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1.1 Overview
Hey students! Bring these pages to life online
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1.1.1 Introduction
Using addition, subtraction, multiplication and division is essential in understanding mathematics, since these
operations are the building blocks of calculations. These calculations involve the use of integers, decimals and
fractions, and help us answer questions like ‘how much?’, ‘how far?’ and ‘how many?’. These essential building
blocks allow us to answer these everyday questions.

Examples of where these calculations are used in the real world are everywhere. A carpet layer uses calculations
to determine how much carpet is required to carpet a house, and a fashion designer calculates the amount of
fabric needed to make clothes. These calculations are the building blocks in mathematics and will be covered
in this chapter.

KEY CONCEPTS

This topic covers the following key concepts from the VCE Mathematics Study Design:
• mathematical conventions and notations for number and number operations
• rational numbers and irrational numbers related to measurement, ratios and proportions in a practical

context
• estimation and approximation including interval estimates, rounding, significant figures, leading-digit

approximations, floor and ceiling values and percentage error.

Note: Concepts shown in grey are covered in other topics.

Source: VCE Mathematics Study Design (2023–2027) extracts © VCAA; reproduced by permission.
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1.2 Number operations

LEARNING INTENTION

At the end of this subtopic you should be able to:
• solve practical numerical problems using various number operations.

1.2.1 Practical numerical problems
We constantly solve practical numerical problems in our head without realising that we are doing it. It could be
calculating what time you need to leave home to get to school on time or how much money you need to purchase
food from the school canteen. Life constantly requires us to solve these numerical problems, so it is important
that we can do so quickly and accurately.

WORKED EXAMPLE 1 Solving practical numerical problems

A USB stick can hold 512MB of data. If 386MB of the USB stick is already filled, determine how
much space is left.

THINK WRITE

1. State the total storage space. Space available = 512 MB

2. State how much space has been used. Space used = 386 MB

3. The space left is the difference between the total space
and the space used.

Space left = 512− 386= 126 MB

4. State the answer. The space left on the USB stick is 126 MB.

WORKED EXAMPLE 2 Solving real-world problems using calculations

Nathan has a part-time job that pays $15.50 per hour. Nathan gets paid time and a half for hours
worked on Saturdays and double time for hours worked on Sundays. Determine how much Nathan
gets paid in a week in which they work 5 hours on Friday, 4 hours on Saturday and 5.5 hours on
Sunday.

THINK WRITE

1. Calculate the amount Nathan earned on Friday. Money earned Friday = 5× $15.50= $77.50

2. Calculate the amount Nathan earned on Saturday. Money earned Saturday = 4× $15.50× 1.5= $93.00

3. Calculate the amount Nathan earned on Sunday. Money earned Sunday = 5.5× $15.50× 2= $170.50

4. Calculate Nathan’s weekly pay by adding the amounts
earned on Friday, Saturday and Sunday.

Total pay = $77.50+ $93.00+ $170.50= $341.00

5. State Nathan’s weekly pay. Nathan earned $341.00 that week.

TOPIC 1 Calculations 3
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1.2 Exercise

Students, these questions are even better in jacPLUS
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1. WE1 The monthly data allowance included in your mobile phone plan is 15 GB. If you have already used
12 GB of data this month, determine how much data you have left to use for the rest of the month.

2. A UHD television was priced at $8999. It has a sale sign on it that reads: ‘Take a further $1950 off the
marked price.’ Determine the sale price of the television.

3. A Year 12 class held a car wash that raised $345. The detergent, buckets and sponges cost $28 in total.
Determine the profit from the car wash.

4. You went to the shops to buy a birthday present for your friend. You took $25 to the shops and spent a total
of $19 on a present and a card.

a. If the card cost $2, determine the cost of the present.
b. Determine the amount of money left over from the $25 you had initially.

5. The photographs show three tall structures.

319 metres high

Chrysler Building

(New York) 

324 metres high

Eiffel Tower

(Paris)

249 metres high

Infinity Tower

(Brisbane)

a. Determine how much taller the Eiffel Tower is than the Chrysler Building.
b. Calculate the height difference between the Infinity Tower and the Eiffel Tower.
c. Determine the difference in height between the Chrysler Building and the Infinity Tower.
d. Explain how you obtained your answers to parts a, b and c.

4 Jacaranda Maths Quest 12 Foundation Mathematics VCE Units 3 & 4 First Edition
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6. This sign shows the distances to a number of locations in the Northern Territory
and Queensland.

a. Determine how much further Tobermorey is from Harts Range.
b. Calculate the distance between Boulia and Tobermorey.

7. There are 400 students in total at a high school. If there are 70 students in
Year 7, 73 students in Year 8, 68 students in Year 9, 65 students in Year 10 and
72 students in Year 11, determine the number of students in Year 12.

8. Consider the digits 2, 3, 4 and 5.

a. Construct the largest possible number using these digits.
b. Construct the smallest possible number using these digits.
c. Calculate the difference between the numbers from parts a and b.

9. Assume your seventeenth birthday is today.

a. Determine your age in weeks. (Assume 52 weeks in a year.)
b. Determine your age in days. (Assume 365 days in a year.)

10. While training for a triathlon, your friend follows a specific training
program which includes running 15 km, cycling 25 km and swimming
10 km each week. If your friend trains for 8 weeks, calculate the total
distance she will travel in her training.

11. This photograph shows a mobile phone and its associated costs.

a. Determine the cost of a 1‐minute call on this phone.
b. Determine the cost of a 35‐minute call on this phone.
c. If you use the phone to make five 3‐minute calls every day, calculate

how much the calls will cost you for a year. (Assume 365 days in a
standard year.)

d. Determine the cost of sending 20 text messages from this phone.
e. Calculate the difference in cost between sending 100 text messages

and sending 50 picture messages using this phone.

Voice calls:

47c per 30 seconds

Text messages:

15c per message

Picture messages:

50c per message

12. WE2 Sarah has a part-time job that pays $18.50 per hour. Sarah gets
paid time and a half for hours worked on Saturdays and double time for
hours worked on Sundays. Use your calculator to calculate how much Sarah gets paid in a week in which
she works 4 hours on Friday, 5 hours and 30 minutes on Saturday, and 8 hours on Sunday.

13. Assuming that each egg in the photograph is the same size, determine the mass of each egg.

Total mass of eggs = 650 grams

14. In a class of 24 students, each student plays cricket, soccer or both. If 16 students play cricket and
10 students play soccer, determine the number of students who play both sports.

TOPIC 1 Calculations 5
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1.3 Order of operations

LEARNING INTENTION

At the end of this subtopic you should be able to:
• solve problems using the order of operations
• use the order of operations to solve real-world problems.

The order of operations is a set of rules that determines the order in which mathematical operations are to be
performed.

Consider 8+ 12÷ 4. If you perform the addition first, the answer is 20÷ 4= 5. If you perform the division first,
the answer is 8+ 3= 11. The correct answer to 8+ 12÷ 4 is 11, because the order of operations specifies that
division should be performed before addition.

1.3.1 Rules for the order of operations
1. Evaluate any calculations inside brackets.
2. Evaluate any indices calculations (powers or roots).
3. Evaluate any multiplication and division calculations, working in the order in which they appear from left
to right.

4. Evaluate any addition and subtraction calculations, working in the order in which they appear from left
to right.

Order of operations

The order of operations rules can be remembered as BIDMAS:

B

Brackets

( ) or÷

I

Indices

D

Divide

M

Multiply

A

Add

S

Subtract

x x2 × or+ –

WORKED EXAMPLE 3 Calculating using the order of operations rules

Use the order of operations rules to calculate each of the following.
6÷ 3× 9+ 3a. 12÷ 2+ 4× (4+ 6)b.
{4+ [3× 2+ (15− 8)]}+ 5c.

[

(4+ 2)2 + 6
] ÷ 7d.

3 × (
√

40 − 4 − 3
)2 + (10 ÷ 2)

12 ÷ 3
e.

THINK WRITE

a. 1. Write the question. a. 6÷ 3× 9+ 3

2. No brackets or powers are included in
this question. Evaluate the division and
multiplication from left to right.

= 2× 9+ 3= 18+ 3

6 Jacaranda Maths Quest 12 Foundation Mathematics VCE Units 3 & 4 First Edition
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3. Evaluate the addition to calculate the answer. = 21

b. 1. Write the question. b. 12÷ 2+ 4× (4+ 6)

2. Evaluate the addition inside the brackets first. = 12÷ 2+ 4× 10

3. Evaluate the division and multiplication,
working from left to right.

= 6+ 4× 10= 6+ 40

4. Evaluate the addition to calculate the answer. = 46
c. 1. Write the question. c. {4+ [3× 2+ (15− 8)]}+ 5

2. Evaluate the innermost brackets by
calculating the answer to 15− 8.

= {4+ [3× 2+ 7]}+ 5

3. Evaluate the next pair of brackets by first
calculating the multiplication and then the
addition.

= {4+ [6+ 7]}+ 5= {4+ 13}+ 5

4. Evaluate the last pair of brackets by
calculating the answer to 4+ 13.

= 17+ 5

5. Evaluate the addition to calculate the answer. = 22

d. 1. Write the question. d.
[

(4+ 2)2 + 6
]÷ 7

2. Evaluate the inner brackets first by adding
4 and 2.

= [62 + 6]÷ 7

3. Evaluate the indices by calculating 62. = [36+ 6]÷ 7

4. Evaluate the addition in the remaining
brackets.

= 42÷ 7

5. Evaluate the division to calculate the answer. = 6

e. 1. Write the question. e.
3×(

√

40− 4− 3
)2 + (10÷ 2)

12÷ 3

2. Evaluate any expressions in brackets. In the
first bracket, evaluate the expression under
the square root first, then complete the
subtraction.

= 3×(
√

36− 3
)2 + (10÷ 2)

12÷ 3= 3× (6− 3)2 + (10÷ 2)

12÷ 3= 3× 32 + 5

12÷ 3

3. Evaluate the power term by squaring 3. = 3× 9+ 5

12÷ 3

4. Evaluate the multiplication and then the
addition in the numerator. Evaluate the
division in the denominator.

= 32

4

5. Calculate the answer. = 8

Using a calculator to evaluate expressions involving the order of operations
Many scientific calculators can input and evaluate expressions in one line.

In Worked example 3d, we are asked to evaluate
[

(4+ 2)2 + 6
]÷ 7.

TOPIC 1 Calculations 7
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To determine its value on a calculator, follow the steps below.
• Input the expression

(

(4+ 2)2 + 6
)÷ 7 in one continuous line into your calculator using only round

brackets.
• Press= or ENTER to evaluate.

∴ [

(4+ 2)2 + 6
]÷ 7= 6

In Worked example 3e, we are asked to evaluate
3×(

√

40− 4− 3
)2 + (10÷ 2)

12÷ 3
.

To determine its value on a calculator, follow the steps below.
• If the calculator has a fraction template, access this function. This will set up two entry boxes — one for

the numerator and one for the denominator.

• Input 3×(
√

40− 4− 3
)2 + (10÷ 2) into the entry box for the numerator.

• Input 12÷ 3 into the entry box for the denominator.

• Press = or ENTER to evaluate.

∴ 3×(
√

40− 4− 3
)2 + (10÷ 2)

12÷ 3
= 8

WORKED EXAMPLE 4 Applying the order of operations to real-world problems

Sean buys 4 oranges at $0.70 each and 10 pears at $0.55 each.
a Calculate the price Sean paid for the oranges and pears.
b Calculate the average price Sean paid for a piece of fruit.

THINK WRITE

a. 1. Calculate the total amount of money Sean
spent on fruit.

a. (4×$0.70)+ (10×$0.55) = $2.80+$5.50= $8.30

2. Write the answer. The total amount Sean spent on fruit is $8.30.

b. 1. Count the total number of pieces of fruit
that Sean purchased.

b. 4 oranges + 10 pears = 14 pieces of fruit

2. The average price Sean paid for a piece of
fruit is equal to the total cost divided by
the total number of pieces.

Average price = total cost

total number of pieces= $8.30

14= $0.59

3. Write the answer. The average price Sean paid for a piece of fruit
is $0.59.

8 Jacaranda Maths Quest 12 Foundation Mathematics VCE Units 3 & 4 First Edition
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Resourceseses
Resources

Digital document SkillSHEET Order of operations and directed numbers (doc-6392)
Video eLesson BIDMAS (eles-1883)

Interactivity Order of operations (int-3707)

1.3 Exercise
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1. WE3a–c Use the order of operations rules to calculate each of the following.

3× 4÷ 2a. 6÷ 3× 3÷ 2b. 24÷ (12− 4)c.
12÷ 4+ 36÷ 6+ 2d. 12× (20− 12)e.

2. Use the order of operations rules to calculate each of the following.

(18− 15)÷ 3× 27a. 52÷ 13+ 75÷ 25b. (12− 3)× 8÷ 6c.{[(16+ 4)÷ 4]− 2} × 6d. 52 − 15+ 10÷ 5e.

3. WE3d–e Use the order of operations rules to calculate each of the following.

13+ 23 ÷(
√

64− 1
)+ 2a. 50−(

√

100÷ 4+ 2
)2

b.
[(

53 − 25
)÷ 52

]2
c.

36+√

36÷ 6

7
d. {[55− (16÷ 4)2

]÷ 13} + 10e.

4. Your friend is having trouble with the order of operations. A sample of her
work is shown.

a. Explain what your friend is doing incorrectly.
b. Show the correct solutions to the questions.

120 ÷ 6 × 2

= 120 ÷ 12

= 10

18 – 6 + 5

= 18 – 11

= 7

5. Use BIDMAS to evaluate each of the following.

(6+ 3)− (2+ 5)a. 72+(

1

2
× 40

)− 3× 4b. 56− 6× 4÷ (13− 7)c.

23× 3− 12× 3d.
32

8
× 3+ 62e.

6. Use BIDMAS to evaluate each of the following.

(4+ 5)2 − (3× 2)a.
[7+ 2+ (3× 4)]

3
b.

√

(12− 7)× 5c.
[

(27÷ 3)2 + 4
]÷ 7d.

7. Evaluate each of the following, leaving your answer as a fraction where appropriate.
13− 4

7+ 1
a.

(2+ 3)× 5

(12− 3)÷ 3
b.

(6− 3)3 − 20

62
c.

4× [

(5− 3)3 − (4÷ 2)
]

15÷ 3× 2
d.

TOPIC 1 Calculations 9
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8. Insert one set of brackets in the appropriate place to make each of these statements true.

12− 8÷ 4= 1a. 4+ 8× 5− 4× 5= 40b. 3+ 4× 9− 3= 27c.
3× 10− 2÷ 4+ 4= 10d. 10÷ 5+ 5× 9× 9= 81e. 18− 3× 3÷ 5= 9f.

9. For a birthday party, you buy two packets of paper plates at $2 each,
three bags of chips at $4 each and three boxes of party pies at $5
each.

a. State how the order of operations helps you calculate the correct
total cost of these items.

b. Write an equation to show the operations required to calculate the
total cost.

c. Calculate the total cost.

Box of party pies — $5

Bag of chips — $4

Packet of paper plates — $2

10. Use the digits 1, 2, 3 and 4 and the operators +, −, × 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 any digit more than once. You may combine the digits to form larger numbers (like 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 =

11. WE4 Pat buys 5 bananas at $0.30 each and 8 apples at $0.25 each.

a. Calculate the price Pat paid for the bananas and apples.
b. Calculate the average price Pat paid for a piece of fruit (rounded to the

nearest cent).

12. Carrol purchases chocolate for her daughter’s party. She buys 6 packets of Mars bars at $4.85 each and
8 packets of Freddo Frogs at $3.55 each. Calculate the average price that Carrol paid for each packet of
chocolate.

10 Jacaranda Maths Quest 12 Foundation Mathematics VCE Units 3 & 4 First Edition
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1.4 Rounding

LEARNING INTENTION

At the end of this subtopic you should be able to:
• round integers to the nearest 10, 100 and 1000
• round numbers using leading digit approximation
• use floor and ceiling values to round decimals
• round decimals to any decimal place.

1.4.1 Rounding integers
Numbers can be rounded to different degrees of accuracy.

Rounding to the nearest 10
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.

Rounding to the nearest 100
To round to the nearest 100, think about which multiple
of 100 the number is closest to.

(Note: The symbol ≈ represents ‘is approximately equal to’.)

34

30 35

34 ≈ 30

40

Leading-digit approximation (rounding to the first digit)
To round to the first (or leading) digit, use the following guidelines:

• Consider the next digit after the leading digit (i.e. the second digit).
• If the second digit is 0, 1, 2, 3 or 4, the first digit stays the same 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.

0
1 2

3

4 5

6
7

8

9

For example, if 2345 is rounded to the first digit, the result
is 2000 because the second digit is a 3. On a number line,
you can see that 2345 is closer to 2000 than it is to 3000.

2345

2000 2500 3000

2345 ≈ 2000

WORKED EXAMPLE 5 Rounding to the nearest 10, 100 or 1000

Round the number 23 743 to the:
nearest 10a. nearest 100b. nearest 1000.c.

THINK WRITE

a. 1. Consider the number starting in the tens position. The number is 43. a. 23 743

2. Decide what multiple of 10 the number 43 is closest to. 43 is closest to 40.

3. Write the rounded number by replacing 43 with 40. 23 743≈ 23 740

TOPIC 1 Calculations 11
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b. 1. Consider the number starting in the hundreds position.
The number is 743.

b. 23 743

2. Decide what multiple of 100 the number 743 is closest to. 743 is closest to 700.

3. Write the rounded number by replacing 743 with 700. 23 743≈ 23 700

c. 1. Consider the number starting in the thousands position.
The number is 3743.

c. 23 743

2. Decide what multiple of 1000 the number 3743 is closest to. 3743 is closest to 4000.

3. Write the rounded number by replacing 3743 with 4000. 23 743≈ 24 000

WORKED EXAMPLE 6 Rounding to the leading digit

Round each of the following numbers to the first (or leading) digit.
5498a. 872b.

THINK WRITE

a. Since the second digit (4) is less than 5, leave the leading digit unchanged and
replace all other digits with zeros.

a. 5498≈ 5000

b. The second digit (7) is greater than 5. Add 1 to the leading digit and replace all
other digits with zeros.

b. 872≈ 900

1.4.2 Floor and ceiling values
Floor and ceiling values give us the nearest integer.

• The floor value gives us the nearest integer below our value.
• The ceiling value gives us the nearest integer above our value.

Floor and ceiling values

We represent floor and ceiling values as:
• floor (a)=⌊a⌋
• ceil (b)=⌈b⌉

The floor and ceiling values of 7.6 can be expressed as:

floor(7.6) or ⌊7.6⌋ and ceil(7.6) or ⌈7.6⌉
5 6 7

7.6

8 9

Floor Ceiling

From the diagram:

floor(7.6) or ⌊7.6⌋ = 7

ceiling(7.6) or ceil(7.6) or ⌈7.6⌉ = 8

12 Jacaranda Maths Quest 12 Foundation Mathematics VCE Units 3 & 4 First Edition
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WORKED EXAMPLE 7 Calculating floor and ceiling values

Calculate each of the following.
floor(3.8)a. ⌈9.1⌉b. ⌈5.3⌉+ ⌊6.8⌋c.

THINK WRITE

a. The floor is the nearest integer below 3.8. a. floor(3.8) = 3

b. 1. The brackets with a ‘ceiling’ indicate we need
to determine the ceiling of 9.1.

b. ceil(9.1)

2. The ceiling is the nearest integer above 9.1. ⌈9.1⌉ = 10

c. 1. Understand the expression. c. ⌈5.3⌉ + ⌊6.8⌋ = ceil(5.3)+floor(6.8)
2. Calculate each of the values. ⌈5.3⌉ + ⌊6.8⌋ = 6+ 6

3. Evaluate the expression. ⌈5.3⌉ + ⌊6.8⌋ = 6+ 6= 12

1.4.3 Rounding decimals
When rounding a decimal, a similar approach is used. If a number is to be rounded to 2 decimal places, use the
following guidelines:

• Look at the third decimal place.
• If the digit in the third decimal place is less than 5, leave the second decimal value unchanged and drop off

all digits after the second decimal place.
• If the digit in the third decimal place is greater than or equal to 5, add 1 to the second decimal value, then

drop off all digits after the second decimal place.

WORKED EXAMPLE 8 Rounding to decimal places

Round 23.1846 to:
1 decimal placea. 2 decimal places.b.

THINK WRITE

a. 1. Consider the digit in the second decimal place, 8. a. 23.1846

2. Since it is greater than or equal to 5, add 1 to the first decimal value
and drop off any digits after the first decimal place.

23.2
3. State the answer. 23.1846≈ 23.2

b. 1. Consider the digit in the third decimal place, 4. b. 23.1846

2. Since it is less than 5, leave the second decimal value unchanged and
drop off any digits after the second decimal place.

23.18

3. State the answer. 23.1846≈ 23.18

Resourceseses
Resources

Digital documents SkillSHEET Rounding to the first (leading) digit (doc-6418)
SkillSHEET Rounding to the nearest whole number (doc-6476)

Video eLesson Estimating and rounding (eles-0822)

Interactivities Rounding (int-3980)
Rounding (int-3932)
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1.4 Exercise

Students, these questions are even better in jacPLUS
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1. WE5a Round each of the following to the nearest 10.

6a. 67b. 173c.
1354d. 56 897e. 765 489f.

2. WE5b Round each of the following to the nearest 100.

41a. 91b. 151c.
3016d. 42 578e. 345 291f.

3. WE5c Round each of the following to the nearest 1000.

503a. 1385b. 6500c.
12 287d. 452 999e. 2 679 687f.

4. WE6 Round each of the following to the first (or leading) digit.

6a. 45b. 1368c.
12 145d. 168 879e. 4 985 452f.

5. WE7a Evaluate each of the following.

floor(2.2)a. floor(7.8)b. ceil(2.2)c. ceil(7.8)d.

6. WE7b Evaluate each of the following.⌊5.3⌋a. ⌈9.1⌉b. ⌈6.6⌉c. ⌊1.8⌋d.

7. WE7c Evaluate each of the following.⌊3.5⌋ + ⌊1.8⌋a. ⌊7.9⌋ + ⌈4.3⌉b. ⌈4.8⌉ − ⌈3.5⌉c. ⌈12.3⌉ − ⌈7.3⌉d.

8. Evaluate each of the following.⌈18.4⌉ − ⌈10.6⌉a. ⌈27.3⌉ + ⌈1.3⌉b. ⌊12.7⌋ × ⌈4.3⌉c. ⌊36.9⌋ ÷ ⌊12.6⌋d.

9. WE8a Round the following to 1 decimal place.

0.410a. 0.87b. 9.27c.
25.25d. 300.06e. 12.82f.

10. Round the following to 1 decimal place.

99.91a. 8.88b. 17.610 27c.
0.8989d. 93.994e. 0.959 027f.

11. WE8b Round the following to 2 decimal places.

0.3241a. 0.863b. 1.246 10c.
13.049 92d. 7.128 63e. 100.813 82f.

12. Round the following to 2 decimal places.

71.260 39a. 0.0092b. 0.185 00c.
19.6979d. 0.3957e. 0.999f.

13. Round the following to the number of decimal places shown in the brackets.

2.386 214 (2)a. 14.034 59 (1)b. 0.027 135 (2)c.
0.876 490 3 (4)d. 64.295 18 (4)e. 0.382 04 (3)f.
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14. Round the following to the number of decimal places shown in the brackets.

96.280 49 (1)a. 3.040 9 (2)b. 8.902 (2)c.
47.879 69 (3)d. 0.099 498 632 (2)e. 0.486 259 0 (2)f.

15. MC 13.179 rounded to 2 decimal places is equal to:

13.17A. 13.20B. 13.18C. 13.19D. 13.2E.

16. MC 1.7688 rounded to 3 decimal places is equal to:

1.768A. 1.770B. 1.778C. 1.769D. 1.800E.

17. MC 2.998 rounded to 1 decimal place is equal to:

3.0A. 2.9B. 2.8C. 3.1D. 2.99E.

18. Round the following to the nearest unit.

10.7a. 8.2b. 3.6c.
92.7d. 112.1e. 21.76f.

19. Round the following to the nearest unit.

42.0379a. 2137.50b. 0.12c.
0.513d. 0.99e. 40.987f.

20. Luke is shopping at a local clothes shop. He is interested in buying a pair of jeans marked with a price tag
of $129.97. He has cash but also has a debit card. Use this example to explain how rounding works for both
cash and debit card in this instance.

1.5 Estimation and approximation strategies

LEARNING INTENTION

At the end of this subtopic you should be able to:
• make estimates and calculations using mental and by-hand methods
• use estimation and other approaches to check for accuracy and reasonableness of results.

Estimating is useful when an accurate answer is not necessary. When you do not need to know an exact amount,
an estimate or approximation is enough.

An estimate is based on information, so it is not the same as a guess. You can estimate the number of people in
attendance at a sportsground based on an estimate of the fraction of seats filled.

Estimation using rounding can help you check if your calculations are correct.

WORKED EXAMPLE 9 Estimating in the real world

Estimate the number of people in attendance at Rod
Laver Arena using the information in the photograph.

Rod Laver Arena

Total seating capacity

= 14 820
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THINK WRITE

1. Estimate the fraction of seats that are filled in
the photograph.

Approximately 4 tenths of the seats are filled.

2. Calculate 4 tenths of the total seating capacity
of Rod Laver Arena.

4 tenths of 14 820 = 4

10
× 14 820= 0.4× 14 820= 5928

3. State the answer. The estimated number of people in attendance is 5928.

WORKED EXAMPLE 10 Estimation by rounding

Estimate the value of 85 697× 248 by rounding each number to its first (or leading) digit.

THINK WRITE

1. Write the question. 85 697× 248

2. Round the first number to its first digit. The second digit in 85 697
is 5, so round 85 697 up to 90 000.

≈ 90 000× 248

3. Round the second number to its first digit. The second digit in 248
is 4, so round 248 down to 200.

≈ 90 000× 200

4. Complete the multiplication. ≈ 18 000 000

Resourceseses
Resources

Interactivity Estimation (int-4318)

1.5 Exercise

Students, these questions are even better in jacPLUS

 

Receive immediate 

feedback and access 

sample responses

Access 

additional 

questions

Track your 

results and 

progress

Find all this and MORE in jacPLUS 

1. WE9 Estimate the number of people in attendance at
Hisense Arena using the information in the photograph.

2. WE10 Estimate the value of the following by rounding
each number to the first (or leading) digit.

487+ 962a. 184 029+ 723 419b.
942 637− 389 517c. 87× 432d.
623× 12 671e. 69 241÷ 1297f.

Hisense Arena

Total seating capacity

= 10 500
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3. Give three examples of situations in which it is suitable
to use an estimate or a rounded value instead of an exact
value.

4. A website tells you that it will take 30 minutes to drive
from your house to your cousin’s house.

a. State if it will take exactly 30 minutes.
b. Determine how the website designers might have

estimated this amount of time.

5. In your own words, describe the difference between an
estimate and a guess.

6. Describe one way to estimate how many students there are
at your school.

7. Sports commentators often estimate the crowd size at sports events. They do this by estimating the
percentage of the seats that are occupied, and then use the venue’s seating capacity to estimate the crowd
size.

a. The photograph shows the crowd at a soccer match
at the Brisbane Cricket Ground (the Gabba). Use the
information given with the photograph to calculate
the estimated number of people in attendance.

b. Choose two well-known sports venues and research
the maximum seating capacity for each.

c. If you estimate that three out of every four seats are
occupied at each of the venues you chose in part b,
determine how many people are in attendance at each
venue.

Maximum seating

capacity = 42 000
Estimated percentage

of seats filled = 90%

8. i. Estimate the answer to each of the following expressions by rounding to the first (or leading) digit.
ii. Calculate the exact answer using a calculator.

46+ 85a. 478+ 58+ 2185b. 37− 25c.
54− 28d. 2458− 1895e.

9. i. Estimate the answer to each of the following expressions by rounding to the first (or leading) digit.
ii. Calculate the exact answer using a calculator.

25× 58a. 197× 158b. 10 001− 572c. 23 547× 149d.

10. i. Estimate the answer to each of the following by rounding to the nearest 10.
ii. Calculate the exact answer using a calculator, writing answers as mixed numbers where appropriate.

68÷ 8a. 158÷ 8b. 425÷ 11c. 3694÷ 6d.

245

5
e.

168

7
f.

11. In the photo shown, estimate:

a. the number of apples
b. the number of grapes
c. the number of peaches and nectarines.
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12. Three 97‐cm lengths of wood are needed to make a
bookcase. When buying the wood at a hardware store,
determine if the lengths should be rounded in any
way. If so, state how they should be rounded.

13. Estimate the following by first rounding each number
to its leading digit.

957× 13a. 3634÷ 161b.

14. Estimate the following by first rounding each number
to its leading digit.

(389+ 429)

374
a.

(238× 275)

(12+ 48)
b.

1.6 Decimals and fractions

LEARNING INTENTION

At the end of this subtopic you should be able to:
• identify and compare place value
• add and subtract decimals
• multiply by powers of 10.

1.6.1 Decimal place value
In a decimal number, the whole number part and the fractional part are separated by a decimal point.

Fractional

part

Whole

number

part 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 Ones Tenths Hundredths Thousandths Ten-thousandths

1000 100 10 1
1

10

1

100

1

1000

1

10 000
•

•

The decimal number 73.064 represents 7 tens, 3 ones, 0 tenths, 6 hundredths and 4 thousandths.

In expanded form, 73.064 is written as:

(7× 10)+ (3× 1)+(

0× 1

10

)+(

6× 1

100

)+(

4× 1

1000

)

When reading decimals, the whole number part is read normally and each digit to the right of the decimal point
is read separately. For example, 73.064 is read as ‘seventy-three point zero six four’.

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.
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The zero (0) in 73.064 means that there are no tenths.

Any whole number can be written as a decimal number by showing the empty decimal places after the decimal
point. For example, the number 2 can be written as 2.0, 2.00 or with any number of zeros after the decimal point.
These are not place-holding zeros; they are trailing zeros.

WORKED EXAMPLE 11 Place value

Write the value of the digit 5 in each of the following decimal numbers.
2.005a. 498.57b. 0.05c.

THINK WRITE

a. The digit 5 is the third decimal place to the right of the decimal point, so the
value is thousandths.

a.
5

1000
or 5 thousandths

b. The digit 5 is the first decimal place to the right of the decimal point, so the
value is tenths.

b.
5

10
or 5 tenths

c. The digit 5 is the second decimal place to the right of the decimal point, so
the value is hundredths.

c.
5

100
or 5 hundredths

1.6.2 Comparing decimals
Decimals are compared using digits with the same place value.

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.

Tens Ones Tenths Hundredths Thousandths

1

1

5 7 1

5 7 0 2

•

•

•

1.6.3 Adding and subtracting decimals
A decimal number has an infinite number of decimal place values in its fractional part.

Trailing zeros are zeros that appear to the right of the decimal number and have no digits following them other
than zero.

When decimals with different numbers of decimal places are added or subtracted, trailing zeros can be written so
that both decimals have the same number of decimal places.

12.300 000↖
Trailing zeros

Decimal numbers can be added and subtracted in a similar manner to whole numbers. Set out the numbers to be
added or subtracted in vertical columns so that the decimal points are lined up.

Answers to decimal addition and subtraction may be checked mentally by rounding each decimal number to the
nearest whole number and then adding or subtracting the rounded numbers.
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WORKED EXAMPLE 12 Adding decimals

Calculate the value of 197.76+ 52.9. Check your answer using a calculator.

THINK WRITE

1. Set out the problem in vertical columns so that the decimal points are lined
up. Fill in the empty place values with trailing zeros, as shown in pink.

197.76+52.90

2. Add the digits as you would for whole numbers. Write the decimal point in
the answer in line with the decimal points in the question.

111917.76+ 5 2.90
25 0.66

3. Write the answer and check using a calculator. 197.76+ 52.9= 250.66

WORKED EXAMPLE 13 Subtracting decimals

Calculate the value of 125.271− 85.08. Check your answer using a calculator.

THINK WRITE

1. Set out the subtraction problem in vertical columns. Line up the decimal
points so that the digits of the same place value are underneath each other.
Fill in the empty place values with trailing zeros, as shown in pink.

125.271− 85.080

2. Subtract the digits as you would for whole numbers. Write the decimal
point in the answer in line with the decimal point in the question.

0
✁1

1
25.1✁21

71− 85. 0 80
40. 1 91

3. Write the answer and check using a calculator. 125.271− 85.08= 40.191

1.6.4 Multiplying by powers of 10
Powers of 10 are 10, 100, 1000, 10 000 and so on. When you multiply a decimal by a power of 10, you move the
position of the decimal point to the right by the number of zeros in the power of 10.

Multiples of 10 are 10, 20, 30, 40, … , 120, … , 400, … , 16 000 and so on. Multiplying by 400 is the same as
multiplying by 4 and then by 100.

Powers

101 = 10

102 = 100

103 = 1000

104 = 10 000

Multiples

1× 100 = 100
2× 100 = 200
3× 100 = 300
4× 100 = 400
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WORKED EXAMPLE 14 Multiplying by powers of 10

Calculate the following.
1.34× 100a. 64.7× 1000b.

THINK WRITE

a. 1. Write the number 1.34 and identify where the decimal point is. a. 1.34

2. There are 2 zeros in 100, so move the decimal point 2 places
to the right. 1.34

→134

3. Write the answer. 1.34× 100= 134
b. 1. Write the number 64.7 and identify where the decimal point is. b. 64.7

2. There are 3 zeros in 1000, so move the decimal point 3 places
to the right. Add zeros where necessary.

→ 64700

64.700

3. State the answer. 64.7× 1000= 64 700

WORKED EXAMPLE 15 Multiplying by multiples of 10

Calculate the value of 2.56 × 7000. Check your answer using a calculator.

THINK WRITE

1. Multiplying by 7000 is the same as multiplying by 7 and
then by 1000. 2.56× 7000 = 2.56× 7× 1000

2. Complete the first multiplication, 2.56× 7. 2.56× 7
17.92

3. Rewrite the question showing the result of the first
multiplication.

2.56× 7× 1000 = 17.92× 1000

4. Complete the second multiplication, 17.92× 1000, by
moving the decimal point in 17.92 three places to the right.
Add zeros where necessary.

= 17 920

5. Write the answer and check using a calculator. 2.56× 7000= 17 920

1.6.5 Dividing by powers of 10
When you divide a decimal by a power of 10, you move the position of the decimal point to the left by the
number of zeros in the power of 10.

WORKED EXAMPLE 16 Dividing by powers of 10

Calculate the value of the following.
234.25 ÷ 100a. 4.28 ÷ 1000b.

THINK WRITE

a. 1. Write the number 234.25 and identify where the decimal
point is.

a. 234.25
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2. There are 2 zeros in 100, so move the decimal point
2 places to the left.

→ 2.3425

234.25

3. Write the answer. 234.25÷ 100= 2.3425
b. 1. Write the number 4.28 and identify where the decimal

point is.
b. 4.28

2. There are 3 zeros in 1000, so move the decimal point
3 places to the left. Add zeros before 4 where necessary.

→ 0.004 28

0004.28

3. Write the answer. 4.28÷ 1000= 0.004 28

1.6.6 Converting decimals to fractions
Decimals can be written as fractions by using place values.

WORKED EXAMPLE 17 Writing decimals as fractions

Convert each of the following decimals to fractions in simplest form.
0.7a. 3.25b.

THINK WRITE

a. The digit 7 is in the tenths column, so it represents

7 tenths, which is written as
7

10
.

Ones Tenths Hundredths

0 7 0•

•

a. 0.7 = 7

10

b. 1. The number 3.25 consists of 3 ones, 2 tenths

(

2

10

)

and

5 hundredths

(

5

100

)

.

Ones Tenths Hundredths

3 2 5•

•

b. 3.25 = 3+ 2

10
+ 5

100

2. Add 2 tenths and 5 hundredths by writing
2

10
as a fraction

with a denominator of 100.

3.25 = 3+ 20

100
+ 5

100= 3+ 25

100

3. Simplify
25

100
by cancelling by a factor of 25. = 3+ 1✚✚25

✟✟1004= 3+ 1

4= 3
1

4
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1.6.7 Converting fractions to decimals
A fraction can be expressed as a decimal by dividing the numerator by the denominator.

5

8
= 5÷ 8

When a division results in a remainder, add a trailing zero and continue the division until there is no remainder
or until a pattern can be seen.

If a division reaches a stage where there is no remainder, the decimal is called a finite decimal.

If a division continues endlessly with a repeating pattern, it is called an infinite recurring decimal.

Infinite recurring decimals can be written in an abbreviated form by placing a dot above the repeating pattern.
When more than one digit is repeated, a dot is placed above the first digit and last digit in the repeating pattern,
or a bar is placed above the entire repeating pattern.

Common recurring decimals
1

3
= 0.333 333 …= 0. ̇3

1

6
= 0.166 666 …= 0.1 ̇6

1

7
= 0.142 871 4 …= 0. ̇142 85 ̇7

WORKED EXAMPLE 18 Writing fractions as decimals

Write
5

8
as a decimal. Check your answer using a calculator.

THINK WRITE

1. The fraction
5

8
can be expressed as 5÷ 8. Write the division. 8 5

2. Divide 8 into 5; the result is 0 remainder 5. Write 0 above 5 and write
the remainder, as shown in pink. Add a decimal point and trailing zero
next to 5.

8 5 0

0
5
.

3. Divide 8 into 50; the result is 6 remainder 2. Write the decimal point in
the answer above the decimal point in the question. Write 6 above 0 and
write the remainder, as shown in red. Add another trailing zero.

8 5.5020 

0 6.

4. Divide 8 into 20; the result is 2 remainder 4. Write 2 above 0 and write
the remainder, as shown in purple. Add another trailing zero. 8 5.502040 

0 6 2.

5. Divide 8 into 40; the result is 5. Write 5 above 0, as shown in pink.
There is no remainder, so the division is finished. 8 5.502040 

0 6 2 5.

6. Write the answer and check using a calculator.
5

8
= 0.625
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WORKED EXAMPLE 19 Writing mixed fractions as decimals
tlvd-3505

Write 6
2

3
as a decimal. Check your answer using a calculator.

THINK WRITE

1. The mixed number 6
2

3
can be converted to a decimal by converting the

fractional part.

6
2

3
= 6+ 2

3

2. The fraction
2

3
can be expressed as 2÷ 3. Write the division. 3 2

3. Divide 3 into 2; the result is 0 remainder 2. Write 0 above 2 and write the
remainder beside the next smallest place value, as shown in pink. Write the
decimal point in the answer above the decimal point in the question and add
a trailing zero.

3 2.20

0

4. Divide 3 into 20; the result is 6 remainder 2. Write 6 above 0 and write the
remainder, as shown in red. Add a trailing zero. 3 2.2020

0 6.

5. Divide 3 into 20; the result is 6 remainder 2. This remainder is the same as
the previous remainder. The remainder will continue to be the same. The
decimal is a recurring decimal. Write the fraction and its equivalent decimal.

3 2.202020

0 6 6.

2

3
= 0.6̇

6. Write the fractional part of the mixed number as a decimal. 6
2

3
= 6+ 2

3= 6+ 0.6̇
7. Add the whole number and the decimal part. Write the answer and check

using a calculator.
= 6.6̇

Resourceseses
Resources

Digital documents SkillSHEET Adding decimals (same number of decimal places) (doc-6461)
SkillSHEET Adding decimals (different number of decimal places) (doc-6462)
SkillSHEET Subtracting decimals (same number of decimal places) (doc-6463)
SkillSHEET Subtracting decimals (different number of decimal places) (doc-6464)
SkillSHEET Comparing decimals (doc-6459)
SkillSHEET Multiplying decimals by 10, 100, 1000 (doc-6466)
SkillSHEET Dividing decimals by 10, 100, 1000 (doc-6468)

Video eLesson Place value (eles-0004)

Interactivities Addition of decimals (int-3982)

Subtraction of decimals (int-3984)
Comparing decimals (int-3976)
Conversion of decimals to fractions (int-3978)
Decimal parts (int-3975)
Division of decimals by a multiple of 10 (int-3990)
Place value and comparing decimals (int-4337)
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1.6 Exercise

Students, these questions are even better in jacPLUS

 

Receive immediate 

feedback and access 

sample responses

Access 

additional 

questions

Track your 

results and 

progress

Find all this and MORE in jacPLUS 

1. State the number of decimal places in each of the following decimals.

548.5845a. 0.007b. 1.1223c.
15.001d. 4.1e. 13.42f.

2. 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.

3. Identify the place-holding zeros in each of the following.

10.23a. 105.021b.
11.010c. 0.001d.
282.0001e. 15.00f.

4. Write each of the following in expanded form.

16.02a. 11.046b. 222.03c.
15.11d. 4.701e. 68.68f.

5. Write the decimal number represented by each of the following.

a. (4× 10)+ (2× 1)+(

5× 1

10

)+(

0× 1

100

)+(

4× 1

1000

)

b.

(

2× 1

10

)+(

7× 1

100

)+(

2× 1

1000

)

c. 1+(

9+ 1

1000

)

d. (3× 10)+ 9

10
+ 3

100
+ 4

1000

6. WE11 Write the value of the digit 7 in each of the following decimal numbers.

2.075a. 15.701b. 12.087c.
93.1487d. 17.16e. 73.064f.

7. Use an appropriate method to determine which
decimal number is larger in each of the following
pairs.

16.273 and 16.2a. 137.02 and 137.202b.
95.89 and 95.98c. 0.001 and 0.0001d.
0.123 and 0.2e. 0.0101 and 0.012f.

8. WE12 Calculate each of the following. Check your answers using
a calculator.

14.23+ 254.52a. 79.58+ 18.584b.
99.999+ 0.01c. 58.369+ 86.12+ 78d.
485.5846+ 5+ 584.58+ 0.57e. 34.2+ 7076+ 20.5604+ 1.53f.
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9. WE13 Calculate each of the following. Check your answers using a calculator.

25.3458− 25.2784a. 848.25− 68.29b.
58.8− 24.584c. 470− 28.57d.
15.001− 0.007e. 35.1− 9.007 51f.

10. Calculate each of the following to 2 decimal places by:

i. rounding all numbers first, then adding or subtracting
ii. adding or subtracting the numbers first, then rounding.

4.457+ 5.386a. 47.589− 35.410b. 126.917− 35.492c. 168.268+ 21.253d.

11. WE14 Calculate each of the following.

6.284× 100a. 5.3× 1000b.

12. WE15 Calculate each of the following. Check your answers using a calculator.

1.2345× 50a. 1.2345× 600b. 1.2345× 7000c. 1.2345× 20 000d.

13. WE16 Calculate each of the following.

3.45÷ 10a. 123.98÷ 100b. 1245.37÷ 1000c.
3.569÷ 10d. 0.246÷ 1000e. 2.48÷ 100f.

14. WE17 Convert each of the following decimals to fractions in simplest form.

0.1a. 0.5b. 0.8c.
0.12d. 0.21e. 0.84f.

15. Convert each of the following decimals to fractions in simplest form.

0.05a. 0.625b.
3.8c. 2.13d.
12.42e. 10.0035f.

16. WE18 & 19 Write each of the following fractions as a decimal. Check your answers
using a calculator.

3

8
a.

4

5
b.

5

4
c.

4

9
d.

17. Write each of the following fractions as a decimal. Check your answers using a
calculator.

2
1

4
a. 3

1

20
b.

13

2
c.

1

5
d.

1.7 Rational and irrational numbers

LEARNING INTENTION

At the end of this subtopic you should be able to:
• evaluate square and cube roots
• multiply, divide and simplify surd expressions
• round rational and irrational numbers to decimal places and significant figures.

1.7.1 Rational and irrational numbers
Ancient mathematicians found that rational numbers could not be used to label every point on the number line.
In other words, they discovered lengths that could not be expressed as fractions. These numbers are called
irrational numbers.
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A number is irrational if it is not rational — that is, if it cannot be written as a fraction, nor as a terminating or
recurring decimal.

Irrational numbers are denoted by the letter I.

Rational and irrational numbers

A rational number is any number that can be written as a fraction.

An irrational number is any number that cannot be written as a fraction.

1.7.2 Roots

The nth root of any positive number can be found. That is, n
√

b= a.

For example,
√

25= 5 because 25= 5× 5.

Note: 2 is usually not written in square roots; for example,
√

25= 2
√

25.
3
√

64= 4 because 64= 4× 4× 4.

Any scientific calculator can calculate a square root using the square root button (
√

) or any root using the nth

root button (
n
√

).

WORKED EXAMPLE 20 Evaluating square, cube and other roots
tlvd-3506

Evaluate each of the following.
√

16a.
3
√

27b.
5
√

32c.

THINK WRITE

a. Determine the number that when multiplied by itself gives 16: 16= 4× 4. a.
√

16= 4

b. Determine the number that when multiplied by itself 3 times gives 27:
27= 3× 3× 3.

b.
3
√

27= 3

c. Determine the number that when multiplied by itself 5 times gives 32:
32= 2× 2× 2× 2× 2.

c.
5
√

32= 2

1.7.3 Surds

When the square root of a number is an irrational number, it is called a surd. For example,
√

10 cannot be
written as a fraction, nor as a recurring or terminating decimal. It is therefore irrational and is called a surd.

√

10≈ 3.162 277 660 17…
The value of a surd can be approximated using a number line.

For example,
√

21 will lie between 4 and 5, because
√

16= 4 and
√

25= 5.

3 4 5 6 7

16 25

21

(approximately)
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WORKED EXAMPLE 21 Determining surds

Determine which of the following are surds.
√

0a.
√

20b. −√9c.
3
√

6d.

THINK WRITE

a.
√

0= 0. This is a rational number and therefore not a surd. a.
√

0= 0, which is not a
surd.

b.
√

20≈ 4.472 135 955… This is an irrational number and therefore
a surd.

b.
√

20 is a surd.

c. −√9=−3. This is a rational number and therefore not a surd. c. −√9=−3, which is
not a surd.

d.
3
√

6≈ 1.817 120 592 83… This is an irrational number and therefore
a surd.

d.
3
√

6 is a surd.

1.7.4 Multiplying and dividing surds

Consider that 3=√

9, 2=√

4, and 6=√

36.

The multiplication 3× 2= 6 could be written as:

√

9×√

4=√

36

In general,
√

a×√

b=√

ab.

For example,
√

7×√

3=√

21.

Similarly,
√

a÷√

b=√

a

b
.

For example,
√

18÷√

3=√

6.

Multiplying and dividing surds

Multiplying surds:
√

a×√

b=√

ab

Dividing surds:

√

a÷√b=√

a

b
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WORKED EXAMPLE 22 Multiplying surds
tlvd-3507

Evaluate the following, leaving your answer in surd form.
√

7×√

2a. 5×√

3b.
√

5×√

5c. −2√3× 4
√

5d.

THINK WRITE

a. Apply the rule
√

a×√

b=√

ab. a.
√

7×√

2=√

14

b. Only
√

3 is a surd. It is multiplied by 5, which is not a
surd.

b. 5×√

3= 5
√

3

c. Apply the rule
√

a×√

b=√

ab. c.
√

5×√

5 =√

25= 5

d. Multiply the whole numbers by each other. Multiply the
surds by each other.

d. −2
√

3× 4
√

5 = −2× 4×√

3×√

5= −8×√

15= −8
√

15

WORKED EXAMPLE 23 Dividing surds
tlvd-3508

Evaluate the following, leaving your answer in surd form.
√

10
√

5
a.

√

10

5
b.

−6√8

4
√

4
c.

√

20
√

5
d.

THINK WRITE

a. Apply the rule
√

a÷√

b=√

a

b
. a.

√

10
√

5
=√

10

5=√

2

b. Simplify the fraction first. b.

√

10

5
=√

2

c. Simplify the whole numbers. Then apply the rule
√

a÷√

b=√

a

b
. c.

−6
√

8

4
√

4
= −3

√

2

2

d. Apply the rule
√

a÷√

b=√

a

b
. d.

√

20
√

5
=√

4

= 2

1.7.5 Simplifying surds

Just as a rational number can be written in many different ways

(

e.g. 1

2
= 5

10
= 7

14

)

, so can a surd, and it is

expected that surds should normally be written in simplest form.

A surd is in simplest form when the number inside the radical sign has the smallest possible value with no
roots inside.

TOPIC 1 Calculations 29

UNCORRECTED PAGE PROOFS



“c01Calculations_PrintPDF” — 2022/7/4 — 15:12 — page 30 — #30

Note that
√

24 can be factorised in several ways. For example:

√

24 =√

2×√

12
√

24 =√

3×√

8
√

24 =√

4×√

6

In the last case notice a square number,
√

4= 2.
√

24 = 2×√

6= 2
√

6

2
√

6 is equal to
√

24, and 2
√

6 is written in simplest form with no remaining square factors under the root
symbol.

To simplify a surd you must determine a factor that is also a perfect square: 4, 9, 16, 25, 36, 49 and so on.

WORKED EXAMPLE 24 Reducing surds to their simplest form

Simplify the following surds.
√

18a. 6
√

20b.

THINK WRITE

a. 1. Rewrite 18 as the product of two numbers, one of which must be
square.

a.
√

18=√

9×√

2

2. Simplify. = 3×√

2= 3
√

2

b. 1. Rewrite 20 as the product of two numbers, one of which must be
square.

b. 6
√

20= 6×√

4×√

5

2. Simplify. = 6× 2×√

5= 12
√

5

The surd
√

22 cannot be simplified because 22 has no perfect square factors. Surds can be simplified using more
than one factor:

√

72 =√

4×√

18= 2
√

18= 2×√

9×√

2= 2× 3
√

2= 6
√

2

1.7.6 Entire surds

The surd
√

45, when simplified, is written as 3
√

5.

The surd
√

45 is called an entire surd, because it is written entirely inside the radical sign, whereas

3
√

5 is not.
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WORKED EXAMPLE 25 Converting to an entire surd

Write 3
√

7 as an entire surd.

THINK WRITE

1. In order to place 3 inside the radical sign, it has to be written as
√

9. 3
√

7=√

9×√

7

2. Apply the rule
√

a×√

b=√

ab. =√

63

Surds should be simplified before adding or subtracting like terms.

WORKED EXAMPLE 26 Simplifying surds
tlvd-3509

Simplify each of the following.

5
√

75− 6
√

12+√

8− 4
√

3a.
5
√

5
b.

THINK WRITE

a. 1. Simplify 5
√

75. a. 5
√

75 = 5×√

25×√

3= 5× 5×√

3= 25
√

3

2. Simplify 6
√

12. 6
√

12 = 6×√

4×√

3= 6× 2×√

3= 12
√

3

3. Simplify
√

8.
√

8 =√

4×√

2= 2
√

2

4. Rewrite the original expression and
simplify by adding like terms.

5
√

75− 6
√

12+√

8− 4
√

3= 25
√

3− 12
√

3+ 2
√

2− 4
√

3= 9
√

3+ 2
√

2

b. Rewrite the numerator as the product of two
surds and then simplify.

b.
5
√

5
= √

5×√

5
√

5=√

5
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1.7.7 The irrational number 𝜋
Surds are not the only irrational numbers. Most irrational numbers cannot be
written as surds. A few of these numbers are so important to mathematics and
science that they are given special names. The best known of these numbers
is 𝜋 (pi). 𝜋 is irrational, so it cannot be written as a fraction. If you tried to
write 𝜋 as a decimal, you would be writing forever, as the digits never recur
and the decimal does not terminate. In the 20th century, computers were used
to determine the value of 𝜋 to 1 trillion decimal places. The value of 𝜋 is very

close (but not equal) to 3.14 or
22

7
. Most calculators store an approximate

value for 𝜋.

1.7.8 Rounding rational and irrational numbers to decimal places

Because numbers such as
√

3 or 𝜋 cannot be written exactly as decimals, approximate values are often used.
These values can be found using a calculator and then rounded off to the desired level of accuracy. When we
round numbers, we write them to a certain number of decimal places or significant figures.

WORKED EXAMPLE 27 Rounding rational and irrational numbers

Write these numbers correct to 3 decimal places.
√

3a. 𝜋b. 5.1 .
9c.

2

3
d. 7.123 456e.

THINK WRITE

a.
√

3= 1.7320… The rounding digit is 2. The next digit is 0, so leave
2 as is.

a.
√

3≈ 1.732

b. 𝜋= 3.1415… The rounding digit is 1. The next digit is 5, so add 1 to
the rounding digit.

b. 𝜋≈ 3.142

c. 5.19̇= 5.1999… The rounding digit is 9. The next digit is 9, so add
1 to the rounding digit.

c. 5.1 .
9≈ 5.200

d.
2

3
= 0.6666… The rounding digit is 6. The next digit is 6, so add 1 to

the rounding digit.

d.
2

3
≈ 0.667

e. 7.123 456. The rounding digit is 3. The next digit is 4, so leave 3 as is. e. 7.123 456≈ 7.123

1.7.9 Rounding to significant figures
Another method of rounding decimals is to write them correct to a certain number of significant figures.
In a decimal number, the significant figures start with the first non-zero digit.

Consider the approximate value of
√

2.
√

2≈ 1.414. This approximation is written correct to 3 decimal places, but it has 4 significant figures. When
counting significant figures, the non-zero digits before the decimal point are included.

The decimal 0.0302 is written to 4 decimal places, but it has only 3 significant figures. This is because
significant figures start with the first non-zero digit. In this case, the first significant figure is 3, and the
significant figures are 302.
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WORKED EXAMPLE 28 Determining significant figures

Determine how many significant figures there are in each of the following numbers.

25a. 0.04b. 3.02c. 0.100d.

THINK WRITE

a. The first significant figure is 2. a. 25
There are 2 significant figures.

b. The first significant figure is 4. b. 0.04
There is 1 significant figure.

c. The first significant figure is 3. c. 3.02
There are 3 significant figures.

d. The first significant figure is 1. d. 0.100
There are 3 significant figures.

WORKED EXAMPLE 29 Rounding to significant figures

Round these numbers correct to 5 significant figures.𝜋a.
√

200b. 0. .0 .
3c. 2530.166d.

THINK WRITE

a. 𝜋≈ 3.141 592…
The first significant figure is 3.
Write 4 more digits and round using the next digit.

a. 3.1416

b.
√

200≈ 14.142 13…
The first significant figure is 1.
Write 4 more digits.

b. 14.142

c. 0.0̇3̇= 0.030 303 0…
The first significant figure is 3.
Write 4 more digits.

c. 0.030 303

d. 2530.16…
The first significant figure is 2.
Write 4 more digits and round using the next digit.

d. 2530.2

Resourceseses
Resources

Interactivity Balance surds (int-2762)
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1.7 Exercise

Students, these questions are even better in jacPLUS

 

Receive immediate 

feedback and access 

sample responses

Access 

additional 

questions

Track your 

results and 

progress

Find all this and MORE in jacPLUS 

1. WE20 Evaluate each of the following.
√

36a.
3
√

8b.
√

121c.
3
√

64d.
√

64e.
4
√

81f.

2. WE21 Determine which of the following are surds.
√

10a.
3
√

9b. −√2c.
√

50d. −√16e.
√

9+√

49f.

3. WE22 Simplify each of the following.
√

3×√

7a. 2× 3
√

7b. 2
√

7× 5
√

2c.
√

7× 9d.
√

3×√

3e. 2
√

3× 4
√

3f.

4. WE23 Simplify each of the following.
√

18
√

3
a.

15
√

6

5
√

2
b.

15
√

6

10
c.

5

3

√

15

3
d.

√

9
√

3
e.

√

28
√

7
f.

5. WE24a Simplify each of the following.
√

18a.
√

50b.
√

28c.
√

108d.
√

48e.
√

500f.

6. WE24b Simplify each of the following.

5
√

27a. 6
√

64b. 7
√

50c.

10
√

24d. 4
√

42e. 9
√

45f.

7. WE25 Write each of the following in the form
√

a (as an entire surd).

5
√

7a. 6
√

3b. 8
√

6c.

3
√

10d. 4
√

2e. 10
√

6f.

8. MC
√

80 in simplest form is equal to:

4
√

5A. 2
√

20B. 8
√

10C. 5
√

16D. 10
√

8E.

9. MC Determine which of the following surds is in simplest form.
√

60A.
√

147B.
√

105C.
√

117D.
√

72E.

10. MC 6
√

5 is equal to:
√

900A.
√

30B.
√

150C.
√

180D.
√

65E.
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11. Simplify each of the following.

4
√

5− 6
√

5− 2
√

5a. 10
√

11− 6
√

11+√

11b.

4
√

2+ 6
√

2+ 5
√

3+ 2
√

3c. 10
√

5− 2
√

5+ 8
√

6− 7
√

6d.

12. WE26 Simplify each of the following.
√

45−√

80+√

5a.
√

7+√

28−√

343b.
√

24+√

180+√

54c.
√

12+√

20−√

125d.

3
√

45+ 2
√

12+ 5
√

80+ 3
√

108e. 6
√

44+ 4
√

120−√

99− 3
√

270f.

13. MC
√

2+ 6
√

3− 5
√

2− 4
√

3 is equal to:−5
√

2+ 2
√

3A. −3
√

2+ 23B. 6
√

2+ 2
√

3C. −4
√

2+ 2
√

3D. 6
√

5− 1E.

14. MC 4
√

8− 6
√

12− 7
√

18+ 2
√

27 is equal to:−7
√

5A. 29
√

2− 18
√

3B. −13
√

2− 6
√

3C. −13
√

2+ 6
√

3D. 7
√

5E.

15. MC 2
√

20+ 5
√

24−√

54+ 5
√

45 is equal to:

19
√

5+ 7
√

6A. 9
√

5− 7
√

6B. −11
√

5+ 7
√

6C. −11
√

5− 7
√

6D. 12
√

35E.

16. WE28 State how many significant figures there are in each of the following numbers.

1631a. 5.04b. 95.00c.
0.000 316d. 0.1007e. 0.010f.

17. WE29 Write each number correct to 5 significant figures.
√

15a. 5. .1b. 5. .1 .
5c.

11.722d.
3

7
e. 2

3

7
f.

18. Explain whether each of the following statements is True or False.

Every surd is a rational number.a. Every surd is an irrational number.b.
Every irrational number is a surd.c. Every surd is a real number.d.

19. Explain whether each of the following statements is
True or False.

a. 1.3̇1̇ is a rational number.
b. 1.3̇1̇ is an irrational number.
c. 1.3̇1̇ is a surd.
d. 1.3̇1̇ is a real number.

20. Ryan is laying floor tiles in his bathroom. His

bathroom floor is rectangular with a width of 3
√

5

and a length of 4
√

3. Calculate the area of the tiles
Ryan lays in his bathroom.
(

Arectangle = length×width
)

21. A landscaper is designing a triangular garden
bed. He wants to put border edging all around the
garden bed. The side lengths of the garden bed are
(

3+√

3
)

m, (2
√

3+√

5
)

m and
(

5
√

5−√

3
)

m.

Calculate the length of the border edging required:

a. as a surd
b. rounded to 3 significant figures.
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22. Explain why
√

36 and −√36 are defined, but
√−36 is not.

23. The area of a circle is calculated using the formula A=𝜋× r2, where r is the radius of the circle.𝜋 is sometimes rounded to 2 decimal places (3.14). A particular circle has a radius of 7 cm.

a. Use 𝜋= 3.14 to calculate the area of the circle to 4 significant figures.
b. Use the 𝜋 key on your calculator to calculate the area of the circle to 6 significant figures.
c. Round your answer for part b to 2 decimal places.

24. The volume of a sphere (a ball shape) is calculated

using the formula V= 4

3
×𝜋× r3, where r is the radius

of the sphere. A beach ball with a radius of 25 cm is
bouncing around the crowd at the MCG during the
Boxing Day Test.

a. Calculate the volume of the beach ball to 4 decimal
places.

b. When the volume is calculated to 4 decimal places,
state how many significant figures it has.

c. State whether the calculated volume is a rational
number. Give reasons for your answer.
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1.8 Review
1.8.1 Summary

doc-38009

Hey students! Now that it's time to revise this topic, go online to:

 

Review your  

results

Watch teacher-led 

videos 

Practise questions with 

immediate feedback

Find all this and MORE in jacPLUS 

1.8 Exercise

Multiple choice
1. MC Evaluating the expression 6+ 4× 5 gives:

50A. 15B. 26C. 24D. 34E.

2. MC Evaluating the expression
3× (5+ 7)

22
gives:

11

2
A. 9B.

13

2
C. 3D.

33

4
E.

3. MC Rounding 432 679 to the first (or leading) digit gives:

430 000A. 400 000B. 500 000C. 440 000D. 420 000E.

4. MC Rounding 6.957 21 to 3 decimal places gives:

6.957A. 6.96B. 6.958C. 6.95D. 7.000E.

5. MC The estimate of 251+ 978 by rounding each number to its first (or leading) digit is:

1229A. 900B. 1200C. 1300D. 1100E.

6. MC The estimate of 3333− 967− 1545 by first rounding each number to its nearest 100 is:

800A. 900B. 700C. 10 000D. 1000E.

7. MC The value of 2.56× 2000 is:

5120A. 2560B. 4120C. 5600D. 5210E.

8. MC The place value of 7 in 26.07 is:

TensA. UnitsB. TenthsC. HundredthsD. HundredsE.

9. MC The expression 2
√

2+ 3
√

18+ 5
√

2− 4
√

18 simplified is:

7
√

2−√

18A. 7
√

2+√

18B. 4
√

2C. 28
√

2D. 8
√

2E.

10. MC Rounding the irrational number
𝜋
4

to 5 significant figures gives:

0.7853A. 0.785 40B. 0.785 39C. 0.7854D. 0.785 40E.

Short answer
11. For each of the following expressions:

i. estimate the answer by rounding to the first (or leading) digit
ii. calculate the exact answer using a calculator.

58+ 89a. 211− 58b. 169+ 239c. 1234− 456d.

12. Round each of the following to the nearest unit.

121.60a. 0.512b. 79.4c. 9.6d.
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13. a. Determine the value of the following, writing your answer as a fraction.

2
[(

43 ÷ 23
)+ 3 (24− 18)

]

(3+ 6÷ 2)

b. Using a calculator, write your answer from part a as a decimal.

14. Convert each of the following decimals to fractions in simplest form.

0.6a. 5.75b.

15. Write 3
7

8
as a decimal.

Extended response
16. Diego fills his car with petrol once a week. Over the last 4 weeks, he

paid the following prices per litre for his petrol: $1.24, $1.39, $1.46
and $1.40.
Determine the average price, to 2 decimal places, that Diego paid
for petrol over the 4 weeks.

17. Vern, Jamal and Lisa each saved their coins, and when they counted
them, they found they had $8.70, $12.55 and $14.45 respectively.

a. Estimate their total savings by first rounding each amount to the
nearest dollar.

b. Calculate their actual total savings.

18. Gamila and Lulwa go for a run as part of their netball training. They

run
(

3+√

7
)

km down one street and then turn down another

street and run another
(

3
√

28− 4
√

3
)

km. They then return home

covering another
(

2
√

35− 6
√

12
)

km. Calculate how far they ran

and write the answer:

a. as a surd
b. as a decimal rounded to 2 decimal places.

19. Sharyn goes to the supermarket to get some snacks to take to the netball. She purchases 2 packets of chips at$4.50 each, 3 packets of lollies at $3.25 each and 1 packet of biscuits at $5.80 each.

a. Calculate how much Sharyn spent.
b. If Sharyn paid with a $30 note, calculate how much change she received.

20. Kingston and Mariana are going to paint sections of their house.
They will use three different types of paint. The prices and
quantities of each type required are:

• 3 litres of paint A at $21.75 per litre
• 0.75 litres of paint B at $72.50 per 2 litres
• 7.5 litres of paint C at $12.75 per 0.5 litre.

Determine the total cost of the paint required to complete the
project.

Hey Teachers! Create custom assignments for this topic

 

Create and assign 

unique tests and exams

Access quarantined 

tests and assessments

Track your 

students results 

Find all this and MORE in jacPLUS 
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Answers
Topic 1 Calculations
1.2 Number operations

1.2 Exercise
1. 3 GB

2. $7049

3. $317

4. $17a. $6b.

5. a. 5 m

b. 75 m

c. 70 m

d. To calculate the difference, subtract the height of the
smaller building from the height of the taller building.

6. 351 kma. 247 kmb.

7. 52

8. 5432a. 2345b. 3087c.

9. 884a. 6205b.

10. 400 km

11. $0.94a. $32.90b. $5146.50c.$3d. $10e.

12. $522.63

13. 54
1

6
grams

14. 2 students

1.3 Order of operations

1.3 Exercise
1. 6a. 3b. 3c.

11d. 96e.

2. 27a. 7b. 12c.
18d. 12e.

3. 16
1

7
a. 1b. 16c.

37

7
d. 13e.

4. a. When the only operations are multiplication and division,
they should be done from left to right. When the only
operations are addition and subtraction, they should be
done from left to right.

b. 40 and 17

5. 2a. 80b. 52c.
33d. 48e.

6. 75a. 7b. 5c. 12
1

7
d.

7. 1
1

8
a. 8

1

3
b.

7

36
c. 2

2

5
d.

8. a. (12− 8)÷ 4= 1

b. (4+ 8)× 5− 4× 5= 40

c. 3+ 4× (9− 3)= 27

d. 3 × (10− 2)÷ 4+ 4= 10

e. 10÷ (5+ 5)× 9 × 9= 81

f. (18− 3)× 3÷ 5= 9

9. a. Use multiplication first to calculate the cost of each type
of food, and then add these costs together to calculate the
total cost of all the food.

b. Cost= (2×$2) + (3×$4) + (3×$5)

c. $31

10. 1 = (4− 3)÷ (2− 1)
2 = 4− 3+ 2− 1
3 = 21÷ (3+ 4)
4 = 4− 2+ 3− 1
5 = 3+ 4− (2× 1)

11. $3.50a. $0.27b.

12. $4.11

1.4 Rounding

1.4 Exercise
1. 10a. 70b. 170c.

1350d. 56 900e. 765 490f.

2. 0a. 100b. 200c.
3000d. 42 600e. 345 300f.

3. 1000a. 1000b. 7000c.
12 000d. 453 000e. 2 680 000f.

4. 6a. 50b. 1000c.
10 000d. 200 000e. 5 000 000f.

5. 2a. 7b. 3c. 8d.

6. 5a. 10b. 7c. 1d.

7. 4a. 12b. 1c. 5d.

8. 8a. 30b. 60c. 3d.

9. 0.4a. 0.9b. 9.3c.
25.3d. 300.1e. 12.8f.

10. 99.9a. 8.9b. 17.6c.
0.9d. 94.0e. 1.0f.

11. 0.32a. 0.86b. 1.25c.
13.05d. 7.13e. 100.81f.

12. 71.26a. 0.01b. 0.19c.
19.70d. 0.40e. 1.00f.

13. 2.39a. 14.0b. 0.03c.
0.8765d. 64.2952e. 0.382f.

14. 96.3a. 3.04b. 8.90c.
47.880d. 0.10e. 0.49f.

15. C

16. D

17. A

18. 11a. 8b. 4c.
93d. 112e. 22f.

19. 42a. 2138b. 0c.
1d. 1e. 41f.

20. If Luke pays for the jeans with a debit card, the exact
amount will be debited from his account. Australian
currency has the smallest denomination of $0.05, which
means that the price would be rounded to the nearest
5 cents. If Luke pays for the jeans with cash, the price
would be rounded to $129.95.
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1.5 Estimation and approximation strategies

1.5 Exercise
1. 6300

2. 1500a. 900 000b. 500 000c.
36 000d. 6 000 000e. 70f.

3. Adding the cost of groceries when shopping; calculating the
cost of petrol for a trip; determining the size of a crowd

4. a. Possibly, but most likely not

b. They may have divided the distance by the average
speed.

5. An estimate is based on information.

6. Multiply the number of students in an average class by the
number of classes in the school.

7. a. 37 800

b. Sample responses can be found in the worked solutions
in the online resources.

c. Sample responses can be found in the worked solutions
in the online resources.

8. a. 140i. 131ii.

b. 2560i. 2721ii.

c. 10i. 12ii.

d. 20i. 26ii.

e. 0i. 563ii.

9. a. 1800i. 1450ii.

b. 40 000i. 31 126ii.

c. 9400i. 9429ii.

d. 2 000 000i. 3 508 503ii.

10. a. 7i. 8
1

2
ii.

b. 16i. 19
3

4
ii.

c. 43i. 38
7

11
ii.

d. 369i. 615
2

3
ii.

e. 25i. 49ii.

f. 17i. 24ii.

11. a. Approximately 90

b. Approximately 2000

c. Approximately 80

12. If material lengths are to be rounded, it should be to a
longer length than required or the purchased wood will
be too short.

13. 10 000a. 20b.

14. 2a. 1000b.

1.6 Decimals and fractions

1.6 Exercise
1. 4a. 3b. 4c. 3d. 1e. 2f.

2. a. 2

b. i. Seventy-eight dollars and fifty-five cents

ii. $78.55

3. a. Ones

b. Tens, tenths

c. Tenths

d. Ones, tenths, hundredths

e. Tenths, hundredths, thousandths

f. There are no place-holding zeros.

4. a. (1× 10)+ (6× 1)+(

0× 1

10

)+(

2× 1

100

)

b. (1× 10)+ (1× 1)+(

0× 1

10

)+(

4× 1

100

)+(

6× 1

1000

)

c. (2× 100)+ (2× 10)+ (2× 1)+(

0× 1

10

)+(

3× 1

100

)

d. (1× 10)+ (5× 1)+(

1× 1

10

)+(

1× 1

100

)

e. (4× 1)+(

7× 1

10

)+(

0× 1

100

)+(

1× 1

1000

)

f. (6× 10)+ (8× 1)+(

6× 1

10

)+(

8× 1

100

)

5. 42.504a. 0.272b. 1.009c. 30.934d.

6.
7

100
a.

7

10
b.

7

1000
c.

7

10 000
d. 7e. 70f.

7. 16.273a. 137.202b. 95.98c.
0.001d. 0.2e. 0.012f.

8. 268.75a. 98.164b. 100.009c.
222.489d. 1075.7346e. 7132.2904f.

9. 0.0674a. 779.96b. 34.216c.
441.43d. 14.994e. 26.092 49f.

10. a. 9.85i. 9.84ii.

b. 12.18i. 12.18ii.

c. 91.43i. 91.43ii.

d. 189.52i. 189.52ii.

11. 628.4a. 5300b.

12. 61.725a. 740.7b. 8641.5c. 24 690d.

13. 0.345a. 1.2398b. 1.245 37c.
0.3569d. 0.000 246e. 0.0248f.

14.
1

10
a.

1

2
b.

4

5
c.

3

25
d.

21

100
e.

21

25
f.

15.
1

20
a.

5

8
b. 3

4

5
c.

2
13

100
d. 12

21

50
e. 10

7

2000
f.

16. 0.375a. 0.8b. 1.25c. 0.75d.

17. 2.25a. 3.05b. 6.5c. 0.2d.
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1.7 Rational and irrational numbers

1.7 Exercise
1. 6a. 2b. 11c.

4d. 8e. 3f.

2. Yesa. Yesb. Yesc.
Yesd. Noe. Nof.

3.
√

21a. 6
√

7b. 10
√

14c.

9
√

7d. 3e. 24f.

4.
√

6a. 3
√

3b.
3
√

6

2
c.

5

3

√

5d.
√

3e. 2f.

5. 3
√

2a. 5
√

2b. 2
√

7c.

6
√

3d. 4
√

3e. 10
√

5f.

6. 15
√

3a. 48b. 35
√

2c.

20
√

6d. 4
√

42e. 27
√

5f.

7.
√

175a.
√

108b.
√

384c.
√

90d.
√

32e.
√

600f.

8. A

9. C

10. D

11. −4
√

5a. 5
√

11b.

10
√

2+ 7
√

3c. 8
√

5+√

6d.

12. 0a. −4
√

7b.

5
√

6+ 6
√

5c. 2
√

3− 3
√

5d.

29
√

5+ 22
√

3e. 9
√

11−√

30f.

13. D

14. C

15. A

16. 4a. 3b. 4c.
3d. 4e. 2f.

17. 3.8730a. 5.1111b. 5.1515c.
137.36d. 0.428 57e. 2.4286f.

18. Falsea. Trueb. Falsec. Trued.

19. Truea. Falseb. Falsec. Trued.

20. 12
√

15 m

21. 3+ 2
√

3+ 6
√

5 ma. 19.9b.

22.
√

36 means the positive square root of 36, which equals 6

since 62 = 36. Similarly, −√

36 means the negative square

root of 36, which equals −6. But
√−36 is undefined since

you cannot square a number to get a negative number.

23. 153.9 cm2a. 153.938 cm2b. 153.94 cm2c.

24. a. 65 449.8470 cm3

b. 9

c. Since the calculated value has a finite number of decimal
places, it is rational.

1.8 Review

1.8 Exercise
Multiple choice
1. C

2. B

3. B

4. A

5. D

6. A

7. A

8. D

9. C

10. B

Short answer
11. i. 150a. 140b.

400c. 500d.

ii. 147a. 153b.
408c. 778d.

12. 122a. 1b. 79c. 10d.

13.
26

3
a. 8.6b.

14.
3

5
a. 5

3

4
b.

15. 3.875

Extended response
16. $1.37

17. $36a. $35.70b.

18. a. 3+ 13
√

7− 16
√

3 km

b. 9.68 km

19. $24.55a. $5.45b.

20. $283.69
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