 64 256 1024
—4 16 —64 256 —1024
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. Positive

c. If x was negative, then x* is negative.

d. For x4, all the results are positive; for X, if xis negative

j-

. The sign in the x> column is the same as the sign in the x*.

e -

then x° is negative.
4

The sign in the x° is the same as the matching term in the
x° column.

. The square root of 100 is 10 or —10.

. It will give an error message.

=5
Integer
*) \Vx Vx x /x
16 4 2
—16 Not Not
possible possible
27 3
-27 -3
32 2
=32 -2
81 | 9 3
—81 Not Not
possible possible
64 8 4
—64 Not —4
possible

When taking an even root of a positive number, the
answer can be positive or negative.

It is not possible to take the even root of a negative
number.

When taking the odd root of a positive number, the
answer is always positive.

When taking the odd root of a negative number, the
answer is always negative.
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TIER] Overview

Why learn this?

Whole numbers can be written in different ways that can
make calculations easier if you do not have your calculator
handy. You have been using multiplication tables already
without necessarily realising that the they give you numbers
that are multiples of each other. Knowing how to write
numbers in different ways helps in understanding how
numbers are connected.

Indices are short ways of writing a repeated multiplication
and are very useful in everyday life, because they allow

us to write very large and very small numbers more easily.
Indices can simplify calculations involving these very large
or very small numbers. Astronomy is a branch of science
in which very large distances are involved. The stars we
see in the Southern Hemisphere night sky are different to
the stars people see in the Northern Hemisphere. Alpha
Crucis, the brightest and closest star to us in the Southern
Cross constellation, is approximately 3000 million billion
kilometres from Earth. That is a huge number — 3 followed by 15 zeros! Other scientists and engineers also
need to be able to communicate and work with numbers of all sizes.

Hey students! Bring these pages to life online

Watch Engage with Ask questions
videos interactivities and check solutions

jacTUTOR, your Extra learning

personal Al tutor— resources
here to help when
you'’re stuck! Ask
it anything.
Differentiated

question sets

Questions with
immediate

Reading content
and rich media,

including
interactivities and
videos for every
concept

feedback, and fully
worked solutions
to help students
get unstuck.
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Exercise 3.1 Pre-test learn

1.

10.

11.

12.

13.

14.

15.

L& The first 3 multiples of 8 are:
A.2,4,8 B. 8, 16, 24 Cc.4,8, 16 D. 1,8, 16

Kate earned $7 pocket money each week for 5 weeks for emptying the dishwasher. Given she saves all
her money, calculate how much she would have saved at the end of the 5 weeks.

Determine the highest common factor of 42 and 66.

Fred takes 3 minutes to complete one lap of a running course, while Sam takes 4 minutes to complete
one lap. After the start, determine when Fred will next be running beside Sam.

Write 5 X 3 X5 X3 X3 X3 in simplified index notation.

Select all the prime numbers from the following.
A. 21 B. 109 C. 33 D. 81 E. 17 F. 31 G. 91

Select two pairs of prime numbers whose sum is 20.
A. 1, 19 B. 2, 18 C. 3,17 D. 5, 15 E. 7,13 F. 9,11

Select all the prime factors of 40.

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

F. 8 G. 10 H. 20 . 40

Determine the lowest common multiple (LCM) and highest common factor (HCF) of 54 and 96 by first

expressing each number as a product of its prime factors.

A chessboard is a large square with sides that are 8 small squares in length. Calculate the total number
of small squares on a chessboard.

Evaluate the following.
32 +14/16 x 52

Determine between which two integers 1/ 70 lies.

Evaluate the following.
V27

Sarah wants to organise a party with her friends at short notice. She decides to send a text to three of
her friends, who contact another three friends each, and then they all contact a further three friends
each.

Determine the number of friends that are invited to the party.

Evaluate the following.
112 =216 x \/144
V49
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ILEF] Factors and multiples

LEARNING INTENTION

At the end of this lesson you should be able to:
e list multiples and factors of a whole number
* determine multiples and factor pairs.

3.2.1  Multiples

e A multiple of a number is the result of multiplying that number by another whole number. For example,
all numbers in the 5 times table are multiples of 5: so 5, 10, 15, 20, 25, ... are all multiples of 5.

\S]

[\S]
|
o)

oo
—_

(=}

WORKED EXAMPLE 1 Listing multiples of a whole number

List the first five multiples of 7.

THINK WRITE

1. The first multiple is the number X 1, that is, 7 X 1. 7

2. The second multiple is the number X 2, that is, 7 X 2. 14

3. The third multiple is the number X 3, that is, 7 X 3. 21

4. The fourth multiple is the number X 4, that is, 7 X 4. 28

5. The fifth multiple is the number X 5, that is, 7 X 5. 35

6. Write the answer as a sentence. The first five multiples of 7 are 7, 14,21, 28
and 35.

WORKED EXAMPLE 2 Determining multiples

State which numbers in the following list are multiples of 8.
18, 8, 80, 100, 24, 60, 9, 40

THINK WRITE
1. The biggest number in the list is 100. List multiples 8, 16, 24, 32, 40, 48, 56, 64, 72, 80, 88,
of 8 using the 8 times table just past 100; that is, 96, 104

8X1=8, 8xX2=16, 8x3=24, 8x4=32,
8 X5 =40, and so on.

2. Write any multiples that appear in the given list. Numbers in the given list that are multiples of
8 are 8,24, 40 and 80.
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3.2.2

e A factor of a whole number divides into that whole number
exactly. For example, the number 4 is a factor of 8 because
4 divides into 8 twice or 8 +4 =2.

e Factors of a number can be written as factor pairs. For example,
since 4 X 2 =38, it follows that 2 and 4 are a factor pair of 8.

Factors

Unique factors

Except for the number 1, every whole number has
at least two unique factors, 1 and itself.

For example, the factors of 5 are 1 and 5.

WORKED EXAMPLE 3 Listing factors of a whole number

List all the factors of 14.

THINK

1. 1 is a factor of every number, and the number itself is a
factor of itself, that is, 1 X 14 = 14.

2. 14 is an even number, so 14 is divisible by 2; therefore, 2
is a factor. Divide the number by 2 to find the other factor
(14 =2 =7). There are no other whole numbers that divide
evenly into 14.

3. Write the answer as a sentence, placing the factors in order
from smallest to largest.

WRITE
1,14

2,7

The factors of 14 are 1, 2, 7 and 14.

WORKED EXAMPLE 4 Determining factor pairs

List the factor pairs of 30.

THINK

1. 1 and the number itself are factors, that is, 1 X 30 = 30.

2. 30 is an even number, so 2 and 15 are factors, that is,
2% 15=30.

3. Divide the next smallest number into 30. Therefore, 3 and
10 are factors, that is, 3 X 10 = 30.

4. 30 ends in 0 so 5 divides evenly into 30, that is, 5 X 6 = 30.

5. Write the answer as a sentence by listing the factor pairs.

WRITE
1,30
2,15

3,10
5,6

The factor pairs of 30 are:
1,30; 2,15; 3,10 and 5, 6.
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COLLABORATIVE TASK: Sorting multiples and factors

1. As aclass, draw a large 10 X 5 number chart on the board and N ™
number the boxes from 1 to 50. \ g 8 2 1w |

2. Your teacher will share the numbers 1 to 50 among the class. For ! R IR A
each of your numbers, list the multiples up to and including 50. \17 ] 1386 0 |1199 2 \

3. Your teacher will call out the numbers between 1 and 50 one at a 18 10 20 z
time. When one of your numbers is called, write it in each box N 28 29 30
on the chart that is a multiple of your number. For example, if \ i l10 7 3(? ‘
your number is 10, write 10 in each box that corresponds to a I 0 ’
multiple of 10. : 39 |8102040

4. At the end of the activity, the numbers written in each of the \\\4949 1 5010
boxes are the factors of the box numbers. You can see that \ 50 | A
different numbers have different numbers of factors. N /;

5. As aclass, investigate:
a. which numbers have one factor, two factors, three factors or four factors
b. which numbers have more than four factors
c. whether there are more numbers with an odd or even number of factors
d. how factors and multiples are related.

Exercise 3.2 Factors and multiples learn
3.2 Quick quiz 3.2 Exercise
Individual pathways
Bl PRACTISE l CONSOLIDATE B MASTER
1,4,6,8,10, 12, 15, 18, 22, 23, 26 2,5,9, 13,16, 19, 24, 27 3,7,11,14,17, 20, 21, 25, 28

Fluency

1. [IZM List the first five multiples of the following numbers.
a. 3 b. 6 c. 100 d. 11

2. List the first five multiples of the following numbers.
a. 120 b. 45 c. 72 d. 33

3. A Select the numbers in the following list that are multiples of 10.
10, 15, 20, 100, 38, 62, 70

4. Select the numbers in the following list that are multiples of 7.
17, 21, 7, 70, 47, 27, 35

5. Write the numbers in the following list that are multiples of 16.
16, 8, 24, 64, 160, 42, 4, 32, 1, 2, 80

6. List the multiples of 9 that are less than 100.

7. List the multiples of 6 between 100 and 160.
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8. I The first three multiples of 9 are:

A1, 3,9 B. 3,6,9 C. 9, 18, 27 D. 9, 18, 81
9. I The first three multiples of 15 are:

A. 15, 30, 45 B. 30, 45, 60 c. 1, 15, 30 D. 45
10. I List all the factors of the following numbers.

a. 12 b. 40

11. A list of numbers is: 2, 7, 5, 20, 25, 15, 10, 3, 1.
From this list, select all the numbers that are factors of each of the following values.

a. 28 b. 60 c. 100

Understanding

12. List all factors of the following numbers in ascending order.
a. 72 b. 250

13. A list of numbers is: 21, 5, 11,9, 1, 33,3, 17, 7.
From this list, select all the numbers that are factors of each of the following values.

a. 85 b. 99 c. 51
14. List the factor pairs of 20.

15. List the factor pairs of 132.

16. I Select all the factor pairs of 18.
A 1,9 B.3,6 Cc.2,9 D. 1, 18

17. Three is a factor of 12. State the smallest number greater than 12 that has 3 as one of its factors.

18. I A factor pair of 24 is:

A 2,4 B. 4,6 C. 6,2 D. 2,8
19. I A factor pair of 42 is:
A 6,7 B. 20, 2 c.21, 1 D. 16, 2

20. Determine which of the numbers 3, 4, 5 and 11 are factors of 2004.

21. Alex and Nadia were racing down a flight of stairs. Nadia took the stairs two at a time while Alex took the
stairs three at a time. In each case, they reached the bottom with no steps left over.

a)

a. Determine how many steps there are in the flight of stairs. List three possible answers.

b. Determine the smallest number of steps there could be.

c. If Alex can also take the stairs five at a time with no steps left over, determine the smallest number of
steps in the flight of stairs.
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Reasoning

22.

23.

24,

25.

Problem solving
26.

27.

28.

Place each of the first six multiples of 3 into the separate circles around the triangle so the numbers along
each side of the triangle add up to 27. Use each number once only.

Ms Pythagoras is trying to organise their Year 4 class into rows for their class photograph.

If Ms Pythagoras wishes to organise the 20 students into rows containing equal numbers of students,
determine what possible arrangements they can have.

Note: Ms Pythagoras will not be in the photograph.

My age is a multiple of 3 and a factor of 60. The sum of the digits of my age is 3. Determine my age. (There
are three possible answers.)

A man and his grandson share the same birthday. For exactly six
consecutive years the grandson’s age is a factor of his grandfather’s
age. Determine how old each of them is at the sixth of these birthdays,
given that the grandson is no more than 10.

I am a two-digit number that can be divided by 3 with no remainder.
The sum of my digits is a multiple of 4 and 6. My first digit is
double my second digit. Evaluate the number. Show your working.

Determine the following number. I am a multiple of 5 with factors
of 6,4 and 3. The sum of my digits is 6. Show your working.

Identify a two-digit number such that if you subtract 3 from it, the result is a multiple of 3; if you subtract 4
from it, the result is a multiple of 4; and if you subtract 5 from it, the result is a multiple of 5. Explain how
you reached the answer.
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Lowest common multiple and highest

common factor

LEARNING INTENTION

At the end of this lesson you should be able to:
e determine the lowest common multiple and the highest common factor of two or more whole numbers.

3.3.1 The LCM and HCF

e Common multiples are numbers that are multiples of more than one number.

Multiples of 3: 3, 6,9, 12, 15, 18, 21, 24, ...
Multiples of 4: 4, 8, 12, 16, 20, 24, 28, ...
The first two common multiples of 3 and 4 are 12 and 24.

The LCM of 3 and 4 is 12.

e Common factors are numbers that are factors of more than

one number.
Factors of 16: 1,2, 4, 8 and 16
Factors of 24: 1, 2, 3, 4, 6, 8, 12 and 24
The common factors of 16 and 24 are 1, 2, 4 and 8.

e The common factors of 16 and 24 can be seen in the

overlapping region of a Venn diagram, as shown.

e The highest common factor (HCF) is the largest of the

common factors. The HCF of 16 and 24 is 8.

The lowest common multiple (LCM) is the smallest multiple that is common to two or more numbers.

Factors of 16 Factors of 24

WORKED EXAMPLE 5 Determining the lowest common multiple of two numbers

o 0 T 9O

T

a.

b
C.
d

. List the first nine multiples of 8.

. List the first nine multiples of 12.

. List the multiples that 8 and 12 have in common.
. State the lowest common multiple of 8 and 12.

HINK

Werite out the first nine numbers of the 8 times table.

. Write out the first nine numbers of the 12 times table.
Choose the numbers that appear in both lists.

. State the lowest of these numbers to give the lowest
common multiple (LCM).

WRITE
8, 16, 24, 32, 40, 48, 56, 64, 72
12, 24, 36, 48, 60, 72, 84, 96, 108
24, 48, 72

LCM is 24.
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WORKED EXAMPLE 6 Determining the highest common factor

a. Determine the common factors of 8 and 24 by:
i. listing the factors of 8
ii. listing the factors of 24
iii. listing the factors common to both 8 and 24.
b. State the highest common factor of 8 and 24.

THINK WRITE
a. i. 1. List the pairs of factors of 8. a. i. 1,8,2,4
2. Write them in order. Factors of 8 are 1, 2, 4, 8.
ii. 1. List the pairs of factors of 24. i. 1,24;2, 12;3,8;4,6
2. Write them in order. Factors of 24 are 1, 2, 3, 4, 6, 8, 12, 24.
iii. Write the common factors. iti. Common factors are 1, 2, 4, 8.
b. State the highest common factor, that is, the b. HCF is 8.

largest of the common factors.

Exercise 3.3 Lowest common multiple and highest
common factor learn

3.3 Quick quiz 3.3 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,2,7,10,11,12, 16, 19 3,4,8,13,14,17, 20 5,6,9, 15, 18, 21
Fluency

1. a. [lIEA List the first ten multiples of 4.
b. List the first ten multiples of 6.
c. In your lists, circle the multiples that 4 and 6 have in common (that is, circle the numbers that appear in
both lists).
d. State the lowest multiple that 4 and 6 have in common. This is the lowest common multiple (LCM) of
4 and 6.

2. State the LCM for each of the following pairs of numbers.
a.3and 9 b. 6 and 15 c. 7and 10 d. 12 and 16 e. 4 and 15

3. State whether the following statement is true or false.
20 is a multiple of 10 and 2 only.

4. State whether the following statement is true or false.
15 and 36 are both multiples of 3.

5. State whether the following statement is true or false.
60 is a multiple of 2, 3, 6, 10 and 12.
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6. State whether the following statement is true or false.
100 is a multiple of 2, 4, 5, 10, 12 and 25.

7. IIEA By listing the factors of each number, determine the highest common factor (HCF) for each of the

following pairs of numbers.
a. 21 and 56 b. 7 and 28 c. 48 and 30

8. Determine the HCF for each of the following pairs of numbers.
a. 9 and 36 b. 42 and 77

9. Determine the HCF of the following numbers.
a. 36 and 64 b. 45, 72 and 108

Understanding

10. Kate goes to the gym every second evening, while Ian goes every third evening.

a. On Monday evening, Kate and Ian are at the gym together. Determine how many days it will be before
both attend the gym again on the same evening.
b. Explain how this answer relates to the multiples of 2 and 3.

11. Vinod and Elena are riding around a mountain bike trail. Vinod completes one lap in the time shown on the
stopwatch on the left, and Elena completes one lap in the time shown on the stopwatch on the right.

a. If they both begin cycling from the starting point at the same time, determine how long it will be before
they pass the starting point again at exactly the same time.
b. Relate your answer to the multiples of 5 and 7.

MIN SEC 100/SEC

05:00:00

MIN  SEC 100/SEC

0?:00:00

12. A warehouse owner employs Bob and Charlotte as security guards. Each security guard checks the building
at midnight. Bob then checks the building every 4 hours, and Charlotte checks every 6 hours.

a. Determine how long it will be until both Bob and Charlotte are next at the warehouse at the same time.
b. Relate your answer to the multiples of 4 and 6.
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13. Two smugglers, Bill Bogus and Sally Seadog, have set up signal lights that flash continuously across the
ocean. Bill’s light flashes every 5 seconds and Sally’s light flashes every 4 seconds. If they start together,
determine how long it will take for both lights to flash again at the same time.

14. Twenty students in Year 7 were each given a different number from 1 to 20 and then
asked to sit in numerical order in a circle. Three older girls — Milly, Molly and
Mandy — came to distribute jelly beans to the class. Milly gave red jelly beans to
every second student, Molly gave green jelly beans to every third student and Mandy
gave yellow jelly beans to every fourth student.

a. Determine which student had jelly beans of all 3 colours.
b. Calculate how many students received exactly 2 jelly beans.
c. Calculate how many students did not receive any jelly beans.

15. Wah needs to cut tubing into the largest pieces of equal length that he can, without
having any offcuts left over. He has three sections of tubing: one 6 metres long,
another 9 metres long and the third 15 metres long.

a. Calculate how long each piece of tubing should be.
b. Determine how many pieces of tubing Wah will end up with.

Reasoning

16. Two candles of equal length are lit at the same time. The
first candle takes 6 hours to burn out and the second takes
3 hours to burn out. Determine how many hours it will
be until the slower-burning candle is twice as long as the
faster-burning candle.

17. Mario, Luigi, Zoe and Daniella are playing a video game.
Mario takes 2 minutes to play one level of the game, Luigi
takes 3 minutes, Zoe takes 4 minutes and Daniella takes
5 minutes. They have 12 minutes to play.

a. If they play continuously, determine which player would —
be in the middle of a game as time ran out.
b. Determine after how many minutes this player began the last game.

18. Six church bells ring repeatedly at intervals of 2,4, 6, 8, 10 and 12 minutes respectively. Determine how
many times three or more bells will ring together in 30 minutes.

Problem solving

19. Carmen types 30 words per minute on her laptop while Evan
types 40 words per minute on his laptop. They have to type
the same number of words and they both end up typing for a
whole number of minutes.
a. Determine how long Carmen has been typing for.
b. Determine how long Evan has been typing for.

20. Alex enjoys running around the park after school. It
takes him 10 minutes to complete one lap. His mother
Claire walks the family dog at the same time. It takes her
15 minutes to complete one lap. They decide to go home
when they meet next. Determine how long it will take them
to meet again.
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21. The runners in a 100 m race are lined up next to each other while those in a 400 m race are staggered around
the track. Look at the following diagram of a standard 400 m athletic track and take note of both the starting
position and finish line for a 100 m race.

%

BIZ9S|FIE[C]

a. State the shapes of the two curved ends of the track.
b. Explain why the starting line for a 100 m race has been positioned in the straight section.
c. Explain why the finish line for a 100 m race has been positioned where it is.

Track events such as the 200 m, 400 m and 800 m races have staggered starting positions. The following
diagram illustrates the position of the starting blocks S;—Sg for each lane in the 400 m race.

%

ILQQLSEL
v

d. Explain why there is a need to stagger the starting blocks in the 200 m, 400 m and 800 m track events.

e. A runner completing one lap of the inside lane (lane 1) runs a distance of 400 m, while if there is no
staggered start a runner completing one lap in the next lane (lane 2) runs a distance of 408 m. If this
pattern continues, determine how far runners in lanes 3-8 run. Enter these results in the appropriate

column in the table.

Lane number Distance travelled (m) Difference
1 400 m
2 408 m
3
4
5
6
7
8 456m

f. Calculate the difference between the distances travelled by the runners in each of the lanes compared to
the distance travelled by the runner in lane 1. Enter these results in the appropriate column in the table.
g. Comment on what you notice about the values obtained in part f.
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¥ Index notation

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand that index or exponent notation is a short way of writing a repeated multiplication
e write expressions in index notation
e simplify expressions using index notation
 use place value to write and evaluate numbers in expanded form with index notation.

3.4.1 Introduction to indices

e An index (or exponent or power) is a short way of writing a repeated

¥ N\
multiplication. /‘\ g6 Power

e The base is the number that is being repeatedly multiplied and the index Bise
(plural indices) is the number of times it is multiplied.

80=8x8x8x8x8x8=262144
L L | L |

Index form Expanded form Basic numeral

e Numbers in index form are read using the value of both the base and the power.

8% is read as ‘8 to the power of 6.
12% is read as ‘12 to the power of 4°.

WORKED EXAMPLE 7 Identifying the base and index

For the following expressions, state:
i. the number or pronumeral that is the base
ii. the number or pronumeral that is the index.

a. 6’ b. x° c. 3 d. y
THINK WRITE
The base is the number or pronumeral that is repeatedly a. 6/
multiplied, and the index is the number of times that it i. Baseis 6
is multiplied. ii. Index is 7
b. x°
i. Baseis x
ii. Index is 9
c. 3¢
i. Baseis 3
ii. Index is a
d. y»
i. Baseisy
ii. Index is b
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WORKED EXAMPLE 8 Writing an expression using index notation

Werite the following expressions using index notation.

a. SXSXS5XS5X5%X5x%5

THINK

a. 1.

2. Write the number being repeatedly multiplied as the base,
and the number of times it is written as the index (the

b. 1.

2. Write the number being multiplied as the base, and the

Write the multiplication.

number 5 is written 7 times).
Write the multiplication.

b. 3X3X3IX3IXTXT7

WRITE
a. SXS5XS5XS5X5X5XS5

=57

b. 3X3X3X3X7X7
=3*x 72

number of times it is written as the index (the number 3 is

written 4 times, and 7 is written 2 times).

WORKED EXAMPLE 9 Simplifying expressions using index notation

Simplify each of the following expressions by first writing each expression as a repeated multiplication
and then in index notation.

a. 34 x 36

b. 4%’

THINK

a. 1.

2,

Write the expression.

Write the expression using repeated multiplication
(that is, in expanded form).

Write the repeated multiplication using index
notation. The number being repeatedly multiplied
is 3 (base), and the number of times it is written is
10 (index).

. Write the expression.

Write the expression using repeated multiplication
(that is, in expanded form).

Write the repeated multiplication using index
notation. The number being repeatedly multiplied
is 4 (base) and the number of times it is written is
9 (index).

1. Write the expression.

Write the expression using repeated multiplication
(that is, in expanded form).

Write the repeated multiplication using index
notation. The numbers being repeatedly multiplied
are 3 and 5 (base) and the number of times they are
written is 2 (index) in each case.

c. (3% 5)*

WRITE
a. 3*x3°

=(BX3X3X3)X(B3%x3X3Xx3x3xX3)
=3X3Xx3Xx3Xx3Xx3x3x3x3X%3
:310

b. (4%)°
=43 x4’ x4’
=@AX4x4)Xx(EXx4x4)x(4x4x4)
=4X4X4xX4xX4dx4x4x4%x4
=49

c. 3x5)

=BXx5xX(@Bx)5)
=3X5%x3X%5
=3X3X5%5

= 32 52
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3.4.2

Indices and place values

e By using place value, you can write numbers in expanded form with index notation.

For example:

2700 = 2000 + 700

=2x10x10x10+7x10x 10

=2x10°+7x10%

WORKED EXAMPLE 10 Expressing numbers in expanded form using index notation

Write the following numbers in expanded form using index notation.

a. 59176
THINK

b. 108 009

a. 1. Write the number as the sum of each place
value.

2. Write each place value in multiples of 10.

3. Write each place value in index notation.

b. 1. Write the number as the sum of each place
value.

2. Write each place value in multiples of 10.

3. Write each place value in index notation.

WRITE
a. 59176 = 50000+ 9000+ 100+ 70+ 6

59176 =5x10x10x 10X 10+9x10x10x 10
+1Xx10x10+7%x10+6

59176 = 5% 10° +9%x 10 + 1 x 10> +7x 10" + 6

b. 108 009 = 100 000 + 8000 + 9

108009 = 1x10x 10x 10x 10x 10
+8x10x10x10+9

108009=1x10"+8x 10° +9

WORKED EXAMPLE 11 Evaluating indices

Evaluate each of the following.
a. 2° b. 3% x 23

THINK

a. 1. Write in expanded form.
2. Multiply the terms.
3. Write the answer.
b. 1. Write both terms in expanded form.

2. Calculate the product of the numbers in the
brackets.

3. Multiply the terms.
4. Write the answer.

c. 1. Write all terms in expanded form.

N

. Calculate the product of the numbers in the
brackets.
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c. 345224
WRITE
25 =2X2X2X2X2

= 32
25=32
32x23=Bx%3)x(2%x2x%x2)

=9X%8

=72
32x23=172
32 +52-2*=(3Bx3)+(5X5)—(2X2X2X2)

=94+25-16



3. Remember the order of operations. Since the =34-16

operations are addition and subtraction, work - 18
left to right.
4. Write the answer. 3P +52-24=18

Digital technology

Scientific calculators can evaluate expressions in index form e e
where the base is a number.
4=-34+2% 17
Exercise 3.4 Index notation learn
3.4 Quick quiz 3.4 Exercise

Individual pathways

B PRACTISE Hl CONSOLIDATE B MASTER
1,2,5,7,10,12, 13, 16 3,6,8,14,17, 18 4,9, 11, 15,19, 20, 21
Fluency

1. IIZA In each of the following expressions, enter the missing number into the box and state what the base
and index are.

a 7 — 49 b. 4 = 4006 c. O'=31 d. [T =1000
2. [IIZ2M Write each of the following expressions in index notation.

a. TXTXTx7 b. 8X8X8x8x8x%8

c. 3X3X3X3x3%x3%x3x3x%x3 d. 13x13x13
3. IIZ Write the following expressions in index notation.

a 4X4X4X4X4X6X6X6 b. 2X2X3

C. 5X5X2X2X2x%2 d. 3X3X2X2X5X5%5

4. Write the following using repeated multiplication (that is, in expanded form).
a. 6° b. 11°

5. lIEA Simplify each of the following expressions by first writing each expression as a repeated
multiplication and then using index notation.

a. 58x53 b. 48 x 43 c. (27)3

6. lIE Write the following numbers in expanded form using index notation.
a. 300 b. 4500 c. 6705 d. 10000
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Understanding
7. KIEA Simplify each of the following expressions by first writing each expression as a repeated
multiplication and then using index notation.
a. (95)3 b. (3x 13)°

8. I The value of 4 is:
A. 8 B. 16 C. 64 D. 256

9. IZEM Evaluate each of the following.
a. 7} b. 6% x 2° c. 53 —43 424
10. Evaluate each of the following.
a. 2> x3? b. 3* x 43 c. 3¥x9’
11. Evaluate each of following.
a. 6* -9 b. 57 +2° X 9? c. 27 —45+26

Reasoning

12. a. I Which of the following expressions has the greatest value?
A 28 B. 82 c. 3 D. 4°
b. Justify your answer using mathematical reasoning.

13. We know that 12% = 144 and 212 =441. It is also true that 13> =169 and 312 =961. If 14> = 196, is
412 =691? Try to justify your answer without calculating 412

14. Write < (less than) or > (greater than) in the boxes below to make each statement true.
a. 133! b. 23132 c. 55003 d. 44013

15. You have a choice of how your weekly allowance is increased for 15 weeks.
Option 1: Start at 1 cent and double your allowance every week.
Option 2: Start at $1 and increase your allowance by $1 every week.

a. Explain which option you would choose and why.
b. Explain whether powers can be used to help with these calculations.

Problem solving

16. Jessica has a ‘clean-up’ button on her mobile phone that will clear half of the read messages in her inbox.
She pressed the button six times, causing just one message to be left in her inbox. Calculate how many
messages were in her inbox before the clean-up.

17. A student sent an email to eight of his cousins, who then each
forwarded the email to eight different friends, who in turn
forwarded the email to another eight friends each.

a. Calculate how many emails in total were sent during this
process.

b. Assuming that everyone received the email only once,
determine how many people in total received the email by the
end of this process.
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18. You received a text message from your friend. After 5 minutes, you forward
the text message to two of your other friends. After 5 more minutes, those
two friends forward it to two more friends. If the text message is sent
every 5 minutes in this way, calculate how many people have received it in
30 minutes.

19. Bacteria such as those shown in the image grow at an alarming rate. Each
bacterium can split itself in half, forming two new cells each hour.

a. If you start with one bacterium cell, calculate how many you will have
after 12 hours. Show your working to include the number of
bacteria after each hour.

b. If a bacterium could successfully divide into three new cells each hour,
calculate how many bacteria you would have after 12 hours.

c. Show how powers can be applied to the calculations in parts a and b.

20. A knock-out tennis competition ends with 2 players in the grand
final. If the grand final is the 8th round of the competition, and half
the players are knocked out in each round, determine how many
players there were at the start of the competition.

21. A particular rule applies to each of these three sets of numbers.
SetA:1,2,5 SetB: 2,5,26 SetC: 3,10,?
Explain how you can determine the rule and the missing number.

TSR] Prime and composite numbers

LEARNING INTENTION

At the end of this lesson you should be able to:
¢ understand the difference between prime and composite numbers
e determine prime factors by drawing a factor tree
e write a composite number in index form
e determine the highest common factor (HCF) and lowest common multiple (LCM) of large numbers as
products of their prime factors.

3.5.1 Prime numbers

e A prime number is a counting number that has exactly 2 unique factors: itself and 1.
(Counting numbers are 1,2,3,4, ...)
The number 3 is a prime number; its only factors are 3 and 1.
The number 2 is the only even prime number; its only factors are 2 and 1.
e A composite number is one that has more than two factors.
The number 4 is a composite number; its factors are 1,2 and 4.
e The number 1 is a special number. It is neither a prime number nor a composite number because it has only
one factor, 1.
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COLLABORATIVE TASK: The sieve of Eratosthenes

Eratosthenes (pronounced ‘e-rah-toss-thee-knees’) was a Greek mathematician
who lived around 200 BC. He worked out a way to sort prime numbers from
composite numbers.

1. As aclass, draw a 10 X 10 grid on the board and number the boxes from

1 to 100.

Shade the number 1. It is not a prime or composite number.

Circle the number 2. Cross out all other multiples of 2.

Circle the next smallest uncrossed number, 3. Cross out all other multiples of 3.
Continue this process until all the numbers in the grid are either circled or
crossed out.

Describe the circled numbers.

Describe the crossed out numbers.

a. Are there more prime numbers or composite numbers?

b. What connections can you make between composite numbers and multiples?

P &S

)

g =

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
71 72 73 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100

WORKED EXAMPLE 12 Listing prime numbers

List the prime numbers between 50 and 70.

THINK WRITE
1. The only even prime number is 2. The prime numbers

between 50 and 70 will be odd. Numbers ending in 5 are

divisible by 5 so 55 and 65 are not primes.

2. Check the remaining odd numbers between 50 and 70: The prime numbers are: 53,59, 61, 67.
51=3x%17 and 1 X 51. It has four factors so it is
composite.

53 =1 X 53. It has two unique factors only so it is prime.
57=3x%19 and 1 X 57. It has four factors so it is
composite.

59 =1x59. It has two unique factors only so it is prime.
61 =1x61. It has two unique factors only so it is prime.
63=7x%9,3x21 and 1 X 63. It has six factors so it is
composite.

67 =1x67. It has two unique factors only so it is prime.
69 =3 X% 23 and 1 X 69. It has four factors so it is
composite.
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WORKED EXAMPLE 13 Checking for composite and prime numbers

State whether the following numbers are prime or composite.

a. 45 b. 37 c. 86
THINK WRITE

a. Factors of 45 are 1,3,5,9, 15 and 45. a. 45 is composite.
b. The only factors of 37 are 1 and 37. b. 37 is prime.

c. Factors of 86 are 1, 2, 43 and 86. All even numbers except c. 86 is composite.
2 are composite.

DISCUSSION

Explain your method of working out whether a number is a prime number.

3.5.2 Composite numbers and factor trees

e Every composite number can be written as the product of its prime factors.
e Writing any number as a product of its prime factors simply means to rewrite a number using
multiplication of prime numbers only. For example:

12=2x2x%x3=22x3

T

Prime numbers that multiply to give 12 20
e A factor tree shows the prime factors of a composite number. / \ Factors
. 2 10~—"=1¢20
e Each branch shows a factor of the number above it. 0
e Branches stop at factors that are prime numbers, as shown at right in pink. / \ Fact
. .o .. actors
e In the factor tree shown, 20 can be written as 2 X 2 X 5; this is known as writing a 2 5= of 10

number as a product of its prime factors. 2022 x2x5=22%5

WORKED EXAMPLE 14 Determining the prime factors by drawing a factor tree

a. Determine the prime factors of 50 by drawing a factor tree.
b. Write 50 as a product of its prime factors in index form.

THINK WRITE
a. 1. Write a factor pair of the given number and

a. 50
draw the factor tree (50 =15 X 10). / \
5 10

2. If a branch is prime, no other factors 50
can be found (5 is prime). If a branch is
composite, write factors of that number: 10 is / \
composite, so 10 =15 X 2. 5 /10\
5 2
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3. Continue until all branches end in a prime
number, then stop.

4. Write the prime factors. The prime factors of 50 are 2 and 5.
b. Write 50 as a product of prime factors in index form b. 50 =5%X5X2
found in part a. —52%2

WORKED EXAMPLE 15 Writing composite numbers in index form

Write 72 as a product of its prime factors in index form.

THINK WRITE
1. Draw a factor tree. When all factors are prime numbers 72
you have found the prime factors. / \

AVAN
/\

2 2

2. Write 72 as a product of its prime factors in index form. 72 =2X2X2X3X3
=23x3?

WORKED EXAMPLE 16 Writing composite numbers in index form

Write 360 as a product of prime factors using index notation.

THINK WRITE
1. Draw a factor tree. If the number on the branch is a prime 360
number, stop. If not, continue until a prime number is
reached.
VANIAN
/12\ 5 3 2
AN
2 2
2. Write the number as a product of prime factors. 360=2X2X2X3Xx3X%X5
3. Write your answer using index notation. 360=2°%x3%x5

There can often be more than one way of drawing a factor tree for a number, as shown below.
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48 48 48
12 4 3 16 2 24
/6\ 2 2 2 /8\ 2 2 /12\
3 2 /4\ 2 /4\ 3
2 2 2 2
48 =12x4 48 =3x 16 48 = 2x24
=2X3X2Xx2x%x2 =3X2Xx2x2x%x2 =2X3X2x2x%x2
=2*x3 =2%x3 =2*%x3

3.5.3 Lowest common multiple and highest common factor using
prime factors

e Expressing large numbers as products of their prime factors makes it easier to determine their lowest
common multiple (LCM) or highest common factor (HCF).

Lowest common multiple (LCM)

The LCM of two numbers expressed as the products of their prime factors is the product of the prime
factors that are factors of either number.

Highest common factor (HCF)

The HCF of two numbers expressed as the products of their prime factors is the product of the prime
factors common to both numbers.

WORKED EXAMPLE 17 Determining HCF and LCM using prime factors

Determine the highest common factor and lowest common multiple of 270 and 900.

THINK WRITE

1. Write 270 and 900 as products of their prime 270 = 2X3 X3 X3 X5
factors. Alternatively, a factor tree may be used 900 =2 X2 X3X3X5X5
to determine the prime factors.

2. Circle the prime factors common to both 270 = % B\x/B\x 3 x
numbers. 900 =2 x@x@x@x 5 x@

3. For the HCF, multiply the prime factors 2X3%x3%x5=90.
common to both numbers. The HCF of 270 and 900 is 90.

4. For the LCM, multiply the prime factors that 7«72« 3x3x3x5x 5 = 2700
are factors of either number. The LCM of 270 and 900 is 2700.

Hint: Only include one circled pair.
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COLLABORATIVE TASK: Goldbach’s conjecture

In 1742, mathematician Christian Goldbach suggested that every even

number greater than 2 could be written as the sum of two prime numbers. PRIME NUMBERS

: : 203557 11.13,17 19,23
In pairs, test this for the even numbers greater than 2 and less than 40. 29, 31”37” 41” 43, 47” 2 59’,
61,67,71,73,79,83,89,97

In pairs, choose 5 even numbers between 100 and 300. Test these
numbers to see if Goldbach’s conjecture is true.

Do you agree with Christian Goldbach?

Exercise 3.5 Prime and composite numbers learn

3.5 Quick quiz 3.5 Exercise

Individual pathways

Bl PRACTISE Bl CONSOLIDATE B MASTER
1,2,4,8,10, 13, 15, 16, 21, 24, 5,7,9,12,17,19, 20, 22, 26, 29 3,6,11, 14, 18, 23, 27, 30
25,28

Fluency

1. IEZHEA List four prime numbers that are between 20 and 40.

2. [IZEN State whether each of the following numbers is prime or composite.
a. 9 b. 13 c. 55 d. 41

3. State whether each of the following numbers is prime or composite.
a. 64 b. 79 c. 98 d. 101

4. i. lIEM Determine the prime factors of each of the following numbers by drawing a factor tree.
ii. Write each one as a product of its prime factors in index form.
a. 15 b. 30 c. 100 d. 49

5. i. Determine the prime factors of each of the following numbers by drawing a factor tree.
ii. Write each one as a product of its prime factors in index form.
a. 72 b. 56 c. 45

6. i. Determine the prime factors of each of the following numbers by drawing a factor tree.
ii. Write each one as a product of its prime factors in index form.
a. 84 b. 112 c. 40
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7.

8.

9.

i. IEE Determine the prime factors of the following numbers by drawing a factor tree.
ii. Express the number as a product of its prime factors in index form.
a. 96 b. 32 c. 3000
Determine the prime factors of each of the following numbers.
a. 48 b. 200 c. 81 d. 18

Determine the prime factors of each of the following numbers.
a. 300 b. 60 c. 120 d. 80

Understanding

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

EIET Write the following as a product of prime factors using index notation.
a. 60 b. 75 c. 220

Write the following as a product of prime factors using index notation.

a. 192 b. 124

IZEA By expressing the following pairs of numbers as products of their prime factors, determine their
lowest common multiple and their highest common factor.

a. 36 and 84 b. 48 and 60 c. 120 and 400 d. 220 and 800

State whether each of the following is true or false.

a. All odd numbers are prime numbers.

b. No even numbers are prime numbers.

c. 1,2,3 and 5 are the first four prime numbers.

d. A prime number has two factors only.

e. 2 is the only even prime number.

State whether each of the following is true or false.

a. The sum of two prime numbers is always even.

b. The product of two prime numbers is always odd.

c. There are no consecutive prime numbers.

T The number of primes less than 10 is:

A. 4 B. 3 C.5 D.2

T The first three prime numbers are:

A 1,3,5 B. 2,3,4 C.2,3,5 D. 3,5,7
T The number 15 can be written as the sum of two prime numbers. These are:

A.3+12 B.1+14 C.13+2 D.7+8
& Factors of 12 that are prime numbers are:

A. 1,2,3,4 B. 2,3,6 C.2,3 D. 2,4,6,12

The following numbers are not primes. Each of them is the product of two primes. Determine the two primes
in each case.

a. 365 b. 187
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20. I A factor tree for 21 is:
A. 21 .
7 3
C. 21 . / \
/ \ {0
3x1 7Tx1

21. I A factor tree for 36 is:

A A
n X

22, [T The prime factors of 16 are:

A 1,2 B. 1,2,4 C.2 D. 1,2,4,8,16
23. [T The prime factors of 28 are:

A. 1,28 B. 2,7 c. 1,2,14 D. 1,2,7
Reasoning

24. Determine the largest three-digit prime number in which each digit is a prime number. Prove that this
number is a prime number.

25. Is the sum of two prime numbers always a prime number? Explain your answer.
26. Determine a prime number greater than 10 with a sum of digits that equals 11. Show your working.

27. My age is a prime number. I am older than 50. The sum of the
digits in my age is also a prime number. If you add a multiple
of 13 to my age the result is 100. Determine my age.

28. Determine two prime numbers with a product of:
a. 21 b. 26 c. 323.
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29. Determine how many even integers between 2 and 20 can be the sum of two different prime numbers.

30. Twin primes are pairs of prime numbers that differ by 2. Except for the pair of primes 2 and 3, this is the
smallest difference between two prime numbers. The first twin primes are 3 and 5, followed by 5 and 7, then
11 and 13. Identify other twin primes below 100.

LYY Squares and square roots

LEARNING INTENTION

At the end of this lesson you should be able to:
e determine values of squares and square roots
e estimate the value of the square root of other numbers by using the perfect squares that lie on either
side of the number
e evaluate squares or square roots using BIDMAS.

3.6.1 Square numbers

e The process of multiplying a number by itself is known as squaring a number.
e Square numbers or perfect squares are numbers that can be arranged in a square, as shown.

2=1x1 22=2x2 32=3x3 42=4x4

e A square number is the number we get after multiplying a whole number by itself.
e The first four square numbers are: 1, 4, 9 and 16.
e All square numbers can be written in index notation, for example, 4” = 16.

WORKED EXAMPLE 18 Determining square numbers

Determine the square numbers between 90 and 150.
THINK WRITE

1. Use your knowledge of multiplication tables 10> = 10x 10 = 100
to determine the first square number after 90.

2. Determine the square numbers that come after 117 = 11x 11 =121
that one, but before 150. 122 = 12% 12 = 144

13% = 13 x 13 = 169 (too big)

3. Write the answer in a sentence. The square numbers between 90 and 150 are 100, 121
and 144.
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WORKED EXAMPLE 19 Determining approximate values of square numbers

Write the two whole square numbers between which 5.7% will lie.

THINK WRITE

1. Write the whole numbers either side of 5.7. 5.7 is between 5 and 6.

2. Consider the square of each whole number. 5.7% is between 5% and 62.

3. Simplify 52 and 62, then write the answer in ~ So 5.7 is between 25 and 36.
a sentence.

4. Verify your answer with a calculator. 5.7% =32.49, which lies between 25 and 36.

5. To determine the value of 5.7 press G

OO ] ) 5. 72 32,49

We have confirmed that 5.7 lies between 25 and 36.

DISCUSSION

Can you predict whether the perfect square of a number will be odd or even? Give some examples.

e When a composite number is squared, the result is equal to the product of the squares of its factors.

For example: 102 = 2x 5)2
=22x5?
=4x25
=100

3.6.2 Square roots

* Evaluating the square root of a number is the opposite of squaring the number; for example, since 4> = 16,
then \/E =4.

¢ The symbol for square root is called the radical symbol. It is written as \/— .

e Using the illustrations of the squares shown earlier, a square of area 16 square units must have a side length

of 4 units. This may help understand why /16 =4.

Square roots

When determining the square root of a number, you are determining the number that, when
multiplied by itself, equals the number underneath the radical symbol.

For example, to determine 1/9, identify the number that when multiplied by itself gives 9.

Since 3 X 3 =9, we can conclude that \/5 =3.
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e To determine the square roots of larger numbers, it helps to break the number up as a product of two
smaller square roots with which we are more familiar. For example:

1/900 = 1/9x /100
=3x10
=30

WORKED EXAMPLE 20 Determining square roots

Evaluate the following square roots.

a. V49 b. 13600
THINK WRITE
a. Determine a number that when multiplied by a. V49 =7 (7x7=49)
itself gives 49.
b. 1. Write 3600 as the product of two smaller b. /3600 = 1/36 x 1/100
numbers for which we can calculate the square
root.
2. Take the square root of each of these numbers. =6x10
3. Determine the product and write the answer. 3600 = 60

e Only perfect squares have square roots that are whole numbers.
e The value of the square root of other numbers can be estimated by using the perfect squares that lie on
either side of the number.

WORKED EXAMPLE 21 Estimating square roots

Between which two numbers do the following numbers lie?

a. V74 b. v/342

THINK WRITE
a. 1. Write the square numbers on either side a. 74 is between 64 and 81.
of 74.
2. Consider the square root of each number. \/ 74 is between /64 and V/81.
3. Simplify 1/64 and 4/81. So /74 is between 8§ and 9.
4. Verify your answer with a calculator. V74 ~ 8.6023

To determine the value of \/74 press

minlolone) =

T0740
3. 602325267

We have confirmed that 1/74 lies between

8 and 9.
b. 1. Write the square numbers on either side b. 342 is between 324 (182) and 361 (192).
of 342.
2. Consider the square root of each number. V342 is between /324 and 1/361.
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3. Simplify /324 and 1/361. So /342 is between 18 and 19.

4. Verify your answer with a calculator. V342~ 18.4932
To determine the value of 2 press e e

[l J[2]GD O @ LG ) 1795245 49324201

We have confirmed that 1/342 lies between
18 and 19.

Order of operations

e The square or square root is an index represented by the letter I in BIDMAS, which determines the order in
which operations are evaluated in a mathematical expression (see topic 2).

WORKED EXAMPLE 22 Evaluating square roots using the order of operations

Evaluate:

a. \/16+9 b. vV16+9

THINK WRITE

a. 1. Simplify the expression inside the square root a. \V164+9=1/25

and write the answer.

2. Complete the calculation by evaluating the =3
square root and write the answer.

b. 1. Evaluate the square root. b. V16+9=44+9
Note: There is no expression inside the square
root to evaluate first.

2. Perform the addition to complete the =13
calculation and write the answer.

COLLABORATIVE TASK: How many squares?

Work in pairs to answer the following question.

How many squares of any size can be found in the following diagram?

Hint: Count the number of single squares, count the number of 2 X 2 squares, then
count the number of 3 X 3 squares. Look for a pattern in these numbers, and use
the pattern to help you.
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Digital technology

Scientific calculators can evaluate squares of decimal numbers.

DEG 4
S4. 25°
29435, 0623
Scientific calculators can evaluate square roots of decimal numbers. s e

[248.64
13.Ye832268

Exercise 3.6 Squares and square roots learn

3.6 Quick quiz 3.6 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,6,11, 13,16, 19, 22 2,5,7,9,12,17, 20, 23 3, 8,10, 14, 15, 18, 21, 24, 25
Fluency

1. Evaluate the following and verify your answers with a calculator.
a. 8 b. 117 c. 15 d. 257

2. [l3EA State the square numbers between 50 and 100.
3. State the square numbers between 160 and 200.

4. [IZE0 Write two whole square numbers between which each of the following will lie.
a. 6.47 b. 7.8 c. 9.2° d. 12.5%

5. lIZZA Evaluate:
a. \/E b. \/8_1 C. \/ﬂ d. \/ﬁ
6. Evaluate the following and verify your answers with a calculator.
a. /4900 b. 1/14400 c. /360000 d. /160000
7. IIZ3M Write the two whole numbers between which each of the following will lie.
a. \/@ b. \/ﬁ c. m d. \/5
8. 22 Evaluate:

a. /144 +25 b. /144425
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9. State the even square numbers between 10 and 70.

10. State the odd square numbers between 50 and 120.

Understanding

11. I For which of the following square roots can we calculate an exact answer?
A. V10 B. V25 C. V50 D. V75

12. [T For which of the following square roots can we not calculate the exact value?
A. 1/160 B. v/400 C. /900 D. v/2500

13. Evaluate the following. Verify your answers with a calculator.
a. 22 +1/25 b. 9> — /36 c. 52X22x /49 d. 32+22x1/16
14. Evaluate the following. Verify your answers with a calculator.

a. 32 =22+ /4+ /49 b. V/9x 42 — /144 = 22

15. a. Determine between which two whole numbers 4/ 150 will lie.
b. Use your answer to part a to estimate the value of 4/150 and check your answer with a calculator.

Reasoning

16. a. Evaluate 15°. b. Evaluate 3% X 5.
c. Are your answers to parts a and b equal? Explain why or why not.

17. a. Evaluate 1/225. b. Evaluate /25 X \/5

c. Are your answers to parts a and b equal? Explain why or why not.

18. a. Express 196 as a product of its prime factors.
b. Express 200 as a product of its prime factors.
c. Use the answers to parts a and b to explain how you can use prime factors to determine whether the
square root of a number is an integer.

19. a. Evaluate 1/36 + 1/ 64. b. Evaluate /36 + 64.
c. Are your answers to parts a and b equal? Explain why or why not.
20. a. Evaluate /25 + v/ 144. b. Evaluate 1/169.

c. 169 =254 144. Does 1/169 = /25 + 1/ 1447 Explain your answer.

21. Megan has 3 different game scores that happen to be square numbers. The first 2 scores have the same three
digits. The total of the 3 scores is 590.
Determine the 3 scores. Explain how you solved this question.

Problem solving

22. a. Evaluate each of the following using a calculator.
i, 25°—247 ii. 24> —23° iii. 232 —22° iv. 22°—21° v. 217 -20°
b. Comment on any pattern in your answers.
c. Discuss whether this pattern occurs with other numbers that are squared. Try some examples.
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23. Guess the number that matches the following:
It is odd and it has an odd number of factors.
The sum of the digits is a two-digit prime.

The number is less than 4/ 10 000 but greater than 4/100.

24. Rewrite the following in ascending order.
a. 82, 1/56, 62, /72, 8,7, 3%, /100 b. 100, v/121, /10, 3x 4, 9%, 1/169,2 x 7

25. The sum of two numbers is 20 and the difference between their squares is 40. Determine the two numbers.

k¥ Cubes and cube roots

LEARNING INTENTION

At the end of this lesson you should be able to:
e determine values of cubes and cube roots
e evaluate cubes or cube roots using BIDMAS.

3.7.1 Cube numbers

e Cube numbers are numbers that can be arranged in a cube, as shown.

y 4 /
yd / /

/|

/|
L/

/|
)

)/

P=1x1x1 2=2x2x%x2 33=3%x3x%x3
=1 =8 =27

The first cube number, I, equals 1 X 1 x I.

The second cube number, 8, equals 2 X 2 X 2.

The third cube number, 27, equals 3 X 3 X 3.

Each new perfect cube is found by multiplying a number by itself three times.

This is known as cubing a number and is written using an index (or power) of 3. For example,
4 =4x4x4=64.

°
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WORKED EXAMPLE 23 Calculating the value of a cube

Calculate the value of 5°.

THINK WRITE
1. Write 5° as the product of three lots of 5. 53 =5%x5x%5
2. Evaluate and write the answer. =125

Order of operations

e When working with squares and cubes, remember to evaluate the index as part of the I in BIDMAS.

WORKED EXAMPLE 24 Calculating cubes using the order of operations

Calculate the value of 3° + 4 x 52.

THINK WRITE

1. According to the order of operations (BIDMAS), 3P 4+4x52=(3x%x3x%3)+4x(5%5)
first simplify both the cubed and the square terms. =274+4X%X25

2. Then complete the multiplication. =27+ 100

3. Write the answer. =127

3.7.2 Cube roots

e Evaluating the cube root of a number is the opposite of cubing a number.
e The cube root symbol is similar to the square root symbol but with a small 3 written in front, and is written

as \3/' .
For example, since 2° =8, then \3/§ =2.
e Using the illustrations of the cubes in section 3.8.1, a cube of 8 cubic units has a side length of 2 units.

WORKED EXAMPLE 25 Calculating cube roots

Calculate \3/ 217.

THINK WRITE

Look for a number that when multiplied 27=3%X3X3
by itself three times gives 27, and write the \3/5 -3
answer.
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WORKED EXAMPLE 26 Calculating cube roots using the order of operations

Calculate:
a. V64 +61 b. v/64+61.
THINK WRITE

a. 1. First simplify the expression inside the cube  a. \3/ 64+ 61 = \3/ 125
root.

2. To complete the calculation, evaluate the =3
cube root by identifying the number that
when multiplied by itself three times gives
125, and write the answer.

b. 1. Evaluate the cube root first. (Identify the b. V64 +61 =4+61
number that when multiplied by itself three
times gives 64.)

2. Perform the addition to complete the =65
calculation, and write the answer.

Digital technology

Scientific calculators can evaluate cubes of decimal numbers. e e
34,547
42289, 6239
Scientific calculators can evaluate cube roots of decimal numbers. bEG e
=[548.69
2. 18670262
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Exercise 3.7 Cubes and cube roots learn

3.7 Quick quiz 3.7 Exercise

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,4,7,10,12,15 2,5,13, 16 3,6,8,9, 11,14, 17
Fluency
1. lZ=A Evaluate:
a. 43 b. 23 c. 3}
2. Evaluate:
a. 63 b. 10°

3. Write the first eight cube numbers.
4. IIZZ2 Evaluate 3% + 4% x 2.

5. Evaluate the following.
a. 10° =52 x 23 b. 4 —33-23
6. 23 Evaluate:

a.\3/§ b.\s/a

Understanding

7. Evaluate each of the following. Verify your answers with a calculator.

a. V216 b. /343

(Hint: Use your answer to question 3.)

8. XA Determine the value of:
a. V125+91 b. V125491

9. Evaluate each of the following:

a. v/343 + 169 b. v/343 + /169

10. a. Determine between which two whole numbers y 50 will lie.

b. Use your answer to part a to estimate the value of \3/ 50 and check your answer with a calculator.

11. a. Determine between which two whole numbers ¥ 90 will lie.

b. Use your answer to part a to estimate the value of \3/ 90 and check your answer with a calculator.

Reasoning
12. Determine the first four numbers that could be arranged as a triangle-based pyramid (where all triangles are
equilateral).

13. a. Express 216 as a product of its prime factors.
b. Express 135 as a product of its prime factors.

c. Use the answers to parts a and b to explain how you can use prime factors to determine whether the cube
root of a number is an integer.
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14. The first five square numbers are 1,4, 9, 16, 25. If we find the difference between these numbers, we get

4—-1=3,9-4=5,16—-9=7and 25-16=09.

These numbers all differ by 2. Representing this in a table, we get:

Square numbers ’ 1 ‘ 4 9 ‘ 16 ’ 25
First difference ‘ 3 ‘ 7 ‘ 9 ‘
Second difference ‘ 2 2 ‘ 2 ‘

Repeat this process for the first six cube numbers. Explain how many times you needed to determine the

difference until they were equal.

If you look at 14,2%,3% 4%, ..., explain how many differences you would need to find until they are equal.

Problem solving

15. Dave said that a® = {"/Z is a true statement for all numbers. Show your working to prove or disprove this

16.

17.

statement.

Jack was organising a get-together of all his football mates from the
last three years. He decided to phone 4 footballer mates and ask them to
phone 4 footballers each, who in turn would phone 4 more footballers.
Each team member was given a list of 4 names so that no-one received

more than one call.

a. Calculate how many footballers would receive a phone call about the

party.

b. Jack’s friend Karin liked the idea, so she decided to contact 258 people

about a 10-year reunion using Jack’s method.

Assuming there were three rounds of calls, calculate how many people

each person should call.

It’s an interesting fact that the sum of the digits of a cube of an integer,

when reduced to a single digit, can only be 1,8 or 9.
For example:

12° = 1728
1+74+2+8=18
148=9

There is a pattern in the sequence of these numbers.

a. Use this rule with the cubes of the first 10 integers.

b. Determine the single-digit sum of 35°.
c. Explain your answer.
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TEE] Review

3.8.1 Topic summary

¢ A multiple of a number is the
result of multiplying that number
by another whole number.

* The times table gives lists
of multiples.

e.g.
Multiples of 4 are: 4, 8, 12, 16, 20, ...
Multiples of 6 are: 6, 12, 18, 24, 30, ...

¢ The lowest common multiple
(LCM) is the smallest multiple that
is common to two or more numbers.
e.g.
Consider the numbers 8 and 12.
Multiples of 8: 8, 16, 24, 32, ...
Multiples of 12: 12, 24, 36, 48, ...
LCM(8,12) =24

* The highest common factor (HCF)

is the largest number that is a factor

of both numbers.

e.g.

Factors of 8: 1,2, 4, 8

Factors of 12: 1, 2, 3,4, 6, 12

HCF(8,12) =4

¢ A factor of a whole number divides
that number exactly.

¢ Factors are also numbers that
multiply together to get another
number.

e.g.

Since 20=4 x5, 0or 2 X 10, or 1 x 20,

then the factors of 20 are 1, 2, 4, 5, 10

and 20.

FACTORS, MULTIPLES, INDICES AND PRIMES

 Index notation is a short way of
writing a repeated multiplication.
g 2Xx2x2x2x2x2can
be written as 26,which is read as
‘2 to the power of 6°.

* The base is the number that is being
repeatedly multiplied, and the index
is the number of times it is multiplied.

20=2x2x2%x2%x2x%x2=64

e The process of multiplying a
number by itself is known as
squaring a number.

e.g.
Ix1=1F=1
2x2=22=4

* A square number is the number we
get after multiplying a whole
number by itself.

* The first four square numbers are
1,4,9 and 16.

* The radical or square root symbol
is

* The square root of a number is the
opposite of squaring the number.
e.g.1f 42 = 16 then V16 = 4.
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¢ A cube number is found by
multiplying a number by itself
three times.
e.g.
Ixlx1=13=1
2x2x2=2>=8
3x3x3=33=27

¢ The first four cube numbers are
1, 8,27 and 64.

* The cube root symbol is v
* The cube root of a number is the
opposite of cubing the number.

e.g. If 5° = 125 then V125 = 5.

Prime and composite numbers

* A prime number has exactly two
unique factors: 1 and itself.

 The first six prime numbers are
2,3,5,7,11 and 13.

* A composite number has more
than two unique factors.

* Some examples of composite
numbers are 4, 6, 8, 9 and 10.

One — a special number

The number 1 has only one unique
factor: itself. It is neither prime nor
composite but a special number.



3.8.2 Success criteria

Tick the column to indicate that you have completed the lesson and how well you think you have understood it
using the traffic light system.

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

Lesson Success criteria

3.2 | can list multiples and factors of a whole number.

| can determine multiples and factor pairs.

3.3 | can determine the lowest common multiple and the highest common
factor of two or more whole numbers.

3.4 | understand that index or exponent notation is a short way of writing a
repeated multiplication.

| can write expressions in index notation.

| can simplify expressions using index notation.

| can use place value to write and evaluate numbers in expanded form with
index notation.

3.5 | understand the difference between prime and composite numbers.

| can determine prime factors by drawing a factor tree.
| can write a composite number in index form.

| can determine the highest common factor (HCF) and lowest common
multiple (LCM) of large numbers as products of their prime factors.

3.6 | can determine values of squares and square roots.

| can estimate the value of the square root of other numbers by using the
perfect squares that lie on either side of the number.

| can evaluate squares or square roots using BIDMAS.

3.7 | can determine values of cubes and cube roots.

| can evaluate cubes or cube roots using BIDMAS.

TOPIC 3 Factors, multiples, indices and primes 143



3.8.3 Project

Alphabet sizes

Bob’s business, Reading Resources, produces individual letters of the
alphabet printed on cardboard. He caters for the market of visually
impaired students who are learning to read.

Teachers use the cards to form words for students to read. Because
the students have varying difficulties with their sight, the letters are
printed in heights of 1 cm,2cm, 3 cm, ..., 10cm. Bob has a set of all
the letters at 1 cm and uses these as the basis for forming the larger
letters.

Bob’s factory has 10 machines. Each machine performs only one
specific job, as indicated:

* Machine 1 makes letters 1 cm high.

e Machine 2 enlarges the letters so they are twice as high.

e Machine 3 enlarges the letters so they are 3 times as high.

e Machine 4 enlarges the letters so they are 4 times as high.

e Machine 10 enlarges the letters so they are 10 times as high.

Bob’s business is thriving and he relies heavily on all his machines
working. This morning he arrived to process a large order of letters
that need to be 6 cm high, only to find that machine 6 was not
working. He gathered his staff together to discuss the problem.

‘No problem!’ said Ken. ‘As long as the other machines are working

we can still get this order done.’

1. Suggest a solution that Ken might have proposed.

2. If Bob can do without machine 6, are there others he can also do
without?

3. What is the minimum number of machines that Bob needs to
make letters up to 10 cm high?

As Bob’s business has become more successful, there has been a

demand for letters of a greater height.

4. For Bob to make letters of every whole number up to a height of
20 cm, would he need twice as many machines as he currently
has? Explain.

5. Having become very excited about needing fewer machines than
he first thought, Bob considered expanding his business to make
advertising signs using letters of all whole number heights up to
100 cm. To succeed in this new market, what is the minimum
number of machines he would need?

6. Explain why it is necessary to have some specific machine
numbers, while some others are not necessary.
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Exercise 3.8 Review questions learn

Fluency
1. List the first 5 multiples of each number.
a. 11 b. 100 c. 5 d. 20 e. 35
2. Calculate the lowest common multiple (LCM) of the following pairs of numbers.
a. 3and 12 b. 6 and 15 c. 4and 7 d. 5and 8
3. List all the factors of each of the following numbers.
a. 27 b. 50
4. List all the factors of each of the following numbers.
a. 16 b. 42 c. 72
5. List the factor pairs of the following numbers.
a. 24 b. 40 c. 48 d. 21 e. 99 f. 100
6. Evaluate:
a. 62 b. 14 c. 19° d. 80°
7. Write the two whole square numbers between which each of the following will lie.
a. 3.8 b. 5.17 c. 10.6° d. 15.27
8. Evaluate:
a. V49 b. /256 c. /900 d. V1369
9. Calculate:
a. 4 b. 73 c. 15° d. 30°

10.

11.

12.

13.

14.

15.

16.

Evaluate each of the following.

a. V27 b. v/125 c. v/1000 d. /8000

Write the following using index notation.
a. 2X3X3X3

b. 5X5X6X6X6X6

C. 2X5X5X5X9%X9%9

Use your calculator to evaluate:
a. 3° b. 73 c. 8 d. 11°

List all of the prime numbers less than 30.
List all of the single-digit prime numbers.
State the prime number that comes next after 50.

State the prime factors of:
a. 99 b. 63 c. 125 d. 124.
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17.

18.

19.

20.

Express the following numbers as products of their prime factors, in index form.
a. 280 b. 144

Write the following numbers in expanded form using index notation.
a. 1344 b. 30601

Determine the highest common factor and lowest common multiple of 120 and 384 by first expressing
each number as a product of its prime numbers.

Determine the highest common factor and lowest common multiple of 72 and 224 by first expressing
each number as a product of its prime numbers.

Problem solving

21.

22,

23.

24,

25.

26.

27

146

Hung and Frank are cyclists who are riding around a track.

They ride past the finish line together, and from that point

Hung takes 25 seconds to complete a lap and Frank takes

40 seconds.

a. Calculate how long it will be until they next pass the
finish line together.

b. Determine how many laps each will have ridden when
this occurs.

Joe, Claire and Daniela were racing up and down a flight of

stairs. Joe took the stairs three at a time, Daniela took the

stairs two at a time, while Claire took the stairs four at a time. In each case, they reached the bottom

with no steps left over.

a. Calculate how many steps are in the flight of stairs. List three possible answers.

b. Determine the smallest number of steps there could be.

c. If Joe can also take the stairs five at a time with no steps left over, determine the smallest number of
steps in the flight of stairs.

A perfect number is one whose factors (all except the number itself) add up to the number. For
example, 6 is a perfect number because 1 + 2 + 3 (the sum of its factors, excluding 6) is equal
to 6. Show why 496 is a perfect number.

In a race, one dirt bike rider completes each lap in

40 seconds while another completes a lap in 60 seconds.
Determine how long after the start of the race the two bikes
will pass the starting point together.

A three-digit number is divisible by 6. The middle digit is a
prime number. The sum of the digits is 9. The number is
between 400 and 500. The digits are in descending order.
Determine the number.

Explain why we cannot determine the exact value of 1/20.

. Write the following numbers in the order of size, starting with the smallest.

5,1/64,2,4/27
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28.

29.

30.

31.

32.

33.

34.

Calculate the smallest possible number which, when multiplied by 120, will give a result that is a
square number. Now calculate the smallest possible number that will give a result that is a cube number.

List the prime numbers up to 100. Some prime numbers are separated by a difference of 2 or 6. (For
example,5—3=2and 19—-17=2.)

a. Calculate the prime number pairs up to 100 that have a difference of 2.

b. Calculate the prime number pairs up to 100 that have a difference of 6.

c. Explain why there are no prime number pairs with a difference of 7.

Determine the smallest number that is both a square number and a cube number.
Identify the next smallest number.

Complete the following sequence: 2,3,5,7,11,13, __ ,
Write each of the numbers 250, 375 and 625 as a product of its prime factors and:
a. determine the highest common prime factor

b. determine the HCF.

A motor boat requires an engine service every 5000 nautical miles, refuelling every 300 nautical miles
and an oil change after 2250 nautical miles. Determine how many nautical miles the motor boat will
have travelled before all three services are required simultaneously.

By folding a sheet of paper in half, you divide it into 2 regions.

a. If you fold it in half again, determine how many regions there are.
b. Set up a table similar to the one shown and fill it in.

c. Explain how the number of regions increases with each new fold.
d. Write a formula for the number of regions (R) for n folds.

n (number of folds) R (number of regions made) ‘
0 1
1 2
2 4
3
4
5
6
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35. Look at the following table. As you read down each column, you’ll notice that the equations follow a
pattern. Continue the patterns to complete the table.

25=32 3% =243
24=16 3*4=81
23=8 3?=27
22 — 32—
21— 3l =
20 — 30 —
o - 31—

a. State what 5° equals.
b. State what 22 is equal to.

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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Answers

Topic 3 Factors, multiples, indices
and primes
3.1 Pre-test

e e e G ¥
H W N = O

© O N O AN =

B

. $35

6

. 12 minutes

52 x 3%

. 17,31, 109

C E

B, E
. LCM =864; HCF =6
. 64

. 109

. 8and 9

.3

.39

15.

7

3.2 Factors and multiples

1.

11

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.

© O N O O AW

a. 3,6,9,12,15 b. 6,12,18,24,30
c. 100,200, 300,400,500 d. 11,22,33,44,55

. a. 120,240, 360,480,600 b. 45,90, 135, 180,225
c. 72,144,216,288,360 d. 33,66,99, 132,165

. 10,20, 100, 70

. 21,7,70,35

. 16,64, 160, 32, 80

. 9,18,27,36,45,54,63,72,81,90,99

. 102,108, 114,120, 126, 132, 138, 144, 150, 156
C
A

.a. 1,2,3,4,6,12 b. 1,2,4,5,8,10,20,40

.a 1,27

b. 1,2,3,5,10, 15,20

c. 1,2,5,10,20,25

a. 1,2,3,4,6,8,9,12,18,24,36,72
b. 1,2,5,10, 25,50, 125,250

a. 1,5,17 b.1,3,9,11,33
1,20; 2,105 4,5

1,132; 2,66; 3,44; 4,33; 6,22; 11,12
B,C,D

15

B

A

3,4

a. 6,12, 18 (or any other multiple of 6)

b. 6
c. 30

c. 1,3,17

22,

23.

24.
25.
26.
27.
28.

(3)
(1) ()

O—©—©

4 rows of 5 students or 5 rows of 4 students; 2 rows of
10 students or 10 rows of 2 students; 1 row of 20 students
or 20 rows of 1 student

3,12 or 30

Boy 6, grandfather 66
84

60

60

3.3 Lowest common multiple and highest
common factor

1.

a
°©

'y
ry

12.

13.
14.
15.
16.
17.
18.
19.

20.
21.

© ® N G s N

Y

a. 4,8,12,16,20,24,28,32,36,40
b. 6,12, 18,24,30,36, 42,48, 54,60
c. 12,24,36

d. 12

a. 9 b. 30 c. 70 d. 48 e. 60

. False

True
True

. False

a. HCF =7 b. HCF =7
a. 9 b. 7
.4 b. 9

a. 6 days
b. 6 is the lowest common multiple of 2 and 3.

c. HCF=6

. a. 35 minutes

b. 35 is the lowest common multiple of 5 and 7.
a. 12 hours

b. 12 is the lowest common multiple of 4 and 6.
20 seconds
a. 12

b. 6 c.7

a. 3 metres b. 10
2 hours

a. Daniella b. 10 minutes

6 times

a. 4 minutes and any multiple of 4 thereafter
b. 3 minutes and any multiple of 3 thereafter
30 minutes

a. Two semicircles

b. The starting line for a 100 m race has been positioned in
the extended section so the athletes can all start from the
same starting line.
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c. The finish line for a 100 m race has been positioned so
that all athletes can run in a direct line without having to
have staggered starting positions.

d. There is a need to stagger the starting blocks in the
200 m, 400 m and 800 m track events so that the outside
runners will not be running further than the inside
runners.

e. and f.
Lane
number Distance travelled | Difference

1 400 m 0

2 ' 408 m 8 |
3 416m 16 \
4 424 m ‘ 24 \
5 432m 32 |
6 440m 40 |
7 448 m 48 \
8 456 m 56 \

g. The runner in lane 8 is running 56 metres further than the
runner in lane 1.

3.4 Index notation

1.a.7°=49 Base is 7 and index is 2.

b. 4> =4096 Base is 4 and index is 5.

c.3*=81  Baseis 3 and index is 4.

d. 10°* = 1000 Base is 10 and index is 3.
2.a.7* b. 8° c. 3’ d. 133
3. a. 4 %6’ b. 22 %3

c. 24 x5? d. 22x32x5°
4.a. 6X6X6X6X6 b. 11x11x11
5. a. 5! b. 413 c. 2%
6. a. 300 =3x 10?

b. 4500 = 4% 10° 4+ 5 x 10°

c. 6705=6x%10° +7x 10> +0x 10" +5

d. 10000 = 1 x 10*

7.a. 99 b. 3% x 13°

8.D

9. a. 343 b. 288 c. 77

10. a. 72 b. 5184 c. 177147
11. a. 567 b. 2717 c. 112

12. a. A

13.

14.

b. At first the base number 2 would appear to be the
smallest, but it has the highest power. Although the other
numbers have a higher base, they have relatively small
powers — therefore 28 will be the largest number. This
can easily be verified by evaluating each number.

412 #£691. Notice that 31% = 961, therefore 41% will need to
be larger than 961.

a. < b. < c. < d. >
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15. a. Option 1: $327.68; Option 2 : $120 after the 15 weeks

16.
17.
18.
19.

20.
21.

b. Option 1: 2'5 cents after week 15

64

a. 83 =584

127

a. 212 = 4096
b. 3'2 =531441

c. Using powers is a quick way of getting answers that are

really large.
256

Square the first number and add one to calculate the second
number. Square the second number and add one to calculate

b. 584

the third number. The missing number is 101.

3.5 Prime and composite numbers

1. 23,29,31,37
2. a. Composite b. Prime
c. Composite d. Prime
3. a. Composite b. Prime
c. Composite d. Prime
4. a. i 15 3,5 i. 15=3x%5
3/ \5
b.
i 30 2,3,5 i. 30=2%x3x%x5
10 3
2
c. i 100 2,5 ii. 100 =2%x 57
P o
2 5 2
d. i. 49 7 ii. 49 =72
7 7
5.a i /72\ 2,3 i. 72=2%x3?
' 8
WA
33 4\ 2
2 2
i se 2,7 i. 56 =277
o
2 4
'\
2 2



10.
11.
12.

13.

14.

c. i 45 3,5 ii. 45=32%5
/< )
3 3
a. i %\ 2,3,7 ii. 84=22x3x%x7
7/ 12
/
3 4
%
2 2
b. i 112 2,7 i. 112=2%x7
4/ 28
VAT 41
2 2 4 7
2! 2
c. i 40 2,5 ii. 40=23x5
/\/ \/‘”\
2 2
a i % 2,3 ii. 96=2"x3
8/ \12
&N N
2 4 3 4
£% AN
2 2
b. i 1 2 i. 32 =27
/\/ \/8\
2 2 2 4
/\
2 2
c. i 3000 2,3,5 ii. 3000 =23x3x5°
3/ >)OO
/
10 100
I\ I\
2 510 10
XA
2 52 5
a. 2,3 b.2,5 c.3 d.2,3
a.2,3,5 b.2,3,5 c.2,3,5 d.2,5
a. 22x3x%5 b. 3% 5% c. 22x5x%11
a. 2°x3 b. 22 x 31
a. LCM is 252; HCF is 12.
b. LCM is 240; HCF is 12.
c. LCM is 1200; HCF is 40.
d. LCM is 8800; HCF is 20.
a. False b. False c. False
d. True e. True
a. False b. False c. False

15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.

26.
27.
28.
29.
30.

L0000 »

.365=5%73 b. 187 =11x17

@ Qg >

773

No. 3 +7=10, 3 and 7 are prime numbers, but their sum
10 is not a prime number.

29 or 47 or 83 or 137. Others may be possible.
61

a. 3,7

6 integers
17 and 19,29 and 31,41 and 43,59 and 61,71 and 73

b. 2,13 c. 17,19

3.6 Squares and square roots

1. a. 64 b. 121 c. 225 d. 625
2. 64,81
3. 169,196
4. a. 36 and 49 b. 49 and 64
c. 81 and 100 d. 144 and 169
5a5 b. 9 c. 12 d. 20
6. a. 70 b. 120 c. 600 d. 400
7.a.7and 8 b. 3 and 4
c. 14 and 15 d. 1 and 2
8.a. 13 b. 37
9. 16,36, 64
10. 81
11. B
12. A
13.a. 9 b. 75 c. 700 d. 25
14. a. 14 b. 45
15. a. 12 and 13 b. 12.2
16. a. 225
b. 225

17.

18.

c. Yes, if two squares are multiplied together, then the result
is equal to the square of the base numbers multiplied
together.

a. 15
b. 15

c. Yes, if two square roots are multiplied together, then the
result is equal to the square root of the base numbers
multiplied together.

a. 2’x7°

b. 27 x 5%

c. If all of the prime factors of a number are squares, then
the square root of that number will be an integer.
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19.

20.

21.
22,

23.
24.

25.

a. 14

b. 10

c. No, the square root of two numbers that have been added
together is not equal to adding the square roots of these
two numbers together.

a. 17

b. 13

c. No. You have to evaluate the individual square roots first
before adding.

169, 196,225

a.i. 49 ii. 47 jii. 45 iv. 43 v. 41
b. Answer is the sum of the two numbers.

c. No

49

a. 7,/56.,8, V/74,3%,1/100, 62, 8
b. /10, V121,3 x4, v/169,2x 7,92, 100

9and 11

3.7 Cubes and cube roots

1. a. 64 b. 8 c. 27
2. a. 216 b. 1000

3. 1,8,27,64,125,216,343,512

4. 137

5. a. 800 b. 29

6.a.2 b. 4

7.a.6 b. 7

8.a.6 b. 96

9.a.8 b. 20

10. a. 3and 4 b. 3.7

11.a.4and 5 b. 4.5

12. 3, 6, 10, 15 (not including 1, which would not really be a
triangle at all).

13. a. 23 x 3
b. 3* x5
c. If all of the prime factors of a number are cubes, then the

cube root of that number will be an integer.

14. For cube numbers, it was necessary to find the third
difference. If we look at the power 4, it will be necessary
to find the fourth difference.

15. Dave is incorrect.

16. a. 84 footballers would receive a call.

b. Each person would call 6 people.

17.a. 1,8,9,1,8,9,1,8,9,1
b. 8
c. The single-digit sums of cube numbers repeat in the order

1,8,9.

Project

1. Enlarge the letters using machine 2, then machine 3.
2.4,6,8,9and 10

3.5

4. No. Numbers not required can be made using their prime
factors.
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5.

6.

Machine 1 and the prime numbers less than 100. Total of
26 machines.

Machine 1 is needed to make letters one centimetre high.

Machines whose numbers are prime numbers can make all
the sizes up to 100 centimetres.

3.8 Review questions

1.

10.
1.
12.
13.
14.
15.
16.
17.

18.

19.
20.
21.

22,
23.
24.
25.
26.

27.
28.

a. 11,22,33,44,55
b. 100,200, 300,400, 500
c. 5,10,15,20,25

d. 20,40, 60, 80, 100

e. 35,70, 105, 140, 175

a. 12 b. 30 c. 28 d. 40
a. 1,3,9,27 b. 1,2,5,10,25,50
a. 1,2,4,8,16

b. 1,2,3,6,7,14,21,42

c. 1,2,3,4,6,8,9,12, 18, 24,36,72

a. 1,24;2,12;3,8;4,6

b. 1,40;2,20;4,10;5,8

c. 1,48;2,24:3,16;4,12;6,8

d. 1,21;3,7

e. 1,99;3,33;9, 11
£.1,100:2,50: 4, 25:5,20: 10, 10

a. 36 b. 196 c. 361 d. 6400
a.9and 16 b. 25 and 36

c. 100 and 121 d. 225 and 256

a7 b. 16 c. 30 d. 37

a. 64 b. 343 c. 3375 d. 27000
a3 b.5 c. 10 d. 20
a.2x3’ b. 52 x 6% c. 2%x5° %93
a. 243 b. 343 c. 4096 d. 161051
2,3,5,7,11,13,17,19,23,29

4

53

a. 3,11 b. 3,7 c.5 d. 2,31
a.280=2X2%X2Xx5x7=23x5x%x7

b. 144 = 2% x 3?

a 1344 =1x10° +3x 10> +4x 10" +4

b. 30601 =3x 10* + 0x 10° + 6x 10> + 0x 10" + 1

HCF is 24; LCM is 1920.
HCF is 8; LCM is 2016.
a. 200s
b. Hung 8 laps
Frank 5 laps
a. 12,24,36 b. 12 c. 60

The sum of its factors (except for 496) add up to give 496.
120 seconds or 2 minutes
432

20 is not a perfect square, so we can only find an
approximate answer. It will be between 4 and 5.

2, v/27,5, Vo4

30,225



29. a. 3,5;5,7;11,13;17,19;29,31;41,43;59,61;71,73 c. Each time the page is folded the number of regions is
b. 5,11;7,13;11,17;13,19;17,23;23,29; 31, 37;37,43; multiplied by 2 (doubled).
41,47;47,53;53,59;61,67;67,73;73,79; 83, 89 d.R=2"
c. For 2, the number that’s 7 higher is 9, which is not prime.  35. S
For odd primes, the number that’s 7 higher is even and 27 =32
therefore not prime. 2% =16

30. 1,64
31.2,3,5,7,11,13, 17,19, 23
32.a.5 b. 125
33. 45000
34. a. 4 regions

b.

2% =
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TRl Overview

Why learn this?

There are many everyday situations in which we do not work
with whole numbers. You may share a cake with a friend,

so you would eat a slice of cake. Fractions are a way of
expressing parts of whole things, amounts or quantities.
They are important in many situations, such as cooking,
shopping and telling the time. Did you know that

approximately one tenth (%) of the population of

Australia lives in Western Australia?

Percentages, like fractions, are a way of expressing parts of a
whole. They are commonly used in advertising, statistics and

shopping. Did you know that the area of New South Wales is approximately 10%, or one tenth <%> , of

the size of Australia? Fractions and percentages can be used interchangeably to represent the same part of a
whole. Many different professions use fractions and percentages extensively in their work, including hospitality,
finance, statistics and journalism. When you are next in a shopping centre, check out how many percentage (%)
signs you see. You might be surprised.

Hey students! Bring these pages to life online

Watch Engage with Ask questions
videos interactivities and check solutions

Find all this and MORE in jacPLUS (C)

jacTUTOR, your Extra learning

personal Al tutor— resources
here to help when LESSON 25
you’re stuck! Ask Subtracting integers
it anything. LEARNING INTENTION
”L":f::::ﬁ Differentiated
s s e | — question sets

@ 2.5.1 Subtraction of integers

Tl ek e s 01 e s g e et

Reading content
and rich media,
including
interactivities and
videos for every
concept

Questions with
immediate
feedback, and fully
worked solutions
to help students
get unstuck.
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Exercise 4.1 Pre-test learn

10.

. . 2
. I Select the equivalent fraction to g:

3 30 30 12
A. - B. — C. — D. —
2 45 40 15
Luke’s football team scored 16 goals. Luke scored 6 of the team’s goals. Answer the following

questions, giving your answers in simplified form.
a. Calculate the fraction of the team’s goals that Luke scored.
b. Calculate the fraction of the team’s goals that the rest of the team scored.

1
A bowl of apples was handed out to kindergarten students. If 23 students ate 7 of an apple each,

calculate how many apples the students ate in total. Give your answer as a mixed number in
simplified form.

Evaluate the following, giving your answer as a simplified fraction.
z_L. 2
3 6 12

An AFL match went for 120 minutes. If Patrick Cripps played % of the game time, calculate how many

minutes he played.

18 27
I3 Select the simplified answer to — + —.
P 56 64
I o 18 .2 0. 12
21 21 3 24
Yuto gets $16 a week for cleaning his room, but if he also empties the dishwasher and feeds the dogs he

1 . . . .
can get ZZ times his pay. If Yuto completes all his chores in the week, calculate how much he earned.

When Thomas started school he was the shortest in his class, at 85 cm tall. By the time he finished
grade 12 he was the tallest in his class. His height had increased by 25 times. Calculate how tall he was
at the end of grade 12.

Newcastle East Public School is having a cupcake sale to raise money for a local charity. They have
1
250 cupcakes to sell. Of these, — are chocolate and the remainder are vanilla. At the end of the day, E

7
of the chocolate cupcakes were sold, and — of all the cupcakes were sold. Calculate what fraction of

the vanilla cupcakes were sold.

I Max spends 78% of his weekly pocket money on his mobile phone plan. Calculate what fraction of
his pocket money is spent on the phone plan.

38 37 39 18
A. — B. — C. — D. —

50 50 50 25

TOPIC 4 Fractions, percentages and ratios 157



11. The cost of the new model PlayStation has increased by 12% compared to the previous model. Write
the percentage increase as a:

a. simplified fraction b. decimal.

12. At a particular soccer game, 62% of the crowd supported the Matildas. If 17 800 people attended the
game, determine how many supported the Matildas.

13. Alexander got 24 marks out of a possible 32. Calculate his percentage score to the nearest whole
number.

14. 1A A survey of 20 students found that 9 like Coke, 6 like Solo, 3 like Fanta and 2 like lemonade.
Select the percentage of students who like Fanta.

A. 3% B. 6% C. 10% D. 15%

15. Sarah purchased a dress that was on sale for a discount of 10%.
If the dress originally cost $155.75, calculate how much she saved, to the nearest cent.

TP Fractions and equivalence

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand the concept of a fraction
e convert between equivalent fractions
e compare fractions.

4.2.1 Understanding fractions

e Fractions are used to describe parts of a whole.
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e The numerator, or top number of the fraction, shows how many parts are required.

The numerator must be an integer.

¢ The denominator, or bottom number, shows the number of parts into which the
whole can be divided. The denominator must be an integer, but cannot be zero.

numerator
<
3 vinculum

™ denominator

e The horizontal bar separating the numerator from the denominator is called the

vinculum.

Proper fractions

Improper fractions

Mixed numbers

Proper fractions have a
numerator less than the
denominator.

Improper fractions have a
numerator greater than the
denominator.

Mixed numbers consist of a
whole number and a proper
fraction.

W |
O\lt\)
[SeR RN

ENy

1152 1422
278" 986

Understanding fractions

A fraction can be understood as numerator ouf of denominator.

6
For example: the fraction 0 means 6 out of 10.

When the numerator is equal to the denominator, we have a ‘whole’, which is

equivalent to 1.

10
For example: E means 10 out of 10 and is one ‘whole’.

WORKED EXAMPLE 1 Identifying fractions of a quantity

a. Identify the fraction of the rectangle that has been shaded.

b. Express the number of unshaded squares as a fraction
of the number of squares in total.

THINK

a. 1. Count how many equal parts the rectangle has been

divided into.

2. State how many parts are shaded.

3. Write the number of shaded parts as a fraction of the

total number of parts.

b. 1. Count the number of unshaded squares.

2. State the number of squares in total.

3. Write the number of unshaded squares as a fraction of

the total number of squares.

WRITE
a. Total number of parts =8

3 parts are shaded.

3

5 of the rectangle has been shaded.
b. There are 5 unshaded squares.

There are 8 squares in total.

g of the squares are unshaded.
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4.2.2 Equivalent fractions

. . 1 2 5 8 .
e Equivalent fractions are equal fractions. For example, the fractions 5, Z’ B, E are all equivalent
because they are all equal to a half.

e Equivalent fractions for % are shown in the following diagrams.

N~
W
Nello)
W

Equivalent fractions

Equivalent fractions are equal fractions. Equivalent fractions are found
by multiplying or dividing the numerator and denominator by the same
number.

For example:

X2 =10
A A
2 4 10 1
3 6 20 2
\_X \_X
X2 =10

WORKED EXAMPLE 2 Determining the multiplier

4 8
For the equivalent fractions = = 1—0, determine the number (multiplier) that has been used to multiply

both numerator and denominator of the first fraction in order to get the second.

THINK WRITE
1. What number is 4 multiplied by to equal 8? 4 4x2 8
(4 X _=8) What number is 5 multiplied by to 5 5%2 10
equal 10? (5% _=10)
2. Write the answer. The number used is 2.
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WORKED EXAMPLE 3 Determining equivalent fractions

1
From the list, determine those fractions that are equivalent to E

33 9 10 7 17
9° 6 18’ 15 14 34
THINK WRITE
1. Multiply the numerator and denominator of % by 1x3 = 3
2X3 6
the numerator of the first fraction in the list (3) to
check whether the new fraction is in the list.
2. Multiply the numerator and denominator of 1 by X9 = 2
2 2Xx9 18
the next different numerator in the list (9) and
check whether the new fraction is in the list.
3. Continue until all fractions have been considered. 110 = 10
2x10 20
Ix7 7T
2x7 14
I1x17 _ 17
2x17 34
4. Write the equivalent fractions. From the given list, the equivalent fractions of
1 39 7 17

—are —, —, —, —

A =, —, —, —
2 6 18 14 34

WORKED EXAMPLE 4 Writing a sequence of equivalent fractions

2
Werite the sequence of the first three equivalent fractions for By

THINK WRITE
1. Write the first three equivalent fractions in the % — & — ‘_l
sequence by multiplying both the numerator and 3 3X2 6
denominator by 2, 3 and 4. _ 2X3 _ 6
3x3 9
_2x4 _ 8
S 3x4 12
2 4
2. Write the equivalent fractions. === 0 = il
3 6 9 12
2
3. Write your answer. The first three equivalent fractions for - are
4 6
—, —and il
6 9 12
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4.2.3 Fractions on a number line

e The space between each whole number on a number line can be divided into equal parts. The number of
equal parts is determined by the denominator of the fraction.

1

[vo

4 5 6 7 8 9

o

TR EEEEFTTY

WORKED EXAMPLE 5 Placing fractions on a number line

5 1
Show the positions of E and lg on a number line.

THINK WRITE
1. Draw a number line from O to 2. T T T 1T 1T T T T T T T 1

2. The denominator of both fractions is 6. Divide
the sections between 0 and 1 and between 1
and 2 into 6 equal parts each.

3. To place %, count 5 marks from 0.

To place 1l count 1 mark from the whole

number 1.

* When choosing a scale for your number lines, take into account the number of equal parts each whole
number has been divided into. For example, when plotting thirds it is easier to use a scale of 3 cm for each
whole number (for each part) as opposed to a scale of 1 cm for each whole number.

COLLABORATIVE TASK: Peg the fraction

Equipment: one long piece of string, one smaller piece of string for each group, laundry pegs, sticky notes

Your task is to place a peg on the string to show a fraction, following the steps below.

1. Two students hold the ends of a long piece of string across the front of the classroom.

2. The teacher calls out a fraction and, with the help of the class, another student places a peg on the string
to show the position of that fraction.

3. The two students holding the ends of the string then fold the string into equal lengths to see how
accurately the peg was placed.

4. Repeat steps 1 to 3 in small groups using the smaller lengths of string.

5. As a class, discuss the following.
a. How do you visually estimate fractions when the numerator is 1?
b. How can this strategy be used to estimate the position of a fraction in which the numerator is more

than 1?
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6. Two students divide the long piece of string in half and place a peg at the halfway mark. They hold the
ends of the string so that it stretches across the front of the classroom. Another student writes the
number 1 on a sticky note and attaches it to the peg.

7. The teacher calls out a fraction, which will be a mixed or an improper fraction, such as 1l or z With

the help of the class, another student places a peg on the string to show the position of that fraction on
the string.

8. The two students holding the ends of the string then fold the string into equal lengths to see how
accurately the peg was placed.

9. Repeat steps 6 to 8 in small groups using the smaller lengths of string.
10. As a class, discuss the effect the denominator has on determining the position of the peg.

4.2.4 Comparing fractions

«% e Fraction walls, or number lines, are useful tools when comparing fractions.

~|—

. . . . 1. 1 ..
e With a diagram such as a fraction wall or a number line, we can see that — is less than —. That is, if we

divided a block into 4 equal parts, each part would be smaller than if we divided it into 3 equal parts.

e If the numerators are the same, the smaller fraction is the one with the larger denominator.

For example, % is less than l, and i is less than E
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Comparing fractions

If the fractions you wish to compare do not have the same denominator, use equivalent fractions to
convert both fractions so that they have the same denominator

Once the fractions have the same denominator, compare the numerators. The fraction with the
largest numerator is bigger.

WORKED EXAMPLE 6 Comparing fractions

2 3
a. Identify which is the bigger fraction, 3 or B

b. Justify your answer using a fraction wall and a number line.

THINK WRITE
a. 1. Determine the lowest common a. Multiples of 3 are 3, 6,9, 12,@, 18, ...
multiple of the denominators. First, Multiples of 5 are 5, 10, @ 20, ...
list the multiples of 3 and 5. Identify The lowest common multiple is 15.
the lowest number that is common to
both lists.
2 2x5 10 3 3x3 9

2. Write each fraction as an equivalent —— =—and - = =
fraction using the lowest common 3 3x5 15 5 3x3 15
multiple (15) as the denominator.

3. Decide which is bigger by comparing 10 = E is bigger than 2 = E
the numerators of the equivalent 15 3 155

fractions.
L 2. . 3
4. Answer the question in words. 5 is bigger than =
b. 1. Create a fraction wall showing thirds b.
and fifths. !
1 1 1
3 3 3
LA ST P O O
5 5|5
2. Shade 2 and E 1
3 5 1 1 1
3 3 3
1 1
515
2. . 3
3. Compare the lengths of the shaded Z is bigger than -

areas to compare the fractions.
Answer the question in words.
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4,

5.

6.

Draw a number line showing 0 to 1
in intervals of li (found by using

the lowest common multiple of the
denominators).

Mark 2 and i
3 5

Answer the question in words.

A

o

—_

Y

T T T T T T T T T T
1 2 1 4 1 2 7 8 3 2 11 4 13 14
15 15 5 15 3 5 15 15 5 3 15 5 15 15
<7171 T T T T T T T ® & 1 1 T T 1>
o L 2 1 4 1 2 7 8 3 2 11 4 13 14 |
15 15 5 15 3 5 15 15 5 3 15 5 15 15
2. . 3
— is bigger than —.
3 5

Comparison symbols

e The symbol ‘>’ means is bigger than or is greater than.
e The symbol ‘<’ means is smaller than or is less than.

WORKED EXAMPLE 7 Comparing fractions

Insert the appropriate symbol, < or >, between each pair of fractions to make a true statement.

a. —

7

8

THINK

a. 1.

Determine the lowest common
multiple of the denominators.

Write each fraction as an equivalent
fraction using the lowest common
multiple (56) as the denominator.

Decide which fraction is bigger by
comparing the numerators of the
equivalent fractions.

Answer the question.

. Determine the lowest common

multiple of the denominators.

Write each fraction as an equivalent
fraction using the lowest common
multiple (36) as the denominator.

Decide which fraction is bigger by
comparing the numerators of the
equivalent fractions.

Answer the question.

7 5

b. —
12 9

WRITE

a. Multiples of 7 are: 7, 14,21,28, 35,42, 49,(56), 63, ...

Multiples of 8 are: 8, 16,24, 32, 40,48,(56), 64, ...
The lowest common multiple is 56.
6 6x8 48 7 Tx7 49
—:—:—and—:—:—
7 Tx8 56 8 8X7 56
48 6. 49 17
— = —1isless than — = —.
56 7 56 8

6 7
— < —
78
Multiples of 12 are: 12, 24,, 48, ...
Multiples of 9 are: 9, 18,27,(36),45, ...

The lowest common multiple is 36.

7 _71Xx3 —gan 5_5%x4_20
12 12x3 36 9 9x4 36
21 7 . 20 5

— = — is greater than — = —.

36 12 36 9

7 _5

_>_

12 9
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Exercise 4.2 Fractions and equivalence learn

4.2 Quick quiz 4.2 Exercise

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,2,4,7,9,12,14, 16, 19, 25, 28 3,5,8,10, 13, 17, 20, 21, 23, 6, 11, 15, 18, 22, 24, 27, 30
26, 29
Fluency

1. IE3M Identify the fraction of each of the following rectangles that has been shaded.

a. b. c.

2. Identify the fraction of this flag that is coloured red.

¢
ol

3. Identify the fraction of this flag that is coloured red.
Q
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10.

11.

12,

13.

14.

15.

. Calculate the fraction of the total number of pieces of fruit in the

. Calculate the fraction of chocolate biscuits in this packet that has

photograph that is made up of:
a. bananas b. oranges.

been eaten.

. Express 17 minutes as a fraction of an hour.

. I For the following equivalent fractions, determine the number that has been used to multiply both

numerator and denominator.

SIS b= 2= 02200
5 3

1
a. —= .=
8§ 24 4 12 20 15

. For the following equivalent fractions, determine the number that has been used to multiply both numerator

and denominator.
5 30 9 81 7 77 7
a. —= b. —=— c.—=— d —=
8 8

= 84
6 36 10 90 88

96

. Il From the list, identify the fractions that are equivalent to the fraction marked in pink.

2 20 5 12 14 40

3 30 8 16 21 60

From the list, identify the fractions that are equivalent to the fraction marked in pink.
4 12 15 36 16 28 80

5 15 20 45 20 35 100
From the list, identify the fractions that are equivalent to the fraction marked in pink.
718 35 M4 20 14 140
10 25 50 21 30 20 200

. . . 5
INZA Write a sequence of the first three equivalent fractions for o

. . . 7
Write a sequence of the first three equivalent fractions for 3

= Draw a number line from 0 to 2. Show the position of each of the following fractions on the
number line.

a. l b. d. lE

5 5

Draw a number line from 0 to 3. Show the position of each of the following fractions on the number line.

C.

| &~
(S RN

a b. c. d.

W
w | oo
W W

1
"3
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Understanding

16. INEA Identify which is the bigger fraction. Justify your answer using a fraction wall or number line.

2 3 5 7 1 1 1 1
a. — or — b. —or — c. —or — d. —or —
5 5 8 8 5 6 8 10
17. Identify which is the bigger fraction. Justify your answer using a fraction wall or number line.
3 3 2 5 3 5 4 5
a. —or — b. — or — c. —or — d. —or —
4 5 5 8 5 8 5 8
18. [IZA Insert the appropriate symbol, < or >, between each pair of fractions to make a true statement.
5 3 3 1 3 3 3 2
a. — - b. — - c. — - d — -
8 8 8 4 4 5 10 5

19. A Select which fraction is smaller than %

7 17 11 3
A. — B. — C. — D. -
8 24 12 5
. L . 3
20. I Select which fraction is equivalent to 7
A2 g. c. 2> D. 12
8 8 16 24

21. Write the following fractions with the same denominator and then write them in ascending order (smallest to
largest).

311
8 2" 3
22. Write the following fractions with the same denominator and then write them in descending order (largest to
smallest).
32 7
47315
23. Fill in the gaps.
3___1B8_
4 40 36
24. Fill in the gaps.
b 40
6 42

Reasoning

25. Explain why a scale of 2 cm per whole number would not be the most appropriate scale if you are displaying
sevenths on a number line.

26. On the number line shown, the fractions have the same numerator but the denominator is always double the
previous one. Explain, with reasons, the relationship between these denominators and the distance between
the numbers.

A
Y

— T T
1 1 1 X
16 8 4 2
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27. Four hungry teenagers ordered individual pizzas, but none could eat the whole pizza. Sally ate 6 of her

seafood pizza. Hanna ate % of her Hawaiian pizza. Sonya ate % of her special pizza. Vanessa ate % of her

vegetarian pizza.

a. Draw the four pizzas and shade the amount that each girl ate.
b. Determine who ate the most pizza.
c. State who ate more pizza, Sally or Sonya.

Problem solving
28. Five students came in at lunchtime to get help with mathematics. Macy used 1 of the time asking questions,

Lee Yin used % of the time and Lachlan used % of the time. Abbey also asked questions for 13 of the time

and Tao % of the time. Determine which of the students used most of the lunchtime asking questions.

29. Meilin puts four equally spaced points on a number line. The first point is at the % mark and the last point

. 7 . o
is at the 20 mark. Determine where she placed the two points in between.

o 5 .
30. Shirly is sitting 2§m from the classroom door and Brent is

Z%m from the classroom door. Place Shirly’s and Brent’s

seats on the number line given.
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Simplifying fractions

LEARNING INTENTION

At the end of this lesson you should be able to:
e simplify fractions
e simplify mixed numbers.

4.3.1 Simplifying fractions

e Simplifying fractions means to write them in the simplest form possible.

4 _ 2 _ 1
8 - 4 - 2
(four-eighths) (two-quarters) (one-half)

* To simplify a fraction, divide the numerator and the denominator by the highest common factor (HCF).

=10
A
10 1

50 5
\_/
=10

e A fraction is in simplest form when it cannot be simplified further. This occurs when the numerator and
denominator share no common factor.

Simplifying fractions

There are two ways to convert a fraction into its simplest form:

1. Divide the numerator and denominator by the highest common factor (HCF).

2. Simplify repeatedly, by whichever common factor you like, until there are no common factors
between the numerator and denominator.
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WORKED EXAMPLE 8 Simplifying fractions

3
Write g in simplest form.

THINK

1. Write the fraction and determine the highest common

factor (HCF) or the largest number that is a factor of both

the numerator and the denominator.

2. Divide the numerator and denominator by this factor
B+3=1,6+3=2).

3. Write the answer in simplest form.

Simplifying mixed numbers

¢ To simplify a mixed number, leave the whole number part and simplify the fraction part.

WORKED EXAMPLE 9 Simplifying mixed numbers

40

Simplify 7—.

Py 64
THINK

1. Write the mixed number and determine the HCF of the
numerator and denominator of the fraction part.

2. Divide both numerator and denominator by this factor
(40+8=5,64+-8=8).

3. Write your answer as a mixed number in simplest form.

DISCUSSION

When simplifying a fraction, how do you know when it has been fully simplified? What method do you use

to simplify fractions?
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Exercise 4.3  Simplifying fractions learn

4.3 Quick quiz 4.3 Exercise

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,4,6,7,11,14 2,5,8,10,12, 15 3,9,13,16
Fluency
1. [KIEA Write the following fractions in simplest form.
5 8 21 48
a. — b. — c. — d —
10 12 24 60
2. Write the following fractions in simplest form.
100 48 63 49
a. — b. — c. — d —
120 50 72 70
3. Write the following fractions in simplest form.
33 22 21 49
. — b. — c. — d —
36 50 56 56
4. KZA Simplify.
a. 42 b. 7E c. 10E d. 1ﬂ
35 54 20 48
5. Simplify.
a. 6g b. 5E c. 3£ d. 21—6
28 48 55 64
6. A Select the equivalent fraction to %
2 ) 28 3 13
A. — B. - C. - D. —
3 6 8 14

Understanding

7. Kylie’s netball team scored 28 goals. Kylie scored 21 of her team’s goals. Calculate the fraction of the
team’s goals that Kylie scored. Simplify the answer.

8. Angelo’s basketball team scored 36 points. Angelo scored 20 of the team’s points.
a. Calculate the fraction of the team’s points that Angelo scored. Simplify the answer.

b. Calculate the fraction of the team’s points that the rest of the team scored. Simplify the answer.

9. Year 7 students at Springfield High School ran a car wash to raise money for the local hospital. They raised a
total of $1000 and drew up a table showing how much money each class raised.

7A 7B 7C 7D 7E
$200 $150 $320 $80 $250

Express as a simple fraction how much of the total each class raised.
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10. Below are the results of a book-reading competition.

Mark 5 books
Ken 10 books
Samantha 8 books
Jules 6 books
Ahmed 4 books
Darren 7 books

a. Determine how many books were read in total.

b. For each contestant, record the number of books read as a fraction
of the total number of books read. Where possible, reduce the
fractions to their simplest forms.

Reasoning

11. The Kalgoorlie to Perth train runs on time 3 out of every 5 trains.
The Perth to Kalgoorlie train runs on time 4 out of every 7 trains.
Determine which train is more reliable.

12. a. Draw three lines to divide the triangle shown into 4 equal parts.

. State what fraction of the original triangle is one of the new triangles.
. Halve each smaller triangle.

. State what fraction of the smaller triangle is one of these even smaller

triangles.

o 0 T o

1
e. Using all the triangles available, explain why % = R

.13, S . .
13. The fraction — is not written in its simplest form. Explain what number the denominator could be.
n

Problem solving
1
14. Sarina orders pizza for 22 friends. Each friend must get 1 of a pizza.

a. Determine the number of pizzas Sarina needs to order.
b. Calculate the amount of leftover pizza.

1
15. a. Arrange the digits 1,2, 3,4,5,6,7,8 and 9 to form a fraction that is equivalent to E

7329
For example, one arrangement is 1658 Can you find two others?
Hint: Try starting with a numerator beginning with 72 for one of them and 67 for the other.

L . . 1
b. Arrange the nine digits so that they form a fraction equivalent to Pe

16. One of the designs for a patchwork motif is made up of squares and right-angled
isosceles triangles as shown. Determine what fraction of the whole has been shaded.
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ISR Mixed numbers and improper fractions

LEARNING INTENTION

At the end of this lesson you should be able to:
e convert between mixed numbers and improper fractions.

4.41 Converting improper fractions to mixed numbers

. . . 3
* An improper fraction has a numerator larger than the denominator: for example, 3

¢ An improper fraction can be changed to a mixed number by dividing the denominator into the numerator
and writing the remainder over the same denominator.

Mixed numbers and improper fractions

Mixed numbers and improper fractions are different ways of writing the same quantity.

LD AN
NIZAN

; 3 4 3
4 4 4
— __J — __J
o~ o~
13 7
4
Mixed number Improper fraction

WORKED EXAMPLE 10 Converting improper fractions to mixed numbers

5
Draw a diagram to show i as parts of a circle, then write the improper fraction as a mixed number.

THINK WRITE
1. Draw a whole circle and divide it into the number of
parts shown by the denominator.

This is 4 quarters or i—t

2. Determine the number of parts left over and
draw them.

Extra i needed.

3. Write the improper fraction as a mixed number.
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WORKED EXAMPLE 11 Converting improper fractions to mixed numbers

11
Express ? as a mixed number.

THINK WRITE
. . . 11
1. Write the improper fraction. =
2. Determine how many times the denominator can be =11+5
divided into the numerator and what the remainder = 2 remainder |
is. The whole number is part of the answer and the
remainder becomes the numerator of the fractional part D
with the same denominator as the original improper
fraction.
. 1
3. Write the answer. ==

5

4.4.2 Converting mixed numbers to improper fractions

¢ A mixed number can be changed to an improper fraction by first multiplying the whole number by the
denominator and then adding the numerator. The denominator stays the same.

Mixed numbers to improper fractions

L_ 2xH+1  8+1
4 = 4

NDAND,

1 = 9

2

_ 2
T4

.

WORKED EXAMPLE 12 Converting mixed numbers to improper fractions

1 1
Draw a diagram to illustrate 23 as pieces of a circle, then write 25 as an improper fraction.

THINK WRITE

1. Draw two whole circles and % of a circle.

2. Divide the whole circles into thirds.

3. Count the number of thirds and write the mixed 2— =
number as an improper fraction.
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WORKED EXAMPLE 13 Converting mixed numbers to improper fractions

3
Express 22 as an improper fraction.

THINK WRITE
1. Write the mixed number. 2%
_ 2x4+3

2. Multiply the whole number by the denominator, then add

the numerator. The result becomes the numerator, and the 5
denominator stays the same.
. . 8+3
3. Evaluate the top line of the fraction. = 7
. 11
4. Write the answer. = v
Digital technology
Scientific calculators usually give answers in decimal form. Most VG A
calculators have a button that converts decimals and fractions. 25,25 25,25
Depending on the brand of calculator, this may appear as f <> d, S < 2oL 23k ed =41
or similar. The screenshot on the right shows how to convert a decimal o
to a fraction.
Most scientific calculators have a button that can convert between VG A
. ] . =41 i
1Ir1npr0per nfractl.on‘s and mixed numbers. The button may appear as = Pl o5 +
— <> U- or similar.
d d
Exercise 4.4  Mixed numbers and improper fractions learn
4.4 Quick quiz 4.4 Exercise
Individual pathways
B PRACTISE Bl CONSOLIDATE B MASTER
1,2,4,7,10,12, 14,17, 20, 22, 25 5,9, 11, 15, 18, 21, 23, 26 3,6,8,13,16, 19, 24, 27, 28

Fluency

1. INZIA Draw a diagram to show the following improper fractions as pieces of a circle, then write each
improper fraction as a mixed number.

4 13

a. b. — c. —
3

NSRRI
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. 3 . 3 .
2. Aamira ate — or 3 halves of an apple. Draw the amount of apple that Aamira ate and express — as a mixed

number.

9 . . 9 .
3. Dean ate 1 or 9 quarters of pizza. Draw the amount of pizza that Dean ate and express 1 as a mixed number.

4. [IZEM Express these improper fractions as mixed numbers.

7 11 21 51 92
a. - b. — c. — d — e. —
5 4 2 12 11
5. Express these improper fractions as mixed numbers.
29 100 25 20 8
a. — b. — c. — d — e. —
13 3 2 3 5
6. Change these improper fractions to mixed numbers.
27 11 58 117 67
a. — b. — c. — d — e. —
8 2 7 10
7. I Select which of the following is the same as %
A. 5é B. 6§ C. 7é D. 8§
8 8 8 8
74
8. I Select which of the following is the same as o
A 3L B. 72 c. 7L D. 72
10 5 10 5

9. IlIEAA Draw a diagram to show the following mixed numbers as pieces of a circle and then write each one as
an improper fraction.

a. 1% b. 3l c. 2i
3 4 5
10. IZEN Express the following mixed numbers as improper fractions.
a.ll b. 32 c. 2l d.ll e.1i
8 4 6 7 5
11. Express the following mixed numbers as improper fractions.
a. 3l b. 6l c. 4l d. 11l e. 7i
3 4 9 2 5
12. Express the following mixed numbers as improper fractions.
a. 6g b. 9z c. 3l d. 4l e. 6é
5 5 2 5 7
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13. Express the following mixed numbers as improper fractions.

a. 22 b. 31 c. 9ﬂ d. 1E e. 8§
10 12 7 11 6
14. I Select which of the following is the same as 10%.
27 72 10 72
. — B. — C. — D. —
10 10 27
15. I Select which of the following is the same as 8%.
85 58 56 53
A. — B. — C. — D. —
6 6 8 6
16. I Select which of the following is the same as 7%.
a % B. 2 c. 2 p. 2
11 7 11 11

Understanding

17. Kim and Carly arrived home from school quite hungry and cut
up some fruit. Kim ate 9 quarters of apple and Carly ate 11
quarters. Calculate how many apples they each ate.

18. Thanh was selling pieces of quiche at the school fete. Each
quiche was divided into 8 pieces. If Thanh sold 52 pieces,
calculate how many quiches Thanh sold.

19. It was Cecilia’s responsibility to supply oranges for her soccer

. 1
team at half-time. If 19 players ate 1 of an orange each,

calculate how many oranges were eaten.

20. Insert the appropriate < or > sign between each pair of fractions to make a true statement.

a2 b2 gl o2 12 a2 sl
5 5 2 2 32 32 2 2
21. Insert the appropriate < or > sign between each pair of fractions to make a true statement.
il 8 pal 8 ol 3 aid B
7 7 3 3 17 17 8 8
Reasoning

22. A catering company provided 12 quiches that were each cut into 8 pieces for a luncheon. At the end of the
luncheon, 12 pieces of quiche were left over. Calculate how many whole quiches were eaten. Show your full
working.

23. a. Convert the following numbers to improper fractions.

i. 32 iii. 5g
7 4

2
b. Explain with the use of diagrams why 3; =—.
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24. A bakery makes birthday cakes to serve 24 people. Arabella takes one to school to celebrate her birthday, but
there are 30 people in her class. Determine what fraction of the original slices each student will receive.

Problem solving

25. a. Nasira made apple pies for her Grandma’s 80th birthday party. She divided each pie into 6 pieces, and
after the party she noted that 4% pies had been eaten. Calculate how many pieces were eaten.
b. Nasira’s cousin Ria provided cordial for the same party and calculated that she could make 20 drinks

from each bottle. At the end of the party, 3% bottles had been used. Calculate how many drinks were

consumed.

26. Baljinder walks to school four days a week and her father drives her to school on Fridays. If she lives Z%km

from school, calculate:

a. the distance Baljinder walks to school and back home each day
b. the total distance walked by Baljinder over the four days
c. the total distance she travels to school either walking or by car over the whole week.
State your answers in improper fractions and mixed numbers if possible.
27. The following mixed numbers are missing their denominators. The missing denominators are 3,4, 6, 8 and
14. The mixed numbers are placed in order from smallest to largest. Determine the missing numbers.
1 1 1

1-, 2-, 2-, 31, 3l
a b c d e

28. Explain the strategies you use to write an improper fraction as a mixed number.
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Adding and subtracting fractions

LEARNING INTENTION

At the end of this lesson you should be able to:
¢ add and subtract fractions.

4.5.1 Adding and subtracting proper fractions

e Addition and subtraction of fractions can be visualised using areas of shapes.

1 2 3
4 4 4

Adding and subtracting fractions with the same denominator

To add or subtract fractions of the same denominator, simply add or subtract the numerators. Leave
the denominator unchanged.

For example:

1+2_1+2_3 5 2 5-2 3
55 5 5 8 8 8 8
WORKED EXAMPLE 14 Adding proper fractions
Evaluate é o p 1
9 9
THINK WRITE
. . 5 1
1. Write the question. =qF =
9 9
. . 6
2. Since the denominators are the same, add the numerators. = 5
62
3. Simplify the answer if possible by dividing by the ==
highest common factor (6 +3=2,9 +3=3). 9
=2
3
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Lowest common denominator

e The lowest common denominator (LCD) is the lowest number that is a multiple of the denominators. This
is also known as the lowest common multiple (LCM) of the numbers in the denominators.

Adding and subtracting fractions with different denominators

To add or subtract fractions with different denominators, convert to equivalent fractions with the
lowest common denominator (LCD), then add the numerators.

1 1
For example: =qr =
2 3

The LCD of 2 and 3 is 6.

Add the intermediate step to the equation and calculate the answer:

+ +

AW
AN

342
6

W | =
Sl

1
2

e Let us visualise the previous example using areas of circles. We can divide both circles into the same
number of parts and then add the parts.

2
6

o |w
|

WORKED EXAMPLE 15 Subtracting proper fractions

5 1
Evaluate g o expressing the answer in simplest form.

THINK WRITE

1. List multiples of each denominator. Multiples of 6 are 6, 12, ...
Multiples of 12 are 12, ...

2. Identify the lowest common denominator. LCDis 12.

3. Rewrite the fractions as equivalent 5 1 5%2 1 10 1

fractions with 12 as the LCD. 6 - E = @ - E = E - E
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4. Subtract the numerators.

5. Simplify the answer if possible by
dividing by the highest common
factor (9 +3=3,12+3=4).

WORKED EXAMPLE 16 Subtracting a fraction from a whole number

1
Evaluate 4 — 5, expressing the answer as a mixed number.

THINK WRITE

. 1
1. Express the whole number as a fraction over 1. 4 — : =

2. Equate the denominators. =

3. Perform the subtraction. =

Il
w
|

4. Convert to a mixed number.
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WORKED EXAMPLE 17 Application of adding and subtracting fractions

2 1
A farmer picks the fruit from — of her orange trees and her partner collects fruit from another — of

the trees. Determine the fraction of the total number of trees that still need to have their fruit picked.

THINK WRITE
. 2 1 4 1
1. Calculate the total fraction of trees that have =qp===qar=
had fruit picked, by adding the fractions. 3.6 6 6
+
_2
6
. . . . 1
2. Using the diagram, determine the remaining =
fraction of trees that have not yet had the fruit 6 )
. Or, alternatively
picked.
2 & 2
6 6 6
1
6
3. Write the answer. é of the orange trees still have fruit that needs to
be picked.

COLLABORATIVE TASK: Dice fractions
Equipment: dice

Work in pairs or in small groups to play this game.

1. The first player rolls both dice. One number rolled is the numerator
of the fraction and the other number rolled is the denominator. The
player makes the smallest possible fraction with the numbers rolled.

2. The first player rolls the dice again to make another fraction, which
should be as close as possible to the first fraction.

3. The first player works out the difference between the two fractions
rolled by subtracting one fraction from the other. This amount is
recorded as their result for this round.

4. Repeat steps 1 to 3 until every player has a result for the first round.
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5. Compare the results for the round. The player with the smallest difference between their two fractions
receives 1 point. If two players have the smallest difference, they both receive 1 point. The game is over
when a player has collected 5 points.

6. What strategy did you use to make the smallest difference between your fractions?

Exercise 4.5 Adding and subtracting fractions learn

4.5 Quick quiz 4.5 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,3,5,7,11, 14,16, 20, 23 2,6,8,9,12,15,17, 21, 24 4,10, 13, 18, 19, 22, 25, 26
Fluency
1. 328 Evaluate:
1 3 9 3 3 2 20 11
a. —+- b. ——— c. —+-— d —+—
5 5 11 11 6 6 50 50
2. Evaluate the following, expressing the answers in simplest form.
5 1 7 3 9 4 37 13
a —+— b. ——— c. ——— d. —+—
12 12 16 16 15 15 100 100
3. Evaluate:
15 6 12 1 5 1 3 4 5 3
a. ——— - c.———+4+= d -+=-=
25 25 12 12 8 8 8 7 7 7
4. Evaluate the following, expressing the answers in simplest form.
4 5 2 13 9 10 11 10 21 21 30
a-+--2 b. —+——— c. —+— d. —+—+—
7 7 17 16 16 16 28 28 81 81 81
5. IlIZHEN Evaluate the following, expressing the answers in simplest form.
1 1 1 1 1 2 1 20
a. —+- b. ——-— c. -+ — d -+—
2 4 2 4 3 21 8 32
6. Evaluate the following, expressing the answers in simplest form.
9 1 7 8 31 3 8 28
a — +-— b. - — — c. ——= d. ———
18 6 9 27 35 7 10 70
7. a. Determine the lowest common multiple of each of the following pairs of numbers.
i. 2and3 ii. 3and 5 iii. 5and 10 iv. 4and 6
b. Use the answers that were found in part a as the lowest common denominators to add or subtract these
fractions.
11 .2 2 .. 3 3 31
. ——= ii. ——— iii. =+ — iv. ——-—
2 3 35 5 10 4 6
8. a. Determine the lowest common multiple of each of the following pairs of numbers.
i. 9and 6 ii. 4and 8§ iii. 6and 8 iv. 7and5
b. Use the answers from part a as the lowest common denominators to add or subtract these fractions.
1.5 1.3 .5 3 52
. —+-= i. —+-— iii. ——— iv. ——-—
9 6 4 8 6 8 7 5
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9. Answer the following by first identifying the lowest common denominator. Simplify your answer if

12

13

14

15

necessary.
7 2 5 2 7 1 3 1
a. —+ — b. —+— c. —+- d ———
10 15 12 9 11 4 10 20
10. Answer the following by first identifying the lowest common denominator. Simplify your answer
if necessary.
5 2 2 1 4 2 6 1
a. - —= R c.——= d ——-
9 7 3 13 3 11 3
11. [ The lowest common denominator of %, i and A is:
A. 16 B. 24 c. 18 D. 12
Understanding
. Answer the following:
1 1 1 3 4 1 7 3 4 11 8 3
a —+-—- — === C.——=+- d —————
2 3 4 10 15 6 8 4 6 12 15 20
. Answer the following:
I 1 1 5 7 1 1 2 3 3 1 5
a. —+-+- b. > —— —— c.-+=+= d. = +-+=
16 8 4 6 18 9 2 3 4 4 3 6
. 3 Evaluate the following, expressing the answers as proper fractions or mixed numbers.
a.l—l b.l—§ c.l—E d.2—%
4 7 71 5
. Evaluate the following, expressing the answers as proper fractions or mixed numbers.
a.3—l b.5—§ c. 10—l d.23—2
15 6 3 10

16

17

. Melissa and Antonio went berry picking. Melissa picked 13—0 of a bucket of berries and Antonio picked é of

a bucket.

a. Calculate how much they picked altogether.
b. If they needed 1 full bucket of berries, calculate what fraction more they still need to pick.

. A loaf of bread needed to be cooked at 200 °C for % hour then a further % hour at 150 °C. Calculate the total

cooking time in hours.

. . 1
18. Robert, Jason and Luke play football in the same team. Last Saturday, Robert kicked 1 of the team’s goals,

Jason kicked % and Luke kicked % Calculate what fraction of the team’s goals were kicked by:

a. Jason and Luke

b. Robert and Jason

c. the three together.
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19. Suraya and her friend decided to climb the tree in her front
yard. It took Suraya 10 minutes to climb halfway up, 10 more
minutes to climb another sixth of the way and yet another
10 minutes to reach a further tenth of the way. Here she sat
admiring the view for 5 minutes before beginning her descent.

a. Calculate what fraction of the height of the tree Suraya had
climbed after 20 minutes.
b. Calculate what fraction of the tree Suraya climbed in total.

Reasoning

20. Yuna sold 2 of the cupcakes she made. She had 45 cupcakes

left. Calculate how many cupcakes she made.

1 2 3
21. Explain why — + = # —.
p Y3 5¢8

22. Chris lives on a farm and has a horse he rides every day. He fills up the horse’s trough with % hay,

1 1 . . . . .
— carrots, — oats and the rest maize. Calculate the fraction of the trough that is filled with maize.

Problem solving

23. a. Without using a calculator, perform the following additions:

11 L1 11
i —+= i. —+- iii. —+—
2 3 3 4 4 5
b. Explain any pattern you noticed.
24. a. Without using a calculator, perform the following subtractions:
11 .11 I |
i. ——= ii. ——-— iii. ———
2 3 3 4 4 5
b. Explain any pattern you noticed.
. .1 1
c. Using your answer to part b, state the answer to the subtraction — — 1
non

25. Explain the difficulties you might experience when adding and subtracting fractions with different
denominators and how you could overcome them.

26. Arrange the following fractions in the circles in the diagram so that each row adds up to the
same value.

1

12°

Alw

>

[SSHIRS)

R B
N | =
[ R
W | =
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Multiplying fractions

LEARNING INTENTION

At the end of this lesson you should be able to:
e multiply fractions by a whole number
e multiply fractions by another fraction
e calculate fractions of a fraction
e calculate fractions of an amount.

4.6.1  Multiplying fractions

e Multiplication by a whole number is the same as repeated addition.
For example, 3x4=4+4+4=12.
The same principle holds when multiplying a fraction by a whole number.

Forexample,3xl:l+l+l=_
4 4 4 4 4
‘ + ‘ + ‘ = ‘
1 1 1 3
4 4 4 4

¢ A quicker method of multiplying a fraction by a whole number is to simply multiply the numerator by the
whole number.

Multiplying a fraction by a whole number

To multiply a fraction by a whole number, multiply the numerator by the whole number and keep the
denominator the same.

For example:

x6=&=
5

| -
wm|

WORKED EXAMPLE 18 Multiplying a fraction by a whole number

Calculate 6 X %

THINK WRITE

1. Write the question. 6X—
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2. Multiply by a whole number using

repeated addition. Add — SiX times.

+

‘+‘+
1 1

&
OO0

N ‘ - ‘
1l

1 6
3 3
I 6x
3. Alternatively, multiply the 6X - =——
numerator by the whole number. 3 6 3
B
4. Simplify and write the answer. =2

.. 1 1, . .. . .
¢ The multiplication — X 5 is the same as one-third of a half; this is the same as one-sixth of a whole unit, as

shown here.

X — = — (of a whole unit)

6

Q| =
N | =

Multiplying a fraction by another fraction

To multiply a fraction by another fraction, multiply the numerators and then multiply the
denominators.

For example:

Fractions don’t need to have the same denominator to be multiplied together.
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WORKED EXAMPLE 19 Multiplying a fraction by another fraction

1
Calculate — x 2
5 4

THINK WRITE
. . 1 _3
1. Write the question. =X=
5 4
. . 1x3
2. Multiply the numerators and the denominators. = Sl
X
. 3
3. Write the answer. = —
20

¢ Before being multiplied, fractions can be simplified by dividing both the numerator and denominator by
their highest common factor. This is often called cancelling.
e When multiplying fractions, cancelling can only occur:

35 1x5 5

o vertically, for example, — X = = =—
24% 7 8x7 56
1
1
« diagonally, for example, 2— X el = x5 = >
3 63 3x3 9

WORKED EXAMPLE 20 Multiplying fractions

2
Calculate — x 2

THINK WRITE
. . 2_9
1. Write the question. - X —
3 10
. 2'xo’
2. Simplify by dividing the numbers in the numerator and = — 5
denominator by their highest common factor. The HCF of 3 x 10

2 and 10 is 2, and the HCF of 3 and 9 is 3.
Note: This may be done vertically or diagonally.

3. Multiply the numerators, then the denominators and simplify — =
the answer if appropriate. IX5 3

COLLABORATIVE TASK: Fractions of fractions
Equipment: string, pegs, counters

Form small groups. One student from each group should collect a piece of string and two pegs.
Your teacher will give each group a multiplication of two fractions.

As a group, place a peg on the length of string to show the position of one of your fractions.

Using this peg as a new marker for the end of the string, find the second fraction of this new string
length and place a second peg in the correct position on the string.

5. Check the position of the second peg by calculating the product of the fractions and then folding the
complete length of string into the appropriate number of parts to find the position of the product.

Eal o
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Repeat steps 2 to 5 with other fraction multiplications.

One student from each group should collect a handful of counters.

Your teacher will give each group a fraction of an amount.

As a group, divide up the counters to show your allocated fraction.

10. Write a description of the process that your group used to find your fraction of an amount.

© ®NO

® 4.6.2 Using the word of

e e Sometimes the word of means ‘multiply’. For example, % of -;— can be visualised as

1

L
3 6

Halfofl=-1—><l=l
3 2 3 6
e A diagram can be used to display multiplication of a fraction by another fraction. The following model

shows how to calculate % of g

The rectangle is divided The rectangle is divided horizontally
vertically into fifths;

2
4 into thirds;— of the blue rectangles are
g is shaded blue. 3

now shaded purple.
The purple shading represents % of %
2.4 8

375 15

WORKED EXAMPLE 21 Calculating a fraction of a fraction

Calculate g— of l

THINK WRITE

1. Write the question. 2 of L
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I
1
2. Change ‘of’ to = 'Z— X—
X and cancel if 3 4
appropriate.
3. Perform the = é

multiplication and
write the answer.

WORKED EXAMPLE 22 Calculating fractions of an amount

Mum put a 2-litre carton of flavoured milk in the refrigerator. When the children came home from
school, Joanna drank one quarter of the milk, Kieren drank one half of it and Daisy drank one sixth
of it. Calculate how much milk, in litres, each person drank.

THINK WRITE
1. Write the fraction of the milk that Joanna Joanna: ! of 2 = ! X2
drank and simplify the answer. E
17
2. Perform the multiplication. = Z( X =
1
2
. . . . . 1 1
3. Write the fraction of the milk that Kieren Kieren: — of 2 = — X2
drank and simplify the answer. . 2
172
4. Perform the multiplication. = G X 0
=1
5. Write the fraction of the milk that Daisy Daisy: ! of 2 = ! X2
drank and simplify the answer. 6 6
1 7
6. Perform the multiplication. = % X =
!
3
7. Write a sentence giving the answer in litres. Joanna drank half a litre, Kieren drank 1 litre and

Daisy drank a third of a litre of milk.
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WORKED EXAMPLE 23 Calculating a fraction of a fraction of an amount

Before a road trip John completely fills up his car’s fuel tank with 72 litres of petrol. On the first day
3 2
of the trip, the car uses — of the full tank. On the second day, the car uses g of the remaining amount.

Determine how much petrol was used on the second day.

THINK WRITE

a. 1. Determine the fraction left after E of a. |- § =] §

& 8

the petrol is used on the first day. > remains after the first day
: .

2. Calculate the total fraction of the tank 2 .5 2X5
— of — of atank = ——
of petrol that has been used on day 2. 5 8 5%8

1
= 7 of the full tank is used on day 2.

| 2
3. Calculate the amount of petrol used on —X72= = =18
day 2 as the answer. Remember to state ) 4
the units. 18 litres of petrol were used on the second day.
DISCUSSION

Is repeated addition an efficient method of multiplying fractions?

Digital technology

Scientific calculators can evaluate the multiplication of a fraction by 0EG A
another fraction or a whole number. 1= * 4= 45
== =4 11
Exercise 4.6  Multiplying fractions learn

4.6 Quick quiz 4.6 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,2,5,8,10, 13, 15, 18 3,6,9,11,16, 19 4,7,12,14,17, 20
Fluency
1. I3 Calculate the following.
2
a. — X3 b.i><7 C.EXII d.ix4
3 14 22 16
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. IIZEA Calculate the following using written methods, then check your answers with a calculator.

1 1 1.2 5 4 11 1
a. - X-— b. =X — c. =X — d. —X -
2 4 3 3 9 3 13 2
. Calculate the following using written methods, then check your answers with a calculator.
6 9 1111 8 5 5.1
a. — X — b. — X — c. = X— d. =X -
7 11 12 12 9 9 &8 3

. Calculate the following using written methods, then check your answers with a calculator.

5 11 5 5 2 4 4 2
a. - X — b. — X — c. —X— d - X-
6 12 1112 3 13 7 3

. EZZA Calculate the following using written methods, then check your answers with a calculator.

4 3 2 1 3.5 3_4
a. - X — b. =X - c. - X~— d. =X —
8 9 5 2 7 6 8 15
. Calculate the following using written methods, then check your answers with a calculator.
10 22 24 9 18 64 48 24
a. — X — b. —X - c. — X — d —X—
11 25 27 8 32 72 56 60
. Calculate the following using written methods, then check your answers with a calculator.
15 36 8 14 4 6 5 12
a. — X — b, — X — c. —X~— d —X—
27 45 49 16 9 8 25 48
. M Calculate:
a.lofl b.zof2 c.gofg d.§0fl
2 4 4 3 6 6 9 4
. Calculate:
a. z0f32 b. iof50 c. 2of25 d. i0f20
8 10 5 5

Understanding

10

11

12.

. Zoe and Jimin play basketball with the Sharp Shooters. Each game

. 222 Joshua’s dad made 6 litres of cordial for his birthday party. Emily drank % of the cordial, Tracy drank

1 1
E and Jonathan drank E Calculate how much cordial, in litres, each person drank.

lasts 40 minutes. Zoe played % of last week’s game and Jimin

played % Calculate how many minutes of the game: ?
a. Zoe played r i % .

b. Jimin played. 4 "“ ™
o | Fil
Mark’s uncle gave him a family-size block of chocolate. He divided it into thirds to share with his two

sisters. His friends Tao and Nick then arrived to visit, and Mark shared his portion of the chocolate with
them, so that they each had the same amount.

—

a. Draw a block of chocolate with 9 X 6 pieces, and shade Mark’s third of the block. Then draw lines to
represent Tao’s share.
b. Identify the fraction of the block of chocolate that Nick received.
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13. IIZEH A car’s petrol tank holds 48 litres of fuel. The tank was full at
the start of a trip.
a. By examining the gauge shown, determine what fraction of the tank ~E
of petrol has been used.
b. Determine how many litres of petrol have been used.

14. Answer the following questions.

a. State how many half pizzas are in 1 pizza.
b. State how many half pizzas are in 2 whole pizzas.
c. State how many half pizzas are in 5 whole pizzas.

Reasoning

15. a. Draw a quarter of a pie.
b. Shade half of this piece of pie.
c. Determine what fraction of the whole pie is shaded.

. 1 1
d. Complete the mathematical sentence Z X 5 = __ to show how the answer was found.

16. To make a loaf of fruit bread in a breadmaker, the fruit needs to be
added after the second rise stage and the top of the bread needs to be
glazed two-thirds of the way through the baking stage. The recipe
shows how long each stage of the total cycle takes.

Stage Length of time
First knead 5 minutes
Second knead 20 minutes
First rise then punch down 40 minutes
Second rise then punch down 25 minutes
Third rise 50 minutes
Bake 40 minutes

a. State when the fruit should be added.
b. Express this length of time as a fraction of the total time in the breadmaker.
c. Calculate the length of time during which the bread should be glazed.

17. a. Without using a calculator, evaluate the following:
1.2 1 .23
i =X-= ii. =X=X-= iii.

2 3 2 3 4

b. Describe any pattern you see in part a.

D | —
X
W
X
B
X
TAES

c. Hence, evaluate the solution to:

Problem solving

18. Gustave’s monthly take-home pay is $2400. From this he spends a quarter on his home loan payments, one
half on food and drink and one sixth on clothing. One half of the remainder goes into his savings account.
Determine how much money Gustave deposits into his savings account each month.

. . . 2 . . .
19. On a given map, one kilometre is represented by 5 cm. If a distance on the map is 27 cm, determine how

many kilometres this represents.

20. Andrea requires 5g m of fabric to make a pattern on a quilt. One third of this fabric has to be red and i must

be green. Determine how many metres of red and green fabric she needs.
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LN Dividing fractions

LEARNING INTENTION

At the end of this lesson you should be able to:
e divide fractions.

® 4.7.1 Dividing fractions

Y
A

4 ¢ To divide fractions the reciprocal is required.

. . . 3. .
e The reciprocal of a fraction is found by swapping the numerator and denominator. So 5 is the reciprocal

ofé.
3

. . . . 4
¢ A whole number can be written as a fraction by making the denominator 1. For example, 4 = T and the

reciprocal of 4 is i

WORKED EXAMPLE 24 Reciprocal of a proper fraction

2
Identify the reciprocal of -3—

THINK WRITE

. . . 2.3
Swap the numerator and denominator and write the answer  The reciprocal of — is o
in a sentence. ’

WORKED EXAMPLE 25 Reciprocal of a mixed nhumber

2
Determine the reciprocal of 15.

THINK WRITE
1. Write l-i- as an improper fraction. 1% = %

. . . 2.3
2. Swap the numerator and denominator of the improper ~ The reciprocal of 1— is —.
fraction and write the answer in a sentence. 3 3

e Try to think of division as a question. For example, 10 + 4 can be interpreted as ‘How many groups of 4 are
there in 107

10:4=2 % (groups of 4)

—<——— 10 ones

~— Groups of 4 ones
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o . . 1 .
e Division of fractions follows the same logic. For example, 3 + = can be interpreted as ‘How many halves
are there in 37’

3=+ % =6 (groups of%)

1 1 1 <— 3 ones

—<— Groups of 1 half

N =
N
N —
N —

Dividing fractions

To divide fractions, multiply the first fraction by the reciprocal of the second fraction.
1 2 1 5 5

For example: - + - = = X — = -
3 5 3 2 6

This process can be remembered easily by the saying KEEP, CHANGE, FLIP.

3 - 2

4 l 7

| [
KEEP CHANGE FLIP

' f .

3 x 7

4 2

WORKED EXAMPLE 26 Dividing fractions

Evaluate E + f
3 9

THINK WRITE
. . 2 4
1. Write the question. -+ =
3 9
. C 2_9
2. Keep the first fraction the same. Change the division sign ==X=
to a multiplication sign and flip the second fraction. S
1 3
3. Cancel diagonally. = 2— X 9_
3o
S 3
4. Perform the multiplication. = >

DISCUSSION

Explore what happens when you multiply and divide positive numbers by a fraction between 0 and 1.
Discuss the results.
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Digital technology

Scientific calculators can evaluate division of fractions. o ves *Zv
STE =
Exercise 4.7  Dividing fractions learn
4.7 Quick quiz 4.7 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10,13 2,6,8,11,14 3,5,9,12,15
Fluency
1. 22 Identify the reciprocals of each of the following.
a3 b. 2 .. a2 e
4 7 5 3
2. Identify the reciprocals of each of the following.
a. i b. 2 c. é d 2 e. 20
12 2 3 3
3. Identify the reciprocals of each of the following.
a. L b. 3 c. 2 d. 1 e 1
12 15 22 6
4. [lIZ3 Determine the reciprocals of these mixed numbers.
a. 1% b. 4§ c. 9% d. 3g e. 62
3 7 7 8 10
5. Determine the reciprocals of these mixed numbers.
1 1 2
a. 39 b. 5— c.7— d. 10— e. 2§
7 3 2 9 9
6. Multiply each of these numbers by its reciprocal.
a. § b. i c. 2l
7 5 8

Understanding

7. Il Evaluate the following using written methods, then check your answers with a calculator.

1 2 8 7 1 2 4 5 10 15
a. —+— b. —+— c. —+— == e. —+—
4 3 9 6 12 11 6 3 21
8. Evaluate the following using written methods, then check your answers with a calculator.
a.%+@ b.i+i c.i+10 d.i+12 e.£+5
7 21 9 9 7 3 11
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9. Evaluate the following using written methods, then check your answers with a calculator.

a.§+g b.i+6 c.i+é d.@+é e.5—0+5
6 2 11 10 7 17 3 7
Reasoning

10. Lucy says that the following statement is correct.

31
276 15

4,42
37
However, Lucy’s friend Lily does not agree. Explain who is correct.

1 . . .
11. Mai is making sushi. The recipe requires 1 cup of rice. She has a 2 kg bag of rice. If 1 cup of rice weighs

250 g, calculate the number of batches of the recipe she can make.

1 . . .
12. Maytreyi bought 15 kg of chocolates for her birthday party. She is going to give each friend attending her

birthday 11—0 kg. Calculate the number of friends attending her birthday party.

Problem solving

2 . .
13. A plumber has a piece of pipe that is Z6 cm long. He divides the pipe into pieces that are % cm long.

Determine the number of pieces he has now.

111 1
14. Calculate the average of —, —, — and —.
4510 20

15. Determine the value of the following expression.
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TR Calculating with mixed numbers

LEARNING INTENTION

At the end of this lesson you should be able to:
e add, subtract, multiply and divide mixed numbers.

4.8.1 Adding and subtracting mixed numbers

e To add or subtract mixed numbers, first convert to improper fractions, and then add and subtract as usual.

Calculating with mixed numbers

To add, subtract, multiply or divide mixed numbers, convert them to improper fractions and then
apply the order of operations.

WORKED EXAMPLE 27 Adding mixed numbers

3 1
Evaluate 2— +1-.
4 2

THINK WRITE
. . 3 1
1. Write the question. 2= ll=
4 2
. . . . 11 3
2. Convert each mixed number into an improper fraction. = 75
. . . . 11 3x2
3. Write both fractions with the lowest common denominator (LCD). = ) + 59
X
11 6
= — 4 —
4 4
17
4. Add the numerators. = 1
. . . . 1
5. Convert to a mixed number if appropriate and write the answer. = 4Z
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WORKED EXAMPLE 28 Subtracting mixed numbers

1
Evaluate 3— — 12.
5 4
THINK WRITE
1
1. Write the question. == 12
5 4
. . . . 16 7
2. Convert each mixed number into an improper fraction. = =
16 x4
3. Write both fractions with the lowest common denominator (LCD). = 6—X - E
5x4  4X%5
_#_3
20 20
29
4. Subtract the numerators. = —
20
5. Convert to a mixed number if appropriate and write the answer. =1 2%

Estimation

e Estimation is used to determine approximate answers to addition and subtraction of mixed numbers.
This allows you to check easily whether your answer to a calculation is reasonable.

e To estimate, add or subtract the whole number parts. The answer should be close to the result obtained by
this method.

WORKED EXAMPLE 29 Checking answers by estimation

1 1
Evaluate 33 + 25 and check the answer by estimation.

THINK WRITE
1. Write the question. 3% + 2%
. . . . 10 5
2. Convert each mixed number into an improper fraction. = = + >
3. Write both fractions with the lowest common denominator (LCD). = H0p? + w
3x2 2X3
_20,15
6 6
35
4. Add the numerators. = "
. . . 5
5. Convert to a mixed number if appropriate. = 58
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1 1
6. Check the answer by adding the whole numbers to determine an J=4F 25 ~342

approximation.
3l aF 2l =5
3 2
The approximation shows that the
answer we obtain should be

close to 5.

4.8.2 Multiplying and dividing mixed numbers

e To multiply mixed numbers, first convert to improper fractions, and then multiply as usual.
¢ To divide mixed numbers, first convert them into improper fractions, and then divide as usual.

WORKED EXAMPLE 30 Multiplying mixed numbers

1
Evaluate 1- X 32.
2 5

THINK WRITE
1
1. Write the question. 1-X 3%
: : : S 3 18
2. Change mixed numbers to improper fractions and simplify =X
if possible. N
. . 27
3. Multiply the numerators and then the denominators. = =
. . . . 2
4. Convert to a mixed number if appropriate and write = 55

the answer.

WORKED EXAMPLE 31 Dividing mixed numbers

Evaluate 11 + 32.
2 5

THINK WRITE
1. Write the question. 1l + 32
2 5
. . . 3 17
2. Convert the mixed numbers to improper fractions. = B + =
. . 3.5
3. Change the + to X and flip the second fraction. = R
. . 15
4. Multiply the numerators, then the denominators and = V)

simplify the answer if necessary.
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Exercise 4.8 Calculating with mixed numbers learn

4.8 Quick quiz 4.8 Exercise

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,3,5,6,8,10, 14,17, 20, 23 2,7,11,12, 16, 18, 21, 24, 25 4,9,13, 15,19, 22, 26
Fluency
1. Evaluate the following, giving answers as mixed numbers in simplest form.
a.1l+3l b. 32—2l c.52—2l d. 9§+4
5 2 3 2 3 4 8
2. Evaluate the following, giving answers as mixed numbers in simplest form.
a 2211 b 32422 c.7-52 6212
5 2 2 4 3 3 6
3. Evaluate the following, giving answers as mixed numbers in simplest form.
a. 31—1z b.4§—22 c.51—ll d. 53—3§
2 8 5 10 4 12 4 6
4. Evaluate the following, giving answers as mixed numbers in simplest form.
a L4022 b 24321 co2iiyl 4241223
5 7 8§ 4 2 9 3 6 3 8
5. [lIZZA Evaluate the following and check the answers by estimation.
a. 51+2l b. 11+2l c.3l+1l d. 61—2l
3 4 6 2 3 6 2 4
6. =X Evaluate:
a.llx% b. llxll c. 2§><1E d. 21><3l
4 3 2 2 8 4 5 2
7. Evaluate:
a. 3§x9§ b. 51><62 c.3§><22 d.z><3l
6 7 5 3 4 3 8 3
8. IZ3M Evaluate:
a.11+E b.2+3l c.E+3l d.7i+l
4 4 4 2 3 3 9 3
9. Evaluate:
a1t:l b 10— +4 c.32:21 a.32:12
2 2 10 7 17 8 4

Understanding

10. One-third of a litre of cordial is mixed with 1l litres of water. Calculate

how many litres of drink have been made.

11. The lengths of bolts and nails are often measured in inches. For the bolt
shown, calculate the length of the threaded section if the total length of the

bolt is Si inches.
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12.

13.

14.

15.

16.

Julia is planning a holiday to the US. She has 5 months

and has worked out the following itinerary. She will be in

California for 1% months, in Colorado for 1% months and in

Florida for % of a month. The other state she will be visiting

is New York. Determine how long she will spend in
New York.

Theo is building a house. Before the frame of the house
can be assembled, the footings need to be dug. The digging

will take 3% days. The concrete slab that is then needed will take 2% days to pour and set. Determine how

long it will be before Theo can start assembling the frame.

Felicity is dividing 15 kilograms of minced steak into 8 hamburger portions. Calculate how many kilograms

of mince are in each portion.

Ned spends his school holidays helping his father with
shearing sheep.

a. It takes Ned % hour to shear one sheep. Calculate how
many sheep Ned will shear in 5 % hours.

1
b. Ned’s father, Wesley, shears a sheep every B of an hour.

If Wesley worked continuously for 8 hours, calculate how
many sheep he would shear.

Lachlan was looking for something to do one Saturday
afternoon and his dad suggested he cook something for
afternoon tea. Lachlan found a recipe for peanut butter
muffins.

Ingredients:

1 1 .

n cup sugar 1 cup margarine

% cup peanut butter 2 eggs

1% cups milk 2% cups self-raising flour

1
n teaspoon baking soda

Method:

Blend the sugar, margarine and peanut butter. Beat in the eggs and milk. Add the self-raising flour and
baking soda. Place the mixture in greased muffin pans and sprinkle with cinnamon sugar. Bake for
15-20 minutes in a 200 °C oven.

This recipe makes 10 muffins, but Lachlan wants enough mixture to make 15. He needs to multiply the

1
quantities by 15. Write the quantities of each ingredient Lachlan needs to make 15 muffins.
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17. Anh bought 7% kg of prawns for a party and 3 of them were eaten. Calculate how many kilograms of

prawns were left over.
3 . .
18. Teagan buys 8Z kg of sugar. She wants to store it in containers
1 .
that can hold IZ kg. Calculate how many containers she needs.

19. Max works as a train driver and is paid $21 per hour. If Max
works on a public holiday, he is paid double time and a half,

which means he earns 2— times his normal hourly rate. Calculate

what Max earns per hour working on a public holiday.

Reasoning

20. To make the casing for a simple collapsible telescope, you need two cylinders, one of which fits inside

the other.
g om U AN
AN % cm

cm

|—

A=

a. Calculate the width of the cylinder in the middle diagram that would slide over the one shown
at right.

b. Calculate the width of the cylinder in the left diagram that would slide into the one shown
at right.

21. Worldwide figures indicate that 1—10 of men are left-handed, while % of women are left-handed. If there

are 400 men in a room, calculate how many women would need to be there so that there are the same
number of left-handed men as left-handed women.

22. Explain how you could you convince someone that 1 of 3l is lz.

Problem solving
. . 2 .
23. Five-eighths of a class were girls and 3 of the girls were brunette.

a. Calculate what fraction of the class were brunette girls.
b. If there were 24 people in the class, calculate how many were
brunette girls.

. .1
24. Michelle can run one lap of a cross-country course in — hour.

a. Calculate how many laps she completed in 1l hours. (Assume

she can keep up the same pace.)

b. Calculate the number of minutes it takes for Michelle to run
one lap.
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25. A skydiver opens his parachute at 846 m above ground level. He has already fallen five-sevenths of the
distance to the ground. Calculate the height of the plane when he jumped.

26. A new vending machine stocking water and sports drinks was installed at the local gymnasium. The number
of bottles sold each day over the first 5 weeks after its installation is shown.

4, 39, 31, 31, 50, 43, 60, 45, 57, 61, 18, 26, 3, 52, 51, 59, 33,
51, 27, 62, 30, 40, 3, 30, 37, 9, 33, 44, 53, 16, 22, 6, 42, 33, 19

The gymnasium realises that the number of
daily sales varies, depending particularly on the
weather. The machine is stocked with 60 bottles
at the start of each day. The supplier advises that,
because of electricity costs and other running
expenses, the machine is not worthwhile having
unless at least three-quarters of the bottles are
sold on average 2 days per week.

Round these sales to the nearest 5 and analyse
the figures to determine whether the gymnasium
should keep the vending machine.

-4

) T

ILPE] Percentages as fractions

LEARNING INTENTION

At the end of this lesson you should be able to:
e convert percentages to fractions.

4.9.1 Definition of a percentage

e The term per cent means ‘per hundred’ or ‘out of a hundred’.
e The symbol for per cent is %. For example, 7% means 7 out of 100.

WORKED EXAMPLE 32 Writing a percentage as a fraction

Write 47% as a fraction.

THINK WRITE

47

Recall the definition of a percentage. 47% means 47 out of 100. 47% = 100
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Percentages as fractions

e All percentages can be expressed as fractions.

« To convert a whole number percentage into a fraction, write it over 100 and simplify.

For example, 10% = 10 _1

100 10

WORKED EXAMPLE 33 Converting a percentage into a fraction

Write 20% as a fraction in simplest form.

THINK WRITE
. . . . 20
1. Write the percentage as a fraction with a denominator of 100. 20% = T
. . 1
2. Simplify the fraction. = -

e To convert a percentage containing a decimal number into a fraction:
o write it as a fraction over 100
o change the numerator to a whole number by multiplying both the numerator and denominator by the
appropriate power of 10
« simplify if possible.

For example: 28.2% = ﬁ _ 282 141

100 1000 500

WORKED EXAMPLE 34 Converting percentages to fractions

Write 36.4% as a fraction in simplest form.

THINK WRITE
. . 36.4
1. Write the percentage as a fraction out of 100. 36.4% = e
4Ax1
2. Change the numerator to a whole number by multiplying it by _ 304x10
an appropriate power of 10, and multiply the denominator by the 10010
same power of 10. = 364
1000
L . 91
3. Simplify the fraction. =
250

e To convert a percentage that is a proper fraction into a fraction, multiply the denominator by 100 and
simplify if possible.
5 1

For example: é% = =—
8 800 160

e To convert a mixed number percentage into a fraction:
o change the mixed number into an improper fraction
o multiply the denominator by 100
« simplify if possible.
25 25 1

1
For example: 12=% = —%=—=—
2 2 200 8
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Converting percentages into fractions

To convert a percentage into a fraction, place the percentage as a fraction over 100, then manipulate
so that both the numerator and denominator are whole numbers with no common factors.

X% = >
100

WORKED EXAMPLE 35 Converting percentages to fractions

Write the following percentages as fractions in simplest form.

1 1
a. —-% b. 15-%
4 3
THINK WRITE
a. 1. Write the percentage and then multiply the denominator a. l% = !
4 4% 100
by 100.
1
2. Simplity. = —
Py 400
. . . 1 46
b. 1. Convert the mixed number to an improper fraction. b. 15 3 % = ?%
. . 46
2. Multiply the denominator by 100. =
3% 100
3. Simplify the fraction. = A8
300
]
150
Exercise 4.9 Percentages as fractions learn
4.9 Quick quiz 4.9 Exercise
Individual pathways
B PRACTISE Bl CONSOLIDATE B MASTER
1,8,6,9, 12, 15, 16, 17, 19, 22 2,4,7,10, 13, 20, 23, 24 5,8, 11, 14, 18, 21, 25
Fluency
1. INEA Write the following percentages as fractions.
a. 17% b. 29 % c. 79% d. 99 % e.3%
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2. Write the following percentages as fractions.

a. 19% b. 33% c. 9% d. 243% e. 127%
3. INZEEN Write the following percentages as fractions in simplest form.
a. 50% b. 80% c. 35% d. 60% e. 10%
4. Write the following percentages as fractions in simplest form.
a. 45% b. 12% c. 5% d. 74% e. 2%
5. Write the following percentages as fractions in simplest form. Change the answer to a mixed number where
appropriate.
a. 150% b. 180% c. 200% d. 500% e. 112%
6. II=20 Write the following percentages as fractions in simplest form.
a. 3.5% b. 7.2% c. 19.7% d. 32.4%
7. Write the following percentages as fractions in simplest form.
a. 15.5% b. 16.2% c. 28.3% d. 41.38%
8. Write the following percentages as fractions in simplest form.
a. 18.14% b. 57.99% c. 12.15% d. 0.05%
9. IlI=El Wrrite the following percentages as fractions in simplest form.
a. l% b. l% c. z% d. i% e. E%
2 5 3 10 11
10. Write the following percentages as fractions in simplest form.
1 2 2 1 1
a. 8-% b. 20=% c. 9=% d. 15=% e. 11-%
4 3 3 2 5
11. Write the following percentages as fractions in simplest form. Leave the answer as a mixed number where
appropriate.
a. 102% b. 112% c. 1501% d. 1201% e. 331%
8 3 2 2 3
Understanding
12. I 40% as a fraction in simplest form is:
1 2 4 4000
A - B. - C. — D. —
4 5 100 1
13. I 10%% as a fraction is:
g o, 103 o, 20 0. 2L
2 100 2 200
14. A 1.5% as a fraction in simplest form is:
A 12 B. > c. = . 12
100 100 200 100

15. Imran saves 20% of his pocket money each week. Calculate the fraction that he saves.
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16. In one game, 35% of a football team is injured. Calculate what fraction of the team is injured.

P9
& % "’wa‘i .
5 77/ &

17. Each week Jodie spends 45% of her wages at the supermarket. Calculate what fraction of Jodie’s wages is
spent at the supermarket.

18. Calculate what fraction of a class were born overseas if 68% were born in Australia.

Reasoning
19. Of the students in a Year 7 class, 80% have pets and 20% have blue eyes.

a. Calculate what fraction of students have pets.
b. Calculate what fraction of students have blue eyes.
c. Explain whether this means that none of the students with blue eyes have pets.

20. a. In a molecule of methane (natural gas), 80% of the atoms are hydrogen. Calculate the fraction of the
methane molecule that is composed of hydrogen atoms.

{ Hydrogen
atoms

Carbon
atom
L ) —

o

Methane molecule

b. The diagram represents a molecule of glycolaldehyde, a simple form of sugar found in the gas
surrounding a young star called IRAS 16293-2422, located around 400 light-years away from Earth.
Hydrogen atoms make up 50% of the atoms of this molecule. Calculate the fraction of the glycolaldehyde
molecule that is composed of hydrogen atoms.

Carbon

atoms p Hydrogen

t atoms

v
Xygen
atoms

Glycolaldehyde molecule

O

c. Although both molecules have the same number of hydrogen atoms, explain why they represent different
fractions.
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21. Shirley plays basketball in her school’s team. In the last game she scored 50 baskets from 75 shots but in the
previous game she scored 45 baskets from 60 shots.

a. Compare the percentage of baskets scored relative to the number of shots for each game to determine
which game she performed best in.
b. Explain how the percentage is affected by:

i. increasing the number of baskets when the number of shots stays the same
ii. increasing the number of shots when the number of baskets stays the same
iii. increasing both the number of baskets and the number of shots at the same percentage rate.

Problem solving

22. Less than 50% of the estimated 200 000 Australian invertebrate species have been described. Determine what
fraction this is.

23. If the unemployment rate in Australia is 8%, calculate:

a. what fraction of the population is unemployed
b. what fraction of the population is employed
c. out of 100 people, the number you would expect to be unemployed.

24. Determine what fraction remains if:

a. 65% of winnings have been spent

b. 19% of an audience hated a movie

c. all stock was discounted by 15%

d. 93.5% of the school population supports the uniform policy.

25. Seventeen per cent of visitors to Australia are from New Zealand.

a. State the fraction of visitors to Australia from New Zealand.
b. Calculate the fraction of visitors to Australia not from New Zealand.
c. Out of 100 visitors to Australia, state how many you would expect to be from New Zealand.
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TIWRN] Calculating percentages of an amount

LEARNING INTENTION

At the end of this lesson you should be able to:
e calculate percentages of amounts using fractions.

4.10.1  Calculating percentages of an amount using fractions

e To calculate a percentage of an amount using fractions, follow these steps.
Step 1: Convert the percentage into a fraction.
Step 2: Multiply by the amount.

COLLABORATIVE TASK: Elastic percentages
Equipment: scissors, wide rubber bands, rulers, A4 paper

1. Working in pairs, cut a rubber band in half to make one long rubber strip.

2. Use your ruler to draw an even scale on the rubber strip from 0 to 100, using
intervals of 10. Make sure the rubber strip is not stretched in any way during
this process.

3. Select five different objects around the classroom for which you will identify
a percentage of their length, width or height; an object may be a book, a pencil
or even someone’s arm.

4. On an A4 sheet of paper, write the percentage that you will measure for each object.

Your teacher may allocate your pair a percentage, or you may like to choose your own. Measure the

same percentage for each of your objects; for example, you may choose to calculate 60% of the heights

of a chair, a table, a computer screen, a poster and a bookshelf.

5. For each of your five objects, work with your partner to record the measurement of your given
percentage using the following steps.

e Stretch the rubber strip along the edge of the object that you wish to measure. The O mark on the strip
must be at one end of the object you are measuring, and the 100 mark must be at the other end of the
object. Hold onto the rubber strip tightly.

¢ Place a pencil point on the object next to the position of your percentage on the rubber strip.

e Use a ruler to measure the distance from the end of the object to the pencil point.

e Draw a line of this length on your sheet of paper, and then label the line with a description of the
object that you measured.

6. Each line on your paper represents the same percentage of different lengths. With your partner, discuss
why the lines are different lengths.

7. As aclass, discuss the relationship between the size of a percentage and the size of the whole object
being measured. For example, is 60% of the length of a book more or less than 60% of the height of a
door? Why?
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WORKED EXAMPLE 36 Calculating a percentage of an amount using fractions

Calculate 40% of $135.
THINK WRITE
1. Write the question. 40% of $135
. . . . 40 135
2. Write the percentage as a fraction with a denominator of 100, ==X =
change of to X and write the amount as a fraction over 1. 100 1
3. Simplify as appropriate _ 0.7
. plily as appropriate. 207
2 27
= — X —
1 1
S 54
4. Perform the multiplication. = 1
5. State the answer. = $54

WORKED EXAMPLE 37 Calculating a percentage of an amount using fractions

Of the 250 students selected at random to complete a survey, 18% were in Year 11. Calculate how
many students were in Year 11.

THINK WRITE
1. Decide what percentage of the total is required and write 18% of 250
an expression to determine the percentage of the total.
. 18 250
2. Write the percentage as a fraction, change of to X and = —X—
write the total as a fraction. 100 !
L . 18 5
3. Simplify as appropriate. = > X 1
9 5
= - X -
1 1
S 45
4. Perform the multiplication. = -
=45
5. Answer the question by writing a sentence. 45 of the 250 students were in Year 11.

DISCUSSION

What method would you use to calculate 60% of an amount? Are there other ways? Which is the
most efficient?
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Exercise 4.10 Calculating percentages of an amount learn

4.10 Quick quiz 4.10 Exercise

Individual pathways

B PRACTISE Hl CONSOLIDATE B MASTER
1,3,6,9, 12, 16, 18, 23, 25, 2,4,7,10,13, 15,19, 21, 24, 27, 5,8, 11, 14, 17, 20, 22, 26, 30, 33
28, 31 29, 32
Fluency
1. Copy each of the following problems and then calculate the answers by completing the working.
a.90%of200=2x@ b. 8%of50=i><5—0 c.50%0f120=£x@
100 1 100 1 100 1
2. Copy each of the following problems and then calculate the answers by completing the working.
a.5%of30=ix@ b. 15%0f70=£><m c.65%of120=6—5xg
100 1 100 1 100 1
3. [lIEA Calculate the following by converting the percentage to a fraction.
a. 50% of 20 b. 20% of 80 c. 10% of 30 d. 9% of 200 e. 40% of 15
4. Calculate the following by converting the percentage to a fraction.
a. 12% of 50 b. 70% of 110 c. 80% of 5000 d. 44% of 150 e. 68% of 25
5. Calculate the following by converting the percentage to a fraction.
a. 52% of 75 b. 38% of 250 c. 110% of 50 d. 150% of 8 e. 125% of 20
6. Calculate the following by converting the percentage to a fraction. Write the answer as a mixed number.
a. 18% of 20 b. 16% of 30 c. 11% of 70 d. 74% of 25 e. 66% of 20
7. Calculate the following by converting the percentage to a fraction. Write the answer as a mixed number.
a. 55% of 45 b. 15% of 74 c. 95% of 62 d. 32% of 65 e. 82% of 120
8. I 45% written as a fraction is:
.l 8. 2 c. 20 D. —
100 1 1 45
9. 1A To evaluate 17% of 22, of should be changed to:
A + B. of C. + D. X
10. [T Select which of the following would determine 15% of 33.
A. 150f 33 B. 2533 c. By 3B p. 23
1 100 100 100 1
11. I 60% of 30 is:
A 194 g. 3L c. 186 D. 18
5
12. I 8% of 50 equals:
A. 40 B. 4 C. 140 D. 14
13. I 40% of 160 equals:
A. 400 B. 6400 C. 640 D. 64
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14.

T 60% of 30 equals:
A. 180 B. 1.8 C. 400 D. 18

Understanding

15.

16.

17.

18.

19.

20.

21,

22.

23.

Of the 300 Year 7 students selected to complete a
questionnaire on ice cream, 70% said that their favourite
flavour was chocolate chip. Calculate how many students
favoured chocolate chip ice cream.

A thunder day at a given location is a calendar day on which
thunder is heard at least once. About 20% of days near
Darwin are thunder days.

Calculate the number of thunder days you would expect in
Darwin in one year.

Two per cent of Australians play lawn bowls. In a group of 50 people, state how many you would expect to
play lawn bowls.

Two thousand people entered a marathon. Some walked and
the rest jogged. If 20% walked, calculate:

a. what percentage jogged

b. how many people jogged.

William earns $550 per week. He has just received a pay rise
of 4%.

a. Calculate how much more William will earn per week.
b. Calculate William’s total pay after the pay rise.

The lotto jackpot for Saturday night is $20 million. If you win 8% of the jackpot, calculate how much money
you would win.

The Australian cricket team was fined 15% of their match payments for a slow over rate. If the team was
paid $80 000 for the match, calculate how much the team was fined.

Australia has 315 species of mammals. Of these, 15% are threatened. Calculate how many threatened species
of mammals Australia has. Round your answer to the nearest whole number.

Two million people attended at least one AFL game last year. Of these people, 30% attended 10 games or
more.
Calculate how many people attended 10 or more AFL games.
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24. The water content of a particular brand of shampoo is 35%. After performing
a calculation, Peter claims that an 800 mL bottle of this particular shampoo
contains 28 mL of water.

a. Explain why Peter’s calculation is incorrect.
b. Calculate how much of the shampoo in the 800 mL bottle is actually water.

25. In Perth, 14% of adults use a telephone to pay bills and 38% use the internet. If
50 adults need to pay bills, calculate how many will use the:
a. telephone b. internet.

26. In Weburbia, 85% of all households have access to the internet. If there were 34
houses in Website Street, calculate how many you would expect to have access
to the internet. Write the answer to the nearest whole number.

27. Terry runs a factory that makes parts for trucks. He has increased his staff by 12%. If Terry originally had
34 workers, calculate how many workers he has after the increase. Write the answer to the nearest whole
number.

Reasoning
28. In the year 2025, 60% of households in Geelong had a smoke alarm. Of these smoke alarms, 94% worked. A
street in Geelong has 20 houses.

a. Calculate how many houses you would expect to have a smoke alarm.
b. Calculate how many would have a smoke alarm that works. Write the answer to the nearest whole
number.

29. In some parts of Africa, 6% of women die during pregnancy or childbirth. Of 50 women living in these parts
who are pregnant, calculate how many are likely to die during pregnancy or childbirth.

30. For a radioactive substance, a half-life is the time it takes for half of the “"ﬁ;'- — >N |
radioactive atoms in the substance to decay (lose their radioactivity). For 400 g : .
of a given radioactive substance, the decay rate is 50% every 20 days. r's ;:E-: a
a. Calculate the quantity of radioactive substance left after 20 days, 40 days, “ ‘ & ‘

60 days, 80 days and 100 days. ‘
b. Calculate the percentage of the initial quantity remaining after 20 days,
40 days, 60 days, 80 days and 100 days.
c. The quantity of the radioactive substance halves every 20 days. Explain why
the percentage decrease is smaller after every 20 days.

(

Problem solving

31. Squeezy fruit drink is 36% pure orange juice and 64% water. If 1 litre of Squeezy fruit drink is mixed with
600 mL of water, determine the concentration of juice in the new mixture.

32. The students in Year 7A were voting for class captain. There were only two
candidates. Rachel received 84% of the votes and Susi received 28% of the votes.
It was then discovered that some students had voted twice. If the class consisted of
25 students, determine how many of them voted twice.

33. A department store stocked a selection of denim jeans. At the start of December,
the store had 320 of these jeans. During December, it sold 50% of the jeans. In
January, it sold 25% of the remaining denim jeans. Determine how many were left
at the end of January.
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TIEEEl One amount as a percentage of another

LEARNING INTENTION

At the end of this lesson you should be able to:
e express an amount as a percentage of another amount.

4.11.1  One amount as a percentage of another

. . amount
e To express one amount as a percentage of another, write the amounts as a fraction —————, then

. total amount’
convert the fraction to a percentage.

(Remember: To change a fraction into a percentage, multiply by 100 and add the % sign.)

e When expressing one amount as a percentage of another, make sure that both amounts are in the same unit.

WORKED EXAMPLE 38 Expressing one amount as a percentage of another

Express:
a. 15 as a percentage of 20
b. 9 as a percentage of 33. Write the answer as a mixed number.

THINK WRITE
a. 1. Write the amount as a fraction of the total: ﬂ. a. =
total amount 20
1 1
2. Multiply by g and include the % sign. = £ X (1)0%
L . 15_5
3. Simplify and then multiply. = 5 X I%
=By
1
4. State the answer. =T75%
b. 1. Write the amount as a fraction of the total:w. b. 2
total amount 33
2. Multiply by g and include the % sign. = % 1(1)0%
1
3. Simplify and then multiply. = % X (1)0%
300
= %
11
4. Write as a mixed number by dividing the denominator into the = 2713—1%

numerator.
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WORKED EXAMPLE 39 Calculating percentages with different units

Express 45¢ as a percentage of $2.

THINK WRITE
1. Write the larger amount using the smaller unit. $2 = 200 cents
2. Write the first amount as a fraction of the ﬂ
amount 200
second amount: ——.
total amount
4 1
3. Multiply by 100 and include the % sign. = hal X ﬂ%
1 200 1
. . . 45 1
4. Simplify and then multiply. = > X I%
4
_ By
2
. 1
5. Convert to a mixed number. = 225%
6. Write the answer. 45¢ is 22%% of $2.

WORKED EXAMPLE 40 Calculating percentages of test marks

Kye obtained 17 out of 30 on their Science test. Calculate their percentage
score. Round your answer to the nearest whole number.

THINK WRITE
1. Write the amount as a fraction of the total:&unt. 1—7
total amount 30
2. Multiply by g and include the % sign. = % X 1(1)0%
1 1
3. Simplify and then multiply. = ?7 X TO%
170
= %
3
4. Convert to a mixed number. =56-%
5. Round to the nearest whole number. (If the ~ 57%
fraction is a half or more, add one to
the number.)
6. Write the answer as a sentence. Kye obtained 57% for their Science test.
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Digital technology

Scientific calculators can calculate one amount as a percentage of G v
another. The answer could be either in fraction or mixed number format. 17 100 170 ‘
iz 2 |
== r el =1
Exercise 4.11  One amount as a percentage of another learn
4.11 Quick quiz 4.11 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10, 12, 14, 21, 23, 26 2,5,8,11,15,17,19, 22, 24, 3,6,9,13, 16, 18, 20, 25, 29, 30
27,28
Fluency

1. INEEA Express:
a. 2 as a percentage of 10 b. 13 as a percentage of 52 c. 8 as a percentage of 80
d. 8 as a percentage of 20 e. 15 as a percentage of 60.

2. Express:
a. 120 as a percentage of 150 b. 8 as a percentage of 25 c. 12 as a percentage of 30
d. 40 as a percentage of 200 e. 10 as a percentage of 200.

3. IEEA Express (writing the answers as mixed numbers):
a. 180 as a percentage of 720 b. 63 as a percentage of 200 c. 25 as a percentage of 400
d. 32 as a percentage of 500 e. 620 as a percentage of 3000.

4. Express (writing the answers as mixed numbers):
a. 70 as a percentage of 80 b. 12 as a percentage of 42 c. 52 as a percentage of 78
d. 11 as a percentage of 30 e. 4 as a percentage of 15.

5. Express (writing the answers as mixed numbers):

a. 5 as a percentage of 70 b. 4 as a percentage of 18 c. 3 as a percentage of 7
d. 64 as a percentage of 72 e. 15 as a percentage of 21.
6. Express (rounding all answers to the nearest whole number):
a. 7 as a percentage of 42 b. 18 as a percentage of 54
c. 95 as a percentage of 150 d. 7 as a percentage of 65.

7. Express (rounding all answers to the nearest whole number):

a. 30 as a percentage of 36 b. 14 as a percentage of 18
c. 80 as a percentage of 450 d. 8 as a percentage of 68.

8. II=EM Express the first amount as a percentage of the second amount.
a. 30c and $3 b. 200 m and 6 km c. 5mm and 4 cm

218 Jacaranda Maths Quest 7



9. Express the first amount as a percentage of the second amount.

a. 6 days and 3 weeks b. 15 minutes and 1 hour c.25mLand 2L
10. [T 4 as a percentage of 50 is:

A. 2% B. 12.5% C. 46% D. 8%
11. I 9 out of 36 as a percentage is:

A. 25% B. 9% C. 400% D. 27%
12. A 14 as a percentage of 35 is:

A. 14% B. 40% C. 20% D. 35%

13. I Alice got 42 out of 60 for her Mathematics test. Her mark as a percentage is:
A. 58% B. 60% C. 30% D. 70%

Understanding

14. IIZXA Ash Barty has won 7 out of her last 10 singles matches. Calculate the
number of wins in her last 10 matches as a percentage.

15. Three out of five people prefer chocolate ice cream to vanilla. Calculate what
percentage of people prefer chocolate ice cream to vanilla.
16. Caillan’s pocket money increased from $15 per week to $20 per week.

a. Calculate how much Caillan’s pocket money has increased by.
b. Calculate this as a percentage increase.

17. Daniel earns $500 per week. He spends $50 on petrol, $70 on rent and $60 on
food.

a. Calculate the percentage Daniel spends on:
i. petrol ii. rent iii. food.

b. Calculate what percentage of his total wage Daniel spends on petrol, rent and
food combined.
c. Calculate the percentage Daniel has left.

18. David shot 40 baskets from the free-throw line. Twenty-five of the 40 shots
went in. Calculate the percentage of scored shots.

19. Jordan had a mass of 60 kg. After one month of not eating fast food, they
lost 4 kg. Calculate their weight loss as a percentage.

20. After practising for one month, Tayla increased the speed of her
tennis serve from 120 km/h to 140 km/h. Give exact answers for
the following.

a. Calculate how much her serve speed increased by.
b. Calculate this as a percentage increase.

21. There are 28 students in a class. A survey showed that 12 walk
home, 8 catch a bus and 8 ride in a car. Write the answers as
mixed numbers.

a. Calculate the percentage of students who walk.

b. Calculate the percentage of students who catch a bus.
c. Calculate the total percentage who walk or catch a bus.
d. Calculate the percentage of students who do not walk.
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22. During one AFL season, the GWS Giants won 16 out of 22 games. Calculate the percentage of games the
Giants lost.

Reasoning

23. A baker uses 200 g of flour for 500 g of dough in one recipe, and 250 g of flour for 500 g of dough in another
recipe.

a. Identify which recipe contains the higher percentage of flour. Explain your choice.
b. Explain what happens when the quantity of flour is increased but the quantity of dough remains constant.

24. a. If you increase $100 by 25% and then decrease the new amount by 25%, will you end up with more than
$100, less than $100 or exactly $100? Give reasons for your answer.
b. Choose another amount and another percentage to test your reasoning.

25. My mother is four times older than I am. My sister is 75% of my age. She is also 10% of my grandfather’s
age. My father is 50, which is 2 years older than my mother. Calculate how old my sister and my
grandfather are.

Problem solving

26. The teacher’s mark book shows Karina has achieved the following test results in Maths.

Topic Probability Measurement Algebra Equations Geometry
15 13 27 70 95
Score — — — — —
20 15 30 80 100
Percentage

a. Copy and complete the table to show Karina’s percentage for each test. Round answers to the nearest
whole number.

b. Compare the percentage results to determine which test Karina performed best in.

c. Calculate Karina’s average percentage mark by adding up the percentages and dividing by 5, the number
of tests.

27. Determine which of the quantities below represents:

a. the highest percentage
b. the lowest percentage
c. the same percentage.

200 g out of 500 g
300 g out of 450 g
420goutof 840 g
350 g out of 700 g

28. Suggest why we need to be able to express one quantity as a percentage of another quantity.

29. A type of concrete uses 10kg of cement for a quantity of 65 kg of concrete. Another type of concrete uses
10 kg of cement for 85 kg of concrete.

a. Explain which type of concrete contains the higher percentage of cement.
b. Explain what happens when the quantity of cement is constant but the quantity of concrete increases.

30. Roseanne is planning a tour of Australia. She calculates that 70%
of the distance will be on sealed roads and the remainder on dirt
roads. If there are 1356 km of dirt roads, determine how long
Roseanne’s journey will be.
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TIWEP] Common percentages and shortcuts

LEARNING INTENTION

At the end of this lesson you should be able to:
e recognise commonly used percentages
° use common percentages as shortcuts to calculate related percentages.

4.12.1  Common percentages and shortcuts

e Common percentages that are often used in everyday life include 10%, 20%, 25%, 50%, 75%.

e The table below shows the fractional equivalents of some commonly used fractions and how to use these to
speed up calculations.

How to calculate How to calculate
Percentage = Fraction this percentage Percentage = Fraction this percentage
1 .
1% L Divide by 100 25% - Divide by 4
100 4
5% ! Divide by 20 3317 ! Divide by 3
0 —_— — /0 -
% ivide by 3 3 y
1 .
10% 1—10 Divide by 10 50% > Divide by 2
1 1 . 2 2 .

12—% - Divide by 8 66—% = Divide by 3, then
2 8 3 3 multiply by 2
20% 1 Divide by 5 75% 3 Divide by 4, then

> 4 multiply by 3

e Calculating 10% without a calculator is easy. As it is equivalent to dividing by 10, the decimal place just
needs to be moved 1 space to the left. Once you have found 10% of the amount, it is easy to calculate some
other percentages. For example:

o to calculate 5%, halve 10%
o to calculate 20%, double 10%.

Shortcut for calculating whole number percentages

Calculate 1% by dividing the amount by 100 (move the decimal point 2 spaces to the left), then
multiply 1% by the whole number that you are looking for.

For example, to calculate 12%, calculate 1%, then multiply by 12.
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WORKED EXAMPLE 41 Calculating 10% of an amount

Calculate 10% of each of the following, rounding the answer to the nearest 5 cents.

a. $37 b. $120
THINK WRITE
a. Write the question and move the position of the a. 10% of $37 = $3.70

decimal point 1 place to the left for the answer.
Remember that if there is no decimal point, put it
at the end of the number. ($37 = $37.00)

b. Write the question and move the position of the b. 10% of $120 = $12
decimal point 1 place to the left for the answer.

WORKED EXAMPLE 42 Calculating common percentages of an amount

Calculate:
a. 5% of $180 b. 20% of $7 c. 25% of $46
THINK WRITE
a. 1. Calculate 10% of the amount. a. 10% of $180 = $18
2. Calculate 5% by halving the amount obtained 5% of $180 =$18+2
in step 1. Write the answer. =$9
b. 1. Calculate 10% of the amount. b. 10% of $7 = $0.70
2. Calculate 20% by doubling the amount 20% of $7 =2x$0.70
obtained in step 1. Write the answer. =$1.40
c. 1. To calculate 25% of an amount divide it by 4. 25% of $46 = $46 -4
2. Perform the division. = $11.50
3. Write the answer. 25% of $46 = $11.50

WORKED EXAMPLE 43 Calculating percentages using shortcuts

Calculate:
a. 12% of $53 b. 43% of $120
Round your answers to the nearest 5 cents.
THINK WRITE
a. 1. Break up the percentage into lots of 10% and 1%. a. 12%=10%+2X%X 1%
2. Calculate 10% of the amount. 10% of $53 = $5.30
3. Calculate 1% of the amount and then double. 1% of $53 = $0.53
2% of $53 = 2x$0.53
= $1.06
4. Determine 12% of the amount by adding 10% and 2 X 1%. 12% of 53% = $5.30 + $1.06
= $6.36
5. Round the answer to the nearest 5 cents. = $6.35
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Alternatively, you could use the short-cut method shown below.

1. First calculate 1% of $53 by moving the decimal point 2 1% of $53 = $0.53
places to the left.
2. Multiply by 12. 12% of $53 = 12X 1% of $53
= 12x3%0.53
= $6.36
3. Round the answer to the nearest 5 cents. = $6.35
b. 1. Break up the percentage into lots of 10% b. 43% =4X10%+3X 1%
and 1%.
2. Calculate 10% and 1% of the amount. 10% of $120 = $12
1% of $120 = $1.20
3. Use the values of 10% and 1% to calculate 43% of $120. 43% of $120 =4x$12+3x$1.20
= $48 + $3.60
= $51.60
Alternatively, you could use the short-cut method shown below.
1. First calculate 1% of $120 by moving the decimal point 2 1% of $120 = $1.20
places to the left.
2. Multiply by 43 and write the answer. 43% of $120 =43 %1% of $120
=43 x$1.20
= $51.60
Exercise 4.12 Common percentages and shortcuts learn
4.12 Quick quiz 4.12 Exercise

Individual pathways

Bl PRACTISE H CONSOLIDATE H MASTER
1,4,7,10, 13, 16, 19, 22, 24, 27, 2,5,8,11,14,17, 20, 23, 25, 28, 3,6,9, 12, 15, 18, 21, 26, 29,
30, 33 31, 34 32, 35

Fluency

1. IIZ3H Calculate 10% of each of the following, rounding the answer to the nearest 5 cents.
a. $10.00 b. $18.00 c. $81.00 d. $150.00 e. $93.00

2. Calculate 10% of each of the following, rounding the answer to the nearest 5 cents.
a. $22.00 b. $17.20 c. $12.60 d. $1.50 e. $47.80

3. Calculate 10% of each of the following, rounding the answer to the nearest 5 cents.
a. $192.40 b. $507.00 c. $1926.00 d. $3041.50 e. $1999.90
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4. Calculate 10% of the following. Round your answers to the nearest 5 cents.

a. $15 b. $51 c. $9 d. $137 e. $4.29
5. Calculate 10% of the following. Round your answers to the nearest 5 cents.
a. $6.37 b. $39.17 c. $74.81 d. $102.75 e. $67.87
6. Calculate 10% of the following. Round your answers to the nearest 5 cents.
a. $517.83 b. $304.77 c. $628.41 d. $100.37 e. $207.08
7. IIZZAA Calculate 5% of each of the following. Round the answers to the nearest 5 cents.
a. $8.20 b. $6.40 c. $2.20 d. $140.20 e. $42.40
8. Calculate 5% of each of the following. Round the answers to the nearest 5 cents.
a. $10.60 b. $304.80 c. $1000 d. $103.27 e. $31.70
9. Calculate 20% of the following. Round the answers to the nearest 5 cents.
a. $21.50 b. $42.30 c. $3.30 d. $74.10 e. $0.79
10. Calculate 20% of the following. Round the answers to the nearest 5 cents.
a. $16.40 b. $135.80 c. $261.70 d. $1237 e. $5069
11. Calculate the following. Round the answers to the nearest 5 cents.
a. 15% of $12 b. 15% of $8.00 c. 15% of $60.00
12. Calculate the following. Round the answers to the nearest 5 cents.
a. 25% of $30.00 b. 25% of $90.00 c. 25% of $220.00
13. Calculate the following. Round the answers to the nearest 5 cents.
a. 30% of $15.00 b. 30% of $25.00 c. 30% of $47.50
14. Calculate 1% of the following. Round the answers to the nearest 5 cents.
a. $268 b. $713 c. $604 d. $5.60 e. $13
15. Calculate 1% of the following. Round the answers to the nearest 5 cents.
a. $14.80 b. $81.75 c. $19.89 d. $4.25 e. $6.49

16. IZEH Calculate the following. Round the answers to the nearest 5 cents.
a. 12% of $11 b. 21% of $50 c. 3% of $22 d. 6% of $40

17. Calculate the following. Round the answers to the nearest 5 cents.
a. 35% of $210 b. 9% of $17 c. 2% of $53 d. 7% of $29

18. Calculate the following. Round the answers to the nearest 5 cents.

e. 13% of $14

e. 45% of $71.50

a. 33% of $14.50 b. 42% of $3.80 c. 31% of $1.45 d. 64% of $22.50 e. 41% of $1200

Understanding
19. 1A 10% of $7.25 equals:

A. $725 B. $7.30 C. $72.50
20. A 1% of $31.48 equals:

A. $3.14 B. $0.31 C. $0.32
21. [ 15% of $124 equals:

A. $12.40 B. $1.24 C. $6.20
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22,

23.

24,

25.

26.

27.

28.

29.

= 22% of $5050 equals:
A. $60.60 B. $50.50 C. $1111 D. $43.56
Maria is buying a new set of golf clubs. The clubs are marked at $950, but if

Maria pays cash, the shop will take 10% off the marked price. Determine how
much the clubs will cost if Maria pays cash.

Thirty per cent of residents in a district are over the age of 65. If there are
180 000 residents, determine how many are over the age of 65.

Jay is buying a new lounge suite worth $2150. Jay has to leave a 15% deposit
and then pay the balance in monthly instalments.

a. Calculate the deposit Jay needs to pay. :
b. Determine how much Jay will have to pay each month if he plans to pay the A
balance off in one year.

Ninety per cent of students at a school were present for school photographs. If A
the school has 1100 students, calculate how many were absent on the day that
the photographs were taken.

Jim can swim 50 m in 31 seconds. If he improves his time by 10%, calculate Jim’s new 50 m time.

In a survey, 40 people were asked if they liked or disliked Vegemite. Of the people e ——
surveyed, 5% said they disliked Vegemite. Calculate how many people: i "”mqu“'l"/

= e
a. disliked Vegemite b. liked Vegemite.

35 800 went to the SCG to watch a Swans versus Giants football match. Of the crowd,
30% went to the game by car and 55% caught public transport. Calculate how many
people:

a. arrived by car

b. caught public transport

c. did not arrive at the game by car or public transport.

Reasoning

30.

31.

32.

When I am 5% older than I am now, I will be 21 years old. How old am I now?

The price of bread is now 250% of what it cost 20 years ago,
which is an increase of 150%. If a loaf of bread costs $2.00
now, determine how much it cost 20 years ago.

I am six months old. If I gain 10% of my current mass I
will be three times my birth mass. If my birth mass was
3 kg, determine my current mass. Round your answer to
1 decimal place.

Problem solving

33.

I'am 33 years old. I have lived in England for 8 years. If I stay in England, determine how old I will be when
the number of years I have lived here is 50% of my age. Show how you reached your answer.
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34. Kate is a carpenter and has made a cutting board as shown.

a. One of her customers asked Kate to make her a similar cutting board but 15 cm
to double its width. Calculate the percentage increase of the width of the
board.

b. A second customer asked Kate to make her a cutting board with 20 cm
dimensions 30 cm by 30 cm. Calculate:

i. the percentage increase of the width of the board
ii. the percentage increase of the length of the board
iii. the percentage increase of the perimeter of the board.
c. Explain whether there is a connection between the percentage increase of a side and the percentage
increase of the perimeter.

35. Ten per cent of the messages received by a business were from customers dissatisfied with the product
bought. Of these customers, 32% were male.

a. Calculate the overall percentage of dissatisfied male customers.
b. Calculate the overall percentage of dissatisfied female customers.
c. Explain what happens when you apply a percentage to another percentage.

XX RE] Ratios

LEARNING INTENTION

At the end of this lesson you should be able to:
e compare quantities using ratios
e simplify ratios.

4.13.1 Introduction to ratios

e Ratios are used to compare quantities of the same kind in the same unit.
That is, a ratio says how much of one value there is compared to another value.
For example, in the diagram below there is one blue square to 4 pink squares.

Expressing ratios

e A ratio of 1 to 4 is written as 1 : 4 (the quantities are separated by a colon) and is read as ‘one to
four’.

e Ratios can also be written in fraction form:

1

1:4— —

e Ratios do not have names or units of measurement.
¢ Ratios contain only whole numbers.
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WORKED EXAMPLE 44 Expressing quantities as ratios

Express each of the following statements as a ratio.
a. The fertiliser contains 3 parts of phosphorus to 2 parts of potassium.
b. Mix 1 teaspoon of salt with 3 teaspoons of flour.

THINK WRITE
a. Write the 3 parts of phosphorus to 2 parts of potassium as a ratio a. 3:2
(the number of parts of phosphorus should be written first).

b. Write the 1 teaspoon of salt with 3 teaspoons of flour as a ratio b. 1:3
(the number of teaspoons of salt should be written first).

WORKED EXAMPLE 45 Expressing quantities as fractions

Express each of the following as a fraction.
a. Scm to 7cm
b. 3000 m to 2 km

THINK WRITE
a. 1. Write the 5 cm to 7 cm as a ratio by replacing ‘to’ with “:’ a. 5:7
(5 cm should be written first). As the two numbers have the same
unit, units are not included.

2. Write the ratio as a fraction by placing the first number as a 2
numerator and the second number as a denominator (no unit 7
required).
b. 1. Express both quantities in the same units. Convert 3000 m to km or b. 3000 m to 2 km
2 km to m. 3000 m to 2000 m
2. Write the 3000 m to 2000 m as a ratio by replacing ‘to’ with “:’ 3000 : 2000
(3000 m should be written first). Omit the units and simplify. 3:2
3. Write the ratio as a fraction by placing the first number as a 3

numerator and the second number as a denominator.

4.13.2 Simplifying ratios

e Equivalent ratios are ratios that are the same when we compare them.
For instance, the ratios 2 : 3 and 4 : 6 are equivalent, as the second ratio can be obtained by multiplying both
parts of the first ratio by 2 and therefore they are the same ratios when compared.
The ratios 10:5 and 2: 1 are also equivalent, as the second ratio is obtained by dividing both parts of the
first ratio by 5.

e Ratios are usually written in simplest form — that is, reduced to lowest terms. This is achieved by dividing
each number in the ratio by the highest common factor (HCF).
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Simplification of ratios

Equivalent ratios are always multiplied 4:6 10:5
or divided by the same number. They
work in the same way as equivalent %2 %2 -5 -5
fractions.
2:3 2:1

WORKED EXAMPLE 46 Simplifying ratios

Express the ratio 9 : 15 in simplest form.

THINK WRITE
1. Determine the largest number by which both 9 and 15 can be divided The HCF is 3.
(that is, the highest common factor, HCF). It is 3.

2. To go from the ratio with the larger values to the ratio with the smaller 9:15

values, divide both 9 and 15 by 3 to obtain an equivalent ratio in

simplest form. o < > o

3:5

3. Write the answer. 3:5
Digital technology
Since simplifying ratios follows a similar process to
simplifying fractions, a calculator can be used to help oz o
check your answer. For example, in Worked example 3 9-— 1 5 3 F ik d E_
the ratio 9: 15 was simplified =
to3:5.

Using a calculator, input 9 + 15, then use the decimal
to fraction button to display the answer as a fraction in
simplest form.

WORKED EXAMPLE 47 Simplifying ratios of quantities expressed in different units

Werite the ratio of 10 cm to 30 mm in simplest form.

THINK WRITE
1. Write the question. 10cmto 30 mm
2. Express both quantities in the same units by changing 10 cm into mm 100 mm to 30 mm
(I cm=10mm).
3. Omit the units and write the two numbers as a ratio. 100: 30
4. Determine the HCF by which both 100 and 30 can be divided. It is 10. The HCF is 10.
5. Simplify the ratio by dividing both sides by the HCF. 100: 30
=10 < > =10
10:3
6. Write the answer. 10:3
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Exercise 4.13 Ratios

4.13 Quick quiz

Individual pathways

B PRACTISE
1,4,5,10,12,15,18

Fluency

1.

B CONSOLIDATE
2,6,8,11,13,16, 19

learn

4.13 Exercise

B MASTER
3,7,9,14,17, 20

IIZZH Express each of the following statements as a ratio.

a. The cake mixture contains 2 cups of flour and 5 cups of water.

b. Mix 1 cup of sugar with 3 cups of milk.

c. Sebastian Vettel’s F1 car is twice as fast as Mick’s delivery van.
d. The Tigers team finished the season with a win to loss ratio of 5 to 2.

. For the rectangle shown:

a. write the ratio of unshaded parts to shaded parts

b. write the ratio of unshaded parts to the total number of parts.
. Explain why order is important when writing ratios.

. IEZEA Express each of the following as a fraction.

a. 5 wins to 7 losses

b. 3500 m to 25 km

c. 3 apples to 4 oranges

d. 10 basketballs to 3 tennis balls

. XA Express the following ratios in simplest form.

a. 75:60 b. 154:24

. Express the following ratios in simplest form.

a. 7cm:9cm
c. 240g:2kg

. Express the following ratios in simplest form.

a. Scm: 10mm
c. 24 hours : 16 minutes

. Draw rectangles to represent the following ratios.

a. Shaded area to unshaded areais 1:1
c. Unshaded area to shaded areais 2:3

. Complete the patterns of equivalent ratios.

a. 1:4 b.2:3
2:8 4:6
012 8:
116 .15
5 121

c.36:6 d. 48:42

. 120 minutes : 2 hours
. 5 weeks to 2 months

. 600g:8kg
. 21 boys : 14 girls

. Shaded area to unshaded areais 2:7
. Unshaded area to shaded areais 3: 1

. 64:32 d. 48:64
116 132
8 116
8: 6:
01 4
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Understanding

10. The length to width ratio of the Australian flag is 2 : 3. If the length of the flag is 60 cm, determine the width
of the flag.

11. Compare the following, using a mathematical ratio (in simplest form).
a. The Hawks beat the Cats by 81 points to 60 points.

b. The cost of a bag of Maltesers chocolate is $3, but Darrell Lea chocolate costs $5.

c. In the movie audience, there were 160 children and 24 adults.
d. During the race, Rebecca’s average speed was 300 km/h while Donna’s average speed was 120 km/h.

12. Copy and complete each of the following equivalent ratios.

a. 1:3=__ :12 b.2:3=4:___ c.66:48=:__ :8 d. 36:72=12:___
13. Copy and complete each of the following equivalent ratios.
a.20:12=:__:3 b.  :6=8:24 c.8:6=_:72 d. 40: =5:6
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14. The table shows the nutritional information from a box of cereal.

Nutritional Average quantity per |
information serving =
Energy 660kJ VT
Protein 45¢

" Fat O0.lg
Carbohydrates 22¢g
Sugars 2g

' Fibre 3g
Sodium 55 mg

Write the following ratios in simplest form.

a. Sugar to total carbohydrate
b. Fat to protein

c. Protein to fibre

d. Sodium to protein

Reasoning

15.

16.

17.

The cost of tickets to two different concerts is in the ratio 4 : 7. If the more expensive ticket costs $560, then
determine the cost of the cheaper ticket.

A student received a score of % for a Maths test.

a. Write the ratio of the total marks received compared with the total marks lost.
b. Write the ratio of the total marks lost compared with the total possible marks.

The total attendance at a concert was 62 400 people. Of this total, 24 800 people were male.

a. Calculate how many females attended the concert.
b. Compare the number of females to males by writing the ratio in simplest form.
c. Write the number of females as a fraction of the number of males.

Problem solving

18.

19.

20.

The ratio of gold coins to silver coins in a purse is 2 : 5. If there are 10 gold coins in the purse, determine the
smallest number of coins that needs to be added so that the ratio of gold coins to silver coins changes
to3:4.

Out of 200 people selected for a school survey, 168 were students, 20 were teachers and the rest were
support staff.

a. Write the ratio of teachers to students.

b. Write the ratio of support staff to teachers.

c. Write the ratio of students to people surveyed.

d. Write the number of teachers as a fraction of the number of people surveyed.

You drop a rubber ball from a height of 10 m. The ball rebounds to a height of 8 m and then to a height of
6.4 m. The ball continues to bounce in the same ratio.

a. Calculate the height of the ball when the top of its bounce is less than 3 m.
b. Determine on which number bounce this occurs.
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S \WRF) Review

4.14.1

Topic summary

‘Working with fractions

* When working with fractions, mixed numbers
provide the user with a good understanding of
the value.

* However, when computing operations with
fractions (addition, subtraction, multiplication
and division), it is best to have all fractions
expressed as proper fractions.

Finding a percentage
of a quantity

« Finding a percentage of a
number or a quantity is the
same as finding an
equivalent fraction of that
number or quantity.
Remember that in
mathematics the word ‘of”
means multiply.

e.g. Determine 15% of $80.

15% of $80 = 2 x 80

Types of fractions

« Fractions are used to represent parts of a whole. 11050 8
« Proper fractions have a numerator = jog XT
that is less than the denominator, e.g. =.
« Improper fractions have a numerator =120
that is greater than the denominator, e.g. 3° _ 1120

* A mixed number consists of an

integer and a proper fraction, e.g. 2 7

FRACTIONS, PERCENTAGES AND RATIOS

Addition and subtraction of fractions

To add or subtract fractions, follow the

steps below:

. Examine the denominators of all
fractions and determine the lowest
common multiple (LCM).

To multiply fractions together,
follow the three steps below:
1. Multiply the numerators.

2. Multiply the denominators.
3. Simplify the fraction if

—

possible. 2. Use the method of equivalent fractions
o4z e L4 to chan.ge each fraction so that the
2 9 denominators are all the same.
l14_1x4_4_2 3. Depending on the symbol in the
2 9 2x9 18 9 question, add or subtract the numerators
leaving the denominator unchanged.
Dividing fractions e.g. Evaluate 2 + 7.
4
To divide two fractions, follow the LCM =12
KEEP, CHANGE, FLIP method 2 7 2 4 7 3 8 21
outlined below and then multiply 3 + 4°3 S 4 + s X 3712 + i)
the fractions together.
1. KEEP the fraction to the left of =8 1"2 21 g

the + symbol the same.
2. CHANGE the division sign to a
multiplication sign.

Expressing a percentage as a fraction
3. FLIP (invert) the fraction to the

right of the symbol. * To convert a percentage to a fraction,
3 2 simply divide by 100 and remove the
e.g. Evaluat 177 percentage symbol.

KEEP CHANGE FLIP e.g. Express 80% as a common fraction.
7

80% = 80 + 100
= X -
4 2 _807 4
3.2_3,7_3x7_121 T1007°7 s
477 472 4x2 8 =0.54

Simplifying fractions

« Fractions can be simplified by
dividing the numerator and
denominator by the same number.
A fraction is in its simplest form
when there are no factors (other
than 1) that are common to both

the numerator and denominator.
. .~ 80

e.g. Simplify Dok
Divide the numerator
and denominator by 10.

8010 _ E

20010 20
There are still numbers
that divide into both

8 and 20.

Divide the numerator
and denominator by 4.
80%]0 8+4 _ 2

20070 " 20°¢

5

Equivalent fractions

* Equivalent fractions are fractions
that have the same value but look
different.

are equivalent fractions.

The value of each fraction is 0.5.
Equivalent fractions can be
created by multiplying both the
numerator and denominator by
the same number.

e.g.
1,2_2
2 2 4
1 _50_ 50
Lo
2 5 100

Converting fractions

to percentages

To express a fraction as a
percentage, simply multiply by
100 and include the percentage
symbol.

e.g. Bxpress 5 as a percentage.
9 _9 108
20)(100%_2g>< 1 %

=0¢q
2

=45%

 Ratios compare quantities in the same unit.
e 1:3isread is ‘the ratio of 1 to 3°.

L+ Ratios contain only integer values without units.
 They can be converted into fractions.

3
2

eg. 2.5 =>% and
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Equivalent ratios

« Ratios are equivalent if one can be converted into
the other by multiplying or dividing by a factor.

e.g.

X2

« Ratios are generally written in simplest form.



4.14.2 Success criteria

Tick the column to indicate that you have completed the lesson and how well you think you have understood it
using the traffic light system.

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

Lesson Success criteria ‘ O .
4.2 | understand the concept of a fraction.
| can convert between equivalent fractions.
| can compare fractions.
4.3 | can simplify fractions.
| can simplify mixed numbers.
4.4 | can convert between mixed numbers and improper fractions.
4.5 | can add and subtract fractions.
4.6 | can multiply fractions by a whole number.
| can multiply fractions by another fraction.
| can calculate fractions of a fraction.
| can calculate fractions of an amount.
4.7 | can divide fractions.
4.8 | can add, subtract, multiply and divide mixed numbers.
4.9 | can convert percentages to fractions.
4.10 | can calculate percentages of amounts using fractions.
4.11 | can express an amount as a percentage of another amount.
4.12 | can recognise commonly used percentages.
| can use common percentages as shortcuts to calculate related
percentages.
4.13 | can compare quantities using ratios.
| can simplify ratios.
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4.14.3 Project

The Memory game

The game Memory is played with a standard deck
of playing cards. All cards are placed face-side
down on a table and each player takes turns to
reveal 2 cards. If the 2 cards contain the same
number or suit, they are a pair and the player gets
another turn. If they are not a pair, they are returned
to their original spot and turned face-down. The
object of the game is to remember where the same
cards are and collect as many pairs as you can. The
winner is the person with the most pairs.

Your task is to develop a version of Memory with a fractions flavour. Each of your cards will have a fraction
written on it and its pair will be an equivalent fraction.
1. As an introduction to the game, match the pairs of equivalent fractions on the cards below.

6131341
8 /|9 13482

A B C D E F

The requirements for your game are as follows.
e There are 15 pairs of equivalent fractions in this game — that makes 30 cards.
¢ One of the fractions of each pair must be in simplest form.

1 4 1 4
e For example, B and e are an acceptable pair, but 3—3 and e are not.

e Fractions don’t have to be proper fractions. Equivalent mixed numbers and improper fractions are
allowed.

2. Using the information in step 1, write down the 15 pairs of fractions that will be a part of your memory
game.

When the game is packaged for sale, additional information accompanies the cards. This information
includes a list of the fractions enclosed and instructions for the game. The list of fractions is given in order
from smallest to largest.

3. List your fraction pairs in order from smallest to largest.

When items are placed for sale, presentation of the packaging is important. Eye-catching designs will attract
attention, and mistakes must be avoided at all costs. You are now the designer for a company that is going to
market the new game.

4. In your workbook or on a blank piece of paper, draw two rectangles the size of playing cards. In the first
rectangle, design the back of your cards, and in the second rectangle, design how the fractions will
appear on the face of the cards.

The playing instructions are very important pieces of information in games. They explain the number of
players allowed, how the game is to be played and who wins.

5. Taking into consideration the information that has been provided for you throughout this task, write a set
of instructions that show how your Memory game is played.

6. Now construct your own game cards and present them in a suitable package. Remember, presentation of
the game is important. When you have finished, try the game out with your friends.
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% Exercise 4.14 Review questions learn(:]i]

Fluency

1. State the fraction of the eggs in this carton that are white.

2. Write the sequence of the first three equivalent fractions for the following.
4

b. — c. i d. 9
9 11 7

o0 | W

a.

3. Fill the gaps to make equivalent fractions.
3 1 3 3 2

==== b.—-=—-—=— C.—=—=— d-=—=—
4 5

S S
2 4 3 15

4. Ricky, Leo and Gabriel were the highest goal scorers
for their local football team throughout the

season. Ricky scored % of the team’s goals, Leo scored

% of the goals and Gabriel scored i of the goals.

a. Determine who scored most of the goals.
b. State who scored more goals: Ricky or Gabriel.

5. Simplify these fractions.

42 81 18 21
a. — b. — Cc. — d —
49 108 20 28
6. Simplify these fractions.
50 75 2 36
a. — b. — c. — d. —
150 125 80 72
7. Simplify the following mixed numbers.
a. 6= b.32 c. 42 a. 122
10 9 20 100

8. Determine what fraction of months of the year begin with the letter J. Express your answer in
simplest form.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Convert these improper fractions to mixed numbers.

16 21
a. — b. —
3 5
Convert these improper fractions to mixed numbers.
a. g b. @
4 7
Express these mixed numbers as improper fractions.
a. 2g b. 9z
4 8
Express these mixed numbers as improper fractions.
a. 3z b. 9i
3 10

Marcella was in charge of baking and selling lemon slice at
the school fete. Each tray she baked contained 15 pieces of
lemon slice. If Marcella sold 68 slices, determine how many

empty trays there were.

Evaluate:
5 1 7 2 12 4
a.—+ — b .
6 8 9 5 5
Evaluate:

2 3
a. — X — b. — X -
9 5 5

Evaluate:

a. § of 55 b. — of 121

Write the reciprocals of:

a. é b. l
2 9
Evaluate:
4 8 9 27
a.— - — b. —+ —
5 15 10 40
Evaluate:
a1l42d b. 105 —81
8 6 7 2
Evaluate:
a.82—4§ b. 122_112
9 8 11 9
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c. 3E
12

B
25 18
c. — X —
36 20
czofB
9 84
1
c. —
4
c.z+4
9
c.6l—2§
3 9
cll+3l——
5 3

Wi
56 18
= X=
81 64
.ionOO
12
53
4
.§+10
7
sl_53
2 6
4l 1243k
9 6 3



21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Evaluate:

a.102x6% b.ilex2 c.3i><1§><2l d.£><ll><3g
7 9 9 4 5 12 5 2 17 4 5

Evaluate:
a. 1l +4i b. 6z+4l c. 4l+22 d. 101+12§

2 5 3 6 5 8 3 7
Write the following percentages as fractions in simplest form.
a. 13% b. 70% c. 26% d. 132%
Change the following fractions to percentages.

15 11 3 18
a. — b. — c. — d —

100 20 5 36
Change the following fractions to percentages.

30 8 5 4
a. — b. — @ = d —

80 15 6 11
Calculate the following percentages using fractions.
a. 5% of 120 b. 60% of 20 c. 75% of 52 d. 130% of 30
Calculate the following percentages using fractions.
a. 14% of 45 b. 7% of 530 c. 32% of 15 d. 17% of 80
Express:
a. 30 as a percentage of 50 b. 18 as a percentage of 60
c. 32 as a percentage of 80 d. 28 as a percentage of 70.
Express:

a. 4 days as a percentage of 8 weeks
b. 20 minutes as a percentage of 3 hours.

Calculate 5% of the following by finding 10% and halving your answer. Round your answer to the
nearest 5 cents.

a. $8.00 b. $21.00 c. $64.00 d. $104.00

Calculate the following using shortcuts. Round your answer to the nearest 5 cents.
a. 1% of $16.00 b. 1% of $28.00 c. 12% of $42.00 d. 30% of $90.00

Express in simplest form.
a.8:10 b. 14:21 c.16:64 d.24:18
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Problem solving

33.

34.

35.

36.

37.

38.

39.

40.

Year 7 students at Freemantle Secondary College raised a total of $1600 for a childen’s charity. The
table below shows how much money each class raised.

7.1 7.2 7.3 7.4 7.5 7.6
Amount raised ($) $200 $400 $250 $250 $280 $220

Express as a simple fraction how much of the total each class raised.

Anthony’s monthly take-home pay is $2800. He spends a quarter on his home loan payments, one-half
on food and drink, and one-seventh on clothing. One-half of the remainder goes into his savings
account. Calculate how much money Anthony saves each month.

On a balance scale, a brick exactly balances % of a brick and a % kg weight. How heavy is the brick?

lkg
brick | J | 3

1 brick

Complete the following:

5 1 5 2 5 3 5 4
a—=-—+7? b.—=--7 c. —=-X%X"? d —==-=7?
12 4 12 3 12 4 12 5

Explain how you can determine a fraction whose numerator and denominator have a product of 252,

and that is equivalent to =

Tomas buys a 24-piece pizza and eats 8 pieces. Drew buys a 16-piece pizza of the same size, and eats
5 pieces. Identify who ate the most pizza and explain your choice.

An Egyptian fraction is one that can be written as the sum of a set of different unit fractions: for
. L . 4
example, Z = E + Z (Note: The numerator of each unit fraction is 1.) Write g as the sum of a

set of different unit fractions.

. 1. .
Mr Thompson earned $2400 per month. Recently, he had a pay increase. He now earns 1 : times his

old salary. Calculate his new salary.

1
Mr Thompson’s colleague, Mr Goody, earned $3000 per month and had a pay cut. He now gets P less
of his old salary. Calculate Mr Goody’s new salary.
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41.

42,

43.

44.

45.

46.

47.

48.

A shopping centre has 250 parking spaces. Of these, 3 are suitable for small cars only. The remaining
spaces are for standard cars. Last Friday small cars took up 5 of their allocated spots, but overall the
car park was z full.

10

Determine the fraction of standard car spaces that were filled.

Byron needs % kg of catalyst mixed with 4% kg of resin to create one surfboard.

1 1
a. If he has 21 kg of catalyst and ZOZ kg of resin, how many whole surfboards can Byron build?

b. Calculate how much more catalyst and resin Byron needs to build one more surfboard. Explain your
reasoning.

Calculate the percentage that remains if:
a. 38% of the winnings have been spent
b. all stock was discounted 25%.

Eighty per cent of a Year 7 Maths class got question 1 correct on their percentages test. If there are
30 students in the class, calculate how many got the question correct.

Forty per cent of primary-school children can sing the national anthem. In a group of 675
primary-school children, calculate how many you would expect to be able to sing the national anthem.

Lake Eyre in South Australia has an annual rainfall of
around 100 mm. If 8 mm fell in one week, give this as a
percentage of the annual rainfall.

A tennis player agreed to pay her coach 8% of her winnings
from tournaments. If she wins $145 000 in a tournament,
calculate how much her coach receives.

At Queens High School, there are 900 students.
45% walk to school.

55% don’t walk to school.

12% of students wear glasses.

Identify which of the following statements is definitely

false. (There may be more than one answer.)

a. There are 100 students who don’t walk to school and
who wear glasses.

b. 10% of the students who don’t walk to school and 2%
of the students who do walk to school wear glasses.

c. 20% of the students who walk to school wear glasses.

d. More than 22% of the students who don’t walk to
school wear glasses.

TOPIC 4 Fractions, percentages and ratios 239



49. The label on a 500 g pack of butter states that it contains 81% fat. A milk bottle label says that the milk
contains 3 grams of fat per 100 mL. Determine the number of litres of this milk that contains the same
amount of fat as there is in the butter.

50. In a recent survey of house occupancy in a town, it was discovered that 40% of the houses contained
2 or more people. Of those houses that contain only 1 person, 25% of them contained a male. Of all the
houses in a town, calculate the percentage that contains only 1 female and no males.

51. A television set has a ticketed price of $2500. A 10% discount is

allowed on the set.

a. Calculate the negotiated price of the television set.

b. If a further 10% is negotiated off the price of the set, calculate
the price paid.

c. Calculate the total discount as a percentage of the original
ticketed price.

d. Explain why two successive 10% discounts do not equal a
20% discount.

52. Joseph wants to spend $2500 on a new barbecue. Since he works
at a BBQ store he can get a staff discount of 10%. He can also get
a discount of 30% in the stocktake sale.
Joseph wants to know whether he should ask the salesman to
apply his staff discount or the sale discount first to achieve the
cheapest price.
a. Calculate how much the barbecue will cost if the staff discount

is taken off first and then the sale discount is taken off.

b. Calculate how much it will cost if done the opposite way.
c. Decide which method Joseph should select to get the best price.

53. Two triangles have the same area. Show that if one triangle has a 25% wider base than the other, then it
must be 20% shorter (that is, its height must be 20% less).

54. Justin uses 375 grams of cream cheese to make a cheesecake that serves
12 people, using the recipe shown.
Ingredients
250 g sweet plain biscuits
125 g unsalted butter
375 g cream cheese, softened
1 lemon, zested
2 tsp vanilla essence
a. Write the ratio of cream cheese to butter.
b. Calculate how many grams of cream cheese Justin needs to make a
cheesecake that serves 8 people.

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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7 14 21 28
B - =—=—=—
Answers S=—=o=s
. . 14. <1 I — T >
Topic 4 Fractions and percentages U £ 143 2
4.1 Pre-test 15. < I T T
1B 0 L 2 A 2 83
, 3 . 5 3 303 3
. a - = 3 7 1 1
8 8 16. a. = b. = c. = d. -
3 5 8 5 8
3.5— 3 5 5 4
4 17. a. — b. — [ d. -
3 4 8 8 5
3 18. a. > b. > c. > d. <
5. 100 minutes 19. D
6. A 20. B
7. 36 o1 9 12 8 1 3 1
8. 187 cm "247 247 247378 2
o, AL ,p 45 40 28 7 23
200 "607 607 607 157 37 4
0.cy by 30 _ 18 _ 27
1.2 — b. 0.12 "0 24 36
a %5 40 24 36
12. 11036 24_E:§:@
13, 75% 18 42 48
25. 7 does not divide into 2 evenly, so it would be difficult to
14. D .
mark the equal parts. It would be more appropriate to use a
15. $15.58

scale of 3.5 cm or 7 cm per whole number.

26. As the denominator doubles, the distance between fractions

4.2 Fractions and equivalence halves, because doubling the denominator is the same as

A % b, E . % dividing the fraction by 2.
27. a. Sally Hanna
1 |
2. = a®
; 54
, Y 24
) ’ .
DR A %
. a. — , e— g e
i i w: %
5 i Sonya Velnessa
11 b. Vanessa
7 c. They ate the same amount.
6. — of an hour
60 28. Lee Yin
7.a.3 b. 3 c. 4 d. 5 19 1
29, —, —
8. a.6 b. 9 c. 11 d. 12 60" 3
30.
20 14 40
o=, =, — 4 [
30 21 60 Shirly Brent D
12 36 16 28 80 “1
10. —, —, —, ==, — 2
157 45" 20" 35 100 atl
35 21 14 140 5
"=, =, —, — 23
50" 30 20 200 € >
5 10 15 20 . e .
12 = —=—=— 4.3 Simplifying fractions
6 12 18 24
1 2 7 4
1. a = b. = c. — d -
2 3 8 5
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) 5 N 24 7 4 7 4.4 Mixed numbers and improper fractions
%6 25 “3 10 1. a. .
1 1 3 7 ’
3.a. — b. — c. = d -
12 25 8 8
3 5 11
4.a.4- b. 7= c. 10= d. 1—
5 6 12
3 1 1
5. a. 6— b. 5- c. 3- d.2-
3 5 4
6.D
21 3
7. — =~
28 4
20 5 16 4 2.
8.a —=- b. —=—
36 9 36 9
1 8 2
9. 7A:=,7B:—,7C:—,7D: —, 7E:—
5 20 25 25 4
10. a. 40
5 1 10 1 8 3
b. Mark: — = —, Ken: — = —, Samantha: — = —,
40 8 40 4 40 5
Jules: — = —, Ahmed: — = —, Darren: —
40 20 40 10 40
11. Newcastle to Sydney is more reliable. 4
12. a. ’
5.
6.
7
8.
b, o 9.
4
c.
1
d =
8
e. Because two smallest triangles form one middle size c.
. 13
triangle ‘ ‘ 5
13. The denominator could be any multiple of 13 because the
fraction is not written in its simplest form and 13 is a prime
number.
14. a. Six pizzas 9 15 13 8 9
b. Two quarters (one half) of a pizza are left over. 10. a. 3 b. n “ % d. 7 €3
5 8 B 002, b, B 0o S 39
14586 13584 17469 na "4 “9 2 ¢35
16 2 33 47 7 21 47
"5 12. a. — — c. = d — e. —
5 5 2 5 7
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29 43 67 21 53 3 3 8
13. a. — b. — c. — d. — e. — 4.a. 1 b.= c. - d. -
10 12 7 11 6 4 4 9
14. D 3 1 3 3
15D 5.a.Z b.Z c.; d.Z
16. A 2 13 16 2
1 3 6. a. 5 b. E c. g . g
17. Kim: ZZ’ Carly: 22
| 7.a. i.6 ii. 15 ii. 10 iv. 12
18. 6— 1 4 9 7
2 b. i - ii. — jii. — iv. —
3 6 15 10 12
19. 47 8. a.i l8 ii. 8 iii. 24 iv. 35
17 5 11 11
20. a. > b ¢ < d boi. = i. 2 il 2 v. =<
21, a. < b. < c. < d. <
1 0 5 b 23 39 g 1
.a. — . — c. — -
22. 105 6 36 44 4
.23 .23 17 23 7
23.a. I 7 1. Z 10. a. — b. — c. — d. —
63 39 15 33
b 7 11.D
| I I l I | | l 7 parts in a whole 7 2 19 7
12. a. — b. = C. st d. —
12 5 24 30
| I I I | | l ‘ 7 parts in a whole — 21 parts 7 1 11 11
13. a. — b. = c. l— d 11—
16 3 12 12
LD DL 7pansina whote 3 4 60 3
- 14. a. 4_1 b. ; [ 7—1 d. lg
| | | l I | l ‘ 2 parts in a whole 8 1 2 1
4 15. a. 2— b. 4— c.9- d. 22—
o4 = 15 6 3 10
5
25. a. 25 b. 77 16.a. 75 b 75
14 2 1
26. a. ? or 4§km 17. 1Z hours
56 2
— = 3 7
b 3 or 1831(111 18. a. — b. — c. 1
4 12
7
c. — or 23—km 2 23
3 3 19. a. — b. —
3 30
1 1 1 1 1
27.1-,2—,2-,3=,3= 20. 135
4127 6 8 3

21. To add fractions, you must convert to equivalent fractions
with the same denominators. You cannot simply add the
numerators and add the denominators.

28. To write an improper fraction as a mixed number we divide
the denominator into the numerator and write the remainder
over the same denominator. Alternatively, we can draw

1
circles to determine how many whole numbers we have, 22, —
and the parts left over will be the fraction part of the mixed 12 9
number. 23. a.i. = i, — i, —
12 20
4.5 Adding and subtracting fractions
4 6 5 31 b. When adding two fractions, both with the numerator of 1
1. a. 5: b. ‘1—1' c. '6' d. 5_6 and denominators that are consecutive numbers, the
. sum of denominators
1 1 1 1 answer is - 3
2, a — b. = c..— d. — product of denominators
2 4 3 2
1 1 1
9 11 7 6 24.a. i.— i, — i, —
3. a. — b. — .= d. = wa b . :
* 25 12 “3 7 6 12 20

TOPIC 4 Fractions, percentages and ratios 243



b. When subtracting two fractions that both have a 1
numerator of 1 and denominators that are consecutive b 5
1 3 .
numbers, the answer is - : 13. a - b 36 litres
product of denominators 4
. 1 14. a. 2 b. 4 c. 10
nn+1) 15. a.

25. Fractions cannot be added or subtracted unless they have the
same denominator. This is because we need to be adding or
subtracting like fractions. If the denominators are different,
we can make the two fractions into equivalent fractions by
finding the lowest common denominator (LCD). The LCD
is the smallest multiple of all the denominators in a set of c.
fractions.
1

26.
E 2 2
1 c. 140 + 26— = 166—= minutes

® T
17. a.i. = ii. = iii. =
e 3 4 5

16. a. 90 minutes

() i
b —_—-

180 2

b. The result from the numerator of the first fraction and the

4.6 Multiplying fractions denominator of the last fraction
1 1 1 o, s
1. a.2 b. 25 c.75 d. IZ 100
1
1 2 20 11 18. — X 2400 = $100
2.a. — b. = c. — d. — 24
8 9 27 26 1
54 121 40 5 18. 1217km
3.a. — b. — c. — d —
77 144 81 24 16 9
55 25 3 20. Red = lim, green = lgm
4. a. i b. ﬁ c. 5 d. E
4.7 Dividing fractions
1 1 5 1
= = . s 4 7 5 3 1
5. a. 6 b. 3 c- 14 d. 10 1. a. = b. = c. — d. = e.=
3 2 6 5 5
6 a2 b 1 oL 4 12 L 122 3 L3 1
a— = c = e e —
> 2 35 5 9 5 10 20
7. a. i b. l c. l d. l 3.a. 12 b. 5 c. 11 d. 6 e. 1
? ! 3 20 4 3 b 7 7 g 8 10
a. — . — Cc. — . — e. —
8. ok b, o &2 o4 2 5 31 65 27 69
8 2 36 ? 7 3 2 9 9
9. a. 28 b. 45 c. 15 d. 16 S.a b e 4y e
. 1 1
10. Emily drank 2 L. Tracy drank = L. Jonathan drank 5 L. 6.a.l b. 1 c. 1
, , .3 L 16 1 L% A
11. a. 32 minutes b. 35 minutes - a. 3 "3 c. 3 55 e.
12. a.
3 2 1 3
8.a. — b. 1 c. — d. = e. —
10 35 9
5 1 63 12 0
9. a. — b. — c. — d — e.i—
9 22 50 17

10. Lily is correct.
11. 32
12. 15 people

Here is one example answer.
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13.

14.

15.

Slo Ble »|3

4.8 Calculating with mixed numbers

1.

10.

11.

12.

13.

14.

15.

16.

7 1
a. 4— b. 1=
10 6
1 1
La. 1l— b. 6—
10 4
5 7
.a. 1= b.1—
8 10
17 7
.a.2— b. 3—
35 8
7 2
.a.T—;7 b.3-;3
12 3
5 1
a. — b. 2—
6 4
5
a. 37— b. 34—
21
9
a. 1— . —
14
29
a. 3 b. 2—
40
5
1-L
6
5.
1— inches
16
1
1— months
12
61 d
- days
1 y
3 k
16 ¢
a. 22 b. 96
3
— cup sugar
3 p sug
3 .
g cup margarine
3
7 cup peanut butter
3 eggs

1
2= cups milk
) ups mi
3 .
34_1 cups self-raising flour

3
g teaspoon baking soda

5
c.3—

1
c. 1=
3

2
c.3—-
3

13

c.3—
18

1
c.4-;4
2

19
c.4—
32

c. 10

17

18.
19.

20.

21.

22,

23.

24.

25.
26.

4.9 Percentages as fractions

1

1
.3—kg

0

7 containers
$52.50

a. 3—cm

16

500 women

b. 2—cm
1

1 10
We could convert 35 to an improper fraction, -3— We

1
would then multiply it by 5"

10
3

1
Alternatively, we could draw a picture of 33- circles and
1
divide each by > and then add these fractions together,

2
giving us a result of 15.

1

2

2961 m
The gymnasium should keep the drink machine.

1. a.

10.

11.

12.
13.
14.

W)

10 5

6 3

2

3

b. 12 minutes

17 29 79 g 99
00 100 “ 100 ¢ 100
19 33 9 243
— b. — c. — d. —
100 100 100 100
1 4 7 3
- b. — c. — -
2 5 20 5
9 3 1 37
—_— b. — c. — —_—
20 25 20 50

1 4 2 5
1- b. 1= c.-=2 d.—-=5
2 5 1 1
7 9 197 81
— b.— o — —
200 125 1000 250
31 . 81 283 2069
200 500 “ 1000 5000
907 . 5799 243 1
5000 10000 2000 2000
1 1 1 1
— b, C, | —
200 500 150 1000
33 31 29 31

| — b. — c. — | ——
400 150 300 200
83 . 7 101 | 41

" 800 " 60 200 200

3

" 100

127

" 100

1

10

1

" 50

3

1=

25

$550

14

" 125
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20

15, — = l 11.D
1005 12. B
16. 2 = l 13. D
100 20 14.D
17. ﬂ = 2 15. 210 students
100 20 o 16. 73 days
18. 32% were born overseas — 17. 1 person
) 25 18. a. 80% b. 1600 people
19. a. 5 19. a. $22 b. $572
] 20. $1 600 000
b. 3 21. $12 000
c. Not necessarily. There could be an overlap of students 22. 47 species
with blue eyes who have pets. 23. 600000 people
4 24. a. Peter calculated 35% of 80 mL rather than 800 mL.
20.a. 3 b. 280 mL
1 25. a. 7 adults b. 19 adults
b- 2 26. 29 houses
c. Although the two molecules contain the same number 27. 38 workers
of hydrogen atoms, the total number of atoms differs 28. a. 12 houses b. 11 houses
between the two molecules. 20. 3
21. a. S7hsetyscored a higher percentage in the second game 30. a. 200 g, 100 g, 50 g, 25 g and 12.5¢
b ( . ‘I?l.creased percentage b. 50%,25%, 12.5%,6.25% and 3.125%
ii. Unchanged c. Every 20 days the quantity of the radioactive substance is
smaller so there is a 50% reduction of an already reduced
iii. Decreased percentage .
quantity.
1
22. Less than— 31. 22.5%
2 32. 3 students voted twice.
2 23
23. a. — b. — c. 8 people 33. 120
25 25
7 81 17 13 4.11 One amount as a percentage of another
24, a. — b. — ) d. —
* 20 100  “20 200 1.2.20% b.25% c. 10% d.40% e 25%
05 17 b 83 17 2.a.80% b.32% ¢c.40% d.20% e. 5%
.a. — . — c.
100 100 1 1 2 2
3.a.25% b.31=% ¢c.6=% d.6=% e.20-%
2 4 5 3
4.10 Calculating percentages of an amount 1 4 2 2 >
1. a. 180 b. 4 c. 60 4. a. 875% b. 28;% c. 665% d. 365% e. 265%
1 1
= = 1 2 6 8 3
2a b5 b.105 78 5.a.7=% b.225% c.42-% d.88=% e.71=%
7 9 7 9 7
g2 10 b6 a3 dI8eb 6.a.17% b.33% ¢ 63% d. 11%
4.a.6 b. 77 c. 4000 d. 66 e. 17 7. 2.83%  b.78% o 18%  d. 12%
5. a. 39 b. 95 c. 55 d. 12 e. 25 1 1
3 4 7 1 1 8. a. 10% b. 3-% C. 12—%
6.a.3> b4~ cl— d18= e 13- 3 2
5 5 10 2 5 4 1
3 1 9 4 ) 9.a.28=% b.25% c. 1-%
7.a.24> b ll— c 58— d.20- e 98- 7 4
4 10 10 5 5 10.D
8. A 11. A
9.D 12. B
10.D 13.D
14. 70%
15. 60%
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16.

17.

18.

19.

20.

21.

22,

23.

24,

25.
26.

27.

28.

29.

30.

1
a. $5 b. 335%

a. i. 10% ii. 14% iii. 12%
b. 36%
c. 64%

1
62-%
2
2
6=%
3

2
a.20km/h b. 165%

6 4 3 1
a.42-% b.28=% ¢c.71=% d.57=%
7 7 7 7
3
27—%
11
a. Second recipe. The second recipe contains 50% flour

compared to 40% in the first recipe.

b. The percentage of flour increases

a. Less than $100 because 25% of the new amount is
larger than the amount added. So, a higher amount is
subtracted.

b. Sample responses can be found in the worked solutions
in the online resources.

Sister is 9; grandfather is 90.

a.
Topic Prob. | M’ment Algebra | Eqns Geo.

15 13 27 70 95

Score —_ —_ — — —_
20 15 30 80 100

Percentage | 75 87 90 88 95

(=3

. Geometry

c. 87%

. 300 g out of 450 g (300 g out of 450 g represents 67%.)

. 200 g out of 500 g (200 g out of 500 g represents 40%.)

. 420 g out of 840 g and 350 g out of 700 g (420 g out of
840 g and 350 g out of 700 g both represent 50%.)

Expressing one quantity as a percentage of another quantity

allows us to compare the two quantities.

T o

2]

a. First recipe. The first type of concrete contains
15.4% cement, and the second type of concrete contains
11.8% cement.

b. The percentage of cement decreases.

4520km

4.12 Common percentages and shortcuts

1.
2.

[

© N o o »

a. $1.00 b.$1.80 c.$8.10 d.$15.00 e. $9.30
a. $2.20 b.$1.70 c.$1.25 d.$0.15 e. $4.80

a. $19.25 b. $50.70 c. $192.60
d. $304.15 e. $200.00

a. $1.50 b.$5.10 c. $0.90 d.$13.70 e. $0.45
a. $0.65 b.$3.90 c.$7.50 d.$10.30 e. $6.80
a. $51.80 b. $30.50 c. $62.85 d. $10.05 e. $20.70
a. $0.40 b.$0.30 c.$0.10 d.$7.00 e.$2.10
a. $0.55 b.$15.25 c. $50  d. $5.15 e. $1.60

9.a.$4.30 b.$8.45 c.$0.65 d.$14.80 e. $0.15
10. a. $3.30 b. $27.15 c. $52.35
d. $247.40 e. $1013.80
11. a. $1.80 b. $1.20 c. $9.00
12. a. $7.50 b. $22.50 c. $55.00
13. a. $4.50 b. $7.50 c. $14.25
14. a. $2.70 b. $7.15 c. $6.05 d. $0.05 e. $0.15
15. a. $0.15 b. $0.80 c. $0.20 d. $0.05 e. $0.05
16. a. $1.30 b. $10.50 c. $0.65 d. $2.40 e. $1.80
17. a. $73.50 b. $1.55 c. $1.05 d. $2.05 e. $32.20
18. a. $4.80 b. $1.60 c. $0.45 d. $14.40 e. $492
19. D
20. B
21. D
22. C
23. $855
24. 54000 residents
25. a. $322.50 b. $152.30
26. 110 students
27. 27.9 seconds
28. a. 2 people b. 38 people
29. a. 10740 people
b. 19690 people
c. 5370 people
30. 20 years old
31. $0.80
32. 8.2kg
33. 50 years old
34. a. 100%
b. i. 100% ii. 50% iii. 71.4%
c. No, because the two lengths have changed at different
percentages
35. a.3.2%
b. 6.8%
c. The overall percentage is a lot smaller.
4.13 Ratios
1.a.2:5 b.1:3 c.2:1 d.5:2
2.a.7:5 b.7:12
3. The order is very important in ratios. By changing the order
of a ratio, the meaning changes. For example, if the ratio of
losses to wins is 2 : 3, the 2 corresponds to the losses and
the 3 corresponds to the wins. If we change the order of the
ratio to 3 : 2 then the 3 corresponds to the losses and the 2
corresponds to the wins, which is not correct.
5 7 3 10
4. a. — b. — C. 7 d —
7 50 4 3
5.a.5:4 b. 77:12 c.6:1 d. 8:7
6.a.7:9 b.1:1 c.3:25 d.5:8
7.a.5:1 b.3:40 c.90:1 d.3:2
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8 o ]
1:1
Sl S T N L S
2:7
il | | | | |
2:3
d| | | | ]
3:1
9.a. 1:4
2:8
3:12
4:16
5:20
b.2:3
4:6
8:12
10:15
14:21
c. 64:32
32:16
16:8
8:4
2:1
d. 48:64
24:32
12:16
6:8
3:4
10. The width of the flag is 90 cm.
11. a. 27:20 b.3:5 c.20:3 d.5:2
12.a. 1:3=4:12 b.2:3=4:6
c.66:48=11:8 d.36:72=12:24
13.a.20:12=5:3 b.2:6=8:24
c.8:6=96:72 d.40:48=5:6
14.a. 1:11 b. 1:45 c.3:2 d. 11:900
15. The cost of the cheaper ticket is $320.
16. a. 77:23 b. 23:100
47
17. a. 37600 female b. 47:31 c. T
18. Fourteen coins need to be added to the purse. Three silver
coins and 11 gold coins will change the ratio of gold to
silver.
1
19. a. 5:42 b.3:5 c.21:25 d'ﬁ
20. a. 2.6 m b. Bounce 6
Project

1. Aand D,Band C, E and F

2-6. An individual response is required by the student.

4.

1

14 Review questions
3
120
6 9 12 8 12 16

b. —, —, —
32 18727 36
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10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

11
3

4 trays
23

2
20
63

a.

a.

o
o~
=

Q NIw vl o=
)
=
—

=~ w
Y

E o Nl e
W Al

o

w
S|
R

o
=
i

16
13
100
13
50

NS e

Wnlw K~lw

d
b.
d.
b. Ricky
c.
c.
2
. 3= c
3
1
. 4= c
5
11= c
79
. — c.
8
99
. — c.
10
17
, — c.
45
6
L — c.
25
b.
d.
.9 c
b.
d.
13
I— c
14
76
. — c.
99
3
- c.
3
1- c
5
b.
d.

12 18 24
" 147217 28
3.5
9715
4 16
10~ 40
9
— d.
10
1
p— d.
40
3
4= d
1= d.
1
6— d
9
26
— d.
7
47
—_— d.
12
1
15
5
- d
8
22
50 2
— or 16—
3 3
4 d
4
—orl-—
3
70
7
3- d
9
2
3= d
3
2
13= d
3
53
1— d
115
7
10
33 _, 8
257 25

N —= W
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24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.
44,
45.

a. 15% b. 55% c. 60% d. 50%
1 1 1 4
a. 37=% b. 53=-% c. 83=% d. 36— %
2 3 3 11
a. 6 b. 12 c. 39 d. 39
3 1 4 3
a. 6— b. 37— c. 4- d. 13—
10 10 5 5
a. 60% b. 30% c. 40% d. 40%
1 1
a.7=% b. 11=%
7 9
a. $0.40 b. $1.05 c. $3.20 d. $5.20
a. $0.15 b. $0.30 c. $5.05 d. $27.00
a.4:5 b.2:3 c.l1:4 d.4:3
1 1 5 5 7 11
T1==,72=-,73=—,74=—,75=—,7.6= —
8 4 32 32 40 80
$150
2kg
1 1
a. — b. =
6 4
5 48 23
c. = d —=1—
9 25 25

4
All fractions that are equivalent to = will be of the form

4n
o where 7 is some number. The product of the numerator
n

and denominator is therefore 4nx7n = 28n°. Equating this
product to 252:

252 = 28n?
n*=9
n==x3

12
Substituting n = +3 gives a fraction of T which is

equivalent to i and for which the product of the numerator
and denominator is 252.

12

21

Tomas

Lor 1
272720275 10

Mr Thompson $3000, Mr Goody $2500
% of the standard spots were filled.

a. 4 complete surfboards

b. 2% kg of resin, O catalyst

a. 62%
24 students
270 children

b. 75%

46.
47.
48.
49.

50.
51.

52.

53.

54.

8%

$11600

b, d

13.5 litres of milk would be needed to make the fat of 500 g
of butter.

45%

a. $2250

b. $2025
c. 19%
d

. The second 10% discount is not 10% of the original price
but 10% of an amount, which is only 90% of the original.

a. $1575
b. $1575

c. It doesn’t matter which discount is applied first; the final
price will be the same.

Sample responses can be found in the worked solutions in
the online resources.

a.3:1 b. 250 g
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TRl Overview

Why learn this?

You have already seen that whole numbers cannot be used to
measure everything. How much did you pay for that burger 4
and chips? $12.60? Our money system is in dollars and cents .

s s

\\ ////

and uses decimals to represent parts of the dollar. Decimals
play an important part in our daily lives. You could have been
using decimals without realising how important they are. Since
our lives are so dependent on money, knowing how to work
with decimals is very important. We all need to be skilled in
the basic operations of addition, subtraction, multiplication and
division with decimals.

Decimals are used not only with money but also with time and ) o ERIAL LTI
measurement. They are also used as another way of expressing '
a fraction or percentage of something. Did you know that Cathy
Freeman won the gold medal in the 400-metre event at the 2000
Sydney Olympics in a time of 49.11 seconds, a winning margin
of just 0.02 seconds? Usain Bolt set the men’s 100-metre world
record in 2009 with a time of just 9.58 seconds. Every person
will use decimals in some aspect of their lives, including when
checking their pay or their bank balance. Understanding and
using decimals is vital in retail, hospitality, design, commerce,
construction, the health industry and all areas of business.

Hey students! Bring these pages to life online

Watch Engage with Ask questions
videos interactivities and check solutions

Find all this and MORE in jacPLUS

jacTUTOR, your Extra learning

personal Al tutor— resources
here to help when LESSON 2.5
you’re stuck! Ask Subtracting integers
it anything. LEARNING INTENTION
..;::r:n;— . Differentiated
A e g e | — question sets

@ 2.5.1 Subtraction of integers

(IR s i i e

Reading content
and rich media,
including
interactivities and
videos for every
concept

Questions with
immediate
feedback, and fully
worked solutions
to help students
get unstuck.
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Exercise 5.1 Pre-test learn

1. I Select which of the following is the largest number.
A. 3.098 B. 3.089 C.3.100 D. 2.999

2. The cost of the new PlayStation has increased by 12% compared to the previous model. Write the
percentage increase as a decimal.

3. I3 The decimal 0.56 in simplest fractional form is:

Ed 0. 2 0.2 0. 14
100 25 50 25

4. Josh swam his race in 22.370 seconds and Ren swam his in 22% seconds. State who was the fastest.

5. Write the number 23.8951 rounded to 2 decimal places.

6. Walter wants to withdraw all the money from his bank account. He has a total of $378.93, but can only
withdraw an amount to the nearest 5 cents. State how much he can withdraw.

7. I The third largest number from the following choices is:
A.0.276 B. 0.276 C.0.269 D. 0.275

8. Calculate:

2
+ 3

B W
B
N

9. I Michael works at McDonald’s. If a customer had an order of $23.75 and he handed over a $50
note, calculate the change Michael gave to the customer.

A. $25.25 B. $26.75 C. $26.25 D. $23.75

10. Calculate 8.2 x 400.

11. & Callum coaches tennis on Sundays and he gets 1.5 times his usual hourly pay of $18.70. His
Sunday hourly rate is:

A. $37.40 B. $28.05 C. $25.70 D. $27.70

12. Kat bought 2.6 kg of sausages for her BBQ at a cost of $5.25 per kg. Calculate how much Kat paid for
her sausages.

13. Calculate 34.792 = 0.4.

14. If Mei filled her car with petrol and it cost $53.68 at $1.22 per litre, calculate how many litres of petrol
she put in her car.

15. Leah pours drinks for a group of people at a volume of 0.32 litres each. If she has 40 litres of the
beverage to use, calculate how many drinks she can pour.
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ILIMF¥] Decimals and place value

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand the place values used in decimal numbers
e determine the value of digits in decimal numbers
e compare the sizes of decimal numbers.

95.2.1  Whole numbers and decimal parts

e Each position in a number has its own place value.

Hundred thousands Ten thousands Thousands Hundreds Tens Units
100 000 10000 1000 100 10 1

e Each place to the left of another position has a value that is 10 times
larger.

. . .1
e Each place to the right of another position has a value that is — of the
previous position. 10

e The position of a digit in a number gives the value of the digit.
e The table shows the value of the digit 3 in some numbers.

Number Value of 3 in number
132 3 tens or 30
3217 3 thousands or 3000
4103 3 units (ones) or 3

e In a decimal number, the whole number part and the fractional part are separated by a decimal point.

Whole 7 3 O 6 fF\mctional
number ® part
part A¥Decimal point

¢ A place value table can be extended to include decimal place values. It can be continued to an infinite
number of decimal places.

Thousands |Hundreds| Tens | Units | . | Tenths | Hundredths | Thousandths | Ten thousandths
1 1 1 1

10 100 1000 10000

1000 100 10 1
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e The table shows the value of the digit 3 in some decimal numbers.

Number Value of 3 in the number
14.32 3 tenths or i
10
106.013 3 thousandths or 3
1000
0.00003 3 hundred thousandths or
100 000

e The number of decimal places in a decimal is the number of digits after the decimal point. The number
73.064 has 3 decimal places.

e The zero (0) in 73.064 means that there are no tenths. The zero must be written to hold the place value;
otherwise the number would be written as 73.64, which does not have the same value.

DISCUSSION

How do you know how many zeros the denominator should have when calculating the value of a digit to the
right of the decimal point?

WORKED EXAMPLE 1 Stating the place value

State the value of the 7 in each of the following.

a. 10.74 b. 0.173 c. 321.037
THINK WRITE
a. The value of the first place to the right of the decimal point a. ’
is tenths, so the value of the 7 is seven tenths. 10
b. The second place after the decimal point is hundredths, so b. 7
the value of the 7 is seven hundredths. 100
7
c. The third place after the decimal point is thousandths, so c. T

the value of the 7 is seven thousandths.

WORKED EXAMPLE 2 Expressing place values in words

For the number 76.204, write the value of each digit in words and numbers.

THINK WRITE
1. 7 is in the tens position. Seventy, 70
2. 6 1s in the units position. Six, 6
3. 21is in the first position after the decimal point, so it is tenths. Two tenths, E

. .. 0
4. 0 is in the hundredths position. Zero hundredths, i
5. 4 is in the thousandths position. Four thousandths,

1000
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Expanded notation

A number can be written in expanded notation by adding the values of each digit.

The number 76.204 can be written in expanded notation as:

Tx10)+(6x 1)+ (Zx i) + (4x L)
10 1000

WORKED EXAMPLE 3 Writing in expanded notation

Write 3.4501 in expanded notation.

THINK WRITE
1. Write the decimal. 3.4501
2. Determine the place value of each digit. = 3 units + 4 tenths + 5 hundredths
3. 3 units +0 thousandths + 1 ten thousandth
4 . 4 tenths
5 : 5 hundredths
0 : O thousandths
1 : 1 ten thousandth
3. Write the number in expanded notation. =@BxD+ <4 X i) + <5 X L) + (1 X ;>
10 100 10000

5.2.2 Comparing decimals

e Decimals are compared using digits with the same place value.

Comparing decimals

* The decimal with the largest number in the highest place value column is the largest decimal,
regardless of the number of decimal places.
For example, 15.71 is larger than 15.702 because the first place value with different digits (moving
from left to right) is hundredths, and 1 is greater than 0; that is, 15.71 > 15.702.

Units (ones) - Hundredths | Thousandths
1 5 . 7 1

1 5 . 7 0 2
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WORKED EXAMPLE 4 Determining the largest number with a decimal

State the largest number in each of the following.

a. 0.126,0.216,0.122 b. 2.384,2.388,2.138 c. 0.506,0.605,0.612
THINK WRITE
a. 1. As the units digit is 0 in each number, a. 0.216 is larger than 0.126 and 0.122.

compare the tenths. The number 0.216
has 2 tenths, the others have 1 tenth so
0.216 is the largest number.
2. Answer the question. The largest number is 0.216.

b. 1. As the units digits are the same, compare b. 2.384 and 2.388 are both larger than 2.138.
the tenths. 2.138 has 1 tenth, the others
have 3 tenths, so 2.138 is the smallest.
2. The hundredths are the same, so compare 2.388 is larger than 2.384 and 2.138.
the thousandths. 2.388 has 8 thousandths,
2.384 has 4 thousandths, so 2.388 is the

largest.
3. Answer the question. The largest number is 2.388.
c. 1. As the units digits are the same, compare c. 0.605 and 0.612 are larger than 0.506.

the tenths. 0.506 has 5 tenths, the others
have 6 tenths, so 0.506 is the smallest.

2. Compare the hundredths. 0.612 has 1 0.612 is larger than 0.605 and 0.506.
hundredth, 0.605 has 0 hundredths, so
0.612 is the largest.

3. Answer the question. The largest number is 0.612.

e Decimals can also be compared using the area model. For example, we could use the area model to
determine whether 0.67 or 0.7 is larger. From the following area model, it can be seen that 0.7 covers a

greater area than (.67 and is therefore larger.
0.7

e When comparing two numbers, it is easier to use symbols instead of words, as shown in topic 4 on
fractions.

¢ In Worked example 4a, the result ‘0.216 is larger than 0.126’ could be written as 0.216 > 0.126. We could
also say that 0.126 is less than 0.216, or write it as 0.126 < 0.216.

0.67
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WORKED EXAMPLE 5 Comparing numbers with decimals

Insert the appropriate < or > sign between the following pairs of numbers to make true statements.

a. 0.312 0.318 b. 0.0246 0.0168
THINK WRITE
a. Compare the numbers. Both numbers have the same number a. 0.312<0.318

of tenths and the same number of hundredths, so compare
thousandths and insert the correct sign.

b. Compare the numbers. Both numbers have no tenths, so b. 0.0246 > 0.0168
compare hundredths and insert the correct sign.

DISCUSSION

You may read statements in the media quoting decimals that are not achievable every day. Some examples
are ‘The average number of tries scored by the Roosters is 3.6’ or “The number of children in the average
family is 2.3’. Do you think these statements are reasonable?

COLLABORATIVE TASK: Some points about decimals

In English-speaking countries, the decimal point is a full
stop and spaces are left between groups of three digits: for
example, 12 345.67. In many other countries, a comma is
used as a decimal point and full stops are used to separate
groups of three digits; for example, 12.345, 67.

orerta L _OFERTA | OFERTA

In groups discuss the following:
e What are some of the problems associated with these
different methods of writing decimal numbers?
e What could be done to fix these problems?
e Which method of displaying decimals do you think we
should use and why?

Use the internet to investigate how the number 12 345.67 would be written in each of the following
countries.

a. China b. India c. Japan
d. United States of America e. United Kingdom f. France
g. Turkey h. Saudi Arabia
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Exercise 5.2 Decimals and place value learn

5.2 Quick quiz 5.2 Exercise

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,4,7,10,13, 16, 19, 21, 24, 27 2,5,8,11,14,17, 20, 23, 25, 28 3, 6,9, 12,15, 18, 22, 26, 29, 30
Fluency
1. [IZH State the value of the 2 in each of the following.
a. 5.2 b. 19.12 c. 100.29 d. 0.982047
2. State the value of the 2 in each of the following.
a. 6.1342 b. 90.0002 c. 12.14 d. 1.8902
3. State the value of the 9 in each of the following.
a. 0.9 b. 14.98 c. 18.89 d. 12.090
4. State the value of the 9 in each of the following.
a. 3.4629 b. 1.276 89 c. 900.76 d. 9.612
5. For each of the following numbers write the value of each digit in numbers.
a. 04 b. 2.7 c.5.23 d. 0.763
6. For each of the following numbers write the value of each digit in numbers.
a. 0.1101 b. 7.2964 c. 0.33024 d. 300.03
7. Il For the following numbers write the value of each digit in words and numbers.
a. 1.85 b. 0.271 c. 16.001 d. 3.40207
8. =M Write the following numbers in expanded notation.
a. 1.25 b. 56.01 c. 39.01 d. 5.987
9. Write the following numbers in expanded notation.
a. 13.482 b. 0.3062 c. 0.5002 d. 2.47
10. I Five hundredths, 2 thousandths and 7 ten thousandths equals:
A. 527 B. 52.7 C.5.27 D. 0.0527
11. Copy and complete the table by putting only one digit in each box.
Tens Units Tenths Hundredths Thousandths
Example 37.684 3 7 . 6 8 4
a 0.205
b 1.06
c 74.108
d 0.108
e 50.080

12. [EIZA State the largest number in each of the following.
a. 0.24,0.32,0.12 b. 0.57,0.51,0.59 c. 0.192,0.191,0.901
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13. State the largest number in each of the following.

a. 0.0392,0.039 90, 0.0039 b. 2.506,2.305,2.559 c. 0.11043,0.11049,0.11040
14. INEA Insert the appropriate < or > sign between each of the following pairs of numbers to make true
statements.
a. 3.2 2.9 b. 8.6 8.9 c. 0.64 0.67
d. 0.29 0.39 e. 13.103 13.112
15. Insert the appropriate < or > sign between each of the following pairs of numbers to make true statements.
a. 0.427 0.424 b. 0.580 0.508 c. 0.0101 0.0120
d. 0.04801 0.4801 e. 1.3830 1.3824

Understanding
16. a. State how many decimal places we use in our currency.
b. Write the amount of money shown in the photograph:

i. in words ii. in numbers.

17. Write the following in order from smallest to largest
(ascending order).
a. 0.21,0.39,0.17,0.45,0.33
b. 0.314,0.413,0.420,0.391, 0.502
c. 0.821,0.803,0.811,0.807,0.902

18. Write the following in order from smallest to largest
(ascending order).

a. 0.9864,0.9812,0.9943,0.9087,0.9189

b. 4.6249,4.5097,4.802,4.6031,4.0292
c. 0.004 65, 0.005 02, 0.003, 0.0056, 0.009

19. Write the following in order from largest to smallest (descending order).
a. 0.36,0.31,0.39,0.48,0.19

b. 0.91,0.97,0.90, 0.95,0.99
c. 1.264,1.279,1.273,1.291, 1.288

20. Write the following in order from largest to smallest (descending order).

a. 0.372,0.318,0.390, 0.309,0.317
b. 0.8207,0.8889,0.8823,0.8217, 0.8448
c. 1.34954,1.48659,1.70296, 1.84321,1.486 13

21. [l The largest number in the list 0.4261, 0.4265, 0.4273,0.4199 is:

A. 0.4261 B. 0.4199 C. 0.4265 D. 0.4273
22, I The smallest number in the list 0.4261, 0.4265, 0.4199, 0.3999 is:

A. 0.4261 B. 0.4199 C. 0.4265 D. 0.3999
23. I The list 0.4261,0.4265,0.4273,0.4199, 0.3999 when arranged from smallest to largest is:

A. 0.4273,0.4265,0.4261,0.4199, 0.3999 B. 0.4273,0.4261,0.4265,0.4199, 0.3999

C. 0.3999,0.4199,0.4265,0.4261,0.4273 D. 0.3999,0.4199,0.4261, 0.4265,0.4273
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Reasoning

24. Write True (T) or False (F) for each of the following and justify your response.

a. 76.34 has 4 decimal places.
6 3
C—t+—+
10 100 10000
c. 4.03 has the same value as 4.3.

is the same as 0.6304.

25. Write True or False for each of the following and justify your response.

a. 29.60 has the same value as 29.6.
b. 1.2804 could be written as 1 + i + i + i
10 100 1000

c. 1090.264 51 has 5 decimal places.

26. a. Calculate the decimal values of the following fractions.
123456

777777
Write as many decimals as possible.

b. Is there a pattern? Explain.

Problem solving

27. For each of the numbers listed from a to e:

i. state the place value of the zero
ii. state whether the value of the number would change if the zero wasn’t there. (Write yes or no.)
a. 6.02 b. 7.360 c. 0.65 d. 20 e. 108.62

28. Year 7 students competing in their school swimming sports recorded the following times in the 50-metre
freestyle, backstroke and breaststroke events.

Time (seconds) recorded by contestants
Event Carolyn Jessica Mara Jenika Robyn Shelley Kyah
Freestyle 37.23 39.04 40.90 38.91 37.45 37.02 37.89
Backstroke 40.23 43.87 44.08 42.65 41.98 40.29 41.05
Breaststroke 41.63 42.70 41.10 41.21 42.66 41.33 41.49
a. State who won the freestyle event and calculate how much they
won by.
b. State who won the backstroke event and calculate how much they
won by.
c. State who won the breaststroke event and calculate how much they
won by.

. List the first 3 placings of the freestyle event.

. List the first 3 placings of the backstroke event.

. List the first 3 placings of the breaststroke event.
. Determine whether any students obtained a placing in all three events.

Q - 0 Q
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29. Determine my number.
My number contains four different even digits and has 3 decimal places. The digit in the thousandths
position is half the value of the digit in the units position. The sum of the digits in the units and tenths
positions is the same as the sum of the digits in the hundredths and thousandths positions.
The digit in the thousandths position is bigger than the digit in the tenths position.

30. Your friend said, ‘You don’t have to worry about the zeros in decimals; you can just leave them out.” Explain
why your friend is correct or incorrect.

L %] Converting between decimals and fractions

LEARNING INTENTION

At the end of this lesson you should be able to:
e convert decimals to fractions and fractions to decimals.

5.3.1 Converting decimals to fractions

e Decimal numbers can be written as fractions by applying knowledge of place values.

Number Ones . Tenths Hundredths
0.3 0 . 3 0
1.25 1 . 2 5

e The decimal number 0.3 can be written as %

¢ The decimal number 1.25 can be thought of as 1 + % + S =1+ 20 + > 25

100 100 " 100 100"

Converting decimals to fractions

e The digits after the decimal point become the numerator, and the place value of the last digit
gives the denominator.

e Simplify fractions by dividing the denominator and numerator by a common factor,
25 1
eg. 1—=1-.
100 4
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WORKED EXAMPLE 6 Converting decimals to fractions

Werite the following decimals as fractions, then simplify where appropriate.

a. 0.2 b. 0.86 c. 0.6021
THINK WRITE
a. 1. Write the decimal. a. 0.2
2. The numerator is 2 and the last decimal place is tenths = 2
so the denominator is 10. 10
3. Simplify the fraction and write the answer. = %
b. 1. Write the decimal. b. 0.86
2. The numerator is 86. The last decimal place is hundredths = 56
so the denominator is 100. 100
4
3. Simplify the fraction and write the answer. = £
c. 1. Write the decimal. c. 0.6021
. . 6021
2. The numerator is 6021. The last place is tens of thousandths = i

so the denominator is 10 000.

WORKED EXAMPLE 7 Converting mixed numbers to fractions

Werite each of the following as a mixed number in its simplest form.

a. 3.041 b. 7.264
THINK WRITE
a. 1. Write the decimal. a. 3.041
2. Write the whole number part and change the decimal part =3 i
to a fraction. The numerator is 41. The last decimal place e
is thousandths so the denominator is 1000.
b. 1. Write the decimal. b. 7.264
. . 264
2. Write the whole number part and change the decimal part =7—
to a fraction. The numerator is 264 and the denominator is el
1000.
264 +
3. Simplify the fraction. =7 Skl
1000 + 8
. . 33
4. Write the answer in simplest form. = 7E
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5.3.2 Converting fractions to decimals

¢ Fractions can be written as decimal numbers by dividing the numerator by the denominator.

1 . o - 0.25
For example, to convert 1 into a decimal, divide 1 by 4 : 4r 00

* Add trailing zeros to the numerator where required.

WORKED EXAMPLE 8 Converting fractions to decimals

Change the following fractions into decimals.

a. — b.
5

R | =

THINK WRITE
a. 1. Set out the question as for division of whole numbers, addinga  a. 520
decimal point and the required number of zeros. )

0.4
2. Divide, writing the answer with the decimal points aligned. 5 52_0
2
3. Write the answer. : =04

b. 1. Set out the question as for division of whole numbers, adding a b. 0.125
1
decimal point and the required number of zeros. Note: o 1+8. 8)1.000

2. Divide, writing the answer with the decimal point exactly in line — =0.125
with the decimal point in the question, and write the answer. 8

¢ By knowing the decimal equivalent of any fraction, it is possible to determine the equivalent of any
multiple of that fraction.

WORKED EXAMPLE 9 Converting multiples of a known fraction to decimals

Use the results of Worked example 8 to determine decimal equivalents for:

3 5
a. — b. 4-
8 8
THINK WRITE
a. 1. Write the decimal equivalent for the fraction with 1 a. ! =0.125
as the numerator. 8
2. Multiply both sides of this equation by the appropriate multiple ! X3=0.125%3
(3 in this case). 8
3. Write the answer. g = 0.375
1
b. 1. Consider only the fraction part of the mixed number. Write the b. — =0.125
decimal equivalent of this fraction with 1 as the numerator. 8
1
2. Multiply both sides of this equation by the appropriate multiple 5 xX5=0.125X%5

(5 in this case).
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3. Simplify both sides. = 0.625

4. Combine with the whole number and write the answer. 4% = 4.625

Exercise 5.3 Converting between decimals and fractions learn

5.3 Quick quiz 5.3 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,10,12,15,18 2,5,8,11,13,16, 19 3,6,9,14,17, 20
Fluency

1. IEEA Write the following decimals as fractions, then simplify where appropriate.
a. 0.3 b. 0.5 c. 0.21 d. 04 e. 0.44

2. Write the following decimals as fractions, then simplify where appropriate.
a. 0.49 b. 0.502 c. 0.617 d. 0.30 e. 0.64

3. Write the following decimals as fractions, then simplify where appropriate.
a. 0.28 b. 0.9456 c. 0.9209 d. 0.4621 e. 0.120

4., Write the following decimals as mixed numbers in simplest form.
a. 1.3 b. 2.7 c. 94 d. 1.2 e. 4.2

5. Write the following decimals as mixed numbers in simplest form.
a. 8.5 b. 5.27 c. 19.182 d. 3.15 e. 6.25

6. Write the following decimals as mixed numbers in simplest form.

a. 9.140 b. 16.682 c. 24917 d. 4.3386 e. 100.0048

Understanding
7. I 0.13 as a fraction is:

13 13 13 1.3
A — B. — c. —— D. —
10 100 1000 100
8. I 0.207 as a fraction is:
207 g 207 c.2L D. 20—
1000 100 10 10
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9. A 0.52 as a fraction in simplest form is:

2 0. 2 NE 0. 26
100 50 25 100
10. I 0.716 as a fraction in simplest form is:
716 368 716 179
. — B. — cC. — D. —
10000 560 1000 250
11. I 5.325 as a fraction in simplest form is:
A 5325 - 325 C. 325 b. 52
1000 1000 1000 40
12. IEA Change the following fractions to decimals.
3 1 4 1
a. — b. — c. — d —
4 2 5 20
13. Change the following fractions to decimals.
a. i b. i c. i d. i
12 50 25 15
14. Write é as a decimal. Using this value, write:
3 . 7 . 1 .
a. — as a decimal b. 3 as a decimal c. T as a decimal.

Reasoning

1 1 1 1 Alyona
15. The twin sisters in the photograph are keen tennis Games plaged =51

players. One of the twins has won 37 of her last Games won = 37
51 games and claims to be a much better player than s
her sister, who has won 24 out of her last

31 games.

a. Compare the twins’ results to determine who is the
better player.
b. Explain your answer to the twins.

16. In a survey, 24 people were asked: “What is the
maximum distance you would walk to a train station?’

A person who says ‘800 m’ will walk up to 800 m, but : Gé‘;,fzspifgﬁi?il

no more. The survey responses are:

100m 200m 250m 1km %km %km

600m 450m 500m 100m 1.2km 800m
1.5km 1.4km 200m 300m 1.2km 350m
900m 750m 300m 650m 320m 100m

Determine the longest distance (as a multiple of 100 m) that at least % of the people would walk to the train

station. Justify your response.
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17. You are competing in a long jump contest. Your first jump was
8 . . L4
3.78 m, your second jump was 35 m and your third jump is 3§ m.

You are congratulated on your third jump, as being your best.
Explain whether you agree.

Problem solving
18. A student received the following scores in his last three tests:

. 71 . . .
History 2, English z and Science —. Place his test scores in order from highest to lowest score (by first

converting each score to a decimal).

19. Place the following fractions in order from smallest to largest by first converting the fractions to decimals:

34 8 3 30 4 325

20. The decimal equivalents of %, %, % can be found in the sequence 142 857 142857 142857 ...
285714,

If % =0.142857 and % =0.2857

EEESTEC

4
ithout using a calculator, write %, ;, % and g as decimals.

Rounding and repeating decimals

LEARNING INTENTION

At the end of this lesson you should be able to:
e round decimal numbers to the required number of decimal places.

5.4.1  Rounding

e When rounding decimals, look at the first digit after the number of decimal places required.

Rules for rounding

e If the first digit after the number of decimal places required is 0, 1,2, 3 or 4, write the number

without any change.
e If the first digit after the number of decimal places required is 5, 6,7, 8 or 9, add one to the digit
in the last required decimal place.

* We can use the ~ symbol to represent approximation when rounding has occurred, as shown in Worked
example 10.
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WORKED EXAMPLE 10 Rounding decimal numbers

Round the following to 2 decimal places.

a. 3.641883 b. 18.9654020

THINK WRITE

a. 1. Write the number and underline the required decimal a. 3.641 883
place.

2. Circle the next digit and round according to the rule. = 3.6&@883
Note: Since the circled digit is less than 5, we leave the ~ 3.64
number as it is.

b. 1. Write the number and underline the required decimal b. 18.9654020
place.

2. Circle the next digit and round according to the rule. = 18.9§@4020
Note: Since the circled digit is greater than or equal to 5, ~ 18.97

add 1 to the last decimal place that is being kept.

e If you need to add 1 to the last decimal place and the digit in this position is a 9, the result is 10. The 0 is
put in the last required place and the 1 is added to the digit in the next place to the left.
For example, 0.298 rounded to 2 decimal places is 0.30.

WORKED EXAMPLE 11 Rounding decimals to a given number of decimal places

Round the following to the number of decimal places shown in the brackets.

a. 27.462973 (4) b. 0.009 94 (3)
THINK WRITE
a. 1. Write the number and underline the required decimal place. a. 27.462973
2. Circle the next digit and round according to the rule. = 27.462 9@3
Note: Since the circled digit is greater than 5, add 1 to the last ~ 27.4630

decimal place that is being kept. As 1 is being added to 9, write
0 in the last place and add 1 to the previous digit.

b. 1. Write the number and underline the required decimal place. b. 0.009 94
2. Circle the next digit and round according to the rule. = 0.009 @4
Note: Since the circled digit is greater than 5, add 1 to the last ~0.010

decimal place that is being kept. As 1 is being added to 9, write
0 in the last place and add 1 to the previous digit.

WORKED EXAMPLE 12 Rounding decimals to the nearest unit

Round 8.672 to the nearest unit.

THINK WRITE
1. Write the decimal. 8.672
2. Look at the first digit after the decimal point. Since it is greater ~

than 5, add 1 to the whole number.

e When trying to answer Worked example 12, you can think of the question this way: ‘Is 8.672 closer to
8 or 97
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5.4.2 Rounding to the nearest 5 cents

¢ As the smallest denomination of physical money in Australia is the 5 cent coin, prices must be rounded to
the nearest 5 cents upon payment.

¢ Rounding to the nearest 5 cents works in the same way as rounding to the nearest 10: determine whether
the number is closest to 0, 5 or 10, then round accordingly.

Rounding guidelines for cash transactions

Final cash amount Round to:
1 and 2 cents nearest 10
3 and 4 cents nearest 5
6 and 7 cents nearest 5
8 and 9 cents nearest 10

Source: www.accc.gov.au

WORKED EXAMPLE 13 Rounding to the nearest 5 cents

Melinda had $51.67 in her bank account. She wanted to withdraw all her money, so the bank rounded
the amount to the nearest S cents. State how much money the teller gave Melinda.

THINK WRITE
1. Write the actual amount she had in her account. $51.67
2. Determine whether the last digit is closer to 5 or ~ $51.65
closer to 10, then rewrite the approximate value.
Note: Alternatively it can be seen that 67 cents is
closer to 65 cents than 70 cents.
3. Write the answer in a sentence. Melinda will receive $51.65 from the bank.

5.4.3 Terminating and recurring (repeating) decimals

* A terminating decimal is a decimal number that ends (terminates) after any number of decimal places; for

example, % =0.45 is a terminating decimal.

e A recurring decimal, or a repeating decimal, occurs when we divide the denominator into the numerator
and the answer keeps repeating.

For example, — =0.333 ---

=0.1666---

WORKED EXAMPLE 14 Repeating decimals

1
Convert T to a decimal. Continue dividing until a pattern emerges, then round the answer to

A= W=

2 decimal places.

THINK WRITE
1. Set out the question as for division of whole numbers, adding 11)1.0000
a decimal point and enough zeros to see a pattern emerging. '

TOPIC 5 Decimals 269



2. Divide, writing the answer with the decimal point exactly in 0.0 90 90 90 9...
line with the decimal point in the question. (The amount left
over each time is 10 then 1, then 10 then 1 again. The decimal
answer is also repeating.)

11)1.10100101001010010100

1
3. Write the approximate answer rounded to 2 decimal places. T ~0.09

e Recurring decimals can be written in one of the following shorter ways for an exact answer.
o 4.6666 ... could be written as 4.6 (with a dot above the repeating part of the decimal).
« 3.512512... could be written as 3.512 (with a dot above the first and last digits of the repeating part) or
as 3.512 (with a line above the repeating part of the decimal).

 Like terminating decimals, the decimal equivalent of a fraction can be used to determine the decimal
equivalent of any multiple of that fraction.

WORKED EXAMPLE 15 Equivalent repeating fractions

6
Use the result from Worked example 14 to calculate the decimal equivalent for —.

THINK WRITE

1
1. Write the decimal equivalent for the fraction with 1 as the — = 0.090909 ...
numerator. In this case, it is an infinite recurring decimal.
Therefore 0.090 909 ... can be written as 0.09.

1
2. Multiply both sides of this equation by the appropriate 0 X6 =0.090909... X6

multiple (6 in this case). = 0.545 454

3. Simplify and write the answer. o =0.54

11

DISCUSSION

When using a calculator to perform a calculation, for example 2 + 3, the answer may show an
approximation to a recurring decimal, for example 0.666 666 667. Why do you think this may be?

2:3 0. GEGGE6667
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Exercise 5.4 Rounding and repeating decimals

5.4 Quick quiz 5.4 Exercise

Individual pathways

learn

B PRACTISE Bl CONSOLIDATE B MASTER
1,4,7,9, 13,15, 18, 21, 22, 26 2,5,8,10, 11, 16, 19, 25, 27 3,6,12, 14,17, 20, 23, 24, 28
Fluency

1.

10.

11.

12.

ET Round the following to 2 decimal places.
a. 0.3241 b. 0.863 c. 1.24610 d. 13.04992

. Round the following to 2 decimal places.

a. 7.128 63 b. 100.813 82 c. 71.260 39 d. 0.0092

. Round the following to 2 decimal places.

a. 0.18500 b. 19.6979 c. 0.3957 d. 0.999

. Round the following to 1 decimal place.

a. 0410 b. 0.87 c. 9.27 d. 25.25

. Round the following to 1 decimal place.

a. 300.06 b. 12.82 c. 99.91 d. 8.88

. Round the following to 1 decimal place.

a. 17.61027 b. 0.8989 c. 93.994 d. 0.959027

. & 13.179 rounded to 2 decimal places is:

A. 13.17 B. 13.20 C. 13.18

. I 2.998 rounded to 1 decimal place is:

A. 3.0 B. 29 C.2.8

. IlEA Round the following to the nearest unit.

a. 10.7 b. 8.2 c. 3.6 d. 92.7
Round the following to the nearest unit.

a. 21.76 b. 42.0379 c. 2137.50 d. 0.12
Write the following infinite recurring decimals using one of the short forms.
a. 2.555...

b. 0.666 ...

c. 49.11111 ...

d. 0.262626...

Write the following infinite recurring decimals using one of the short forms.

a. 0913913 ...

b. 8.64186418...
c. 133.9462462 ...
d. 0.1277777 ...

e. 3.0409

e. 2.386214

e. 8.902

e. 3.92

e. 14.034 59

e. 96.28049

D. 13.27

D. 3.1

e. 112.1

e. 0.513
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Understanding

13.

14.

15.

16.

17.

18.

19.

20.

IIZEM Convert each of the following to a decimal. Continue dividing until a pattern emerges, then round the
answer to the number of decimal places indicated in the brackets.

1 1 5
! ¢! L=
a3 M b. 5 M ¢ 7 ®

Convert each of the following to a decimal. Continue dividing until a pattern emerges, then round the answer
to the number of decimal places indicated in the brackets.

1 2 7

I3 1.8888... written as an exact answer is:
A 1.8 B. 1.888 C. 1.88 D. 1.9

3 . . .
[ mc | 2 as a decimal in exact form is:

A. 0.428571 B. 0.428 c. 04 D. 0.428517 4

Determine decimal equivalents for the following fractions.
7 2

a. — b. 4— c.
2 3

Round the following to the nearest ten.
a. 13 b. 76 c. 138 d. 262 e. 175

alw

Round the following to the nearest hundred.
a. 320 b. 190 c. 138 d. 6751 e. 9750.051

Round the following to the nearest thousand.
a. 3426 b. 12300 c. 18640 d. 9462 e. 1098

Reasoning

21,

22.

23.

24,

25.

ZEN In the supermarket, Christine’s shopping bill came to $27.68. As
there are no 1- or 2-cent pieces, this amount must be rounded to the nearest
5 cents. State how much Christine will pay in cash for her shopping.

Rank the following decimals from smallest to largest:
0.295,0.295,0.295,0.295

Write a decimal that is greater than 0.54321 and less than 0.543 22.

Using a calculator, Greg worked out that the piece of timber required to
finish making a support for a gate should be 3.567 82 metres. Realistically,
the timber can be measured only to the nearest millimetre (nearest
thousandth of a metre). What measurement should be used for the length

of the timber? Explain why 3.567 82 m is unreasonable as a measurement for
timber.

Barney rounds a decimal to 0.6 correct to 1 decimal place. Fred then says that the number before being
rounded off could not have been bigger than 0.64. Explain whether Fred is correct.
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Problem solving

26. The maximum temperature was recorded as 24.7°C. In the news broadcast, the presenter quoted this to the
nearest degree. Write the temperature quoted.

27. a. Round the decimal number 0.8375 to the nearest:
i. tenth ii. hundredth iii. thousandth.

b. Explain whether the rules for rounding a decimal up or down depend on the number of decimal places.

28. Divide 100 by the first 10 prime numbers. Write the answers correct to 4 decimal places.

Adding and subtracting decimals

LEARNING INTENTION

At the end of this lesson you should be able to:
e add and subtract decimal numbers.

5.5.1 Adding decimals

e Decimals can be added using a method similar to that for whole numbers.

e Set out the addition in vertical columns and line up the decimal points so that the digits with the same place
value are underneath each other.

e If the question is not written in columns, it is necessary to rewrite it with the decimal points lined up.

¢ Fill the empty places with zeros.

WORKED EXAMPLE 16 Adding numbers with decimals

Calculate:

a. 13 b. 12.84 o 1.25
+0.5 +2.33 © 3.146

+7.0

THINK WRITE

a. Copy the question exactly and add the digits as for whole a. 13
numbers, working from right to left. +0.5
Write the decimal point directly below the decimal points in 1.8
the question.

b. Copy the question exactly and add the digits as for whole b. 12.48
numbers, working from right to left. +2.33
Write the decimal point directly below the decimal points in 14.81
the question. 4
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c. Write the question, replacing the spaces with zeros. c. 1.250

Add the digits as for whole numbers, working from right to left. 3.146
Write the decimal point directly below the decimal points in the +7.000
question. 11.396

WORKED EXAMPLE 17 Adding numbers with decimals

Rewrite in columns, then add 0.26 + 1.8 + 12.214.

THINK WRITE
1. Write the question in columns with the decimal points directly 0.260
beneath each other with the zeros included. 1.800
2. Add the digits as for whole numbers. Write the decimal point ~ +12.214
directly below the decimal points in the question. 14.274

5.5.2 Subtracting decimals

e Decimals can be subtracted using a method similar to that for whole numbers.

e Set out the subtraction in vertical columns and line up the decimal points so that the digits with the same
place value are underneath each other.

e If the question is not written in columns, it is necessary to rewrite it with the decimal points lined up.

e Fill the empty places with zeros.

WORKED EXAMPLE 18 Subtracting numbers with decimals

0.56
Calculate: —0.14
THINK WRITE
Copy the question exactly and subtract the digits as for whole numbers, 0.56
working from right to left. Write the decimal point directly below the —0.14
decimal points in the question. 0.42

WORKED EXAMPLE 19 Subtracting numbers with decimals

Rewrite the following in columns, then subtract.

a. 1.82—-0.57 b. 2.641 — 0.85
THINK WRITE
7
a. Write in columns with the decimal points directly under each other. a. 1812
Subtract, and insert the decimal point directly below the other decimal —0.57
points in the question. 1.25
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115
b. Write in columns with the decimal points directly under each other, b. 2/6'41

adding zeros as appropriate. Subtract as for whole numbers and insert —0.850
the decimal point directly below the other decimal points. 1.791

Checking by estimating
e Answers to decimal addition and subtraction can be checked by estimating. Round each decimal to the
nearest whole number or to a similar number of decimal places and then add or subtract them.
For example, in Worked example 17, you could check the answer by rounding to get an estimate by adding
0.3+ 2+ 12=14.3, which is close to 14.274.

In Worked example 18, you could check the answer by rounding to get an estimate 0.6 — 0.1 = 0.5, which is
close to 0.42.

DISCUSSION

What is your method for estimating the answer to a decimal addition or subtraction?

Exercise 5.5 Adding and subtracting decimals learn

5.5 Quick quiz 5.5 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,3, 6,8, 11,15, 18, 21, 24, 25, 2,4,9,12, 16, 19, 22, 26, 30, 5,7,10, 13,14, 17, 20, 28, 27, 33,
28, 29 31, 32 34, 35
Fluency
1. EEE Calculate the following.
a. 1.2 b. 1.67 c. 8.062 d. 10.0364
+2.3 +1.02 +5.177 +92.1494

2. [lIZEA Calculate the following, after filling the blank spaces.

a. 6.27 b. 3.26 c. 4.2 d.  48.12906
+0.5 +18.6460 62.013 9
+1946.12 +204.32

3. Rewrite the following in columns, then add. Check your answer by rounding to get an estimate.

a. 14432 b. 6.5+0.4 c. 3.261+0.21 d. 15.987+1.293
4. Rewrite the following sums, then add. Check your answer by rounding to get an estimate.

a. 10.8271+6.5 b. 1.8+ 18.6329

c. 0.24+3.16+8.29 d. 14.234+1.06 4+ 86.29 + 3.64
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10.

. Rewrite the following sums, then add. Check your answer by rounding to get an estimate.

a. 527+ 1.381+12.3 b. 100+4.3 +0.298 +1.36
c. 82.34+100.6 +0.9949+9 d. 126 +372.8 +100.0264 + 2020.13

. EZEH Calculate the following, filling the spaces with zeros as required. Check your answer by rounding to

get an estimate.

a. 6.87 b. 12.231 c. 0.6301 d. 3.0091
—6.27 —8.026 —0.5495 —1.6723
. Calculate the following, filling the spaces with zeros as required. Check your answer by rounding to get an
estimate.
a. 31.02 b. 98.26 c. 146 d. 32
—26 9.07 —58.91 —0.467

. A Rewrite the following in columns, then subtract. Check your answer by rounding to get an estimate.

a. 5.64-23 b. 12.07 - 6.14 c. 0.687—-0.36 d. 15.226 — 11.08
. Rewrite the following in columns, then subtract. Check your answer by rounding to get an estimate.

a. 6.734—-438 b. 12.2-8.911 c. 100.562 — 86.0294 d. 38—-21.234

Rewrite the following in columns, then subtract. Check your answer by rounding to get an estimate.

a. 47—-28.762 c. 0.2-0.0049

b. 5—-0.8864 d. 3.279 —2.506 84

Understanding

11.

12

13

14

15

16

17

18

I 1.6 +4.8 equals:

A.54 B. 6.4 C. 0.54 D. 0.64

I3 3.26 + 0.458 equals:

A. 3.718 B. 0.784 C. 0.03718 D. 3.484

I 1.84+0.61 +4.07 equals:

A. 6.52 B. 6.42 C.542 D. 5.52

I 216+ 1.38 + 0.002 64 equals:

A. 217.4064 B. 0.618 C. 217.644 D. 217.382 64

LT 0.39 —0.15 equals:

A. 0.0024 B. 0.024 c.0.24 D. 24

LT 1.4 —0.147 would be rewritten as:

A. 14 B. 1.400 c. 140 D. 1.004
—0.417 —0.417 —1.47 —0.147

I3 0.3 —0.024 equals:

A. 0.06 B. 0.276 c. 0.7 D. 0.76
I 150.278 — 0.99 equals:
A. 150.728 B. 149.288 C. 1.49288 D. 159.388
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19.

20.

21.

22.

23.

24,

Josh deposited $27.60 into his bank account. If his balance before the deposit was $139.40, determine Josh’s
new bank balance.

Jessica bought the following items at the school canteen: 1 can
of Coke for $1.60, 1 sausage roll for $1.20, 1 packet of chips for
$1.50 and 2 red frogs for $0.40 (red frogs cost 20 cents each).
Calculate how much Jessica spent.

A triathlon consists of a 0.5-kilometre swim, a
15.35-kilometre bike ride and a 4.2-kilometre run. Calculate
how far the competitors travel altogether.

Amy walked 3.6 kilometres to school, 0.8 kilometres from
school to the shops, 1.2 kilometres from the shops to a
friend’s house and finally 2.5 kilometres from her friend’s
house to her their home. Calculate how far Amy walked.

For lunch Paula ordered 1 potato cake, 1 dim sim,
minimum chips and a milkshake from the menu below.
Calculate how much Paula spent on her lunch.

MENU
Flake $3.50 Coffee $2.20
Whiting $3.50 Tea $2.20
Dim sims $0.60 Soft drinks $1.80
Potato cakes $0.50 Milkshakes $3.00
Minimum chips $2.50 Water $1.80

Ryan works in a newsagency. A customer buys $9.65 worth of goods and gives Ryan a $20 note. Calculate
the change Ryan gives the customer.

Reasoning

25,

26.

27.

A jockey has a mass of 52.3 kilograms. After
exercising and training for 2 days and spending time in
a sauna, the jockey has lost 1.82 kilograms. Determine
the jockey’s mass now.

If 1.27 metres is cut from a piece of material that is
13 metres long, calculate how much material is left.

Gary and Liz are replacing the skirting boards in their
lounge room. They know the perimeter of the room is
34.28 metres. If there is a door 0.82 metres wide and a
fireplace 2.18 metres wide that do not require skirting
boards, explain (with working) how much wood they
will need to buy for their lounge room.
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Problem solving

28.

29.

30.

31.

32.

33.

34.

35.

Cathy Freeman won a particular 400 metre race in 51.35 seconds.
In her next race, her time was 2.97 seconds faster than this.
Determine Cathy’s time for the later race.

Without using a calculator, determine the average of the numbers
0.1,0.11 and 0.111.

Explain how rounding is used in estimation.

Jo and Anton made a certain number of telephone calls
over a 2-month period. There is a charge of 25 cents
for each call, and the monthly rental of the phone line is $13.60. The bill for the 2 months comes to $39.45.
Determine how many calls they made in the 2-month period.

The following table shows the times recorded for each swimmer in the under-13, 50-metre freestyle relay for
6 teams.

Times for each swimmer (seconds)
Team Swimmer 1 Swimmer 2 Swimmer 3 Swimmer 4
1 36.7 41.3 39.2 35.8
2 38.1 46.5 38.8 35.9
3 34.6 39.2 39.9 35.2
4 41.6 40.8 43.7 40.5
5 37.9 40.2 38.6 39.2
6 38.3 39.1 40.8 37.6

a. Determine the total time for each team. Put your results in a table.
b. Identify which team won the relay.
c. Determine the difference in time between the first and second placed teams.

Australian coins, which are minted by the Royal Australian
Mint, have the following masses:

5c 2.83¢ 10c 5.65¢g 20c 113¢g
50c 15.55g $1 9.0¢g $2 6.6¢g

I have 6 coins in my pocket, with a total value of $2.45. What could the total mass of these coins be?

You purchased some shares over a 4-month period. The price fell by $4.23 in the first month, rose by $6.67
in the second month, rose by $1.35 in the third month and fell by $3.28 in the fourth month. Explain whether
the shares increased or decreased in value over the four months, and by how much.

Arrange the digits 1 to 9 into the boxes to make a true decimal
addition. b
+[ ]
°
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Multiplying decimals

LEARNING INTENTION

At the end of this lesson you should be able to:
e multiply decimals, including by multiples of 10
e square decimal numbers.

5.6.1  Multiplying decimals

e The following calculation shows the multiplication 1.7 X 2.3. The diagram is a visual representation of each
step in the calculation. There are 1.7 rows of 2.3, or 1.7 groups of 2.3.

Sl « 03x1.7=0.51 N
0 « 2.0x1.7=3.40 =
391 <« Total N

1 2
e The smallest place value in the answer is determined by multiplying the smallest place values from each of
21
the decimal numbers. The first multiplication is 13—0 X 17—0 = 100° so the smallest place value in the answer

will be hundredths.

Multiplying decimals

The number of decimal places in the answer is equal to the total number of decimal places in the
numbers being multiplied.

WORKED EXAMPLE 20 Multiplying numbers with decimals

Calculate the following.

a. 12.6 x7 b. 3.26 c. 0.4629
x0.4 x2.6

THINK WRITE

a. 1. Rewrite and multiply the digits, ignoring the decimal places. a. 126
x7
882

2. Count the number of decimal places altogether (1) and put in the 12.6 X7
decimal point. =88.2
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3. Check the answer by rounding: 10 X 7 =70, which is close to 88.2.

b. 1. Multiply, ignoring the decimal places. b. 326
x4
1304
2. Count the number of digits after the point in both the decimals being 3.26x0.4
multiplied and insert the decimal point in the answer. There are 2 decimal =1.304

places in 3.26 and 1 in 0.4 so there will be 3 decimal places in the answer.
3. Check the answer by rounding: 3 X 0.4 = 1.2, which is close to 1.304.

c. 1. Multiply, ignoring the decimal places. c. 4629
X 26

27774

92 580

120354

2. Count the number of digits after the point in both the decimals being 0.4629 x 2.6
multiplied. Insert the decimal point in that position in the answer. =1.203 54

There are 4 decimal places in 0.4629 and 1 decimal place in 2.6, so there
will be 5 decimal places in the answer.

Digital technology

Scientific calculators can evaluate multiplication of numbers VEG 4w

with decimals. 0.5364%3.7
1.98468

DISCUSSION

Does multiplication always result in a larger number?

5.6.2 Squaring decimals

e To square a decimal, multiply the number by itself.

Squaring decimals

¢ The number of decimal places in the square is twice the number of decimal places in the
original number.
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e The following diagrams show how squaring decimal numbers can be represented visually.

Area =2.25 Area =144 Area = 0.56 Area = 0.25

0.75
T
1.5 12 0.75 0.5
1.5 =225 122 =144 0.75> = 0.5625 0.5 =025

WORKED EXAMPLE 21 Squaring decimal numbers

Calculate the following.

a. 0.52 b. 1.22
THINK WRITE
a. 1. Multiply the number by itself, ignoring the decimal places. a. 5X5=25
2. Count the number of digits after the point in both the decimals being 0.5x0.5=0.25

multiplied and insert the decimal point in the answer. There will be
2 decimal places in the answer.

3. Write the answer. 0.5* =0.25
b. 1. Multiply the number by itself, ignoring the decimal places. b. 12X 12 =144

2. Count the number of digits after the point in both the decimals being 1.2x1.2=1.44
multiplied and insert the decimal point in the answer. There will be
2 decimal places in the answer.

3. Write the answer. 1.2 =1.44

®» 5.6.3 Multiplying by multiples of 10

e The multiples of 10 are 10, 20, 30, 40, ... 120, ... 1000, ... 1500, ... 20 000 and so on.
e Multiplying by a multiple of 10 can be carried out by writing the multiple of 10 as the product of two
factors.
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e The factors used are the non-zero digits from the multiple of 10 and the corresponding power of 10.
For example, 8700 = 87 x 100, so multiplying by 8700 is the same as multiplying by 87 and then
multiplying by 100.

e To multiply a number with a decimal by a power of 10, move the decimal point to the right by the
number of zeros.

For example:

« to multiply by 10, move the decimal point one place to the right

o to multiply by 100, move the decimal point two places to the right

« to multiply by 1000, move the decimal point three places to the right.

WORKED EXAMPLE 22 Multiplying by multiples of 10

Calculate:
a. 5.1x 600 b. 0.0364 x 24 000
THINK WRITE
a. 1. Multiplying by 600 is the same as first a. 5.1
multiplying by 6 then multiplying by 100. X 6
Calculate 5.1 X 6. 30.6
2. Multiply the result by 100. Move the position 30.6 X 100 = 3060
of the decimal point 2 places to the right.
3. Write the answer. 5.1 x 600 = 3060
b. 1. Multiplying by 24 000 is the same as first b. 0.0364
multiplying by 24 then multiplying by 1000. X 24
Calculate 0.0364 X 24. 1456
7280
0.8736
2. Multiply the result by 1000. Move the position 0.8736 x 1000 = 873.6
of the decimal point 3 places to the right.
3. Write the answer. 0.0364 x 24 000 = 873.6

Recognising short cuts

* When multiplying by some common decimals, such as 0.1 or 0.25, you can use short cuts to help you
complete the calculation more efficiently.

For example, the fractional equivalent of 0.1 is %, so instead of multiplying by 0.1 you can multiply by
1 1
E’ which is the same as dividing by 10. Similarly, the fractional equivalent of 0.25 is 4_1 $0 0.25 of $60 is

equivalent to i of $60, which is equivalent to $60 =+ 4.
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Exercise 5.6  Multiplying decimals

5.6 Quick quiz

Individual pathways

B PRACTISE Bl CONSOLIDATE
1,4,7,10, 13, 15, 20, 22, 24, 27 2,5,8,11, 14, 16, 19,
Fluency

1. Calculate the following.
a. 3.5x4 b. 15.7X 8

2. Calculate the following.
a. 27.18x7 b. 64.87 %8

3. [IZZE Calculate the following.
a. 1.4x0.6 b. 4.2x0.7

4. Calculate the following.
a. 0.35x0.4 b. 0.64x0.3

5. Calculate the following.
a. 5.38x0.8 b. 0.347 % 0.6

6. Calculate the following.

a. 0.002 % 0.05 b. 0.003 x 0.004

7. Calculate the following.

a. 0.000 061 x 0.04 b. 0.004 x 0.09

8. I Calculate the following.
a. 025x1.2 b. 0.37%x2.3

9. Calculate the following.
a. 0.79x 8.3 b. 4.68 X 3.6

learn

5.6 Exercise
B MASTER

25,28 3,6,9,12,17, 18, 21, 283, 26, 29
c. 10.2x6 . 22.34%5
c. 1.064x6 . 0.26481x%3
c. 0.8x0.4 .9.7%0.8
c. 0.77x0.5 . 0.49x%0.9
c. 4.832x0.6 . 12.2641x0.4
c. 0.7x%0.09 . 0.037x0.006
c. 0.56x0.7 . 0.03031x0.02
c. 047x54 . 0.05%3.5
c. 8.04x7.5 . 5.06%x6.2

10. [T When calculating 8.32 X 0.64, the number of decimal places in the answer is:

A. 0 B. 1

11. I 0.2 X0.2 equals:
A. 0.004 B. 0.04

12. [ 1.4 X0.8 equals:
A 1.12 B. 8.2

13. I 0.0312 x 0.51 equals:
A. 0.0015912 B. 0.015912

Understanding
14. [IZ2M Calculate the following.
a. 0.02° b. 1.3%

c. 2.05°

C.2

c.04

C. 82

C. 0.156312

. 11.2

. 0.15912
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15. [IZZ Calculate the following.

a. 0.127 x 8000 b. 0.543 x 11000 c. 8.1 x54000
16. Calculate the following.

a. 3.64 x300 b. 7.58 X 600 c. 42.6 X900
17. Calculate the following by moving the position of the decimal point.

a. 6.48x10 b. 13.896x 100 c. 0.2708 x 1000

d. 217.148 96 x 1000 e. 0.820496 783 x 100 000
18. Evaluate the following by moving the position of the decimal point.

a. 32.689 043267 x 100000 b. 0.984 326641 x 1000 000

c. 0.000278498 32 x 1 000000 d. 0.46 X 1000

19. For the following calculations:

i. Estimate the answer by rounding each number to the first digit.
ii. Calculate the answers by using written methods.
iii. Check your answer by using a calculator.

a. 5.6 x4400 b. 10.2x 32510 c. 33.3x 1515
20. Change the following amounts of money to cents. (Hint: There are 100 cents in one dollar.)
a. $35 b. $127 c. $11 d. $25.35 e. $58.20

21. One thousand Year 7 students contributed 75 cents each to the bushfire appeal. Calculate how many dollars
they contributed altogether.

22. Benjamin and Robyn were providing ice cream for 600 children. Calculate how much ice cream would be
needed if each child was expected to eat 0.18 litres.

23. Calculate the area of the tennis court shown, given that
area = length X width.

Reasoning

24. Judy bought 34.5 litres of petrol at 92.9 cents per litre. She paid ~ B77m ———>
3200 cents at the counter.

a. Convert 3200 cents into dollars.
b. Do you think Judy paid the correct amount for her petrol?
Explain your answer.

25. A sheet of paper is 0.012 cm thick. Explain whether you would notice the difference in the height between a
stack of 500 sheets and a stack of 550 sheets.

26. A ball is dropped from a height of 1 metre. If it reaches 0.7 times the height of the previous bounce at each
bounce, determine the number of times the ball bounces until the height is less than 1 centimetre.

Problem solving

27. Michael bought 0.65 kilograms of cubed steak at a butcher’s shop. The meat costs $8.50 per kilogram.
Calculate how much Michael paid for the steak. Note: Round to the nearest Sc.
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28. James is using the recipe for chocolate chip muffins to make 1.5 times
the given amount. If the recipe lists 0.25 litres of milk in the ingredients,
determine the amount of milk James should use for his muffins.

29. Sophie, Hamish and Thomas shared a pizza and paid according to what
they ate. Sophie ate 4 slices, Hamish ate 3 slices and Thomas ate 5 slices. If
Thomas’s share of the bill was $4.50, calculate the amount Sophie and Hamish
had to pay.

LN Dividing decimals

LEARNING INTENTION

At the end of this lesson you should be able to:
e divide a decimal number by a whole number or a decimal number
e divide a decimal number by a multiple of 10.

5.7.1  Dividing a decimal by a whole number

e The method for dividing a decimal number by a whole number is the same as the method used for dividing
whole numbers.
e A visual representation of 2.4896 + 4 is shown here.

2.4896 + 4 can be interpreted as ‘how many times does 4 divide into 2.4896? As shown, 4 divides into 2.4896
less than once.

WORKED EXAMPLE 23 Dividing a decimal by a whole number

Calculate the value of 2.4896 - 4.

THINK WRITE
1. Set out the question as you would for whole numbers. 42,4896

2. Divide 4 into the first digit of 2.4896 (2 + 4 =0 remainder 2).

1

Werite the 0 above the 2, and write the remainder beside the 2
. . 41)2.74896
next digit, as shown in black.
3. The second digit in the number being divided is to the right 0.
of the decimal point, so write the decimal point in the answer 4 )2 24896
directly above the decimal point in the question, as shown in pink. '
4. Divide 4 into the second digit, which includes the carried 2 (24 +4 =6 0. 6
remainder 0). Write the 6 above the 4, as shown in plum. 4 )2 '2 4896
5. Divide 4 into the third digit (8 + 4 =2). Write the 2 above the 8, as 0. 62

shown in pink. 4)2.24896

:
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6. Divide 4 into the fourth digit (9 +4 =2 remainder 1). Write the 2 0.622

above the 9, and write the remainder beside the next digit, as shown 452 248 9 e
in purple. '
7. Divide 4 into the fifth digit, which includes the carried 1 (16 +4 =4). 0. 6224
Write the 4 above the 6, as shown in orange. 4 )2 24896
8. Write the answer. 2.4896 -4 =0.6224

e Sometimes, when you are dividing numbers, there will be a remainder. For example 15.3 + 4:

3.8 remainder1
4)15.33
e Instead of leaving a remainder, add zeros to the end of the decimal and keep dividing until there is no

remainder.
3.82 5

4)15.331020
WORKED EXAMPLE 24 Dividing a decimal by a whole number

Calculate 21.76 + 5. Add zeros and keep dividing until there is no remainder.

THINK WRITE

1. Set up the division. Write the decimal point in the answer directly 4 352
above the decimal point in the question and divide as for short Sm
division, adding zeros as required.

2. Check the answer by rounding: 20 + 5 =4, which is close to 4.352.

5.7.2 Dividing a decimal number by a multiple of 10

* When dividing by a multiple of 10, factorise the multiple to give a power of 10 and its other factor. Divide
by the other factor first, and then by the power of 10.
For example, to divide by 500, divide first by 5 and then by 100.
¢ To divide by a power of 10, move the decimal point to the left by the number of zeros.
For example, to divide by 10, move the decimal point one place to the left;
to divide by 100, move the decimal point two places to the left;
to divide by 1000, move the decimal point three places to the left, and so on.

WORKED EXAMPLE 25 Dividing a decimal by a multiple of 10

Calculate:
a. 4.8+40 b. 19.2 + 6000
THINK WRITE
a. 1. Dividing by 40 is the same as first dividing by 4 then dividing by a. 12
10. First, divide by 4. 4m
2. To divide by 10, move the position of the decimal point 1 place 1.2+10=0.12
to the left.
3. Write the answer. 4.8+40=0.12
b. 1. Dividing by 6000 is the same as dividing by 6 then dividing by b. 3.2
1000. First, divide by 6. 6 W
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2. To divide by 1000, move the position of the decimal point 3 3.2 +1000=0.0032
places to the left.

3. Write the answer. 19.2 = 6000 = 0.0032

COLLABORATIVE TASK: Decimal division patterns

1. As a class, work out the following divisions using a calculator and write each part with its answer on the

board.
a. 10=0.1 b. 10+-0.2 c. 10+0.3 d. 10+-04 e. 10+0.5
f. 10+-0.6 g. 10+0.7 h. 10+-0.8 i. 10+-09 ji- 10+-1.0

Have you noticed any pattern in your answers? Discuss.

Now repeat the calculations, this time using 20 + 0.1, 20 + 0.2 and so on.

Discuss with your class what is happening when you divide by a decimal.

Make up some divisions of your own and check if your assumptions about dividing by a decimal hold
true.

ah N

5.7.3 Dividing a decimal number by another decimal number

e A visual representation of 2.724 + 0.4 is shown below.

2.724 + 0.4 can be interpreted as ‘how many times does 0.4 divide into 2.7247
2.724 +0.4=6.81

Dividing one decimal number by another

* When dividing one decimal by another, multiply the decimal you are dividing by (divisor) by a
power of 10 to make it a whole number.

Multiply the other decimal by the same power of 10, as shown in the following example.

First multiply this number by 10
to make a whole number. F\

2.724 = 04

Then multiply this \/4

number by 10 also.

e This is the same as writing an equivalent fraction with a whole number as the denominator:

2724 10  27.24

04 10 4
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WORKED EXAMPLE 26 Dividing a decimal by a decimal

Calculate:
a. 26.724+0.4 b. 3.0276 +0.12
THINK WRITE
26.724
a. 1. Rewrite the question as a fraction. a. 26.724 04 = 60—74
26.724 1
2. Multiply both the numerator and the = 60—74 X %
denominator by the appropriate power of 10. :
¥ Te APPIOPTIAIE PO 26724
4
3. Divide the decimal by the whole number. 6 6.81
4)26%7.24
4. Write the answer. 26.724 + 0.4 = 66.81
b. 1. Rewrite the question as a fraction. b. 3.0276 - 0.12 = 33)?;6
2. Multiply both the numerator and the = 3(?% %
denominator by the appropriate power of 10. :
v e APPIOPHED 302,76
12
3. Divide the decimal by the whole number. 2523
12)30%.27%
4. Write the answer. 3.0276 +0.12 = 25.23
Digital technology
Scientific calculators can evaluate division of numbers bEG 4w
with decimals. 24.854=-2.4
14,5223

WORKED EXAMPLE 27 Dividing a decimal by a decimal

Calculate how many litres of petrol could be purchased for $50.88 if 1 litre costs $1.06.

THINK WRITE
1. Write the question. 50.88 = 1.06
2. Rewrite the question as a fraction. = %
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_ 5088 _ 100

3. Multiply the numerator and denominator by = ——X
the appropriate multiple of 10, in this case 100. Lte 10
Alternatively, the decimal point could be 5088
moved twice to the right in both numbers = 106

so that the divisor is a whole number
(50.88 ~1.06 = 5088 = 106).

4. Divide the decimal by the whole number. 48
Alternatively, use a calculator. = 106)508 %3
50.88 + 1.06 = 48
5. Write the answer in a sentence. Forty-eight litres of petrol could be purchased for
$50.88.
Exercise 5.7 Dividing decimals learn
5.7 Quick quiz 5.7 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1, 4,10, 13, 15, 17, 20, 23, 24, 25 2,5,6,8,11,14, 18, 21, 26, 27 3,7,9,12,16, 19, 22, 28, 29, 30
Fluency
1. IIEZAH Calculate:
a.3.6+6 b. 21.7+7 c. 4.86+9 d. 8.05+5 e. 9.68+4
2. Calculate:
a. 1.576 +2 b. 8.029 +7 c. 32.5608 + 8 d. 20.5782+3 e. 126.4704 -4
3. Calculate:
a. 46.80+ 15 b. 24.541 + 11 c. 17.108 = 14 d. 77.052 + 12 e. 121.3421 +11
4. W22 Calculate the following. In each case, add zeros and keep dividing until there is no remainder.
a.3.7+2 b. 9.5+2 c.73+5
5. Calculate the following. In each case, add zeros and keep dividing until there is no remainder.
a.9.8+4 b. 7.5+6 c. 55.6+8
6. Calculate the following by changing the position of the decimal point.
a. 14.07+10 b. 968.13 =100 c. 620.8 = 1000
d. 3592.87 + 1000 e. 2349.78 =100 000
7. Calculate the following by changing the position of the decimal point.
a. 9.0769 + 100 000 b. 802405.6 + 1000000 c. 152.70 + 1000000
d. 0.7205 + 10000 e. 0.0032 1000000
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8. IEZAA Calculate the following.

a. 15.9+60 b. 23.7+30 c. 238 +400 d. 8.79 = 6000 e. 5.22+3000
9. ZXA Calculate each of the following.
a.25+0.5 b. 42+0.6 c. 8.1+0.9 d. 2.8+0.7 e. 0.248+0.8
10. Calculate each of the following.
a. 1.32+0.6 b. 39.6 - 0.6 c. 57.68+0.8 d. 0.2556+0.3 e. 0.5468 - 0.4
11. [lIZZA Calculate:
a. 172.0488 +0.11 b. 0.51048 +0.12 c. 21.47010+0.15

12. Calculate:
a. 142.888 ~0.08 b. 0.028 692 =+ 0.06 c. 32.619+0.02

Understanding

13. I To calculate 9.84 = 0.8, it can be rewritten as:
A.9.84 =8 B. 0.984 - 0.8 C.984+0.8 D. 98.4 =8

14. T To calculate 151.368 = 1.32, it can be rewritten as:
A. 151.368 - 132 B. 151.368 - 13.2 C. 1513.68 - 132 D. 15136.8 132

15. [T 0.294 = 0.7 equals:
A. 0.042 B. 0.42 C. 4.2 D. 42

16. A 21.195 = 0.15 equals:
A. 0.1413 B. 1.413 C. 14.13 D. 141.3

17. For the following calculations:

i. Estimate the answer by rounding each number to the first digit.
ii. Calculate the answers by using written methods.
iii. Check your answer by using a calculator.

a. 6600 +24 b. 1044 +4.5 c. 384 +0.16

18. Change the following to dollars ($) by dividing by 100.

. 365 cents

. 170 cents
. 5685 cents
. 75 cents

. 90 cents

. 6350 cents

- 0 O O T o

19. Calculate 100987.5412 + 10*.
Round the answer to the nearest hundredth.

Reasoning

20. The carat is a unit of measure used to weigh precious stones. A 2.9-carat diamond weighs 8.9494 grains.
Calculate how many grains one carat is equal to.
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21.

22,

You are helping to beautify the gardens at your school and have been given the responsibility for paving the
path. The path is 6.715 m (or 671.5 cm) long and the width of only two pavers. The pavers you will use are
shown.

a. Calculate how many pavers you should buy to minimise waste.
b. If each paver costs $2.32, calculate how much the pavers cost in total.

A jugis é full of water. Jack added more water to the jug until it was % full. At that stage there was 1.5 L of

water in the jug. Show with working how much water was originally in the jug.

Problem solving

23.

24.

25.

26.

27.

28.

29,

30.

Stephanie spent $6.95 on these chocolates. Determine the cost of
each chocolate. Give your answer to the nearest 5 cents.

A Calculate how many 1.25-litre bottles of water could be
poured into a 25-litre drink dispenser.

Calculate how many burgers could be bought for $562.80 if each
burger costs $2.80.

If you have $22.50 for bus fares to school for the week, calculate
how much you would spend on each of the 5 days.

The area of an office floor is 85.8 square metres. Calculate how
many people could fit in the office if each person takes up 1.2
square metres.

Emily wants to make 10 cushions from 6.75 metres of material that she found on a table of remnants at a
fabric shop. Determine how much material she would have for each cushion.

Calculate how many books can be stacked on a shelf that is 28.6 centimetres
high if each book is 1.1 centimetres high.

READING
BOOKS

HAKES YOU

BETTER

Anna has a wooden rod that is 2.4 metres long. She needs to cut 3 lengths, each
of 0.4 metres, and 2 lengths, each of 0.2 metres. Determine the fraction of the
original rod left over after she has cut the required lengths.
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LR Converting between decimals and percentages

LEARNING INTENTION

At the end of this lesson you should be able to:
e convert percentages to decimals.

5.8.1 Percentages as decimals

e Percentages can be expressed as decimals.
¢ To convert a percentage to a decimal, divide the percentage by 100; that is, move the decimal point 2 spaces
to the left.

WORKED EXAMPLE 28 Converting percentages to decimals

Write the following percentages as decimals.

a. 81% b. 16.8%
THINK WRITE
a. 1. To convert to a decimal, divide by 100. a. 81% =81+ 100
2. Move the position of the decimal point 2 oan
. . _ 81
places to the left and place a zero in the units =700
column. - 081
b. 1. To convert to a decimal divide by 100. b. 16.8% = 16.8 -+ 100
2. Move the position of the decimal point 2 on
. . _16.8
places to the left and place a zero in the units =100
column. —0.168

Exercise 5.8 Converting between decimals and percentages learn

5.8 Quick quiz 5.8 Exercise

Individual pathways

B PRACTISE Hl CONSOLIDATE B MASTER
1,4, 8,10, 12, 15, 18, 21 2,5,7,13,16, 19, 22 3,6,9,11,14,17, 20, 23, 24
Fluency

1. I Write the following percentages as decimals.
a. 36% b. 14% c. 28% d. 73% e. 66%

2. Write the following percentages as decimals.
a. 59% b. 99% c. 9% d. 4% e. 1%
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. Write the following percentages as decimals.

a. 25% b. 200% c. 150%

. IIZZ2A Write the following percentages as decimals.

a. 12.3% b. 31.6% c. 59.2%

. Write the following percentages as decimals.

a. 37.6% b. 21.9% c. 16.9%

. Write the following percentages as decimals.

a. 9.2% b. 5.9% c. 8.8%

. Write the following percentages as decimals.

a. 23.55% b. 45.75% c. 0.05%

Understanding

8.

10.

11.

12,

13.

14.

15.

16.

I 41% as a decimal is:
A. 41 B. 041

. I 8% as a decimal is:

A. 8 B. 0.008

& 43.64% as a decimal is:
A. 0.4364 B. 4.364

I 110% as a decimal is:

A 110 B. 1100
100

Car prices dropped by 17% during a recent 8-year period. Write this percentage as a:

d. 360%
d. 84.9%
d. 11.1%
d. 14.25%
d. 4.01%

C. 4.100

C. 0.08

C. 43.6400

C.0.11

a. fraction b. decimal.

e. 100%

e. 42.1%

e. 3.1%

e. 31.75%

e. 0.02%

D. 4.1

D. 0.8

D. 436.4

D. 1.10

The maximum legal blood alcohol concentration (BAC) for drivers in New South Wales is 0.05%. Write the

BAC as a:

a. fraction b. decimal.

In 2020, the number of visitors to Australia was 80.7% lower than the previous year. Write this percentage as

a decimal.

Over the past decade, insurance premiums have risen by 218%. Write this percentage as a decimal.

In the three months following a drought, the price of vegetables fell by 13.8%. Write this percentage

as a decimal.

17. Government funding to state schools has risen by 8.35%. Write this percentage as a decimal.
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Reasoning

18. a. Round the following percentages to the nearest whole number: 23.2%, 23.5%, 23.8%, 23.9%
b. Round the following decimal numbers to 2 decimal places: 0.232, 0.235, 0.238, 0.239
c. The percentages in part a are the same as the decimal numbers in part b. Explain whether it matters if you
round the percentages or the decimal values up or down.

19. Consider the following percentages: 23.6%, 23.67%, 23.66%
a. Which one of the three percentages is the largest? Justify your answer.
b. Convert these percentages to decimals. State your answer to 4 decimal places.

20. Consider the following percentages: 37.8%, 39.6%, 30.9%, 34.5%, 32.8%

a. Convert these numbers to decimals.

b. Arrange the percentages in order from highest to lowest.

c. Arrange the decimal numbers in order from highest to lowest.

d. Explain whether it was easier to arrange the numbers in the order required using decimals or percentages.

Problem solving

21. Brent buys a used car for $7500. The dealer requires a 15% deposit. Calculate the value of the deposit they
must pay the dealer.

22. The price of entry into a theme park has increased by 10% every year since the theme park opened.
If the latest price rise increased the ticket price to $8.80, determine the cost of a ticket 2 years ago.

23. Consider the following percentages:
7.291%, 72.91%, 729.1%.

a. Convert the following percentages to decimal numbers.
i. 7.291% ii. 72.91% iii. 729.1%

b. Explain the effect of the conversion on the numbers.

24. Suggest when it is more convenient to express a percentage as a decimal rather than as a fraction.

294 Jacaranda Maths Quest 7



] Review

5.9.1  Topic summary

Decimal numbers and place value Rounding decimals Types of decimals

¢ Decimal numbers can be identified
easily because the whole number
part and the fractional part are
separated by a decimal point (.).

e.g. 11.234 is a decimal number.

Decimal numbers can also be
written in expanded form.
2 3 4

211234 =11+2 + > 4 2
o 10 " 100 * 1000

When rounding decimal numbers,

follow the steps below.

. Decide which digit is the last digit
to keep (underline it).

2. Leave this underlined digit the

same if the next digit is 0, 1, 2, 3

or 4 (this is called rounding down).

Increase the underlined digit by 1

if the next digit is 5, 6, 7, 8 or 9

—

(this is called rounding up).
e.g. 2.3456 = 2.3 correct to 1 decimal
place.

2.3456 = 2.35 correct to 2 decimal
places.

¢ Terminating (finite) decimals
are decimal numbers that finish

(terminate).
3
eg 2 =0.375
£ 8

* Recurring (repeating) decimals
are decimal numbers that keep on
going forever and never finish.

eg. % =0.3333333...=03
(The 3 never stops.)
131 = 0.45454545 ... = 0.35

(The 45 pattern continues forever.)

¢ To add or subtract decimal numbers,
set the problem out in columns
according to place value and make
sure the decimal points are aligned.
Add and subtract using the same
method as for whole numbers.

e.g. Calculate 1.23 + 7.894.

h .12 30
+7 . 89 4
9 . 1 2 4

Multiplying decimal numbers

* To multiply decimal numbers,

use the method for multiplying
whole numbers.

To know where to place the decimal
point in the answer, count the total
number of decimal places in the
entire question.

The answer must have the same
number of decimal places as

your count.

Count the number of zeros in

the power of 10 being multiplied.

e.g. 1000 has three zeros.

* Move the decimal point to the right
by the same number.

e.g. 23.4567 x 1000 = 23456.7

(1000 has three zeros, so move the

decimal point three places to the right.)

* Count the number of zeros in
the power of 10 being divided.
e.g. 100 has two zeros.

* Move the decimal point to the
left by the same number.

e.g. 23.4567 + 100 = 0.234567

(100 has two zeros, so move the

decimal point two places to the left.)

Converting percentages to decimal

* To convert a percentage to a fraction

or a decimal, simply divide by 100

and remove the percentage symbol.
e.g. Express 54% as a decimal.
number
54% =54 + 100

=0.54

(Follow the rules for dividing by
powers of 10; that is, move the
decimal point two places to the left.)

Division by a whole number

¢ When dividing a decimal number
by a whole number, use the same
method as for division with whole
numbers.

2.075

eg 5)10.375

Dividing decimal numbers

¢ When dividing by a decimal
number, convert the denominator to
a whole number by multiplying by
a power of 10.
(Put simply, just move the decimal
point to the right as many places as
needed to make the denominator a
whole number.)

¢ Multiply the numerator by the
same power of 10 as the
denominator to keep it balanced.
(Move the decimal point in the
numerator exactly the same number
of places to the right as you did in
the denominator.)

¢ Divide as normal.

0.135

05 °

To make the denominator a whole

number, multiply it by 10 (or move

the decimal point one place to the

right). Do the same to the numerator.

0.135 _1.35

e.g. Calculate

05 = 5 02
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5.9.2

Success criteria

Tick the column to indicate that you have completed the lesson and how well you think you have understood it
using the traffic light system.

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

Lesson @ Success criteria °

6.2

5.3

5.4

5.5

5.6

5.7

5.8

| can understand the place value of digits in decimal numbers.
| can the value of digits in decimal numbers.
| can compare the sizes of decimal numbers.

| can convert decimals to fractions and fractions to decimals.

| can round decimal numbers to the required number of decimal places.

| can add and subtract decimal numbers.

| can multiply decimals, including by multiples of 10.

| can square decimal numbers.

| can divide a decimal number by a whole number or a decimal number.
| can divide a decimal number by a multiple of 10.

| can convert percentages to fractions.

O

5.9.3

Project

Eating out

When we eat out or buy takeaway food, a number of factors are
taken into consideration before we make our purchases. What
types of foods are available? What is the size of each serving?
What is the cost of the meal? These are examples of things we
consider when we try to decide what and where we eat.

In a group of four, you and your friends have decided to eat at a
local restaurant. Your parents have given each of you $30.00 to
spend on your meal.
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?‘; EeE s s s s e TETEF S EI I E
« EAT EASY RE STAURANT MENU !
! i
Y}
19} SALADS SURGERS Any, PASTA b
|| Tossed Green Salad $5.50 HOT DOGS ‘1“1‘
T Caesar Salad $7.50
vy Chicken Caesar Salad $8.95 Your choice of Spaghetti, Fettuccine, M)
,‘“‘, Greens with Tomato $6.50  All served with salad and fries Gnocchi, Ravioli or Tagliatelle with A
il the sauces below ‘v“v‘
Jumbo Hot Dog $5.95 il
iy STARTERS Gourmet Dog $6.95  Mama’'s Meaty Bolognaise ~ $9.95 W
Ty —includes smoked sausage Creamy Chicken $9.95 ‘I \
'y Garlic or Herb Bread $3.50  Double Beef Burger $5.95  Fresh Seafood Marinara $10.95
', Bruschetta $4.50  Grilled Chicken Burger $6.95  Pesto $9.95 Ll
i Dips & Bread $3.50  Fresh Fish Burger $7.55  Tomato and Hot Chilli $8.95 11
Potato Skins $6.50  Vegetable Burger $4.95 m
1 —served with sour cream Vegetable Lasagne $9.95 I1
TTY  Basket of fries $4.25  Additional items Rich and Meaty Lasagne $9.95
11 Nachos with cheese, salsa Bacon $0.50 ‘,“,‘
'y and sour cream $6.50  Grilled onion $0.50 Ll
i Italian style baby potatoes  $6.50 Olives $0.75 A
i Cheddar $0.75 SSE !
m E R
I D Ic D TS IXMXA
i sANDWICHEs il
I All served with salad and fries on 'E E 11
your choice of bread I,IOU AL Homemade Fruit Pie $3.75 |11
11 Brownie $350 ]
' Bacon, Lettuce & Tomato $5.50 Cheesecake $3.95
1 Ham & Cheese $5.00 Frozen Yoghurt $2.50 A
'y Ham, Cheese & Tomato $5.50  Today’s Special is 250 gram - Chocolate or Vanilla Ll
) Grilled Chicken & Cheese $6.00  Rib Eye Steak served with Jumbo Banana Split $4.50 Ak
i Egg & Lettuce $5.50  fries, vegetables with your i
m Top Quality Steak & Onions  $9.95  choice of sauce $18.95 m
‘ ! B e e -— »%‘
I T T EIETE I E I E I EIEIEIEIEIEIEIEIEIE T

1. Using the menu provided, work out how much each of the following
meals would cost. On a separate piece of paper, set out each order as

it would appear on the final bill. An example is shown.
a. Tossed green salad and Homemade fruit pies.

b. Chicken Caesar salad, Jumbo hot dog and Vanilla-flavoured

yoghurt.
c. Garlic bread, Potato skins, House special and Jumbo
banana split.

d. Vegetable burger with cheddar, Basket of fries and Brownie.

Your group has decided to order a three-course meal. The first course
consists of items from the Salads and Starters sections and the third
course is from the Desserts section. The second course is ordered from

the remaining sections.

The group also decides to buy a large jug of orange juice to drink, and

plans to share its cost of $4.60 evenly.
2. Calculate your share of the cost of the drinks.

3. How much does this leave you to spend on your food order?
4. Select your three-course meal, keeping in mind the amount of money you have to spend. Write down

your order, and set it out as you did for question 1.

EAT EASY

RESTAURANT

Item Cost

Tossed green salad $5.50

Homemade fruit pies $3.75

Total

$9.25

Obtain the orders from three of your classmates. This will represent your group of four.
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5. Write down each group member’s order on a separate sheet of paper. Present the information as you
would like it to appear on your final bill. Include the total cost of each person’s order.

6. Calculate how much change each group member received from their $30.

7. Imagine that the restaurant’s final bill for your group showed only the total amount owing; that is, there
was no information on the breakdown of charges. Comment on how you would feel about this and how
you think bills should be presented for group bookings.

f PR ST e ni
< ol .
27T -

Exercise 5.9 Review questions learn

Fluency

1. Give the value of the 7 in each of the following.
a. 1.719 b. 3.0726 c. 0.2078

2. Give the vaue of the 7 in each of the following.
a.23.1487 b. 0.002 57 c. 17.592

3. Write the following numbers in expanded notation.
a.2.64 b. 18.406 c. 96.3428

4. Add 2 tenths to the following.
a.6.2 b. 0.743 c.3.91

5. Add 3 thousandths to the following.
a. 0.456 b. 1.6 c.2.79

6. Put < or > between the following.
a.8.72 8.27 b.0.35 0.37 c.10.214 10.219

7. Put < or > between the following.
a. 13.0496 13.149 b.0.80406 0.80417 c. 0.000879 0.000876

8. Write the following decimals in order from smallest to largest.
a. 0.13, 0.86, 0.34, 0.71, 0.22 b. 0.247, 0.274, 0.124, 0.258, 0.285
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

Write the following decimals in order from smallest to largest.
a. 0.834, 0.826, 0.859, 0.888, 0.891 b. 0.356, 0.358, 0.365, 0.385, 0.217

Write the following decimals as fractions in simplest form.
a. 0.8 b. 0.17 c. 0.36 d.0.187

Write the following decimals as fractions in simplest form.
a. 0.125 b. 0.568 c. 0.205 d. 0.950

Write the following decimals as mixed numerals in simplest form.
a. 1.5 b. 4.60 c.3.48 d.5.25

Write the following decimals as mixed numerals in simplest form.
a.2.75 b. 2.625 c. 1.56 d. 8.32

Round the following to 2 decimal places.
a. 2.047 b. 13.8649 c. 17.898 193

Round the following to the number of decimal places indicated in the brackets.
a. 1.29 (1) b. 0.0482 (3) c. 1.92596 (4)

Round the following to the nearest whole number.
a. 13.6 b. 29.02 c. 86.99 d. 100.09

Calculate the following.
a.1.8+7.3 b.4.21+5.88 c.6.75+0.243

Calculate the following.
a. 12.047 + 3.6 b. 194 +18.62+ 3.1 c.34.1+7.629 + 0.008 45

Calculate the following.
a.9.6—-43 b. 18.25—9.18 c.3.92—-1.88

Calculate the following.
a. 100 —9.341 b. 4.876 —3.927 c. 1.6 —0.025

Calculate the following.
a.6.2x%x3 b. 4.67 X9 c. 13.2036 X5 d. 0.7642 x7

Calculate the following.
a. 0.23x 11 b. 16.28 x 41 c. 182.94x28 d. 0.02894 x 32
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23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Calculate the following.
a. 0.26x 10 b. 1.345% 10 c. 0.0645x 100

Calculate the following.
a. 146.6281 x 100 b. 0.0480643 %1000 c. 0.839204 % 1000

Calculate the following.
a.3.2x0.41 b. 1.72%x0.3 c. 0.87x0.9

Calculate the following.
a.0.58%x 1.5 b. 2.83x0.96 c. 11.468x 1.3

Calculate each of the following.

a.2.5% b. 0.03? c. 0.64?

Calculate each of the following.
a. 1.64 -4 b.12.48 -6 c. 147.24 +2

Calculate each of the following.
a. 14.623 =10 b. 102.36 = 10

Calculate each of the following.
a.20.032 =100 b. 264 983.0026 + 1000

d. 1.8294 % 100

d. 0.368 x 1000

d. 0.03 x 0.006

d. 1.248 % 0.82

d. 0.0025>

d. 1.76 = 11

c. 9612.347 + 1000

c. 3462.94 =~ 100

Write each of these fractions as a terminating decimal or as an infinite recurring decimal.

1 5 5
a. — b. — c. —
20 8 16

Write these infinite recurring decimals using a short form.

a.4.555 ... b.0.8282... c. 19.278 12781 ...

Calculate the following.
a.4.8+0.6 b.35.7+0.7 c.12.1+1.1

Calculate the following.
a. 17.8946 +0.02 b. 372.04572 <+ 0.06 c. 0.28956 +0.12

Write the following percentages as decimals.
a. 42% b. 5% c. 94%

Write the following percentages as decimals.
a. 6.7% b. 19.7% c. 58.03%

2
d —
16

d. 83.01626262 ...
d. 13.72+0.4
d.3214.0170 = 0.15

d. 139%

d. 0.8%

Calculate the following percentages by converting the percentage to a decimal.

a. 20% of 25 b. 12%of31 c. 4.5%of 50
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38. Calculate the following percentages by converting the percentage to a decimal.
a. 21.4% of 90 b. 32.3% of 120 c. 76.5%of 8 d. 42.3% 0f 96.2

Problem solving

39. Jim saved the following amounts of pocket money to take away on holiday: ®
$12.50, $15.00, $9.30, $5.70 and $10.80. @
Calculate how much money Jim had to spend while on holiday. ‘ 0 o

.§ L
\ v

40. Mandie poured 0.375 litres from a 1.5-litre bottle of juice. Calculate how much
juice was left in the bottle.

41. Tara bought 0.350 kilograms of shaved ham at $10.50 per kilogram. Calculate how

much Tara paid for the ham. r\

42. The decimal equivalent of % is 0.230769.

a. Determine the decimal equivalent of %

b. Determine the decimal equivalent of 15—3

43. Lena saved $32 when she purchased a pair of jeans at a sale. If the sale had 40% marked off any item,
calculate the original price for the pair of jeans.

44. You are given two options at work:
Option 1: Your salary can be raised by 10% this month and then reduced by 10% next month.
Option 2: Your salary will be reduced by 10% this month and increased by 10% next month.
Compare the two options to determine which is the better option.

45. Leesa has 3 m of ribbon. It takes 0.15 m of ribbon to make a bow. Calculate how many bows they can
make with the ribbon.

46. Steven lives 3 km from school. He can walk at 6.25 km/h. Determine how long it takes him to walk

to school.

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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Answers

Topic 5 Decimals

5.1 Pre-test

1. C 2. 0.12 3. D

4. Josh 5. 23.90 6. $378.95
7. D 8. 5.817 9. C

10. 3280 11. B 12. $13.65
13. 86.98 14. 44 litres 15. 125

5.2 Decimals and place value

4 2
d. Three units, 3; four tenths, B; two thousandths, ——;

; 4 1800
seven hundred thousandths, ———;3 + — + —— +
7 100000 10 1000
100 000

a. (Ix1)+ <2xi> + (SXL>
10 100

1
b. (5X10)+(6X1)+<1xm>

1
c. (3><10)+(9><1)+<1xﬁ>

1, g, = b, e o, i d. d (5x1)+ 9XE + SXF.O + 7Xm
10 100 10 1000
2 2 1 1
2 a. b. ) d. 9.a. (Ix10)0+@B3x1)+ 4XE + SXE
10000 10000 10000 )
9 9 9 9 + <2 X —>
3.a. — b. — c. — d. — 1000
10 10 100 100
1 1 1
9 9 b |3X— |+ |[6X—— )+ |2X—
4. a. b. c. 900 d.9 10 1000 10000
10000 100 000 1 1
ASX—= )+ ([2X——
5. a.i b. 2+ — ‘ < 10) < 10000)
10 1 1
d2XD+ |4X— |+ |(7TX—
o 54 2 o L6 3 @x1) < 10) ( 100>
10 100 10 100 1000 10.D
6. a. i + L + ; 11. See the table at the foot of the page.*
10~ 100 = 10000 12. 2. 0.32 b. 0.59 c. 0.901
b, 7 4 g e O 13.2.0.03990  b.2.559 c. 0.11049
10 100 1000 10000
14. a. > b. < c. < d. < e. <
3 + 3 2 + 4
C. 10 100 10000 100000 15. a. > b. > c. < d. < e. >
3 16. a. 2
d. 300 + 100 b. i. Seventy-eight dollars and fifty-five cents
8 5 ii. $78.55
7. a. One unit, 1; eight tenths, E; five hundredths, W; 17. 2. 0.17,0.21,0.33,0.39, 0.45
4y i b. 0.314,0.391,0.413, 0.420,0.502
10 100 c. 0.803,0.807,0.811,0.821,0.902
7 7 18. a. 0.9087,0.9189,0.9812,0.9864,0.9943
b. Two tenths, ]6; seven hundredths, m; one thousandth, b. 4.0292, 4.5097, 4.6031, 4.6249, 4.802
1 ) 7 | c. 0.003,0.004 65, 0.005 02, 0.0056, 0.009
1000 10 100 = 1000
1
c. One ten, 10; six units, 6; one thousandth, ——;
| 1000
16+ —
1000
*11, - i
Tens Units | Tenths Hundredths Thousandths
a. | 0.205 0 0 2 ‘ 0 5
b. | 1.06 0 1 0 6 0
c. | 74.108 ] 7 4 1 0 8
d. | 0.108 ] 0 0 1 0 8
e. | 50.080 | 5 0 0 8 0
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19.

20.

21.
22,
23.
24.

25.
26.

27.

28.

29.
30.

5.3 Converting between decimals and fractions

o T ®

o

a.

o o0 oo

- 0O Q O T QO

g.

. 0.48,0.39,0.36,0.31,0.19

0.99,0.97,0.95,0.91,0.90
1.291,1.288,1.279,1.273,1.264

0.390,0.372,0.318,0.317,0.309
0.8889,0.8823,0.8448,0.8217,0.8207
1.84321,1.702 96, 1.486 59, 1.486 13, 1.349 54

False b. True c. False

True b. False c. True

0.1428571429
i. 0.2857142857

ii. 0.428 57142857
iii. 0.5714285714
iv. 0.7142857143

v. 0.857 142857 14

. Each number has a repeated group of decimals in the

same sequence: 142 857.

i. Tenths ii. Yes
i. Thousandths ii. No
i. Units ii. No
i. Units ii. Yes
i. Tens ii. Yes

. Shelley, 0.21 seconds

. Carolyn, 0.06 seconds

. Mara, 0.11 seconds

. Shelley, Carolyn, Robyn
. Carolyn, Shelley, Kyah

. Mara, Jenika, Shelley

Yes, Shelley

8.264

They are correct for trailing zeros (to the right) of a
decimal. They are incorrect for zeros that are enclosed
by non-zero digits, as they would indicate a place value
of zero.

3 1 21 2 11
1. a. — b. = c. — .= e. —
10 2 100 5 25
49 251 617 3 16
2.a. — b. — c.— d. — e. —
100 500 1000 10 25
7 591 9209 4621 3
3. a — b. — c.—— d. —m—— e. —
25 625 10000 10000 25
3 7 2 1 1
4. a. 1— b. 2— c.9- d 1- e. 4-
10 10 5 5 5
1 27 91 3 1
5. a. 8— b.5— ¢ 19— d.3— e. 6—
2 100 500 20 4
7 341 4917
6. a. 9— b. 16— —_—
50 500 10000
1693 3
—_— e. 100—
5000 625

10.
11.
12.

13.
14.
15.

16.
17.
18.

19.

20.

OoaQ»w

a. 0.75 b. 0.5 c. 0.8 d. 0.05
a. 0.25 b. 0.02 c. 0.32 d. 0.2
a. 0.375 b. 0.875 c. 0.0625
a. Darya

b. Compare the fraction of wins as decimals. Darya
has a larger fraction of wins.

300 m

No, the second jump was best.

History, Science, English

30 8 325 4 3

157111007 25° 1000° 12”7

=0.428 571, ; =0.571428, g =0.714285,

=0.857142

Nl oW

5.4 Rounding and repeating decimals

1.

© ® N o o p 0D

- =
- O

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24.

a.0.32 b.0.86 c 1.25 d. 13.05 e. 3.04
a.7.13  b.100.81 c. 71.26 d.0.01 e.2.39
a.0.19 b.19.70 ¢ 040 d.1.00 e.8.90
a.04 509 ¢c93 d.253 e3.9

a.300.1 b.12.8 ¢ 999 d.89 e 14.0
a.17.6 .09 ¢ 940 d. 1.0 e 96.3
C

A

a. 11 b. 8 c. 4 d.93 e 112
a.22  b.42 2138 d.0 el

a. 2.5 b.0.6  c.49.01 d.0.26

a. 0913  b.8.6418  c. 133.9462 d.0.127

a. 0.3 b. 0.1 c. 0.417

a. 0.17 b. 0.182 c. 0.47

A

A

a. 3.5 b. 4.6 c. 0.75

a.10  b.80 ¢ 140 d.260 e. 180
a.300  b.200 ¢ 100  d. 6800 e. 9300
a.3000 b.12000 c. 19000 d. 9000 e. 1000
$27.70

0.295,0.295,0.295, 0.295
An example answer is 0.543216.

A more reasonable measurement would be 3.568 m. With
the instruments we have available, it would not be possible
to cut the timber more accurately.
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25. Fred is incorrect; any number between 0.5 and 0.65 will
round to 0.6.

33. 65.53¢g,43.43¢g,32.03gor32.04¢
34. Increase S51c

26. 25°C 35. One possible solution is 5.83 + 1.46 = 7.29.
27.a. i.0.8 ii. 0.84 iii. 0.838
b. The rules are the same regardless of the number of 5.6 Multiplying decimals
decimals. 1. a. 14.0 b.125.6  c.61.2 d. 111.70
28. 2%222053236-232’32‘?7-20204; ;3;2857’ 9.0909,7.6923, 2.2.190.26 b.518.96 . 6384  d.0.79443
3. a. 0.84 b. 2.94 c. 0.32 d. 7.76
5.5 Adding and subtracting decimals 4.2.0.140  b.0.192 ¢ 0385  d.0.441
1.a.3.5 b. 2.69 c.13.239  d.102.1858 524304  b.0.2082 c.2.8992  d.4.90564
2. a. 6.77 b. 21.906 c. 2012.333 d. 261.44906 6. a. 0.0001 b. 0.000012 c. 0.063 d. 0.000222
3.a. 4.6 b. 6.9 c.3.471 d. 17.28 7. a. 0.000 002 44 b. 0.00036
4. a.17.3271 b.20.4329 c.11.69 d. 105.22 c. 0.392 d. 0.000 606 2
5. a. 18.951 b. 105.958 c. 192.8949 d. 2618.9564 8.a.0.3 b. 0.851 c. 2.538 d. 0.175
6. a. 0.60 b. 4.205 c. 0.0806  d. 1.3368 9. a. 6.557 b. 16.848  ¢. 60.300 d.31.372
7. a.5.02 b. 89.19 c. 87.09 d. 2.733 10.D
8.2.334  b.593  c.0327 d.4.146 "B
9. a. 1.934 b. 3.289 c. 14.5326 d. 16.766 :; g
10.2.38.238  b.4.1136 ¢ 0.1951  d.0.77216 1. . 0.0004 b. 1.69 o 4.2025
1B 15. a. 1016 b. 5973 c. 437400
: i 16. a. 1092 b. 4548 c. 38340
14.D 17. a. 64.8 b. 1389.6 c. 270.8
15. C d. 217 148.96 e. 82049.6783
6. B 18. a. 3268 904.3267 b. 984326.641
17.B c. 278.498 32 d. 460
16.B 19.a. i 24000 i. 24640
s - Lo e
21. 20.05 kilometres 20. a. 3500 b. 12700 c. 1100 d.2535 e. 5820
22. 8.1 kilometres 21. $750
23. $6.60 22. 108L
24. $10.35 23. 260.7569 m*
25. 50.48 kilograms 24. a. $32.00 b. $32.05
26. 11.73 metres 25. The 50 extra sheets are 6 mm thick. You might notice the
27. 31.28 metres difference.
28. 48.38 seconds 26. 13
29. 0.107 27. $5.55
30. When we estimate an answer we use rounding to make 28.0.375L
the numbers simple to calculate; for example, 11 may be 29. Together they pay $6.30: Sophie pays $3.60 and Hamish
rounded to 10. pays $2.70.
31. 49 calls
32. a. See the table at the foot of the page.*
b. Team 3
c. 4.1 seconds
" eam 1 2 | 3 4 5 6
Time (seconds) 153 | 159.3 ‘ 148.9 166.6 155.9 ! 155.8
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5.7 Dividing decimals

1. a. 0.6 b. 3.1 c.0.54 d.1.61 e 242
2. a.0.788 b. 1.147 ¢.4.0701 d. 6.8594 e. 31.6176
3.a.3.12  b.2.231 ¢ 1.222 d.6.421 e.11.0311
4. a. 1.85 b. 4.75 c. 1.46
5. a.2.45 b. 1.25 c. 6.95
6. a. 1.407 b. 9.6813 c. 0.6208
d. 3.592 87 e. 0.023 4978
7. a. 0.000 090 769 b. 0.8024056  c. 0.000 1527
d. 0.00007205 e. 0.000 000 0032
8. a. 0.265 b. 0.79 c. 0.595
d. 0.001 465 e. 0.001 74
9.a.5 b. 7 c.9 d. 4 e. 0.31
10. a. 2.2 b. 66 c.72.1 d.0.852 e.1.367
11. a. 1564.08 b. 4.254 c. 143.134
12. a. 1786.1 b. 0.4782 c. 1630.95
13. D
14. D
15. B
16. D
17. a. 1. 350 ii. 275
b. i.200 ii. 232
c. i.2000 ii. 2400
18. a. $3.65 b. $1.70 c. $56.85
d. $0.75 e. $0.90 f. $63.50
19. 10.10
20. 3.086 grains
21. a. 32 b. $74.24
22. 0.4 L
23. $0.60
24. 20
25. 201
26. $4.50
27. 71
28. 0.675 m
29. 26
30. l

5.8 Converting between decimals and
percentages

1.

©® N o o A 0 N

a.0.36  b.0.14

a. 0.59 b.0.99

a. 0.25 b.2.00
a. 0.123 b.0.316
a. 0.376 b.0.219
.0.092  b. 0.059
b

. 0.2355 b. 0.4575

[\

o o

(o

(o

(o

(o

(o

(o

(o

.0.28  d.0.73
.0.09  d.0.04
.15 d. 3.6
.0.592  d. 0.849
.0.169 d.0.111

. 0.088 d. 0.1425
. 0.0005 d. 0.0401

e. 0.66
e. 0.01

e. 1

e. 0.421
e. 0.031
e. 0.3175
e. 0.0002

10.
11.

12.

13.

14.
15.
16.
17.
18.

g » 0

17
a. —

100
1

a. ——
2000

b. 0.0005

0.807

2.18

0.138

0.807

a. 23,24,24,24

b. 0.23,0.24,0.24,0.24

c. It does not matter as long as both values are rounded
up or down at the same digit.

19. a. 23.67%
b. 0.2360,0.2367,0.2366
20. a. 0.378,0.396, 0.309, 0.345,0.328
b. 39.6%, 37.8%, 34.5%, 32.8%,30.9%
c. 0.396,0.378, 0.345,0.328,0.309
d. Sample response: It is easier to arrange the numbers
in the order using percentages as you can actually see
the numbers and order them without any calculation.
Decimals are more difficult to determine order, because
there are more place values to look at.
21. $1125
22. $7.27
23. a.i. 0.07291 ii. 0.7291 iii. 7.291
b. When converting a percentage to a decimal number, the
number becomes 100 times smaller.
24. When dealing with measurements it is easier to use
decimals rather than percentages or fractions.
Project
1. a. $9.25 b. $17.40  c. $33.45  d.$13.45
2. $1.15
3. $28.85
4. Sample response:
Item Cost
Nachos with cheese, $6.50
salsa and sour cream
Vegetable burger $4.95
Cheesecake $3.95
Total $15.40
5. Sample response:
Your order
Item Cost
Nachos with cheese, $6.50
salsa and sour cream
Vegetable burger $4.95
Cheesecake $3.95
Total $15.40
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Classmate 1
Item Cost
Chicken caesar salad $8.95
Tomato and hot chilli $8.95
pasta
Brownie $3.50
Total $21.40
Classmate 2
Item Cost
Bruschetta $4.50
Double beef burger $6.45
with bacon
Jumbo banana split $4.50
Total $15.45
Classmate 3
Item Cost
Garlic bread $3.50
Rib eye steak $18.95
Chocolate frozen $2.50
yoghurt
Total $24.95
Item Cost
Nachos with cheese, $6.50
salsa and sour cream
Chicken caesar salad $8.95
Bruschetta $4.50
Garlic bread $3.50
Vegetable burger $4.95
Tomato and hot chilli $8.95
pasta
Double beef burger $6.45
with bacon
Rib eye steak $18.95
Cheesecake $3.95
Brownie $3.50
Jumbo banana split $4.50
Chocolate frozen $2.50
yoghurt
Jug of orange juice $4.60
Total $81.80

6. Sample response:
You: $14.60
Classmate 1: $8.60
Classmate 2: $14.55
Classmate 3: $5.05

7. If the bill only showed the total amount and not the

breakdown then it would be very difficult to work out how

much each person owes individually. To counter this,
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the restaurant could use a bill similar to that shown in the
answer to question 5 above.

5.9 Review questions

1. a. 7 tenths

2

10.

11.

12,

13.

14.
15.
16.
17.
18.
19.
20.
21.
22,
23,
24,
25,
26.
27.
28.

© N o o »

T o

. a.
b.
c

p

T o

b. 7 hundredths

7 ten thousandths
7 hundred thousandths

c. 7 thousandths

. 7 units

ot (o )+ (e )
10 100

.(1x10)+(8x1)+<4xi)+< X;>

10 1000

.(9x10)+(6x1)+<3x%)+<4><L>+

100

1 1
(o) + ()
1000 10000

. 6.4 b. 0.943 c. 4.11
. 0.459 b. 1.603 c. 2.793
> b. < c. <
< b. < c. >

. 0.13,0.22,0.34,0.71,0.86
. 0.124,0.247,0.258,0.274,0.285

. 0.826,0.834,0.859,0.888,0.891
. 0.217,0.356,0.358,0.365, 0.385

4 17 9 187
= b. — c. — d —
5 100 25 1000
1 71 41 19
= b. — c. — , —
8 125 200 20
1 3 12 1
I= b. 4— c.3— d. 5=
2 5 25 4
3 5 14 8
. 2= b. 2- c. l— d. 8—
4 8 25 25
. 2.05 b. 13.86 c. 17.90
. 1.3 b. 0.048 c. 1.9260
.14 b. 29 c. 87 d. 100
. 0.1 b. 10.09 c. 6.993
. 15.647 b. 215.72 c. 41.73745
.53 b. 9.07 c. 2.04
. 90.659 b. 0.949 c. 1.575
. 18.6 b. 42.03 c. 66.0180 d. 5.3494
.2.53 b. 667.48  ¢.5122.32 d.0.926 08
. 2.6 b. 13.45 c. 6.45 d. 182.94
. 14 662.81 b. 48.0643  c. 839.204 d. 368
. 1.312 b. 0.516 c. 0.783 d. 0.000 18
. 0.87 b.2.7168  c. 14.9084 d. 1.023 36
. 6.25 b. 0.0009  ¢c. 0.4096  d.0.00000625
. 0.41 b. 2.08 c. 73.62 d. 0.16



. 1.4623

. 0.20032
. 0.05

. 4.5

.8

. 894.73
.0.42

. 0.067
.5

b. 10.236

.0.625
.0.82

.51

. 6200.762
.0.05
.0.197
372

c

[+

c

c. 9.612347
b. 264.9830026 c. 34.6294

.0.3125
. 19.2781
11
L2413

. 0.94

. 0.5803
.2.25

d
d
d
d
d
d
d

.0.125
. 83.0162
.34.3

. 21426.78
. 1.39

. 0.008
.6.9

38. a. 19.26 b. 38.76 c. 6.12 d. 40.6926
39. $53.30

40. 1.125 L

41. $3.70 (rounded to nearest 5¢) or $3.68

42. a. 0.076923 b. 0.384615

43. $80

44. No. Overall, after two months your salary will decrease by
1% using either option. However, option 1 gives an extra
income (10% of the original salary) in the first month.

45. 20

46. 7 min 12s
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TRl Overview

Why learn this?

Algebra is a fundamental building block of mathematics. Algebra
is, in fact, a mathematical language in which you are able to

use the basic operations of addition, subtraction, multiplication and
division. Using algebra, you are able to break down a problem or

a puzzle into smaller parts and then find the solution or answer.
Sometimes it is hard to imagine how we would apply algebra in our
everyday lives, but we use algebra frequently without even realising
it. The methods used to solve problems and the reasoning skills
learned will be useful no matter what you do in life.

Every five years, on one particular night, every person in Australia
completes a census form. The census collects information such

as the number of people living at an address, their ages and their
incomes. Statisticians use algebraic techniques to interpret the
information, which can then be used in policymaking and to make
predictions about future requirements for such things as schools,
hospitals and aged care services. Scientists, architects, accountants
and engineers all use algebra frequently in their work. Without
algebra there would be no space travel, no electrical appliances,
no television, no smartphones, no iPads, no computers and no
computer games.

Hey students! Bring these pages to life online

Watch Engage with Ask questions
videos interactivities and check solutions

Find all this and MORE in jacPLUS C)

jacTUTOR, your Extra learning

personal Al tutor— resources
here to help when LESSON 2.5
you’re stuck! Ask Subtracting integers
it anything. LEARNING INTENTION
.:dp:f:r;— Differentiated
s s e question sets

@ 2.5.1 Subtraction of integers

(IR s i i e

Questions with
immediate
feedback, and fully
worked solutions
to help students
get unstuck.

Reading content
and rich media,
including
interactivities and
videos for every
concept
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Exercise 6.1 Pre-test learn

1. I Given the pattern 8, 13, 18 ..., the next three numbers are:
A. 23, 28, 35 B. 23, 28, 33 C. 22, 26, 30 D. 22, 27, 32

2. Calculate the value of ¢ when the given substitution is made to the following formula: g =3p
when p =8.

3. In a tennis match, Charlie scored 12 more points than twice
Lachlan’s score. Lachlan scored 36 points. Calculate the
number of points Charlie scored.

4. A An expression that shows the difference between K and L,
where K is bigger than L, is:
A.L-K B.K=L C.2K D.K—L

5. Simplify the expression 3x + 2y — x + 4y by collecting
like terms.

6. Simplify the expression 4(2x + 3y) + 4(3x — 2y).

7. Identify two consecutive numbers with a product of 420.

8. Explain what happens when the result of (5k + 3) is doubled.
9. Complete the following: 3x+7 —[=2+[]—x.

10. Simplify the following expressions.

15pq 36mn
c. —— d

a. 3aX5bX2c b. 4ab x 13b> .
3p 6n*

11. If a=2, b=5 and ¢ = 3, determine the value of the following expression: c(4a — b) — 3a.
12. Expand and simplify the following expression: 3(7p —4q) —2(2p — 59).

13. A rectangle has a width of 3x and a length of 5y. Determine the simplest expression for the perimeter of
the rectangle.

14. Is the expression a X a = 2a true or false? Justify your answer.

15. Ashton has 2 pairs of basketball shoes and 5 pairs of runners,
and Alyssa has 1 pair of basketball shoes and 3 pairs of
runners. Given b is the number of basketball shoes and r is the
number of runners, determine the simplified expression that
shows the total number of basketball shoes and runners they
have together.
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ILEP] Introduction to algebra

LEARNING INTENTION

At the end of this lesson you should be able to:
¢ understand the use of pronumerals in algebra
e identify algebraic terminology
e construct expressions from given information.

6.2.1 Pronumerals

¢ A pronumeral is a letter or symbol that is used to represent a number.
For example, p could represent the number of pies in a shop.

¢ Any letter can be used as a pronumeral.

e A pronumeral can also be called a variable.

WORKED EXAMPLE 1 Use of pronumerals and constants

We don’t know exactly how many lollies there are in a jar, but we know each jar has the same
number. We will refer to this unknown number as /, where / is the pronumeral.

a. Draw a jar and label the number of lollies in the jar as .

b. There is a jar of lollies plus one lolly. Represent this information using pictures and using symbols.

THINK WRITE
a. The number of lollies in the jar is unknown. Let 1 be the number of lollies in the jar.

in an algebraic expression to represent this
information.

w— l
b. Draw a jar of lollies and one lolly. Use ‘I’ =
&
[+1

312 Jacaranda Maths Quest 7



® 6.2.2 Terms and expressions

) JE A term is a single mathematical expression.
For example, 2, p, 3x and 6xy are all terms.

e In terms that contain numbers and pronumerals multiplied together, the number is placed at the front and
the multiplication signs are removed.
For example, 2 X a X ¢ would be simplified to 2ac.

¢ Pronumerals in a term are written in alphabetical order.
For example, 5 X y X x = 5xy.

e The number in front of the pronumeral(s) is known as the coefficient. For example, in the term 3¢, the
coefficient of ¢ is 3.

o Terms such as m X m are expressed as m?. Similarly, m x m x m is expressed as m”>.
* Numbers without pronumerals are called constant terms.

e Expressions are mathematical sentences made up of terms separated by + or — signs.
For example, 3m + 5, 9 — 2t and a* + 2ab + b* are all expressions.

e The definitions are summarised in the following diagram.

Pronumeral

A letter or symbol used
instead of a number
also known as a variable.

A number in front ‘ R I S— Only a number; does

of a variable not contain variables

/

Terms

Separated by +, = or —

N/

Expression
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WORKED EXAMPLE 2 Writing terms and expressions

If Y represents any number, write terms or expressions for:

a. 5 times that number

. 2 less than that number

. 8 more than that number

. the number divided by 4 (or the quotient of Y and 4)

. the next consecutive number (that is, the counting number after Y).

®O Q 0 T

THINK WRITE

In each case think about which operations are being used

and the order in which they occur.

a. An expression with ‘5 times’ means ‘multiply by 5°. When a. SXY=5Y
multiplying, the multiplication sign is not shown. Remember
to put the number first.

b. An expression with ‘2 less’ means ‘subtract 2. b. Y—2

c. An expression with ‘8 more’ means ‘add 8’. c. Y+8
. . .. . . Y
d. An expression with ‘divided by 4’ means ‘write as a quotient d —
(fraction)’. 4

e. An expression with ‘the next consecutive number’ means ‘add 1 e. Y+1

to the number’.

WORKED EXAMPLE 3 Writing simple algebraic expressions

Suppose there are d dogs currently at a lost dogs’ home. r
a. If three dogs find homes, write an expression to represent
the total number of dogs at the lost dogs’ home.
b. Just after the three dogs find homes, the number of dogs
at the lost dogs’ home is doubled. Write an expression to
represent the new number of dogs at the lost dogs’ home.
c. The dogs are then sorted into 10 pens with the same
number of dogs in each pen. Write another expression to
represent the number of dogs in each pen.

THINK WRITE

a. The original number of dogs (d) is decreased by three. a. d-3

b. The number of dogs left at the lost dogs” home is doubled. b. 2(d—3)
c. The dogs are divided into 10 pens. c. Zdl; 0
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WORKED EXAMPLE 4 Simplifying when terms or pronumerals are multiplied

If one jar of lollies has / lollies, then two jars of lollies will have double the number of lollies, that is

2 x [ =2I. In algebra, 2/ means two lots of /.

a. There are two jars of lollies and three loose lollies. Each jar has the same number of lollies. Write

an expression using symbols.

b. There are three jars of lollies, four packets of lollipops and four loose lollies. Each jar has the
same number of lollies and each packet of lollipops has the same number of lollipops. Write an

expression using symbols.

THINK
a. There are two jars of lollies (/) plus (+) the three that
are loose.

b. There are three jars of lollies (/) and four packets of
lollipops (p) plus (4) the four loose lollies.

WRITE

a. Let [ be the number of lollies in
the jar.
2XI1+3=2[+3

b. Let / be the number of lollies in
each jar and p be the number of
lollipops in each packet.

3xXI+4Xp+4=31+4p+4

COLLABORATIVE TASK: How many shoes?

You own a certain number of pairs of shoes. Your friend owns
five pairs more than you own, and your sister owns three pairs
fewer than you own. Your brother owns four pairs fewer than
your friend owns.
1. Write an expression to individually represent each of

the following.

a. The number of pairs of shoes you own

b. The number of pairs of shoes your friend owns

c. The number of pairs of shoes your sister owns

d. The number of pairs of shoes your brother owns

2. Share your answers with a partner. Discuss any differences between your answers.

o

As a class, discuss any differences that you found.

4. Does it matter if each student in the class uses a different symbol? Why? Why not?
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Exercise 6.2 Introduction to algebra learn

6.2 Quick quiz 6.2 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,3,4,7,11,12,13, 18, 19, 24, 25, 2,5,6, 8, 14, 15, 20, 21, 27, 29, 32 9, 10, 16, 17, 22, 23, 30, 33, 34
26, 28, 31

Fluency

1. Explain what pronumerals are used for in algebra.

2. [IlIZM If b represents the total number of bananas in a fruit bowl, write a short paragraph that could explain
the following table.

Day Number of bananas in the fruit bowl
Monday b

Tuesday b—4

Wednesday b—6

Thursday b+38

Friday b+5

3. IZA Write an expression for the total number of coins in each of the following. The symbol
represents a full piggy bank and « - represents one coin. Use ¢ to represent the number of coins in a full

piggy bank.
a. b.

y + - y + - y + - y
4. Write an expression for the total number of coins in each of the following, using c to represent the number of

coins in a piggy bank.
a. b.

+ - X + - X + -
4 y y y y y
5. Christie and Jane each had two full piggy banks and seventeen coins. They combined their money and spent
every cent on a day out in town.
2 . +
y y

Write an expression to represent the number of coins they had in total. Use ¢ to represent the number of
coins in a piggy bank.
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6.

10.

11.

12.

13.

14.

15.

16.

Luke has three macadamia nut trees in his backyard. He saves takeaway containers to store the nuts in. He

has two types of containers, rectangular 7 and round @

Using m to represent the number of nuts in a rectangular container and n to represent the number of nuts in a

round container, write expressions for the following.

R 7 w7 o. =7 T
c. C ﬂﬁ\\ 7 ﬂﬁ@\\ 7 4. C ﬂﬁﬁ@@@@@where@represents

one nut.

. =T e0000 00\ o

. Using a and b to represent numbers, write an expression for:

a. the sum of g and b b. the difference between a and b

c. the product of a and b d. a multiplied by 3 and the result divided by b.
. A Using a and b to represent numbers, write an expression for:

a. 15 divided by negative a b. five times b subtracted from three times a

c. b divided by negative 5 d. seven less than a.

. Write the following expressions in ascending order.

am+3, m—2, m+1, m—8 b. n—15,n+25, n—10.3

Write your own descriptions for what the following expressions could represent.
a.d+2,d,d—1 b. £, 2t, t+ 1 c. y, 3y, 10y
K23 Write an expression for each of the following.

a. The sum of B and 2 b. 3 less than T’

c. 6addedto D d. 5 taken away from K

Write an expression for each of the following.

a. The sum of G, Nand W b. D increased by H

c. Nincreased by N d. Hadded to C

Write an expression for each of the following.

a. G subtracted from 12 b. The product of D and 4

c. B multiplied by F d. Y added to the product of 3 and M
If A, B and C represent any 3 numbers, write an expression for each of the following.

a. The sum of all 3 numbers b. The difference between A and C
c. The product of A and C d. The product of all 3 numbers

If A, B and C represent any 3 numbers, write an expression for each of the following.

a. The quotient of B and C (that is, B divided by C)

b. The sum of A and C, divided by B

c. 3 more than A

d. The difference between C and the product of A and B

Write expressions for the following rules.

a. The number of students left in the class if X students leave for the canteen out of a total group of
T students

b. The amount of money earned by selling B cakes, where each cake is sold for $4.00

c. The total number of sweets if there are G bags of sweets with 45 sweets in each bag

d. The cost of one concert ticket if 5 tickets cost $7°
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Understanding

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

There are n mice in a cage. If the number of mice doubles each
month, write an expression for the number of mice:

a. 1 month from now
b. 2 months from now

c. 3 months from now. N
T M is used to represent an unknown whole number. Choose v
the answer that matches the description ‘six more than the

number’.

A.6+M B. 6M

C.M—6 D.M+6

T M is used to represent an unknown whole number. Choose the answer that matches the description ‘a
fifth of the number’.
M 1

A. SM B. M—-5 C.g D.M+§

T M is used to represent an unknown whole number. Choose the answer that matches the description ‘the
number just before that number’.

A M+1 B. M—1 c.M D. M+2

M= M is used to represent an unknown whole number. Choose the answer that matches the description
‘eight more than the product of that number and 10°.

A. 10(M +8) B. 10M +8 C. 8M+10 D. 8(M+10)

3 M is used to represent an unknown whole number. Choose the answer that matches the description ‘five
more than three times the number’.

A. SM+3 B. 3M -5 C.3M+5 D. 5SM -3
Answer True or False for each of the statements below.

a. 3x1s aterm. b. 3mn is a term.

c. g=23 —t1is an expression. d. g =5t—6is an equation.

Answer True or False for each of the statements below.

a. rt=rxt b. 5+A=A+5

c. 3d+ 5 is an expression. d.7-B=B-17

Answer True or False for each of the statements below.

a. 3x=9 is an expression. b. The expression g + 2¢ has two terms.
c. 2f+4=4+2f d. Sa—"7t+ h is an equation.

There are a apples at your house. At your friend’s house there
are six more apples than there are at your house. Your friend uses
eight apples to make an apple pie. Use this information to write
an expression describing the number of apples at your friend’s
house:

a. before making the apple pie
b. after making the apple pie.

318 Jacaranda Maths Quest 7



27. Your friend spends $d on a bus fare each day.

a. If she uses the bus three days a week, state how much she
spends on bus fares for the week.

b. There are forty school weeks in a year and she travels three
times a week on the bus. Write an expression for how much it
will cost her for the bus fare each year.

c. It costs an adult an extra $1.50 for the same bus trip. Write an
expression for the cost of an adult catching the bus three days -
per week. 3

Reasoning

x+1

. X . . .
28. Compare the expressions and 3 + 1. Give possible examples for each expression.

29. Explain the difference between y+y+yand yXyXy

30. p represents a number between 1 and 2 as shown:

Y

5 4 3 2 -1 0 1 2 3 4 5
Draw a number line for each of the following:

a.p+1 b. p—2 c.3—p

Problem solving

31. a. Ali earns $7 more per week than Halit. If Halit earns $x, write an expression for their total earnings
per week.
b. Sasha is twice as old as Kapila. If Kapila is x years old, write an expression for their total age.
c. Frank has had 3 more birthdays than James. If James is 2x years old, write an expression for their
total age.

32. a. Write a rule to describe how you would calculate the total cost
of two hamburgers and one drink.
b. Let & represent the cost of a hamburger. If the drink costs
$3.75 and the total costs $7.25, write an equation that links
all this information.

33. Two friends each had five $1 coins and a piggy bank full of 20 ¢
coins. They combined their money and spent it all at a games
arcade. Assume that both friends had the same amount of money
in their piggy banks.

a. Write an expression for the total amount of money that the
two friends had.

b. If there were 85 coins in each piggy bank, calculate the total
amount of money spent.

34. Ten couples go out for dinner. If everyone shakes hands once
with everyone else except their partner, determine how many
handshakes there are.
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Substituting and evaluating

LEARNING INTENTION

At the end of this lesson you should be able to:
e substitute a number for a pronumeral to evaluate an algebraic expression.

6.3.1 Substituting

¢ The value of an expression can be determined by substituting in
values that are represented by the pronumeral.

e Substitution means replacing the pronumeral with the number it
represents.

WORKED EXAMPLE 5 Substituting into an expression

If n = 3, evaluate the following expressions.

a.n+4 b. 2n c.4n—2
THINK WRITE
a. 1. Substitute n =3 into the expression. a.n+4=34+4

2. Perform the addition and write the answer. =

b. 1. Substitute n =3 into the expression. b. 2n =2x%3
2. Perform the multiplication and write the answer. =6

c. 1. Substitute n =3 into the expression. c. 4n—2=4x3-2
2. Perform the multiplication first. =l2=2
3. Perform the subtraction and write the answer. =10

WORKED EXAMPLE 6 Substituting to complete a table of values

If x = 3¢ — 6, determine the value of x by substituting the value of ¢ given.

t 1 2 5 12
X
THINK WRITE
1. Write the formula. x=3r—6
2. Substitute 7= 1 into the formula. t=1, x=3X1-6
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3. Evaluate the right-hand side. x=3—-6=-3
4, Substitute =2 into the formula. =2, x=3X2-6
5. Evaluate the right-hand side. x=12—-6=6
6. Substitute =15 into the formula. r=5,x=3xX5-6
7. Evaluate the right-hand side. x=15-6=9
8. Substitute 7= 12 into the formula. t=12,x=3X%X12—-6
9. Evaluate the right-hand side. x=36—-6=30
10. Complete the table. t 1 2 5 12

x -3 6 9 31

WORKED EXAMPLE 7 Substituting into a formula

When researching holiday destinations, Jack saw that the
temperature in Hawaii was 88 °F. They use the formula

C = — (F — 32) to convert this temperature to Celsius.

Calculate the temperature in Hawaii in degrees Celsius.

THINK WRITE

1. Write the formula. o= g (F-132)
2. Substitute F' = 88 into the equation. = % (88 —32)
3. Evaluate the right-hand side and write the answer. =31.1°C

Digital technology

Scientific calculators have a fraction button that can be used to compute DEG
calculations involving fractions. E s 4
= (88-32)+fed

31.11111111
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WORKED EXAMPLE 8 Substituting into a formula

Calculate the value of m by substituting the given value of x into the following formula.

m=32x+3)
x=4
THINK WRITE
1. Write the formula. m=32x+3)
2. Substitute x =4 into the equation. m=32x4+3)
3. Evaluate the right-hand side of the equation. Use BIDMAS m=3(8+3)
to perform the operations in the correct order. m=3(11)
m=3X%11
m =33
Exercise 6.3 Substituting and evaluating learn
6.3 Quick quiz 6.3 Exercise
Individual pathways
B PRACTISE Hl CONSOLIDATE B MASTER
1,4,7,8,12,17, 20 2,5,9,11,13, 14, 18, 21 3, 6,10, 15, 16, 19, 22
Fluency
1. lEA If a = 4, evaluate the following expressions.
a.a+7 b. 5a c. 2a—10 d. 3+ 3a
2. If b =6, evaluate the following expressions.
a.b-17 b. 11b c.3b+1 d. =8b+7
3. If ¢ =3, evaluate the following expressions.
a.c—16 b. —4c c. 12+7¢ d. 11—-c

4. IIEA Substitute the given values into each formula to determine the value of d if d =g — 2.
a. g=4 b. g=5 c.g=2 d. g=102

5. Substitute the given values into each formula to determine the value of e if e =2¢— 3.
a. t=7 b. =2 c. t=100 d. r=8

6. Substitute the given values into each formula to determine the value of f if f=12h+ 7.
a. h=1 b. h=0 c. h=5 d. h=20

7. Substitute the given values into each formula to determine the value of g if g =25 —4w.

a.w=1 b.w=3 c.w=06 d w=0
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8. I Calculate the value of & by substituting the given value of the pronumeral into the formula
h=2(g+1).

a.g=1 b. g=0 c.g=12 d. g=75

9. Calculate the value of i by substituting the given value of the pronumeral into the formula i =5 (x — 2).
a.x=6 b. x=10 c.x=11 d.x=2

10. Calculate the value of j by substituting the given value of the pronumeral into the formula j =4 (12 — p).
a.p=2 b. p=3 c.p=12 d.p=11

11. Calculate the value of k by substituting the given value of the pronumeral into the formula k=5 (2g — 3).
a.g=2 b. g=14 c.g=>5 d. g=9

Understanding

12. Calculate the value of [ by substituting the given value of the pronumeral into the formula /=2 (d + 2) — 3.
a.d=3 b.d=0 c.d=17 d. d=3l1

13. Calculate the value of m by substituting the given value of the pronumeral into the formula
m=3(f—1+17.
a.f=1 b. f=3 c.f=6 d. f=21

14. Calculate the value of n by substituting the given value of the pronumeral into the formula n =45 — 5.
a.s=3 b. s=1 c. s=101 d.s=72

15. Calculate the value of o by substituting the given value of the pronumeral into the formula 0o =3 (y +5) — 2.
a.y=1 b.y=5 c.y=0 d.y=12

16. Calculate the value of p by substituting the given value of the pronumeral into the formula
p=50—6v.
a.v=4 b.v="7 c.v=1 d.v=_8

1
17. The area of a triangle is given by A = 3 X w X h. Find the height & and width w that gives an area of

12 square units.

Reasoning
18. [IEIZA The formula M = 0.62K can be used to convert distances in kilometres (K) into miles (M). Use the

formula to convert the following distances into miles:
a. 100 kilometres b. 250 kilometres c. 15kilometres

19. The formula for finding the perimeter (P) of a rectangle of length / and width w is P =2/+ 2w. Use this
formula to calculate the perimeter of the rectangular swimming pool shown.
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Problem solving

20. Determine the values of x when the result of 5Sx — 2 is a two-digit number.

21. In Australian rules football, a goal is worth 6 points and a behind is worth 1 point. The equation S =6g+ b
can be used to determine a team’s total score (S) from the number of goals (g) and behinds (b) that it scores.

a. The Giants kicked 16 goals and 13 behinds. Calculate their total score.

b. The Swans kicked 12 goals and 21 behinds. Calculate their total score.

c. The Swans had a total of 33 scoring shots. If they’d been more accurate and kicked 15 goals instead of 12,
would they have scored more than the Giants?

22. When he was a young man, the mathematician Carl Friedrich Gauss discovered that the sum (S) of the first

1
n natural numbers is given by the formula § = 1 (n2+ ).

Using this formula, find the answer to the sum of the following series of numbers:

a. l+2+3+4+..4+46+47+48+49
b. 54+4+55+56+57+..+85+86+ 87+ 88

Simplifying expressions using like terms

LEARNING INTENTION

At the end of this lesson you should be able to:
e simplify expressions by adding or subtracting like terms.

6.4.1 Simplifying expressions containing like terms

e Terms that contain the exact same pronumerals and powers, are called like terms.
e Terms that do not contain the exact same pronumerals are called unlike terms.
Examples of like and unlike terms are:

Like terms Unlike terms
2a and 5a 2a and 5b

x and 13x 3x and 5xy
2bc and 4cb 4abc and 3cbd
3g” and 45g> 16g and 45g>

e Note that the order of pronumerals in a term does not matter. The terms ab and ba are like terms because
they both contain the exact same pronumerals.
¢ Like terms can be combined by adding or subtracting coefficients. For example, 3a + 2a = Sa.

3a 2a S5a
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e Unlike terms can’t be combined or simplified in any way. For example 3a + 2b cannot be written in a
simpler way.

000 V) 900 I

WORKED EXAMPLE 9 Simplifying expressions

Where possible, simplify the following expressions by adding or subtracting like terms.

a. 4g + 6g b. 11ab — ab c. 6ad + 5da d. 4+7t-5 e. 8x +3y
THINK WRITE
a. The pronumerals are the same. The terms can be added. a. 4g+6g = 10g
b. The pronumerals are the same. The terms can be b. 11ab—ab = 10ab
subtracted. Note: ab is the same as ba.
c. Although the order of the pronumerals is different, the c. 6ad+ Sda = 6ad + Sad
terms are like terms and can be added. = llad
d. The pronumerals are the same and the first two terms d. 4t+7t—-5=11t-5
can be added. Do not subtract the constant term.
e. The pronumerals are not the same. These are not like e. 8x+ 3y cannot be simplified.

terms and therefore cannot be simplified.

WORKED EXAMPLE 10 Evaluating expressions containing like terms

First simplify the following expressions, then determine the value of the expression by substituting
a=4.

a. Sa+2a b. 7a—a+5
THINK WRITE
a. 1. Add the like terms. a. Sa+2a="a
2. Substitute @ =4 into the simplified expression. =7x4
=28
b. 1. Subtract the like terms. b. 7a—a+5=06a+5
2. Substitute « =4 into the simplified expression. =6%x4+5
=244+5
=29
DISCUSSION

3x% 4+ 4x? =T
The terms 3x? and 4x? are called like terms. Explain why.

3x? and 4x are called unlike terms. Explain why.
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Equivalent algebraic expressions
e Terms that are identical but are displayed in different ways are called equivalent expressions.

For example, you can simplify the expression x + x4+ y+y —2 to 2x 4+ 2y — 2. This means that
x+x+y+y—2and 2x 4+ 2y — 2 are equivalent expressions.
e The following are all pairs of equivalent expressions:

at+a+a+a=4a bxb=Db* cXd=cd e+f=E

COLLABORATIVE TASK: Silently collecting like terms

Equipment: 25-30 cards, each containing an algebraic term. Across the set of cards there should be 5-6
different pronumerals, and each card should have different coefficients.

1. Each student chooses a card with a term written on it. They must not look at their cards or talk.

2. Each student displays their card facing outward so that the rest of the class can see their term, but the
student holding the card cannot.

3. Without talking or looking at their own card, students then help each other to form groups around the
classroom with other like terms.

4. Once the class is happy that they are all in like-term groups, students can look at their own card and talk.

5. Each group then simplifies by adding and subtracting like terms.

6. Each group then writes their part of the expression on the board to provide the fully simplified class
expression.

7. Discuss any difficulties experienced when gathering and simplifying like terms.

Exercise 6.4  Simplifying expressions using like terms learn

6.4 Quick quiz 6.4 Exercise

Individual pathways

B PRACTISE B CONSOLIDATE B MASTER
1,4,7,9,12,15, 18, 21, 22, 25 2,5,8,10, 13, 16, 20, 23, 26 3,6,11,14,17, 19, 24, 27, 28
Fluency

1. IEEA Where possible, simplify the following expressions by adding or subtracting like terms.
a. 3a+2a b. 9y + 5y c. 3c+12c d. 4u—2u e. 7Te+13e

2. Where possible, simplify the following expressions by adding or subtracting like terms.
a. 7t =2t b. 12ab + 2ab c. 8fg—2fg d. 4e—e e. 6r+1

3. Where possible, simplify the following expressions by adding or subtracting like terms.
a. f+4f b. 6y — 6y c. 4x+ 14x d.3m+16m—Tm e. ba+4a—2a

4. Simplify the following expressions (if possible).
a. 24ab+ab—17 b. S5y+y—3y c. 5St+5s d. 44+ 8r—3+2t e. Tr+2r+5r—r
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5. Simplify the following expressions (if possible).

a.7y+6 b.4+3g—g c. 6r—5t d. 18bg — 18bg e. l1pg+3qgp
6. Simplify the following expressions (if possible).

a. Tt+4t—-5 b. 32t —31¢ c. Txy—"Tx d. 5t+61—38 e. 5t—t+3

7. Simplify each of the following.
a. 3t—3t b. 18r—18r c. 12ab —12ab d. S5x—5x+8

8. Simplify each of the following.
a. 6r+7—06¢ b. 13xyz — 13xyz c. 5x+7—5x d. S5y+2y—y

9. IlEM Simplify the following expressions, then determine the value of the expression by substituting a =7.
a. 3a+2a b. 7a+2a c. 6a—2a d. 9a+a

10. First simplify the following expressions, then determine the value of the expression by substituting a ="7.
a. 13a+2a—>5a b. 3a+7a c. 17+ 5a+3a d.6a—a+2

11. First simplify the following expressions, then determine the value of the expression by substituting a ="7.
a.a+ta b. 7a —6a c. Ta—"Ta d. 12a+5a—-16

Understanding

12. Answer True or False to each of the following statements.

a. 4t and 61 are like terms. b. 3x and x are like terms. c. 5g and 5¢ are like terms.
d. 5a and 6a are like terms. e. 4a and 4ab are like terms.

13. Answer True or False to each of the following statements.

a. 6gh and 7gk are like terms. b. yz and 45zy are like terms. c. 3acd and 6¢da are like terms.
d. 5g and 5fg are like terms. e. 8gefh and 3efgh are like terms.
14. Answer True or False to each of the following statements.
a. 6ab and 3ba are like terms. b. 8xy and 5xy are like terms. c. 7eg and 7g are like terms.
d. 7y and 18yz are like terms. e. 12ep and 4pe are like terms.

15. I Which one of the following is a like term for 77?
A Tg B. Stu C.2 D. 5¢

16. [T Which one of the following is a like term for 3a?
A. 5ab B. 6a C. 3w D.a+2

17. I Which one of the following is a like term for 5ab?
A. babe B. 4b C. 4ba D. 5

18. I Which one of the following is a like term for 7bgt?

ATt B. S5gt C. 2gb D. btg
19. I Which one of the following is a like term for 2fgk?

A. fg+k B. 5fg C. 2fgk D. 2f
20. [IZA Which one of the following is a like term for 20m?

A 1lm B. 20mn C. 20f D.m+2

21. Il Which one of the following is a like term for 9xyz?
A. 9x B. 2yz C. 8xz D. xzy
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Reasoning

22. Answer True or False to each of the following statements and justify your answer.

a. The equation y = 4x + 3x can be simplified to y = 7x.
b. The equation k = 8y + 4y can be simplified to k = 10y.
c. The equation y = 4x + 3 can be simplified to y = 7x.

23. Answer True or False to each of the following statements and justify your answer.

a. The equation b = 3a — a can be simplified to b =2a.
b. The equation k = 7a + 4d can be simplified to k= 11ad.
c. The equation y = 5x — 3x can be simplified to y = 2x.

24. Answer True or False to each of the following statements and justify your answer.

a. The equation m =7 + 2x can be simplified to m = 9x.
b. The equation t =3h + 12h + 7 can be simplified to = 15A+ 7.
c. The equation y =16g + 6g — 7g can be simplified to y = 15g.

Problem solving

25. There are x chocolates in each box. Ahmed buys 7 boxes while Kevin buys 3 boxes. Write an expression for
the total number of chocolates.

26. There are d mangoes in a kilogram. Nora buys 4 kg but they are so good she buys 2 kg more. Write an
expression for the total number of mangoes Nora bought.

27. Find the simplest expression for the perimeter of the following shapes:

a. L b.

28. Given that OD bisects COE, that ZCOD = (4x + 16)° and that
£DOE =(6x +4)°, explain if there is enough information for you to determine
the angles for COD and DOE. If so, what are the measures for each? B
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Multiplying and dividing terms

LEARNING INTENTION

At the end of this lesson you should be able to:
¢ simplify expressions when multiplying, using indices where appropriate
e simplify expressions when diving by identifying common factors.

6.5.1  Multiplying terms

e We multiply algebraic terms using this process:
- Split each term into its coefficient and its pronumerals.
- Determine the product of the coefficient of the terms.
- Combine like factors into a power. For example, x X x = x°.
- Combine the coefficient and pronumerals into one term.

Unlike adding and subtracting, when we multiply algebraic terms, we can collect them into one term.

WORKED EXAMPLE 11 Simplify by using index notation where appropriate

Simplify:
a. 2xk b. 3x2k c. k X 2kx d. 3k x 2k e. 3k x 2k*x
THINK WRITE
a. 1. Remove the multiplication sign. a. 2Xk
=2k
b. 1. Rewrite in expanded form. b. 3X2Xxk
2. Multiply the numbers. (the coefficients). =6Xxk
3. Remove the multiplication sign. =06k
c. 1. Rewrite in expanded form. c. kX2XkXx
2. Multiply the like pronumerals. =2Xk*Xx
3. Remove the multiplication sign. =2k*x
d. 1. Rewrite in expanded form. d. 3XkX2Xk
2. Multiply the numbers and write pronumerals with index. =6Xxk
3. Remove the multiplication sign. = 6k*
e. 1. Rewrite in expanded form. e. 3XkX2XkXkXx
2. Multiply the numbers and write pronumerals with index. =6Xk Xx
3. Remove the multiplication sign. = 6k’x
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Multiplying pronumerals

When we multiply pronumerals, order is not important. For example:

3Xx6=6x%x3 6Xw=wx6 axb=bxa
e The multiplication sign (X) is usually omitted for reasons of convention.
3xgxh=23gh
e Although order is not important, conventionally the pronumerals in each term are written in

alphabetical order. For example:
2xbxaxc=2abc

6.5.2 Dividing terms

e We divide algebraic terms using this process:
- Split each term into its coefficient and its pronumerals.
- Determine the quotient of the coefficient of the terms.
x  lx
- Cancel any common factors. For example, - = — =1.
X x

- Combine the coefficient and pronumerals into one term.

Unlike adding and subtracting, when we divide algebraic terms, we can collect them into one term.

WORKED EXAMPLE 12 Simplify by identifying and simplifying common factors

Simplify:
16 4 36
o b. 16f+2f o Y o 98
4 162 40f%g
THINK WRITE
16 X
a. 1. Write in expanded form. a. 1 /
2. Divide numerator and denominator by the highest common 4
factor (HCF), 4. _ xS
%
3. Write in simplest terms. =4f
. .. 16 X f
b. 1. Write as a fraction in expanded form. b. 2_f
X,
2. Divide numerator and denominator by the HCF, 2 and f. ]
Si6xp
\2xF
3. Write in simplest terms. =
4%
c. 1. Write in expanded form. c. AT
16 XfXf
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2. Divide numerator and denominator by HCF, 4 and f.
y J Cliwp
N
3. Write in simplest terms. Omit the multiplication sign. = 4lf
36 X fX
d. 1. Write in expanded form. c _36x/Xe
40X fXfXg
2. Divide numerator and denominator by the HCF, 4 and f. 9
_ BxIxg
YOXPIX X g
10
3. Write in simplest terms. Omit the multiplication sign. = 1%]"
Exercise 6.5 Multiplying and dividing terms learn
6.5 Quick quiz 6.5 Exercise
Individual pathways
B PRACTISE Bl CONSOLIDATE B MASTER
1,2,6,9, 11, 14 3,5,7,12,15 4,8,10, 13, 16
Fluency
1. IIZEH Simplify the following.
a. 2aXa b. abXx7a c. Tpg X 3p d. 3b*> X 2cd e. 20m'% x 2m?
2. Simplify the following.
a. 4x3g b. 7X3h c.4dx6 d. 3zX5 e. 6X5r
3. Simplify the following.
a. 5tx7 b. 4 X 3u c. 7X6p d. 7gyx3 e. 2X11ht
4. Simplify the following.
a. 4x X 6g b. 10aX7h c. 9mx4d d. 3¢ X 5h e. 9g X 2x
5. IEAN Simplify the following.
8 1
a. —f b. on c. 1ox d. 9¢+3 e. 10r+5
2 3 3
6. Simplify the following.
a. 4x +2x b. 8r+4r c. 16m d. 149 +21q e, 3x
8m 6x
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7. Simplify the following.

q 128 b. 50g +75g s d. 35x =+ 70x e. 24m +36m
14h 24f
8. Simplify the following:
3% 12 7 3 2 3,2
a. 2a b, 25p*~ X 4q . 8x’ X Ty d. w Xiz . 12x°y
a 15p% 6x X 14y° w 6x* x 14y°
Understanding
9. Simplify the following.
a.3axa b. —2pX2p C. SX2xXx d. ab X 5a
10. Simplify the following.
a. —3xyX2X6x b. 4pg X 3p X2q c. SmXxXnX2ntX—t d. =7 XxyzX —=3zX =2y
Reasoning
11. A student shows the following working:
243!
5]
Explain whether you agree with their working.
24xy? 2
12. Consider the expression i X l4a .
Tab 27y

a. Multiply the numerators and multiply the denominators, then cancel any common factors.

b. Cancel the common factors in the numerators and denominators first, then multiply the remaining factors
accordingly.

c. Compare your answer to part a with your answer to part b. Which process do you feel is better to use?

13. Explain why x + (yz) is equivalent to X andx=+ (y X 2), but is not equivalent to x +y X z or Ix Z.
yz Yy

Problem solving
14. Calculate the areas of the following shapes.
a. 3x b. 2b c. x+3

| ' L] | ' L] | ' L]
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4ht  —12h

15. Evaluate the expression 2ht X k, by substituting the values of h=1, d=2, k=3 and t =4.
3dk Odt

16. A rectangle has been cut out of a corner of a square. i

a. Find the perimeter of the shape.
b. Find the area of the shape if:

i. x=2cm ii. x=3cm. 9 em

c. Find the area of the shape in terms of x.

] Number laws

LEARNING INTENTION

At the end of this lesson you should be able to:
e understand and apply the Commutative Law for addition and multiplication
¢ understand and apply the Associative Law for addition and multiplication
¢ understand that the commutative and associative laws do not apply to subtraction or division.

6.6.1 The Commutative Law

e The Commutative Law says we can rearrange numbers still get the same answer when adding and
mutiplying.

The Commutative Law for addition

ca+b=b+a
For example,5+3=8and 3+5=8.

e This law does not hold for subtraction.
For example, 5—3#3—5.
The Commutative Law for multiplication

e axb=bxa
For example, 2 X3 =6 and 3 X2 =6.

e This law does not hold for division.
For example, 6 2 #2 + 6.
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WORKED EXAMPLE 13 Testing the Commutative Law

Evaluate the following expressions if @ =2 and b = 3. Comment on the results obtained.

a. i. a+b i. b+a b. i. Sa—2b ii. 2b—S5a
c. i. axb i. bxa d. i. a+b i. b+a
THINK WRITE
a. i. 1. Substitute the correct value for each pronumeral. a.i. a+b=2+3
2. Evaluate and write the answer. =5
ii. 1. Substitute the correct value for each pronumeral. ii. b+a=34+2
2. Evaluate and write the answer. =5
3. Compare the result with the answer obtained in The same result is obtained; therefore,
partai. order is not important when adding two
terms.
b. i. 1. Substitute the correct value for each pronumeral. b. i. 5a—2b=5X2-2X3
2. Evaluate and write the answer. =4
ii. 1. Substitute the correct value for each pronumeral. ii. 2b—5a=2%X3-5x%X2
2. Evaluate and write the answer. =—4
3. Compare the result with the answer obtained in Two different results are obtained;
part b i. therefore, order is important when
subtracting two terms.
c. i. 1. Substitute the correct value for each pronumeral. c. i. axb=2X3
2. Evaluate and write the answer. =6
ii. 1. Substitute the correct value for each pronumeral. ii. bXa=3X%x2
2. Evaluate and write the answer. =6
3. Compare the result with the answer obtained in The same result is obtained; therefore,
part c i. order is not important when multiplying
two terms.
d. i. 1. Substitute the correct value for each pronumeral. d.i a+b=2=+3
2. Evaluate and write the answer. = % (~0.67)
ii. 1. Substitute the correct value for each pronumeral. ii. bra=3+2
2. Evaluate and write the answer. = % (1.50)
3. Compare the result with the answer obtained in Two different results are obtained;
part d i. therefore, order is important when

dividing two terms.
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6.6.2 The Associative Law

e The Associative Law says that it doesn’t matter how we group the numbers (i.e. which we calculate first)
when adding or multiplying.

The Associative Law for addition

e (@a+b)y+c=a+bB+c)=a+b+c
For example, (9+3)+7=12+7=19and 9+ (3+7)=9+10=19.

e This law does not hold for subtraction.
For example, (8§ —3) —2=5—-2=3,but8§ - (3-2)=8—-1="7.

The Associative Law for multiplication

e (@axXxb)yxc=ax(bxc)=axbxc
For example, (2X3)x5=6x5=30and 2 X (3 x5)=2x15=30.

e This law does not hold for division.
For example, (24 +6)+2=4+2=2,but24+(6+2)=24+3=8.

WORKED EXAMPLE 14 Applying the Associative Law

Use the Associative Law to complete the following.
a.2w+@8d+_)=(C_+8d)+5h
b. (xx_)x4g=__(dx4g)

THINK WRITE

a. The Associative Law states that the numbers can be regrouped. a. 2w+ (8d + 5h) = 2w + 8d) + 5h
2w, 8d and 5h are numbers. 54 is missing from the left-hand
side and 2w is missing from the right-hand side.

b. The Associative Law states that the numbers can be regrouped. b. (xXd)x4g =xX(dx4g)
d is missing from the left-hand side and x is missing from the
right-hand side.

WORKED EXAMPLE 15 Applying the associative and commutative laws

Use the associative and commutative laws to complete the following.
a. dr+(6t+_)=5g+(_+_)
b.ax3tx2w)=2wXx_)_a

THINK WRITE

a. The associative and commutative laws state that the numbers a. 4r+ (61+5g)=5g + (4r+ 61)
can be regrouped and rearranged. Sg is missing from the left-
hand side. Both 4r and 67 are missing from the right-hand side.

b. The associative and commutative laws state that the numbers b. axXBtX2w)=Q2wX3f) Xa
can be regrouped and rearranged. 3¢ and a multiplication sign
are missing from the right-hand side.
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Exercise 6.6 Number laws learn

6.6 Quick quiz 6.6 Exercise

Individual pathways

B PRACTISE Bl CONSOLIDATE B MASTER
1,2,5,9,12 3,6,7,10,13 4,8,11,14
Fluency

1. IIZEH State whether the following are True or False. Hint: If you’re not sure, try substituting values for the
pronumerals to help you decide.

a. 2s+Bw+52)=2s+3w)+ 5z b. xX(d+y)=xXd)+y
c. g(jk)y=(g)Hk dd4=@+c)=@+a)+c

2. I3 Use the Associative Law to complete the following.
aw+(@_6y)=(_+_)+6y b. 6t X (4rx__ )=(6__X4r)__3s
c. Oy+_)+3w=_ +(Q2r+3w) d. z+2p)+__=z_ (__+60)

3. IEHEA Use the associative and commutative laws to complete the following.
a. 6r+Bw+_)=__+(6t+7v) b. sXOrx_ )=2cX(__X_)
c. Bc+w)+_=d+(_+_) d. (gX_)X2y=2yx(BbXx_)

4. State whether the following are True or False. Hint: If you’re not sure, try substituting values for the
pronumerals to help you decide.

a. 3g+k+m)=QCg+k)+m b. 4t—(p+2b)=(4t—p)+2b
c.3r+(a+4c)=a+ Br+4c) d. a+(bxc)=(axc)+b

Understanding

5. Calculate the values of the following expressions and comment on the results if a =3, b =8 and ¢ =2.

a. 3a+ (2b+4c) b. Ba+2b)+4c

6. Calculate the values of the following expressions and comment on the results if a =3, b =8 and ¢ =2.
a. 9a—(2b—5c¢) b. (9a—2b)—5c

7. Determine the values of the following expressions and comment on the results if a =3, b=8 and ¢ =2.
a. ax(bxc) b. (axb)Xc

8. Calculate the values of the following expressions and comment on the results if a =3, b =8 and ¢ =2.
a. 4a+(3b=+2c) b. (4a+3b)+2c

Reasoning

9. The Commutative Law does not hold for subtraction. What can you say about the results of x —a and a — x?

10. Explain whether the Associative Law holds when you are adding fractions.

Problem solving

11. Use the numbers 1,5, 6 and 7 with any arithmetic operations to give 21 as the result.
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12.

13.

14.

a. Ifx=1, y=2 and z=3, find the value of:
i b—y)—z i. x—@O—2).
b. Comment on the answers with special reference to the Associative Law.

Janet and Judy want to buy a set of Blu-rays together. Janet
has $47 less than the cost of the Blu-rays and Judy has

$2 less than the cost. Both girls have at least $1 each. If they
pool their money, they still do not have enough to buy the
Blu-rays. If the cost of the set is a whole number, calculate
how much the Blu-rays cost.

Andrew thinks of a number, adds 9 and multiplies the result
by 3. Andrea thinks of a number, multiplies it by 3 and adds
9 to the result. Both Andrew and Andrea get an answer of
60. Explain whether Andrew and Andrea began by selecting
the same number. Show your working to support your
answer.

Expanding brackets (extending)

L

EARNING INTENTION

At the end of this lesson you should be able to:

e write expressions in an expanded form by using the Distributive Law.

6.7.1 The Distributive Law

Expanding brackets means writing an equivalent expression
without brackets.

The Distributive Law can be used to expand or remove brackets.
In the diagram, the blue rectangles represent a, the pink

squares represent b and the green rectangles represent a + b. a
As seen in the diagram, 3(a + b) =3a + 3b.

This can also be determined by collecting like terms:

3a+b)=(@+b)+(a+Db)+(a+b)
=a+a+a+b+b+b a+b
=3a+3b

Expressions such as this may be written in factorised form or expanded form.

factorised form expanded form

o~ e
3a+b) = 3a+3b
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The Distributive Law

The Distributive Law provides a quick method of expanding expressions
that are in factorised form.

a@c) =ab + ac
N2

The term that is out at the front of the brackets gets distributed to each
of the terms inside the brackets.

The Distributive Law also applies when the terms inside the brackets are
subtracted.

a(/b-\—c) =ab-ac
N>

e The Distributive Law holds true no matter how many terms there are inside the brackets.
¢ The Distributive Law is not used when the terms inside the brackets are multiplied or divided.

WORKED EXAMPLE 16 Applying the Distributive Law

Write the following expressions in expanded form, then simplify them.

a. 4Q2a+d) b. a (3x + 2y) c. 3(k+4a—m)
THINK WRITE
a. 1. According to the Distributive Law, the number a. N
4 is distributed (or multiplied) to both 2a and d. 42a+d)=4x2a+4xd
2. Simplify the terms and write the answer. =8a+4d
b. 1. According to the Distributive Law, the number b. /7N
represented by the pronumeral a is distributed aBx+2y) =aXxX3x+aXx2y
to both 3x and 2y.
2. Simplify the terms and write the answer. = 3ax + 2ay
c. 1. According to the Distributive Law, the number c.
3 is distributed to k, 4a and m. @c+4a—m)=3 Xk+3X4a—-—3Xm
2. Simplify the terms and write the answer. =3k+12a—3m

WORKED EXAMPLE 17 Applying the Distributive Law

Use the Distributive Law to expand and simplify the following.

a. 4(2s + 3k) — 2k b. aB3—c)+a
THINK WRITE
a. 1. Use the Distributive Law to expand 4(2s + 3k). a.

4(2s 4+ 3k) — 2k =4 X 25 + 4 X 3k — 2k
A
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2. Simplify the terms. =8s+ 12k —2k

3. Collect like terms and write the answer. = 8s+ 10k
b. 1. Use the Distributive Law to expand a(3 — ¢). b.
aB3—-c)+a=ax3—-aXc+a
A
2. Simplify the terms. =3a—ac+a
3. Collect like terms and write the answer. =4a—ac
Exercise 6.7 Expanding brackets (extending) learn
6.7 Quick quiz 6.7 Exercise
Individual pathways
B PRACTISE Bl CONSOLIDATE B MASTER
1,3,6,8,11,14 4,7,9,12,15 2,5,10, 13, 16

Fluency
1. I3 Write the following expressions in expanded form, then simplify (if possible).
a. 3(a+2b) b. 5(x —4z) c. 102g +3h) d. b(2c —3a)
2. Write the following expressions in expanded form, then simplify (if possible).

a. 2¢(8d —q) b. 3b(3b —2g) c. x(9a + 7b) d. 7k(t + 3m)

3. Use the Distributive Law to expand the following expressions.
a. 5(a+2b)—3a b. 4(n—2c)+n c. 9(b+2c)—9b d. x(a—b)+x

4. Use the Distributive Law to expand each of the following.
a. 3(2d+17e) b. 3h(6j —5) + 4h c. 4(k+5a—-3) d. 4x(x+1)—2(2x—3)

5. Use the Distributive Law to expand the following expressions.

a. y3+2z2)+2y b. 3x(d—3) +4x c. 6u(2f—1)+20u d. 7n(10+3h) — 50n
6. Expand each of the following expressions and then simplify by collecting like terms.

a. 8(5r+2)+ 14r b. 3(t—6)—12 c. 3y+3(12—-2y) d. 2x— (16 —3x)
7. Expand each of the following expressions and then simplify by collecting like terms.

a. 5—=3t+6(2t—-38) b. 14+ 3ry+8(r + 2ry)

c. 12ty +2t(7y — 8h) + 6h d. 16r2 +12r(2—r)—6r+3
8. Expand each of the following expressions and then simplify by collecting like terms.

a. 3x+2)+23—-x) b. 6(4h—3) 4+ Th(4x—38)

c. 5(4x+y)—2@By+3) d. 63—1*)—8(> +3)
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Understanding

9. Expand each of the following and then simplify.

a. 3(x—y)+5(+2x) b. 5(a—2y)+a(7 + 6y)
c. 6¢c(g+3d)+gBc+d) d. y(6d —r)+2y(3d+2r)

10. In expressions such as a(b + ¢) = ab + ac, the left-hand side is in factor form and the right-hand side is in
expanded form. Write each of the following in factor form.

a. 2x+4 b. 6x— 6y c. 4x+12 d. 12fg—16gh

Reasoning

11. The formula for the perimeter (P) of a rectangle of length / and width w is P =2 (I + w). Use the rule to
calculate the perimeter of a magazine cover with /=28.6cm and w=21cm.

cover

SECRETS

STARS
SHOPPING

BLACK
| &
S WHITE

' FOREVER

12. For each of the following expressions, show three different ways to make the statements true by placing
appropriate terms in the boxes.

a. dO+2)=12ab+01 b. OO +2) =36kn +

13. Consider the expression 2(1 — 5x). If x is a negative integer, explain why the expression will be a
positive integer.

Problem solving

14. Expanding and simplifying the expression 2 (8¢ — 16a) gives 16¢ — 32a. Determine three expressions that
give the same result.

15. a. Expand and simplify 2(x +y) —3x.
b. Verify that your simplified expression is correct by substituting x =2 and y = 3 into both the original and
simplified expressions.

16. The price of a pair of shoes is $50. During a sale, the price of the shoes
is discounted by $d.

a. Write an expression to represent the sale price of the shoes.

b. If you buy three pairs of shoes during the sale, write an expression to
represent the total purchase price:
i. containing brackets
ii. in expanded form (without brackets).

c. Write an expression to represent the total change you would receive
from $200 for the three pairs of shoes purchased during the sale.
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IR Review

6.8.1  Topic summary

The language of algebra

* Pronumerals are letters used to represent numbers.
e.g. ¢: the number of tickets sold

* A pronumeral is also called a variable.

* The number in front of a pronumeral is called the coefficient.
e.g. The coefficient of 7x is 7.
The coefficient of p is 1.

——— * Terms can contain a combination of numbers and one or more pronumerals,

or may consist of a number only.
e.g. 3t,2y,5gh,7 and m are examples of terms.

* A constant term is a term containing only a number.
e.g. 7, 10 and + 4 are examples of constant terms.

* Expressions are made up of terms separated by + and — signs.
e.g. 5x + 4 — 2y is an example of an expression.
» This expression has 3 terms: Sx, + 4 and —2y (+4 is called a constant term).
* The coefficient of x is 5 and the coefficient of y is —2.

ALGEBRA

¢ Like terms have identical
pronumeral parts.
e.g. 3x and x are like terms.
Sab and —6ba are like terms.
—5xy and 11y are not like terms.
¢ Like terms can be added together
or subtracted.

 Substitution is the process of
replacing a pronumeral with its
known value.

* By using substitution, the value
of an expression can be
determined.

e.g. 2x + 5 when x = 6 becomes: Multiplying and dividing
26)+5=2Xx6+5=12+5=17 expressions

¢ When multiplying expressions,
multiply the numbers and write the

Algebraic laws pronumerals in alphabetical order.

Remove the multiplication sign.
* Only addition and multiplication are commutative. This means that the order e.g. 5b X 2a = 10ab
in which we add or multiply does not matter. The Commutative Law for
addition and multiplication states that:

¢ When dividing, write the division
as a fraction and simplify by

a+b=b+aandaxb=bxa cancelling.
* Only addition and multiplication are associative. This means that it does 16f
not matter how we group the numbers together when adding or multiplying. S e =4f

The Associative Law for addition and multiplication states that:
(a+b)+c=a+b+c)=a+b+c
(axb)yxc=ax(bxc)=axbxc . .

* The Distributive Law states that multiplying a number by a group of
numbers added together is the same as doing each multiplication separately. « Equivalent expressions are always

The Distributive Law is useful for expanding brackets. equal when pronumerals are

The Distributive Law states that: substituted.
aXb+c)=a Xb+axc

=ab +ac

e.g.4+6xand 11 + 6x—7 are
equivalent.
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6.8.2 Success criteria

Tick the column to indicate that you have completed the lesson and how well you think you have understood it
using the traffic light system.

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

Lesson ‘ Success criteria ’ Q ’

6.2 | understand the use of pronumerals in algebra.

| can identify algebraic terminology.

| can construct expressions from given information.

6.3 | can substitute a number for a pronumeral to evaluate an algebraic
expression.

6.4 | can simplify expressions by adding or subtracting like terms.

6.5 | can simplify expressions when multiplying, using indices where
appropriate.

| can simplify expressions when dividing by identifying common factors.

6.6 | understand and can apply the Commutative Law for addition and
multiplication.

| understand and can apply the Associative Law for addition and
multiplication.

| understand that the associative and commutative laws do not apply to
subtraction or division.

6.7 | can write expressions in expanded form by using the Distributive Law.

6.8.3 Project

Landscaping

A town’s local council wants to create more garden beds in the parklands around the town as part of its
beautification program. All garden beds are to be square, but can vary in size. They will be surrounded by
1 m? pavers, as shown in the diagram.

Garden bed 1

Garden bed 2

Garden bed 3
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e The blue areas represent the square garden beds.
e The white squares represent the 1 m? pavers.

1. Use these three diagrams of the garden beds to complete the following table.

Garden bed | —Garden bed 2 Garden bed 3
Side length of the garden bed (m)
Area of the garden bed (m?)

Number of pavers used

Total length around the outside of pavers (m)

Let s represent the side length of the garden bed.
Let a represent the area of the garden bed.
Let p represent the number of pavers used.
Let / represent the total length around the
outside of the pavers.
2. Examine the patterns formed in your table and
write formulas linking:
° gands
e [and s
e pand s
e pandl.

» - ol b ANE A 1

3. You just got a job as the council’s new landscape gardener. Your first task is to design a 10m X 10 m

square garden bed that is to be constructed in the same way as demonstrated in the previous diagram.

How many pavers will be needed for this design?
4. The council has decided to put a large, square

garden bed on the grounds near the entrance to

its offices. The area of ground measures

18 m X 20 m. The council wants you to place

the largest possible square garden bed here.

You also have to put 1 m? pavers around it.

Draw a design of the council’s plan for this

area of ground on a sheet of paper, with clear

labels showing the measurements involved.

Indicate the number of pavers that will be

required for the project.
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Exercise 6.8 Review questions learn

Fluency

1.

10.

11.

12.

13.

Simplify the following expressions by adding or subtracting like terms.

a.3g+4g b. 8y —2y c.4h+ 5h d. 7ag —2ag e.b6gy —3yg
. Simplify the following expressions by adding or subtracting like terms.
a.8r—8r b.6y—2y+y c.4t+ 6+ 3¢ d. 12gh + 6hg e.8t—2m+ 3t
Simplify the following expressions by adding or subtracting like terms.
a. 3m+m b. 7g+8g+8+4 c. Th+4t—3h
d. 2b+7c+8b e. llaxy—3axy
. First simplify the following expressions, then find the value of the expression if x=>5.

a. 7x+ 3x b.2x+3x—4 c. 11x+ 12x d. x+2x

First simplify the following expressions, then find the value of the expression if x=15.
a.3x—2x+16 b.21x—13x+7 c. 11+2x+5x d. 7x —4x+3x

Use the Distributive Law to expand the following expressions.
a.7 (m—3k) b. w(g +9a) c.2y(8h—17)

Use the Distributive Law to expand the following expressions.
a. 10m (7r — 2p) b. 3¢ 2a+2c¢) c. 4j (6x — 3y)

Expand the following and simplify (if possible).
a.5(t—2s)—3t¢ b.4(a+3g)—2g c.d(3f+9)—2d

Expand the following and simplify (if possible).
a.4z2—-a)+7z b.3p(f—2q)+7p c. 10b(a+6)+5b
Use the Associative Law to complete the following equations.

a.a+Bb+_)=(_+_)+5c b.l+(2b+_)=(_+2b)_7g
a

Use the Associative Law to complete the following equations.

a.(dx3y)xz=_(_X_) b. <%><c> x__ = (_xf)

Use the associative and commutative laws to complete the following equations.
a.g+Q@m+_)=Q2k+_)+3m b.w+_)+4r=__+(Gg+w)

Use the associative and commutative laws to complete the following equations.

. %X(de_):(rxzd)x_ b. (32X 5b) X _=__x (6mx 5b)
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14. Write an expression for:

a. the difference between M and C b. money earned by selling B cakes for $3 each
c. the product of X and Y d. 15 more than G

e. 1 more than D f. the cost of 12 bananas at H cents each

g. T multiplied by 5.

15. Otto works in a warehouse, packing boxes of chocolates for distribution
across the country. An order from a store in Wollongong fills 35 boxes, with
18 chocolates left over.
a. Write an expression to represent the number of chocolates ordered, using
the pronumeral x to represent a full box of chocolates.
b. If each full box contains 30 chocolates, use your expression to calculate
how many chocolates the store ordered.

16. Are the following equations True or False for all values of the pronumerals?
a.7x— 10y =10y — 7x b.9xX —y=—yX 9% c. 16 X 2x X x = 32x°

17. Simplify the following.
a.3gXx7g b. 6xy X 3y c. 7ad X 6a* d. —372 X 8zy

18. Simplify each of the following.

16m 13x 20d 6th 63r
a. — b. — c.— d. — e. —
8 13 60d 12h 27rt
19. Simplify each of the following.
15ke® s 8m’n 72def? ] 94°b R 33k*m?
. T cC. — . T
7 18mn? —18d%e 12ab? 11m%k

20. Place the appropriate terms in the boxes below to make the following statements true. Remember to
simplify the equation by multiplying by the reciprocal.

a.U+3pg=4p? b.212 s 0= c. +2—a=35b2 d.7—x+|:|=7—y2
y 5b 24 2y 24
Problem solving

21. Mary has y books. Tom has 4 more books than Mary. Cindy has 5 times as many books as Tom. Write
down an expression, in terms of y, that can be used to work out the number of books that Cindy has.
(Don’t actually calculate the number of books.)

22. It’s Bianca’s birthday today. She is m years old. She asks
the ages of people at her party. Write expressions to
describe the ages of the following people.

a. Bianca’s cousin Paul is 8 years older than Bianca.
b. Bianca’s sister Kate is 5 years younger than Bianca.
c. Bianca’s aunt Delia is three times Bianca’s age.

d. Delia’s friend Nic is 3 years older than Delia.
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23. Use the pronumeral x to make a general statement in the form ____ X ___ =___ from the
following clues.
4><l=1; 30><i=1; 1.2><L=1
4 30 1.2

24. A couple spends $x on developing 80 small
wedding photos and $y for 60 large wedding
photos. Determine how much more they need to
spend if they want an extra dozen photos of
each size.

25. It costs $x for four adults’ tickets at the cinema.
A child’s ticket costs $3 less than an adult’s
ticket. On family night, all the tickets go for half
price. Develop a formula in terms of x to
calculate how much it will cost for a family of
2 adults and 3 children on family night.

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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Answers
Topic 6 Algebra

6.1 Pre-test

Y
o

11.
12.
13.
14.
15.

© O N O O A W N =

B
24
84
D

. 2x + 6y
. 20x + 4y
. 20, 21

. 10k+6
. 5, 4x

. a. 30abc

13m
3n

b.52ab®  c.5q

3

17p —2q

6x + 10y
False,axXa=a
3b+ 8r

2

6.2 Introduction to algebra

1.

Pronumerals are used in algebra to represent unknown
numbers.

. As an example, on Monday there were b bananas in the

bowl; on Tuesday 4 bananas were taken out; on Wednesday
2 bananas were taken out; on Thursday 14 bananas were
added; on Friday 3 bananas were taken out.

3.a.2Xc+4 b.3Xc+4 c.2Xc+?2
d.2Xc+3
4.a.c+3 b. 2¢ c.2c+5 d.4c+3
5. 4c+ 34
6. a.2m b.2m+n c.4m+3n
dm+2n+5 e.3m+2n+8
3a
7.a.a+b b.a—b c. ab d —
—-15 —b
8. a. — b.3a—5b c.— d.a—17
a 5
9.am—8, m—2,m+1,m+3

10.

b.n—15n—-10.3,n+25

Examples are given here.

a. Let d be the number of dogs at my house. My friend has
2 more dogs at her house than I do (d + 2), while another
friend has 1 dog less at his house than I do (d — 1).

b. Let ¢ be the number of textbooks in my schoolbag. My
friend has double that number in his schoolbag (27)
while another friend has 1 more textbook than I do, in
his schoolbag (7 + 1).

c. Let y be the number of dollars in my wallet. My friend
has 3 times the number of dollars as I have, in her wallet
(3y), while another friend has 10 times the number of
dollars as I do, in her wallet (10y).

11.
12.

13.
14.

15.

16.

17.
18.
19.
20.
21.
22,
23.

24.
25.
26.
27.

28.

29.
30.

31.
32.

33.

34.

a.B+2 b.T—3 c.D+6 d K—-5
a G+N+W b.D+H
c. 2N d C+H
a. 12— G b.4D c. BF d.3M+Y
a.A+B+C b.A—-C
c. AC d. ABC
B A+C
a. — b. — c.A+3 d.C—AB
C B
$T
aT—X b. $4B c. 45G d. ?
a.2Xn b.4Xn c.8Xn
A
C
B
B
C
a. True b. True c. False d. True
a. True b. True c. True d. False
a. False b. True c. True d. False
a.a+6 b.a—2
a. $3d b. $120d c. $3(d+1.5)
x+1) .
In , 1 is added to x and then the result is divided

by 3. In ;—C + 1, x is divided by 3 first and then 1 is added.

y+y+y=3yandyxyxy=y’

b.p-2 a.p+1
R
<i o b et 1 tecei iei»

-3 2 -1 0

a. $Q2x+7) c.4x+3

a. Cost of a hamburger + cost of a hamburger + cost of a
drink = total cost (or cost of the drink + twice the cost of
a hamburger = total cost)

b. $3.75+2h=$7.25

b. 3x

2n
a. 10+ —5~, where 7 is the number of coins in each

piggy bank.

b. $44
180

6.3 Substituting and evaluating

1.
2.
3.

4
5.
6

a. 11 b. 20 c. =2 d. 15

a. —1 b. 66 c. 19 d. —41

a. —13 b. —12 c. 33 d. 8
La.d=2 b.d=3 c.d=0 d. d=100

a.e=11 b.e=1 c.e=197 d.e=13
.a. f=19 b.f=7 c. f=67 d. f=247
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7.a.g=21 b.g=13 c.g=1 d. g=25
8.a.h=4 b.h=2 c.h=26 d.h=152
9.a.i=20 b. i=40 c.i=45 d.i=0
10. a. j =40 b.j=36 c.j=0 d.j=4
11.a. k=5 b. k=125 ©c. k=35 d. k=175
12. a. [=7 b.l=1 c.l=15 d.[=63
13.a.m=17 b.m=23 cm=32 dm=77
14.a.n=9 b.n=3 c.n=303 d.n=216
15.a. 0=16 b. 0 =128 c.o=13 d.o=49
16.a.p=26 b.p=8 c.p=44 d.p=2
17.w=4and h=6

(There are many possible solutions for this question.)
18. a. 62 miles b. 155 miles c. 9.3 miles
19. 38 m
20. The values of x are between 3 and 20.
21. a. 109

b. 93

c. No, they would have scored 108.
22. a. 1225 b. 2485

6.4 Simplifying expressions using like terms

1. a. 5a c. 15¢

c. 6fg
c. 18x

b. 14y d. 2u

. a. 5t b. 14ab
.5f b. 0

.25ab -7

3y

. Cannot be simplified
143

13r

d. 3e

[y

2
3.
4

®o 200D

. Cannot be simplified
4+2g

t

0

. 14pq

111=5

t

. Cannot be simplified
11r—8

.4t+3

7.a.0 b. 0 c.0
8.a. 7 b. 0 c.7
9. a. 5a, 35 b. 9a, 63 c. 4a,28

. 10a,70
.S5a+2,37

o0 pop

o020 0T O

10.

o o

11.

d. 12m

b. 10a, 70 c.

. 2a,14 b. a,7 c.

e. 20e
e. 7t

e. 8a

d. 8

d. 6y

d. 10a,70
17 + 8a, 73

0,0

12.

13.

o o

.17a—16,103

. True c. False
. False

. True
. True

o o

. True c. True
True

a. False
. False

o
o T 00T
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14. a. True b. True c. False
d. False e. True

15. D

16. B

17. C

18. D

19. C

