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in one simple view
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LESSON 2.3

) WO quantities

SYLLABUS LINK

« Find the ratio of two quantities in its simplest form

Source: Essential Mathematics Semior Syllabus 2024 © State of Queensiand (QCAA) 2024, Icensed

under CCBY 40

« Ratios are used to compare the quantites of ingredients

+ Pharmacists have 1o use ratios to prepare medicnes
+ Chefs use ratios in every meal they cook
« A recipe involves ratios

+ The highest common factor of 300 and 100 s 100. To

<21 AMait “rr 1 -
3.1 Weight ratios

’
when maiung & Mixture /

« For example, the mortar necessary for buliding a brick b' '\"
wall is usually prepared using the cement-to-sand ratio of .

1:3

« If a recipe says f and 1 cup of sugar it
means that the recipe requires for every
1 cup of sugar , 50 the ratio flour : sugar - 3: 1
o+ What if the recipe requires (X and Q2

100 grams of sugar? We can calculate the rato of flour
10 sugar by simplifying the quantities given

I D Sugar 3g:100g
simplify the ratio, divide both sides of the ratio by 100.
! SURAL = 3 |

Note:
Usually, units are not written in ratios.
To calculate ratios of quantines, always write all quantities in the same unit

Maot ( N n f A st
vietr nvers ) We \

Metric units of weight are converted In the following way:
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solutions.
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Pink highlight boxes
summarise key information.

Worked examples, supported by
teacher-led videos, break down the
process of answering questions using
a think/write format.

learn)

¢ Online and offline question sets
contain practice questions, with
exemplary responses.
* Every question has immediate,
—— corrective feedback to help students
oo s conets e g g . g - to overcome misconceptions as they
[ o= | . "y occur and to study independently —
~ in class and at home.
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A personal tutor Get guidance, Combat Consistency A safe
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can get the help they just give the answer  or ask more questions?  many ways to learn.  safe, any concerning
need, when they need it. away. Students are  With jacTUTOR, students  To avoid confusion, or inappropriate
jacTUTOR uses Al to given prompts to help  will find a safe space jacTUTOR is built on comments are
create a fair and level understand what they to ask questions, the same trusted automatically
playing field for should be asking to get get clarification method used in the flagged and sent
all students. to a correct answer. and try again. Jacaranda text. to their teacher.

I

RESOURCES jacTUTOR

Can you help with subtopic 5.4 Exercise 2 Q1 9

‘ Sure, please select a help option below.

s B

5.4 Exercise

El

Can o e

LESSON 5.4 Assistant is in beta
+h . g . SELECT YOUR PATHWAY ® -
The unitary method and best buys
LEARNING INTENTION Nnn nn )uuuumn 183 -qu’u "

Al I 0 of B lesson you should be stie 1o
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LESSON
1.1 Overview

Hey students! Bring these pages to life online

Watch Engage with Answer questions
videos interactivities and check results

Find all this and MORE in jacPLUS (C)

1.1.1 Introduction

Being able to add, subtract, multiply and divide integers is
important in many parts of everyday life. It helps with budgeting
and knowing what you can and can’t afford to buy — or how much
of something to buy. It also helps to keep you safe; for example,
being able to read the integers on the speedometer helps you

stay within the speed limit. It is also useful for understanding
temperatures, weights and measures when you’re cooking or you
need to store food safely.

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 (e.g. how much they have to pay back after borrowing money
or taking out a loan from a bank).

These calculations are the building blocks in mathematics and will be covered in this chapter as well as across
all of Units 3 & 4.

1.1.2 Syllabus links

Lesson title Syllabus links

1.2 Number operations O Solve practical problems requiring basic number operations.

1.3 | Order of operations (O Apply arithmetic operations according to their correct order.
and reasonableness () Ascertain the reasonableness of answers to arithmetic calculations.

1.4 | Estimation () Use leading-digit approximation to obtain estimates of calculations.
O Check results of calculations for accuracy.
Q Round up or round down numbers to the required number of decimal places.

1.5 | Decimal significance (O Recognise the significance of place value after the decimal point.
O Evaluate decimal fractions to the required number of decimal places.
O Round up or round down numbers to the required number of decimal places.

1.6 | Calculator skills () Use a calculator for multi-step calculations.
(O) Check results of calculations for accuracy.
O Ascertain the reasonableness of answers to arithmetic calculations.

1.7 | Approximation (O Apply approximation strategies for calculations.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

This chapter only contains Simple familiar questions from the Fundamental topic Calculations in the
syllabus.

4 Jacaranda Maths Quest 12 Essential Mathematics Units 3 & 4 for Queensland Second Edition



LESSON
1.2 Number operations

SYLLABUS LINKS

® Solve practical problems requiring basic number operations.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

1.2.1 Addition and subtraction of integers using a number line

e An integer is a whole number. It can be positive (2, 4, 89, 1035) or negative (—2, —4, —89, —1035).
e Zero is also an integer because it is a whole number.

< Value decreasing

>
o~ T T T T T T T T T T T T T T T T T

% -7 -6 -5 4 3 =2 - 0 1 2 3 4 5 6 7 8
Negative integers Zero Positive integers

Value increasing

¢ The positive numbers do not usually have a symbol to show that they are positive (+2 is the same as 2).
e The negative numbers must include the negative sign to show that they are negative (—2, —27).
e A whole number is a number that does not include any fractions or parts of a number.

For example, the following are not whole numbers or integers:

- Fractions <%, —12%, 5%) because they are or include parts of a whole number

- Numbers that continue after a decimal point (0.5, —12.75,5.5)

Addition and subtraction using a number line

Start at the first number.

To add a:
* positive integer, move to the right
* negative integer, move to the left.

To subtract a:
e positive integer, move to the left
* negative integer, move to the right.

e For example, to show (—3) + (+2) on a number line, start at the first number (—3) and place a pointer on
the number line at —3.

To add the positive integer (+2), move 2 places to the right.

Start  Finish

o

<~ T 1 T T T 71 1

1
-6 54 -3-2-1 01 2 3

>
>

Therefore, using the number line, we can see that (—3) 4+ (+2) = —1.

CHAPTER 1 Calculations 5



WORKED EXAMPLE 1 Solving addition and subtraction of integers using a number line

tlvd-3549
eles-0040
Use a number line showing intervals from —6 to 3 to calculate each of the following.
a. 24+ (+1) b. 3+(-2) c. -4—(+2) d. =3 —(-5)
THINK WRITE
a. 1. Start at 2 and move 1 unit to the right, as a. Start Finish
you are adding a positive number. l+1l
& o
T I I I I I I I h |
-6 -5 4 -3 -2-1 01 2 3
2. Write the answer. 24+(+1)=3
b. 1. Start at 3 and move 2 units to the left, as b. Finish  Start
you are adding a negative number. l_ - ll
<~ T 7 T T T T T T T >
-6 54 -3 -2-1 01 2 3
2. Write the answer. 3+(=2)=1
c. 1. Start at —4 and move 2 units to the left, as you are C. Finish Start
subtracting a positive number. l+ - ll
<~ T T ¢ T T T T T T T>
-6 54 -3 -2-1 01 2 3
2. Write the answer. —4—(4+2)=-6
d. 1. Start at —3 and move 5 units to the right, as you are d. Start Finish
subtracting a negative number. l+ Ul sl el s ll
<~ T 7 T 7T 1 T T T >
6 5 4-3-2-1 01 2 3
2. Write the answer. —3—(-5=2
1.2.2 Addition and subtraction of integers using symbols
int-3922

int-3924 e Another way to remember the rules for adding and subtracting integers is to imagine positive and negative
symbols (or counters) representing each of the numbers in an equation.
e A pink positive symbol represents +1 and a blue negative symbol represents —1.
e When calculating:
- 21is written as:

- —2is written as:

- positive and negative symbols cancel each other out: —1+1=0

X%

6 Jacaranda Maths Quest 12 Essential Mathematics Units 3 & 4 for Queensland Second Edition



tlvd-3550

WORKED EXAMPLE 2 Solving addition and subtraction of integers using symbols

Calculate the value of each of the following.

a. 242

b. =242

c. 2—-(3)

d. —4—(-2)

THINK

a. 1. Set the equation up using symbols.
2. Add all the positives.
3. Write the answer.

b. 1. Set the equation up using symbols.

N

. Cancel any pairs of positives and negatives.

3. Count how many symbols are left.

B

. Write the answer.
c. 1. Set the equation up using symbols.

2. When subtracting positive integers, change the sign
of the symbols and then add them.

WRITE

a2+2=-@ O +-©® &

4 positives = +4

2+2=4
b. 2+2=@&

- ++ +

LY PER

Zero symbols remain.

3. Count all the negatives.

4. Write the answer.

(]

(S

. Set the equation up using symbols.

. When subtracting negative integers, change the sign
of the symbols and then add them.

. Cancel any pairs of positive and negative symbols.

. Count how many positives or negatives remain.
. Write the answer.

—24+2=0

c. 2-)=@9@ © O €
Y X Y Y
5 negatives = —5
—2—3)=-5

d 4--2)=@90 0 © © -
G R

neoe-2®

Two negatives remain.

—4—(=2)=-2

1.2.3 Addition and subtraction of integers by applying rules

¢ Follow the rules shown in this table to add and subtract positive and negative numbers.

Rules for addition and subtraction of integers

Rule ‘ Example ‘
Adding a positive integer is the same as adding. ++=+ +2+(+5)=+7
Adding a negative integer is the same as subtracting. +—=- +2+(-5)=-3
Subtracting a positive integer is the same as subtracting. —-—t=- +2—-(+5)=-3
Subtracting a negative integer is the same as adding. -——=+ +2—-(-5=7

CHAPTER 1 Calculations 7



WORKED EXAMPLE 3 Solving addition and subtraction of integers by applying rules

tlvd-3551

Calculate the value of each of the following.

a. 242 b. 24+ (-2) c. 2—(+3) d. —4—(-2)
THINK WRITE
a. 1. Adding a positive integer is the same as adding. a. 242
2. Apply the rule + + = + and calculate the value. 24+2=4
b. 1. Adding a negative integer is the same as subtracting. b. 2+ (-2)
2. Apply the rule + — = — and calculate the value. 2R (E2)=2=2
3. Write the answer. 2=2=10
c. 1. Subtracting a positive integer is the same as subtracting. c. 2—(+3)
2. Apply the rule + — = — and calculate the value. 2—(+3)=2-3
3. Write the answer. 2—3=-1
d. 1. Subtracting a negative integer is the same as adding. d. —4—-(-2)
2. Apply the rule — — =+ and calculate the value. —4—-2=—442
3. Write the answer. —44+2=-2

1.2.4 Multiplying or dividing integers

e When multiplying integers, the following rules apply.

Rules for the multiplication of integers

° When multiplying two integers with the same sign, the answer is positive.

+ X +
_x_

+
+

° When multiplying two integers with different signs, the answer is negative.

+X—=-
- X+ ==

WORKED EXAMPLE 4 Solving integer multiplication by applying rules

Evaluate each of the following.

a. (—4) X +3 b. (=7) X (—6)

THINK WRITE

a. The two numbers have different signs, so the a. (—4) % (+3)
answer is negative. =—12

b. The two numbers have the same sign, so the b. (—7) X (—6)
answer is positive. =42 (or+42)
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e Division is the inverse (opposite) operation of multiplication.
e We can use the multiplication facts for integers to work out the division facts for integers.

Multiplication fact Division fact Multiplication pattern Division pattern
4%5=20 20-5=4 and 20-4=5 positive X positive POSIIVEG _ 1 sitive
= positive positive
i i negative -
(—4) X (=5) =20 (=20) + (—4) =5 negative X negative BAVE _ bositive
= positive negative
negative X positive negative _ negative
(-20)+5=-4 = negative positive
(—4)x5=-20 and and and
20+ (=5)=—-4 positive X negative positive neoative
= negative negative s

Determining the sign of the answer when dividing integers
* When dividing two integers with the same sign, the answer is positive.

+++=+
-+ —=+

* When dividing two integers with different signs, the answer is negative.

++-=-
-+ + = -

e Remember that division statements can be written as fractions and then simplified.
For example:
—12
_ 12X ~T

T o4x T
=3

WORKED EXAMPLE 5 Solving division of integers

Evaluate each of the following.

—54
a. (—48)+6 b. —
c. 144+ (—6) d. (—240) = (—16)
THINK WRITE
a. The two numbers have different signs, so the a. (—48)+6
=-8

answer is negative.
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—54  (—1)x54

b. The two numbers have the same sign, so the b. =
answer is positive. —9 (=1)x9
_
9
=6
c. 1. Complete the division as if both numbers were c. 24
positive numbers. 61424
2. Determine the sign of the answer. The two 144 + (—6)=—-24
numbers have different signs, so the answer is
negative.
d. 1. Complete the division as if both numbers were d. 15
positive numbers. 1 6) 24%0
2. Determine the sign of the answer. The two (=240) = (—16)=15
numbers have the same sign, so the answer is
positive.

1.2.5 Solving practical problems

* We constantly solve practical problems using basic number operations without realising that we are
doing it.

* You do this when you calculate 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.

WORKED EXAMPLE 6 Solving practical numerical problems

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

THINK WRITE

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

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

3. The space left is the difference between the Space left = 512 — 386

total space and the space used. = 126 MB

4. Check the answer for accuracy. Space available = space used + space left
LHS = RHS

5. Substitute in each value. 512 MB = 386 MB + 126 MB

512 MB =512 MB

6. Write the answer. The space left on the USB stick is 126 MB.
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WORKED EXAMPLE 7 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 h on Friday, 4 h on Saturday and 5.5 h on Sunday.

THINK WRITE
1. Calculate the amount Nathan earned on Friday. Money earned Friday = 5 X $15.50
= $77.50
2. Calculate the amount Nathan earned on Saturday. Money earned Saturday = 4 X $15.50 X 1.5
= $93.00
3. Calculate the amount Nathan earned on Sunday. Money earned Sunday = 5.5 X $15.50 X 2
= $170.50
4. Calculate Nathan’s weekly pay by adding the amounts  Total pay = $77.50 + $93.00 + $170.50
earned on Friday, Saturday and Sunday. = $341.00
5. Write Nathan’s weekly pay. Nathan earned $341.00 that week.
Exercise 1.2 Number operations learn
1.2 Quick quiz 1.2 Exercise These questions are LB as
even better in jacPLUS!  “g[f)/48°
* Receive immediate feedback b
Simple familiar Complex familiar Complex unfamiliar ¢ Access sample responses

® Track results and progress

9,10,11,12,13,
14,15,16,17,18,
19, 20, 21, 22

Simple familiar
1. Select the integers from the following numbers.

5,-2, é, 212,12.3,-2.5,-33, —2l
4 2

2. [IlZM Calculate each of the following using the number line method.

a. (=5) +2 b. (—6) + 1 c. 5+ (=3)
d. (=8) + (=3) e. 21 + (49) f. 18 + (=5)
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10.

11.

12.

13.

14.

12

. [lllZA Calculate each of the following using the cancelling signs method.

a. 3+ (+1) b. 3+(-2) c. 4—(+5)
d. 24+ (-2) e.3—(-2) f. (=)= (=3)
. [lIEA Calculate the value of each of the following using rules.
a. (=7)+(=3) b. 8 —(=7) c. (=23)+(+15)
d. (=18)—(=17) e. 26 —(—13) f. (=72) = (=26)
. Calculate the value of each of the following using the method of your choice.
a. (=37)+(-12) b. 42 —(+7) c. (—14)—(+18)
d. (=27)—(—15) e. 37— (+12) f. 135—(=37)
. Calculate the value of each of the following using the method of your choice.
a. 12+ (—4) +(+6) b. 28 +(=7) —(—10) c. (—=15)+ (+5)—(+8)
d. 28 —(+15) —(+4) e. 18— (—12)+(-5) f. (—42)—(—21)—(-21)
. IlIZA Evaluate each of the following.
a. (-3)x5 b. 3% (=7) c. (—6) X (-5)
d. 2x(—10) e. (=8)x(-5) f. (=7)%8
. Evaluate each of the following.
a. (—10)x 25 b. (—125)% 10 c. (—6)x9
d. (+9)x(=7) e. (—1D)x(=7) f. 250 X (—2)
. Use an appropriate method to evaluate the following.
a. (—2) X3 X (=5)x(—-10) b. 6X(—-1)X5X(-2)x1
c. 8X(=3)X(-1)x(-2)x4 d. (=3)X5X(=2)X (1) X (=1)x(=1)
e. (-5 X6X(-2)x(-2) f. 6X(—=1)X3X%X(-2)
K= Evaluate each of the following.
a. (-54)+9 b. 10+ (-2) c. (-8)+(-2)
d. (=5)+ (=1 e. 9+ (-11) f. 0+(-9)
Evaluate each of the following.
a. 42 +(-3) b. (—130)+5 c. (=56) = (=8)
d. (+88)+(—4) e. (—66) = (—6) f. 168 +(—8)
Evaluate each of the following.
a. 184 +(-98) b. (—189)+9 c. (=161)+=(-=7)
d. (—132)+(-2) e. (—204)+6 f. 1080+ (—9)
Evaluate each of the following.
a. 216 +(—12) b. (—345)+15 c. (—1536) + (—24)
d. (—1764) = (—49) e. 4096 + 64 f. (—2695)+55

EZ8 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. Check your result for accuracy.

Jacaranda Maths Quest 12 Essential Mathematics Units 3 & 4 for Queensland Second Edition



15. 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. Check your result for accuracy.

16. The photographs show three tall structures.

. Eiffel Tower
(Paris)

~ $ o
Infinity Tower Chry;]er Building
(New York)
y

(Brisbane)

324 metres high

. Determine how much taller the Eiffel Tower is than the Chrysler Building.

. Calculate the height difference between the Infinity Tower and the Eiffel Tower.

. Determine the difference in height between the Chrysler Building and the Infinity Tower.
. Explain how you obtained your answers to parts a, b and c.

O T o

o

17. 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.

18. [IKIEA 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 h on Friday, 5 h and 30 min on Saturday and 8 h on Sunday.
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19. Assuming that all the eggs in the photograph are the same size, determine the mass of each egg.

20. Bryce decides to cook meat pies for lunch. He takes the pies out of
the freezer that is set at —18 °C to defrost on the bench where the
room temperature is 21 °C. He sets the oven to 180 °C to cook
the pies.

a. Identify the difference between the temperature of the freezer
and the room temperature.
(Hint: difference = largest number — smallest number)

b. Calculate the difference between the room temperature and the
temperature of the oven.

c. Calculate the difference of the freezer temperature and the temperature of the oven.

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

Voice calls:
47c per 30 s
Text messages:
15¢ per message
Picture messages:
50c per message

a. Determine the cost of a 1-min call on this phone.

b. Determine the cost of a 35-min call on this phone.

c. If you use the phone to make five 3-min calls every day, calculate how much the calls will cost you for a
year. (Assume 365 d 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.

22. 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.

Fully worked solutions for this chapter are available online.
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LESSON
1.3 Order of operations and reasonableness

SYLLABUS LINKS

* Apply arithmetic operations according to their correct order.
® Ascertain the reasonableness of answers to arithmetic calculations.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

doc-6415
doc-2090

be performed.

eles-1883  * The acronym BIDMAS is one example used to remember the correct order in which to complete operations
within an equation.

int-3707

1.3.1 Order of operations

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

Order of operations

The order of operations rules can be remembered as BIDMAS:

B I D M A S
Brackets Indices Divide Multiply Add Subtract
O Jx 57 = or X + or =
Order Operations What does it mean?
First Brackets Calculate any parts of the expression that are shown in brackets.
For example:
B+1)x4=4%x4
Second Indices Multiply or divide out any indices.

Indices are:
e powers (3%); a number raised to a power is multiplied by itself

32=3x%x3
33 =3%x3x%x3
=27

i

(continued)
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(continued)

Order Operations What does it mean?
Third Division and Calculate any parts of the expression that involve division or multiplication.
Multiplication If the expression contains both multiplication and division, start from the left

and work across to the right.
For example:
3x44+36+-6=12+6

=18
Last Addition and Calculate any parts of the expression that involve addition or subtraction.
Subtraction If the expression contains both addition and subtraction, start from the left

and work across to the right.
For example (remember division comes before addition or subtraction):
4424+4-2=4+6-2

=10-2

=8

iva.3553 WORKED EXAMPLE 8 Applying the order of operations

Calculate the value of each of the following.

34+8) + 4
a. 23—6x4 b. (12—8)+ 5> — (10 +2?) g ) PE
4+23*-1)
THINK WRITE
a. 1. Apply BIDMAS to determine the first step a. 23—-6x4
(in this case, multiplication). =23_-924

2. Complete the next step in the calculation (in this =—1
case, subtraction) and write the answer.

b. 1. Apply BIDMAS to determine the first step b. (12—8)+5%— (10 AF 22)
(perform the calculations in brackets first, then —445—(10+4)
remove the brackets).

=4+52-14
2. Complete the next steps in the calculation (work out =4+25-14
the powers, then carry out addition and subtraction —20_14
from left to right).
3. Complete the final step and write the answer. =15

34+8)+4  3x12+4

c. 1. Apply BIDMAS to determine the first step c. 5 =
(brackets). 4423—-1) 44+209-1)
3x12+4
2. Complete the next step in the calculation _oxste
(multiplication). 4+2x38
_36+4
4416
. 40
3. Perform the calculations on the numerator and ==
denominator separately. 20
4. Complete the division and write the answer. =2
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WORKED EXAMPLE 9 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 a. (4x%0.70) + (10 X $0.55) = $2.80 + $5.50
spent on fruit. = $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 b. 4 oranges + 10 pears = 14 pieces of fruit
that Sean purchased.
1 cos
2. The average price Sean paid for a piece of Average price = fotaZ cost -
fruit is equal to the total cost divided by total number of pieces
the total number of pieces of fruit. _ $8.30
14
= $0.59
3. Write the answer. The average price Sean paid for a piece of fruit
is $0.59.

1.3.2 Reasonableness

e When calculating mathematical answers, it is always important to understand the question so you have an
idea of what a reasonable answer would be.
e Checking the reasonableness of answers can help you see possible mistakes in your working.

WORKED EXAMPLE 10 Evaluating the reasonableness of an answer

Cathy goes shopping to purchase an outfit for a hike. She buys
a $110 pair of waterproof pants and a $180 jacket, and gets
$55 off the combined price by purchasing the two together.
She also buys a pair of boots for $120 and a pair of socks

for $15.

Calculate how much Cathy spent in total and check your
answer for reasonableness.

THINK WRITE
1. Read the question carefully to understand The question asks you to add up Cathy’s total
what it is about. shopping bill including the discount.
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2. Have an idea of what sort of answer you Cathy purchased three items, each over $100 dollars,
expect. so the answer should be over $300.

3. Write a mathematical expression to calculate ~ Amount spent = $110 4+ $180 — $55 + $120 + $15
the total amount that Cathy spent, including = $370
the discount.

4. Check the answer for reasonableness. This answer is above $300, so it seems reasonable.

Digital technology

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

Consider the expression [(4 +2)? + 6] = 7.

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+202+6] +7

Math A

2
3x (v40-4-3) +(10+2)
12:3 ’
To determine its value on a calculator, follow the steps below.

* Press the fraction template button. This will set up two entry boxes — one for the numerator and one for the
denominator.

2
® Input 3 x (\/40 —4— 3) + (10 = 2) into the entry box for the numerator.

® |nput 12 = 3 into the entry box for the denominator.
® Press = or ENTER to evaluate.

Now consider the expression

Math A

S JAO—A -3 £ 4 A
175 5
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Exercise 1.3 Order of operations and reasonableness learn

1.3 Quick quiz 1.3 Exercise These questions are e

even better in jacPLUS!  “(Tlfi 4K
* Receive immediate feedback gL, J{
Simple familiar Complex familiar Complex unfamiliar ¢ Access sample responses

® Track results and progress

9,10,11,12,13, 14

Simple familiar

1. IWI=H Calculate the values of the following.

a. (—4)x2+1 b. 8+(2—-4)+4
c. 9x(8-3) d. (=3)—40+8+2
e. 4+ 12x(-5) f. (=5)x12+2
2. Calculate the values of the following.
a. 12-6+3 b. 45+(27+(—3))
c. 17—+7)=(-5) d. —12+8x%x7
e. 100 + ((—50)+(—2)) +10 f. 9+2—2x3
3. Calculate the values of the following.
a. (=7)+4x—4 b. ( (—63) = (—7)) X(=3)+(-2)
c. (=5)" =3x(=5) d. (=6)x (—8) — (3+(-6)*)
e. 52+((—9)—4)—8 f. —6—64+(—16)+8
4. [lIZA 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). g

(4}

. Carrol purchases chocolate for her daughter’s party. She buys 6 packets

o |

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.

6. IIZIH Fred went to a sports store to get some clothes for the gym. He purchased:

a tracksuit for $120
shoes for $150
shorts for $30

a singlet top for $25.

Given that he got a $35 discount, calculate the amount that he spent at the sports store. Check your answer
for reasonableness.
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10.

11.

12.

13.

14.

. Bob went to the warehouse to get some building

. Erika goes shopping for some party food. She buys:

* 6 packets of chips at $2.50 each
* 2 boxes of cola at $8.50 each
* 5 packets of biscuits at $1 each
e 3 dips at $2 each.
Calculate the amount Erika spent in total, if she got a $2 discount. Check your answer for reasonableness.

supplies.
He bought:

e three 4 m-long pieces of timber at $4.50 per

metre

2 packets of nails at $5.50 each

* 3 tubes of liquid nails at $4 each.
Because Bob is a regular customer, he received a
$15 discount off his total purchase.
Calculate the amount Bob spent in total. Check your
answer for reasonableness.

. Insert one set of brackets in the appropriate place to make each of these statements true.

a. 12-8+4=1 b. 44+8X5—-4x5=40 c.3+44%x9-3=27
d.3x10—-2+4+4=10 e. 10+5+5Xx9%x9=281 f. 18 —=3%x3+5=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. Explain how the order of operations helps you calculate the correct total cost of these items.
b. Devise an equation to show the operations required to calculate the total cost.
c. Calculate the total cost.

Taiki headed north on a bike ride, initially travelling 25 km. He then turned
around and travelled 15 km south before stopping for a drink.

After his drink, Taiki continued to ride south for another 20 km, before again
turning around and travelling north for a further 25 km.

a. Calculate how many kilometres Taiki covered on his ride.
b. Determine how far north he finished from where he started.

Students were given the following question to evaluate.
448+(=2)*—7x2
a. A number of different answers were obtained, including —8, —12 and —17. Determine which one of these

is correct.
b. Using only brackets, change the question in two ways so that the other answers are correct.

Calculate the number required to make the following equation true:
13x(15-1)=180+01
Calculate the number required to make the following equation true:

(102+12+3) +(=8)=0]

Fully worked solutions for this chapter are available online.
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LESSON
1.4 Estimation

SYLLABUS LINKS

* Use leading-digit approximation to obtain estimates of calculations.
¢ Check results of calculations for accuracy.
® Round up or round down numbers to the required number of decimal places.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

1.4.1 Rounding

doc-6418
e Numbers can be rounded to different degrees of accuracy.
3032 For example, they can be rounded to 1, 2, 3 or more decimal places. The more decimal places a number has,
Int- o . .
int-3731 the more accurate it is. However, more decimal places are not always necessary or relevant.

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, 34 rounded to the nearest 10 is 30, because 34 is closer to 30 than 40.

34

>
ST Trrorrr-rroT T T

34 =30
(Note: The ~ symbol represents ‘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, 375 rounded to the nearest 100 is 400, because 375 is closer to 400 than 300.

375

375 =~ 400

Rounding to the first digit

e When rounding to the leading (first) digit, the second digit needs to be looked at.
- 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 digitis 5, 6, 7, 8 or 9, the first digit is increased by 1 (rounded up) and all the following
digits are replaced with zeros.
For example, if 2345 is rounded to the first digit, the result is 2000 because the second digit in the number
is 3, so all digits following the first digit (in this case, 2) are replaced with 0.

2345

l

L A I B B B B
2345 =~ 2000

>

<7 T
2000 3000
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iva.3665 WORKED EXAMPLE 11 Applying rounding to integers

Round each of the following as directed.
a. 563 to the nearest 10

b. 12786 to the nearest 100

c. 7523 to the leading digit

THINK WRITE
a. 1. To round to the nearest 10, look at the units place value. a. 563
2. Is the units place value less than 5? Since 3 is less than 5, ~ 560

we round down. Replace 3 with 0 and write the answer.

b. 1. To round to the nearest 100, look at the tens place value. b. 12 786
2. Is the tens place value greater than or equal to 5? Since 8 is 12 786
greater than or equal to 5, we round up. Increase 7 by 1 to 8 (A
and replace the following digits with zeros. 800
3. Write the answer. 12 786 ~ 12 800
c. 1. When rounding to the leading digit, look at the second digit. c. 7523
2. Since 5 is greater than or equal to 5, we round up. Increase the 7523
first digit (7) by 1 and replace the remaining digits with zeros. L
8000
3. Write the answer. 7523 ~ 8000

1.4.2 Estimation

e An estimate is not the same as a guess, because it is based on information.
e Estimation is useful for checking that your answer is reasonable when performing calculations.
e This can help avoid simple mistakes, like typing an incorrect number into a calculator.

eles-0822

int-3983

WORKED EXAMPLE 12 Solving problems of estimating by rounding numbers to the

leading (first) digit

Estimate 66 123 X 749 by rounding each number to the leading (first) digit and then completing
the calculation.

THINK WRITE

1. Round the first number (66 123) by looking at 66 123 ~ 70000
the second digit. Since the second digit (6) is
greater than or equal to 5, increase the leading digit (6)
by 1 and replace the remaining digits with zeros.

2. Round the second number (749) by looking at the 749 ~ 700
second digit. Since the second digit (4) is less than 5,
leave the leading digit and replace the remaining digits

with zeros.
3. Multiply the rounded numbers by multiplying the 70000 x 700
leading digits (7 X 7=49) and then adding the TX7T=49
number of zeros (4 +2 =6). 70000 X 700 =49 000 000
4. Write the estimated answer and compare to the actual 66 123 X 749 ~ 49 000 000
answer. This compares well with the actual answer of

49526 127, found using a calculator.
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1.4.3 Checking an answer for accuracy

* When performing calculations, you have to be very careful not to make careless or common mistakes.
e It is helpful to be able to identify mistakes to make sure you don’t also make common calculation errors.

WORKED EXAMPLE 13 Testing an answer for accuracy

Check the following answers for accuracy. If the answer is not accurate, identify and explain where

the mistake was made.

12+12
a. 2+5x2=14 b, 12— (6x2)=12 - 1*; 12
THINK WRITE
a. Using BIDMAS, the multiplication a. 2+5x2=14
needs to be done first. 2+10=14
12+ 14

This answer is not accurate. Ask
yourself how they got 14 as an answer.

b. Using BIDMAS, the brackets need to
be worked out first.

This answer is not accurate. Ask
yourself how they got 12 as an answer.

c. You should calculate the numerator
first.

This answer is not accurate. Ask
yourself how they got 12 as an answer.

They would get 14 if they did the calculation from left
to right without following BIDMAS.

245%x2=14
Tx2=14
14 =14

This is not correct mathematics, but it identifies the
error made.

b. 12—(6x2) =12
12—(12) =12
012

They would get 12 if they did the calculation from left
to right and ignored the brackets.

12—-(6X%X2)=12
12—-6%X2=12
6x2=12
12=12

This is not correct mathematics, but it identifies the
error made.

o 2412
12
X _n
12
2412

One possible error could be that they cancelled 12
from the numerator with 12 from the denominator.
12528

12
12
,1/Z+12:12
p%4
2_p
1
12=12

This is not correct mathematics, but it identifies the
error made.
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Exercise 1.4 Estimation

1.4 Quick quiz 1.4 Exercise

Simple familiar Complex familiar Complex unfamiliar

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

N/A N/A

Simple familiar

1. [IIZEM Round each of the following as directed.

24

a. 934 to the nearest 10 b. 12963 to the nearest 100

. Round the following.

a. 347 to the nearest 10 b. 86557 to the nearest 100

. Round each of the following numbers to the nearest 10.

a. 47 b. 82

c. 129 d. 162

e. 250 f. 2463

g. 4836 h. 7
. Round each of the following numbers to the nearest 100.

a. 43 b. 87

c. 142 d. 177

e. 3285 f. 56346

g. 86621 h. 213951
. Round each of the following numbers to the nearest 1000.

a. 512 b. 3250

c. 1324 d. 6300

e. 7500 f. 13487

g. 435721 h. 728433
. Round each of the following numbers to the leading digit.

a. 12 b. 23

c. 45 d. 153

e. 1388 f. 16845

g. 23598 h. 492385

learn

These questions are B

even better in jacPLUS!  “(f1 @
* Receive immediate feedback /L, J{
e Access sample responses
* Track results and progress

Find all this and MORE in jacPLUS ®

c. 85945 to the leading digit

c. 65321 to the leading digit

. IllZHA Estimate 74 852 X 489 by rounding each number to its leading digit.

. Estimate 87 342 + 449 by rounding each number to its leading digit.
. Estimate the answer to the following expressions by rounding each number to the leading digit and then
completing the calculation.
a. 482 + 867 b. 123+ 758
c. 1671 —-945 d. 2932 — 1455
e. 88 x 543 f. 57X2632
g. 69523 +1333 h. 3600 + 856
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

In your own words, explain how to round using leading digit approximation.

Emily purchased a number of items at the supermarket that
cost $1.75, $5.99, $3.45, $5.65, $8.95, $2.35 and $7.45. She
was worried she didn’t have enough money, so she used
leading digit approximation to do a quick check of how
much her purchases would cost.

Determine what approximation she came up with.

IZEN Check the following answers for accuracy. If the answer is not accurate, identify and explain where
the mistake was made.

a. 15-3x4=48
b. 13+ (2x2)=30
c.32-2=1

Check the following answers for accuracy. If the answer is not accurate, identify and explain where the
mistake was made.

a.27—-3%X2+5=353
b. 6X7+(2%x2)=52
c.23-2=2

Shae went to the shop to purchase two steaks for dinner. One steak was $12.50 and the other steak was
$8.50. The difference in the prices of the two steaks is $21. Determine whether this is accurate, and if not,
identify the error.

A bank teller was counting $10 notes. They counted 100 $10 notes and said they had $10 000 worth of
money. Determine whether this is accurate, and if not, identify the error.

Give three examples of situations where it is suitable to use an estimate or a rounded value instead of an
exact value.

The crowds at the Melbourne Cricket Ground for each of the 5 d
of the Boxing Day Test were: 88214, 64 934, 55349, 47567 and
38431.

Using leading digit approximation, determine the estimated total
crowd over the 5 d of the test.

The crowds at the Melbourne Cricket Ground for each of the 5 d
of the Boxing Day Test were: 88214, 64 934, 55349, 47567 and
38431.

Determine the difference between the leading digit estimate and

the actual crowd over the 5 d.

A car’s GPS estimates that a family’s trip for Christmas lunch is going to take 45 min.

a. Determine if the trip is likely to take exactly 45 min. Explain your answer.
b. Explain how this time is estimated by the GPS.

Rhonda went to the shop to buy a new school uniform. She decided she needed a new blazer, a new winter
dress and a new shirt costing $167, $89 and $55, respectively.
Determine the difference between her actual total and a leading digit estimate.

Fully worked solutions for this chapter are available online.
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LESSON

1.5 Decimal significance

SYLLABUS LINKS

* Recognise the significance of place value after the decimal point.
¢ Evaluate decimal fractions to the required number of decimal places.
® Round up or round down numbers to the required number of decimal places.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

1.5.1 Whole numbers and decimal parts

doc-6409
e Each position in a number has its own place value.
cles-0004 Hundred thousands Ten thousands Thousands Hundreds Tens Units
100000 10000 1000 100 10 1
int-3921

Each place to the left of another position has a value that is 10 times larger.

The position of a digit in a number gives the value of the digit.
The following table shows the value of the digit 3 in some numbers.

Number Value of 3 in the number
132 3 tens or 30
3217 3 thousands or 3000
4103 3 units (ones) or 3

Each place to the right of another position has a value that is % of the previous position.

Decimal numbers

In a decimal number, the whole number part and the
fractional part are separated by a decimal point.

Whole 73,064 Fractional

number
part

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 | Units Tenths | Hundredths A Thousandths | Ten thousandths
1000 100 10 1 i L L ;
10 100 1000 10000
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e The following 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
1000
0.00003 3 hundred thousandths or
100 000

¢ The number of decimal places in a decimal is the number of digits after the decimal point.

e The number 73.064 has 3 decimal places. The zero (0) in 73.064 means that there are no tenths.

e 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.

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:

(7x10)+ (6 x 1) + <2xl> +<4XL>
10 1000

WORKED EXAMPLE 14 Identifying the place value

Werite the value of the 3 in each of the following decimal numbers.

a. 59.378 b. 1.0003 c. 79.737
THINK WRITE
a. 1. Identify at which place after the decimal point the 3 lies. a. 59.378
2. The 3 is the first number after the decimal point, which El
represents tenths. L
b. 1. Identify at which place after the decimal point the 3 lies. b. 1.0003
2. The 3 is the fourth number after the decimal point, which S
represents tens of thousandths. Ly
c. 1. Identify at which place after the decimal point the 3 lies. c. 79.737
3
2. The 3 is the second number after the decimal point, which 100

represents hundredths.
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1.5.2 Rounding

int-3975
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 1 to the digit in the last required decimal place.

e We can use the symbol = to represent approximation when rounding has occurred, as shown in Worked
example 15.

e Note: If you need to add 1 to the last decimal place and the digit in this position is 9, the result is 10.
Zero is put in the last required place and 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 15 Applying rounding to decimal numbers to a given number of

tlvd-3678 o
decimal places

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

a. 7.562432(2) b. 27.875327 (2)

c. 35.324971 (4) d. 0.12991 (3)

THINK WRITE

a. 1. Write the number and underline the required a. 7.562432
decimal place.

2. Circle the next digit and round according to the rule. = 7.5§@432
Note: Since the circled digit is less than 5, we leave the ~ 7.56
number as it is.

b. 1. Write the number and underline the required b. 27.875327
decimal place.

2. Circle the next digit and round according to the rule. =27.87(5)327
Note: Since the circled digit is greater than or equal to 5, ~ 27.88

add 1 to the last decimal place that is being kept.

c. 1. Write the number and underline the required c. 35.324971
decimal place.
2. Circle the next digit and round according to the rule. =35.3249(7)1
Note: Since the circled digit is greater than 5, add 1 to the ~ 35.3250

last 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.

d. 1. Write the number and underline the required d. 0.12991
decimal place.
2. Circle the next digit and round according to the rule. =0.1299)1
Note: Since the circled digit is greater than 5, add 1 to the ~0.130

last 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.
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1.5.3 Fractions as decimals

int-3979
e A fraction can be expressed as a decimal by dividing the numerator by the denominator.

For example, % =3+8=0.375
e If a decimal does not terminate and has decimal numbers repeating in a pattern, it is called a recurring

decimal.
e A recurring decimal with only one repeating digit can be written by placing a dot above the digit.

* When there is more than one repeating digit, the recurring decimal can be written by placing a dot over the
first and last digits of the repeating part, or by placing a bar above the entire repeating pattern.

=1+3=0.33333333...=0.3

=3:7=04285742857...=0.428 57 or 0.428 57

N W W=

WORKED EXAMPLE 16 Applying the conversion of fractions to decimals

tlvd-3679

Change the following fractions into decimals.

2 1
a. — b. =
5 8
THINK WRITE
a. 1. Set out the question as for division of whole numbers, a. SW
adding a decimal point and the required number i
of zeros.
2. Divide, writing the answer with the decimal points aligned. 0.4
5)2.0
. 2
3. Write the answer. s =04
b. 1. Set out the question as for division of whole numbers, b. 0125
adding a decimal point and the required number 8j 1.000
of zeros.
1
Note: —=1=+38
8
|
2. Divide, writing the answer with the decimal point - =0.125

exactly in line with the decimal point in the question,
and write the answer.

¢ By knowing the decimal equivalent of any fraction, it is possible to determine the equivalent of any
multiple of that fraction.
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Exercise 1.5 Decimal significance learn

1.5 Quick quiz 1.5 Exercise These questions are LBy
even better in jacPLUS! ',6, 7 &
¢ Receive immediate feedback e Iy il
Simple familiar Complex familiar Complex unfamiliar e Access sample responses =

* Track results and progress
1,2,3,4,5,6,7, N/A N/A
8,9,10,11,12,13,
14,15,16,17,18

‘Find all this and MORE in jacPLUS ®

Simple familiar

1

10.

11.

12,

30

. INZ2A Identify the value of 7 in each of the following decimals.

a. 45.871 b. 81.710 c. 33.007
. Identify the value of 9 in each of the following decimals.
a. 21.090 b. 0.009 c. 47.1059
. Identify the value of 7 in the following decimals.
a. 34.075 b. 1.7459 c. 0.1007 d. 1945.27
e. 450.07 f. 2.7 g. 0.007 h. 2.170
. Determine the number of decimal places in each of the following numbers.
a. 2.195 b. 394.7 c. 104.25 d. 0.0003
e. 19974 f. 125.333 g. 69.15 h. 2.6936
. Determine whether the following statements are True or False.
a. 0.125=0.521 b. 0.025=0.0250
c. 45.0005 =45.005 d. 3.333=3.333000
e. 6.666 =6.6666 f. 20.123=2.123
. lEE Express each of the following rounded to 3 decimal places.
a. 59.12345 b. 72.216 81
. Express each of the following rounded to 2 decimal places.
a. 2.069 14 b. 0.7962
. Express each of the following rounded to 3 decimal places.
a. 39.18423 b. 3.23232323 c. 99.4358
d. 125.29461 e. 100.0035 f. 0.0479
. Express each of the following rounded to 2 decimal places.
a. 58.123 b. 23.345 c. 71.097
d. 0.8686 e. 30.9999 f. 125.8929
=10 Express the following fractions as decimals.
3 2
a. - b. £
4 3
Express the following as decimals to 3 decimal places.
7 1
a. - b. —
8 7
Express the following fractions as decimals.
3 3 3 7 33 45
a. — b. = c. — d — e. — f. —
10 5 12 25 100 50
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13.

14.

15.

16.

17.

Express the following fractions as recurring decimals.
5 1

b. — c. — d.
9 12

W | =

a.

Determine which packet in the photograph contains more mince.

Fresh

T S

USE BY IR1L18

T =

3 TOTAL PRICE
PRODUCT OF ASSTRALIA 1557 367

e e | S o s ) DRTED

Narelle is environmentally conscious and has fitted water tanks
to her house to water the garden and flush the toilets.

She checks the amount of rainfall each week to see how much
water the tanks have collected. In the month of March, the
rainfall readings were 12.48, 8.82, 27.51 and 44.73 mm. Round
the total rainfall for March to 1 decimal place.

The Nguyen family decided to install solar panels on the roof to
reduce their electricity bill. They compared the prices per kWh
of three different suppliers to see how much they would save by
using their panels. The prices quoted by companies A, B and C

7 .
per kWh were 26.78, 25‘—1 and 255 cents, respectively.
a. List the companies from cheapest to most expensive.

b. Express the fractions as decimal numbers rounded to
1 decimal place.

Using the table below, explain whether the total height of the
five players is accurate to 9.91 m.

Player y Height (m)
Kobe Bryant _ 1.98
Kevin Durant 2.06
Russell Westbrook [ 1.91
Carmelo Anthony 2.02
LeBron James ' 2.03

=N~
(]
I
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18. The following table shows items that were purchased at the supermarket and their price.

Item Price
Salmon $4.99
Chicken fillets $7.35
Shampoo - $8.95
Ham L 442
Milk $4.29
Bread $3.60

Explain, using mathematical reasoning, whether the total cost of $34 is accurate.

Fully worked solutions for this chapter are available online.

LESSON
1.6 Calculator skills

SYLLABUS LINKS

® Use a calculator for multi-step calculations.
® Check results of calculations for accuracy.
® Ascertain the reasonableness of answers to arithmetic calculations.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

1.6.1 Using a calculator

e Your calculator can complete many different mathematical operations that are difficult to calculate in your
head or with pen and paper. This includes dealing with decimals and fractions.

e Your calculator will always give the correct answer, but you have to input the information correctly.
To make sure you get the correct answer, it’s always good to estimate your answer to check for
reasonableness and accuracy.

* You will notice that your calculator automatically follows the correct order of operations (BIDMAS).
Note: The keys used may vary between different calculators.

WORKED EXAMPLE 17 Calculating values of expressions using a calculator

Calculate the value of the following expressions using your calculator.

a. 140+23x 8 b. 7(28 +43) — 18 c. 283 —13.78 x 11.35
THINK WRITE
a. 1. Estimate your answer using leading digit a. 140+23x%x8
approximation. ~100+20 % 10
~ 300
2. Enter the exact equation into your calculator. 140+23x8 =324

Check the reasonableness of your estimate.
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b. 1. Estimate your answer using leading digit b. 728 +43)— 18

approximation. ~7(30 +40) — 20
~7(70)—20
~490—20
~470

2. Enter the exact expression into your calculator. 7(28 +43) — 18 =479
Check the reasonableness of your estimate.
c. 1. Estimate your answer using leading digit c. 283 —13.78 X 11.35
approximation. ~300—-10x10
~ 300 — 100
~ 200
2. Enter the exact expression into your calculator. 283 —13.78 x 11.35=126.597

Check the reasonableness of your estimate.

* When using your calculator, first estimate the result to compare with the answer from the calculator.
e Always check that what you type into the calculator matches the question.

WORKED EXAMPLE 18 Evaluating expressions using a calculator and applying rounding

tlvd-3666

Evaluate the following expressions using your calculator, rounding your answer to 4 decimal places.

4

a. (2.56+3.83) +45.93 b. V439 —2.51 +(3.96)° o o+ g +5

THINK WRITE

a. 1. Estimate your answer using leading digit approximation. a. (2.56 +3.83)* +45.93
~(3+4) +50
~7*+50
~49 +50
~ 99

2. Enter into the calculator. (2.56 + 3.83)2 +45.93
Use the x? key to raise the brackets to the power of 2. = 86.7621
Compare with your estimate to check for reasonableness.

b. 1. Estimate your answer using leading digit approximation. b. V/4.39 —2.51 + (3.96)*
~V4-3+42
~V1+16
~1+16
~ 17

2. Enter into the calculator. V4.39—-251+ (3.96)2
Use the \/ and x” keys. Make sure the square root covers = 17.0527

both numbers.
Compare with your estimate to check for reasonableness.
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4 5

c. 1. Estimate your answer using leading digit approximation. c. - aF ; +5
~1+1+5
. 4 5
2. Enter into the calculator. = AF 5 +5

Use the fraction key to enter each fraction.

Compare with your estimate to check for reasonableness. =L

Digital technology

To evaluate the expressions in Worked example 18a using a calculator, enter (2.56 + 3.83)? + 45.93 into the
calculator, by using the x? key to raise the brackets to the power of 2.

(0. 56+3. B2 +4Fp
a6, 7621

In 18b, enter the expression /4.39 —2.51 + (3.96)? into the calculator, by using the \/' and x* keys. Make sure
the square root covers both numbers.

Math A

44.39-2, 8] +[3.5p
17, 05273092

4 5
In 18c, enter the expression — + — + 5 into the calculator, by using the fraction key to enter each fraction. Use the

9
S < D button to convert from fraction to decimal form.

D} Math A

4 S
+9+5

=
b. 126934127
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Exercise 1.6 Calculator skills learn

1.6 Quick quiz 1.6 Exercise These questions are

Ll
even better in jacPLUS! "ﬂ"ﬁ_‘ ‘
¢ Receive immediate feedback ‘Fi“‘,

Simple familiar Complex familiar Complex unfamiliar e Access sample responses =

® Track results and progress
1,2,3,4,5,6,7,8,  N/A N/A f
9,10,11,12

Simple familiar

1

10.

11.

12.

. IEEA Calculate the value of each of the following expressions using your calculator.

a. 269+12x16 b. 9(78 +61) —45 c. 506.34 —39.23 x 17.04

. Calculate the value of each of the following expressions using your calculator.

a. 497-13x24+6 b. 13(194—-62) +4 %8
c. 459.38 + 18.5x 17.04 — (34.96 + 45.03)

. Evaluate the following expressions using your calculator.

a. 3+6x%x7 b. 474+8X%6 c. 285+21x16 d. 2859+ 178 x79
. Evaluate the following expressions using your calculator.

a. 12—-5x%x2 b. 68 —4X%9 c. 385—-16%x9 d. 1743 —29x 45
. Evaluate the following expressions using your calculator.

a. 4(6+24)—-58 b. 5(23.5—-18.3)+23

c. 2.56(89.43 —45.23) — 92.45 d. 6(45.89 —32.78) — 3(65.89 — 59.32)

. IIIZEA Evaluate the following expressions using your calculator, rounding your answer to 4 decimal places.

a. (5.89+2.16)* +67.99 b. 1/8.77 —3.81 +(5.23)° c. % + % +10

. Evaluate the following expressions using your calculator, rounding your answer to 4 decimal places.

2 2
a. <7> _3 b. V/3.56 +8.28 —1/5.29-3.14 . <§> 44/

12 4 12

. Evaluate the following expressions using your calculator, rounding your answers to 4 decimal places.

(1.2
4.2

a. 169+52% 43 b. 9.32+4.5 c. 3.7+5.9%—155 d.

. Evaluate the following expressions using your calculator, rounding your answers to 4 decimal places.

a. V/5.67+8234 b. 2.5% 1/8.64—2.5
c. 128+ 1/3.5x58x1.2 g V4736

5
Evaluate the following expressions to 2 decimal places using your calculator.
1 1 3 1 18 2 2 7.5
a. —+- b. = —— c. ——=X-=— d 15—=%x=+4+7
2 4 7 9 13 5 7 53

Cathy is 7 years older than Marie, and Marie is twice the age of her younger brother Fergus. Determine
Cathy’s age if Fergus is 3 years old.

After a football party night, some empty soft drink cans were left and had to be collected for recycling. Of
the cans found, 7 were half full, 6 were one-quarter full and the remaining 8 cans were completely empty.
Use your calculator to find out how many equivalent full cans were wasted.

Fully worked solutions for this chapter are available online.
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LESSON
1.7 Approximation

SYLLABUS LINKS

* Apply approximation strategies for calculations.
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

1.7.1 Approximating calculations

e Approximating or estimating an answer is useful when an accurate answer is not necessary.

¢ You can approximate the size of a crowd at a sporting event based on an estimate of the fraction of seats
filled. This approach can be applied to a variety of situations, such as approximating the amount of water in
a water tank.

e When approximating size, it is important to use an appropriate unit; e.g. for the distance you drive, you
would use 24 km instead of 2400 000 cm.

e Approximations can also be made by using past history to indicate what might happen in the future.

WORKED EXAMPLE 19 Solving approximation by carrying out relevant calculations

Approximate the size of the crowd on the first
day of the cricket test at the Melbourne Cricket

8
Ground, if it is estimated to be at E of its
capacity of 95 000.

THINK WRITE
1. Write down the information given in the Estimate of crowd = il of capacity
question. 10
2. Calculate the fraction of the total capacity. % of 95000 = % %X 95 000
= 0.8 X 95000
=76 000
3. Write the answer. The approximate crowd is 76 000 people.

1.7.2 Approximation from graphs

* When approximating from graphs:
- if the data is shown, read from the graph, noting the scale on the axes
- if the data is not shown, follow the trend (behaviour of the graph) to make an estimate of future or
past values.

36 Jacaranda Maths Quest 12 Essential Mathematics Units 3 & 4 for Queensland Second Edition



WORKED EXAMPLE 20 Applying approximation to values from graphs

tivd-3668
The followin
,g graph' Shf)WS e A —— Australia total
farmgate price of milk in cents/L. 50
Approximate the price in 2025/2026.
43
g 36
=
7}
Q
29+
22
0 T T T T T T T T T =
F PP PP S PP
SV U VU U VBRI VN
Y & & & O QO QO Q¢
S I N I S S S
Year
THINK WRITE/DRAW
1. Check what each axis Vertical axis: cents/L
represents. Horizontal axis: years
2. Look for the trend that The graph has been on an upward trend for the past 8 years.
the graph has followed in I I [avkalia ot
previous years. Draw a line 50

to represent this trend and
extend it to the required
period of 2023/2024.

46
43-

36

Cents/L

29

22

3. Read the answer from the  The price in 2025/2026 is approximately 46 cents/L.
graph.
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Exercise 1.7 Approximation

1.7 Quick quiz
Simple familiar Complex familiar
1,2,3,4,5,6,7, N/A
8,9,10,11,12,13,
14,15, 16

Simple familiar

1.7 Exercise

Complex unfamiliar

N/A

1. [IIEEAN Approximate the number of people at a Bledisloe
Cup match at Stadium Australia in Sydney if the crowd was

estimated at 110 of its capacity of 83 500.

2. When full, a pool holds 51 000 L of water. Approximate the
number of litres in the pool when it is estimated to be 90% full.

3. Select the most appropriate unit from the options below for

each of the following measurements.

centimetres (cm), metres (m), kilometres (km), millilitres

(mL), litres (L), grams (g), kilograms (kg)

. The length of a football field
. The weight of a packet of cheese
. The volume of soft drink in a can

. The size of an OLED TV
. The weight of a Rugby League player

- 0O O O T o

. The distance you travel to go on a holiday

learn

These questions are U

even better in jacPLUS!  “(ffl @l
¢ Receive immediate feedback Fb m
e Access sample responses
* Track results and progress

Find all this and MORE in jacPLUS @

-

4. Determine the best approximation of the volume of milk in the container shown.

i

-

5. Determine the best approximation of the weight of the tub of butter shown.

!

e evodicgs
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6. I From the graph of the cost of tuition fees for one school, predict the approximate tuition fees in 2025.

>

15000-‘
14000 |
13000
12000
11000

10000

Tuition fees ($)

9000 -

8000

7000

6000 -

: 4

7. Use the following graph to approximate the volume of domestic air travel emissions in 2025.

A A

A
14000 —— Emissions —— Passenger kilometres 70

-€)

~ 12000 - ~ 60

10000 ~50

8000 —40

6000 — -30

4000 - 20

Emissions (metric tonnes of CO
Billions of passenger kilometres

2000 - - 10
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8. If the Sydney Olympics swimming venue was 19—0 full and had a capacity of 17 000, determine the

approximate crowd on this night.

9. The capacity at Sydney’s Qudos Bank Arena, where the Sydney Kings play, is 18 200. Determine the
approximate crowd at the game shown in the picture.

10. The capacity of Rod Laver Arena is 14 820. Approximate the crowd at this match from the Australian Open.
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11. The picture shown is of Tiger Woods at the US Masters. Comment on why it is difficult to estimate the size
of the Masters crowd on this day by looking at the picture.

12. Explain in your own words the difference between an estimate and a guess.

13. Describe a way to approximate how many students there are at your school. Investigate the actual number
and compare this to your estimate. Explain how you could improve your initial estimate.

14. From the graph of the population of Australia since 1970, approximate how many people will live in
Australia in 2030.

A
26000000 - Australia
24000 000
22000000
20000 000 —
18000000
16 000000
14000 000
12000000
10000 000 T T T T T T T

Population

15. Use the graph of the value of the Australian dollar against the US dollar to approximate the value of the
Australian dollar in January 2025.

AUD value against 1 USD
4 A

0.8 4 0.8
0.7 —W— 0.7
0.6 - 0.6

0.5 — 0.5
0.4 0.4
0.3 —0.3
0.2 1 0.2
0.1 0.1

I T T I T

July 2022 Jan 2023  July 2023  Jan 2024  July 2024
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16. From the graph of Aboriginal and Torres Strait Islander population, predict the approximate population in:

a. 2025
b. 2030.

Historical population of Aboriginal and Torres Strait
Islander Australians, 1986 to future

A
700 —— Estimates
660
620
580
540
500

460

Population (thousands)

420

380

340

300 T T T T T

Fully worked solutions for this chapter are available online.
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LESSON
1.8 Review

1.8.1 Summary

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

A | Access the Fal . Review /3 Watch teacher-led | ' Practise questions with
= chapter summary | yourresults . videos .Y immediate feedback

Find all this and MORE in jacPLUS @

1.8 Exercise

1.8 Exercise These questions are
| even better in jacPLUS!
¢ Receive immediate feedback
Simple familiar Complex familiar Complex unfamiliar ¢ Access sample responses
e Track results and progress

8,9,10,11,12,13,

14,15,16,17, 18,
19, 20

Simple familiar

1. Calculate the value of the expression 17 4+3 X 7.
2. Calculate the value of the expression —3(5 — —10) + 50.
3. Estimate the number when 47 321 is rounded to the leading digit.

4. If three purchases were made with the values $7.34, $18.05 and $2.69, use leading digit estimation on the
three purchases to calculate the total purchase.

5. Using your calculator, calculate the value of 1/6.78 4+ 19.83 4+ 3.91 to 2 decimal places.

6. In the following calculation, 20 is not the correct answer. Determine the most likely error in the

calculation.
58—38+(5%x2)=20

7. Estimate the number 37.395 851 rounded to 4 decimal places.
8. Determine what fraction the number 7.9 is most accurately written as.

9. Determine the approximate volume of Coca-Cola in the can shown.
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10. Calculate the following.

a. —18—-25 b. —8X6
c.36-9%x8—-12 d. —4(—4+-6)—-33
11. Use leading digit approximation to calculate the following.
a. 49 x 821 b. 1396 + 183
c. 7563 d. 17x8734+47
676

12. Use your calculator to evaluate the following to 2 decimal places.

a. v/3(5.94 —1.48) b. (5.74)* — % c 8 + 2 X 3 d. v/ (3257 + 1.5

"9 577

13. Round the following fractions to 2 decimal places.
1 37 6
a. — b. — .
50 25

o
|
e
W

14. Round the following to 3 decimal places.
a. 0.5555 b. 1.03639 c. 33.1047 d. 10.9999

15. Approximate each of the following.
a. A sportsground estimated to be % full, with a capacity of 50 000 people.
b. A water tank estimated to be 80% full, with a capacity of 7500 L.

16. Copy and complete the table shown.
¢ In the column headed ‘Estimate’, round each number to the leading digit.
e In the column headed ‘Estimated answer’, calculate the answer.
e In the column headed ‘Prediction’, assess 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 column headed ‘Calculation’ to
determine whether it is higher or lower than your estimate.

Estimated
Question Estimate answer Prediction | Calculation

Example 4200/230 ‘ 4000 +200 20 Lower 1.7391 (higher)

487 + 962
33041+ 82629

184029 + 723419

93261 — 37381
321 -19%4

"o |20|T e

468011 — 171962
36x 198
623 x 12671

=|a

i. 29486 x 39
j- 31690 +963

k. 63 003 +2590
I 69241 + 1297
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17. A student is selling tickets for their school’s theatre
production of South Pacific. So far they have sold
439 tickets for Thursday night’s performance, 529
for Friday night’s and 587 for Saturday night’s.
The tickets cost $9.80 for adults and $4.90 for
students.

a. Round the figures to the first digit to estimate the
number of tickets the student has sold so far. AL e, E’:;’\‘ :&?\.}\7 / ;Q“ ;

b. If approximately half the tickets sold were adult i R aA. B N &
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.

18. Yi Rong is saving for her end-of-year holiday with her school friends. Her parents said if she did work
around the house they would help contribute to the holiday expenses. They agreed to pay her $25 a week
for doing the dishes and $15 a week for doing the washing, and as an extra incentive they said they would
double her pay if she did each of the jobs for the next 4 weeks without missing a day.

Assuming Yi Rong didn’t miss a day, calculate how much money she earned in the 4 weeks.

19. Bob the builder intends to build a new deck out the back of his house so he can entertain friends. He
wants to get a rough idea of how much it is going to cost him in materials so he can see if he can afford to
go ahead with the job. The hardware store gave him prices for the materials he needs, as shown.

Material Price
Timber $789
Ready-mix bags $32.50
Nails $67.25
Decking stain $77.95
General equipment $65.45

a. Estimate the rough price of materials if rounding each price to the leading digit.
b. Estimate the rough price if rounding each price to the nearest dollar.
c. Identify which of the two rounded prices is greater. Explain why this is so.
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20. A roller coaster converts its stored potential energy (PE) to kinetic energy (KE) as it picks up speed on its
descent.

Given m =750, g=9.8, h=15 and v =15, calculate KE and PE, using KE = %mv2 and PE =mgh.

Fully worked solutions for this chapter are available online.

Hey teachers! Create custom assignments for this chapter

'? Create and assign Access quarantined o — Track your
v ° unique tests and exams tests and assessments 4 5  students’ results

Find all this and MORE in jacPLUS C)
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Answers 2 a 10 o _s I

d. 44 e. 14 f. =3
Chapter 1 Calculations 3.a —23 b. —29 c. 40
. d. 9 e. —12 f. 6
1.2 Number operations
4. a. $3.50 b. $0.27
1.2 Exercise 5. $4.11
1.5, =2, 212, =33 6. $290
2.a. =3 b. =5 c.2 7. $41
d. —11 e. 30 f. 13 Answer is reasonable since roughly chips ~ $10,
3. a4 b. 1 e —1 Coke ~ $20, biscuits =~ $5 and dips =~ $5.
4.0 e 5 £2 This totals $40, which reduces to $38 after the discount.
This value is close to $41, so it is reasonable.
4.a. —10 b. 15 c. =8
d. -1 e. 39 f. —46 8.862 4 .
Answer is reasonable since roughly timber = $60,
5.a. —49 b. 35 c. —32 nails ~ $10 and liquid nails ~ $10.
d. —12 e. 25 f. 172 This totals $80, which reduces to $65 after the discount.
6. a. 14 b. 31 c. —18 This value is close to $62, so it is reasonable.
d. 9 e. 25 .0 9.a. (12—-8)+4=1
7.a —15 b. =21 c. 30 b. (4+8)X5—-4x5=40
d. =20 e. 40 f. =56 c.3+4x(09-3)=27
8. a. —250 b. —1250 c. —54 d.3x (10-2)+4+4=10
d. —63 e. 77 f. —500 e. 10+(5+5)%x 9 x 9=81
9. a. —300 b. 60 c. —192 1 (18=3)x3+5=9
d. =30 e. —120 f. 36 10. a. Use multiplication first to calculate the cost of each type
of food, and then add these costs together to calculate the
10. a. —6 b. =5 c. 4 1 ¢ all the £
d.5 e —9 £ 0 total cost of all the food.
b. Cost=(2x%$2) + 3x$4) + (3% $5
1.2 —14 b. =26 c.7 $3°18 (2%82) +(x84) +(3x33)
d. =22 e 11 f. =21 e
1 ’3 b o1 - 11. a. 85km
.a. — .= c.
d. 66 e. —34 f. —120 b- 15 km north
13. 2. —18 b. —23 64 128 =8
. a. — .= c. . 2 _
d. 36 e. 64 f. —49 b-4+8+ -2 —7Tx2=-12
14. 3GB 4+8)+—02) -Tx2=—17
15. $7049 13.2
16. a.5m 14. —13
b-75m 1.4 Estimation
c. 70m
d. To calculate the difference, subtract the height of the 1.4 Exercise
smaller building from the height of the taller building. 1. a. 930 b. 13000 . 90000
17. a. 35T km b. 247km 2. 2. 350 b. 86600 ¢. 70000
18. $522.63 3. 2. 50 b. 80 c. 130 d. 160
10, 54% o e. 250 £.2460  0.4840  h.10
. 3 3 4.a.0 b. 100 c. 100 d. 200
20. . 39°C b. 159°C c. 198°C e. 3300 £.56300  g.86600  h. 214000
21. a. $0.94 b. $32.90 c. $5146.50 5. a. 1000 b. 3000 . 1000
d. $3 e. $10 d. 6000 e. 8000 £. 13000
22. a. 5432 b. 2345 c. 3087 g. 436 000 h. 728 000
) 6.a. 10 b. 20 c. 50
1.3 Order of operations and reasonableness d. 200 e. 1000 £. 20000
. g. 20000 h. 500 000
1.3 Exercise
; b0 45 7..35000 000
1. a. — . c.
d. =6 e. =56 f. =58 8 225
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9. a. 1400 b. 900 c. 1100 d. 2000 9. 69.15 — 2 decimal places
40 :
e. 45000 £. 180000 g. 70 h., — h. 2.6936 — 4 decimal places
9 5. a. False b. True c. False
10. Since this is leading digit approximation, you look at the d. True e. False f. False
second digit. If it is 5 or greater, you increase the leading 59.123 79917
digit by 1 and replace the rest of the digits with zeros. If 6. a.59. b. /2.
the second digit is less than 5, replace it and all of the other 7. a. 2.07 b. 0.80
digits with zeros. 8. a. 39.184 b. 3.232 c. 99.436
11. $35 d. 125.295 e. 100.004 f. 0.048
12. a. Sample responses can be found in the worked solutions 9. 2. 58.12 b. 23.35 . 71.10
in the online resources. d. 0.87 e. 31.00 £ 125.89
b. Sample responses can be found in the worked solutions 10. 2. 0.75 b. 0.6
in the online resources.
c. Sample responses can be found in the worked solutions 11. 2. 0.875 b. 0.143
in the online resources. 12. a. 0.3 b. 0.6 c. 0.25
13. a. Sample responses can be found in the worked solutions d. 0.28 e. 0.33 . 0.9
in the online resources. 13. a. 0.3 b. 0.5 c. 0.083
b. Sample responses can be found in the worked solutions d. 0.571428 e. 0.230769 f. 0.047619

in the onli .
1n the onine resources 14. The one on the right, since 0.630 g > 0.584 ¢

. Sampl be found in th ked soluti
c. Sample responses can be found in the worked solutions 15. 93.5 mm

in the online resources. 3 7
14. Sample responses can be found in the worked solutions in 16. a. Company B: QSZ (25.75); Company C: 256 (25.7);
the online resources. Company A: 26.78

15. SampleT responses can be found in the worked solutions in b, 26.78 % 26.8
the online resources.

7 .
16. Adding the cost of groceries when shopping. 255 =25.7
Calculating the cost of petrol needed for a trip.
Determining the size of a crowd. ~25.8
17. 300 000 25E =25.75
18. Actual crowd =294 495 4
Estimated crowd ~ 300 000 ~25.8
Difference = 5505 17. Sample responses can be found in the worked solutions in
19. a. It could be correct, but the GPS cannot predict traffic or the online resources.
red lights on the way, so it is only an estimate. 18. Sample responses can be found in the worked solutions in
b. By calculating the distance of the trip and the speed the online resources.
limits on the roads to come up with an estimate for time .
1.6 Calculator skills
20. $39
1.5 Decimal sianifi 1.6 Exercise
. ecimail signiricance
9 1. a. 461 b. 1206 c. —162.1392
1.5 Exercise 2. a. 445 b. 1748 c. 343.136227
7 7 7
1.a. — b. — c. — 3.a.45 b. 95 c. 621 d. 16921
100 10 1000
9 9 4.a.2 b. 32 c. 241 d. 438
2.a. — b. —— o —
a 100 1000 ¢ 10000 5. a. 62 b. 49 c. 20.702  d. 58.95
7 7 7 7 6. a. 132.7925 b. 29.5800 c. 11.4750
32100 T © 0000 100 7.a. —0.4097  b. 1.9746 c. 1.4038
o . L g A . 8. a. 23.1884 b. 19.2200 c. 76.6600
100 10 1000 100 d. 12.3429
4. a. 2.195 — 3 decimal places 9. a. 3.7430 b. 4.8485 c. 18.2067
b. 394.7 — 1 decimal place d. 0.2098
c. 104.25 — 2 decimal places 10. a. 0.75 b. 0.32 c. 1.27
d. 0.0003 — 4 decimal places d. 19.67
e. 1997.4 — 1 decimal place 11. Cathy is 13 years old.
f. 125.333 — 3 decimal places 12. 5 cans
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1.7 Approximation

1.7 Exercise

1.

58450

2.45900L

[

12.

13.

14.
15.
. a. Estimate: 750 000

. a. m

c. mL
f. kg

b. g

d. km e.cm

2L

.500¢
. $14 500
. 14 000 metric tonnes of CO,-e

15300

. Around 17 000
. Around 11115
. Even though the crowd behind Tiger Woods looks large, we

don’t know the capacity of the golf course. Even if we did,
the picture doesn’t show us the crowd at the other holes.
There might not be many people watching the other groups
because they are not as popular as Tiger Woods.

A guess doesn’t really have any thought or logic behind it,
but an estimate does.

Estimate the size of each year level and add them up. This
could be improved by finding how many home-room or
tutor groups there are at each year level, estimating the
number of students in each and adding them all up.

Estimate: 28 000 000
Estimate: $0.70

b. Estimate: 820 000

1.8 Review

1.8 Exercise

11.

12.
13.
14.

15.

(< N T O~ S U

. 38

5

. 50000

$30

. 9.07

. Sample responses can be found in the worked solutions in

the online resources.

. 37.3959

79

10
. 375mL
10.

a. 7 b. —48 c. 20 d. 7

a. 40000  b. 1200 c. d. 18050

a. 3.66
a. 0.13

. 0.556

. 11.000

. 37500 people
. Between 5000 and 7000 L (6000L)

b. 32.32 c. 0.84
b. 0.74 c. 0.24
b. 1.036

d. 4.75
d. 0.67
c. 33.105

T o oo

16 Estimated Actual
Estimate answer answer
a. 500 + 1000 1500 1449
b. | 33000 + 80000 110000 115670
“c. | 200000 + 700000 900 000 907 448
d. | 90000 — 40000 50000 55880
e. 300 — 200 100 127
f. | 500000 — 200000 300000 296 049
9. 40 x 200 8000 7128
h. 600 x 10000 6000 000 7894033
. 30000 X 40 1200000 1149954
j. 30000 + 1000 30 32.9076
k. 60000 + 3000 20 24.325483
I 70000 + 1000 70 53.3855

17. a. 1500 tickets

18. $320

19. a. Around $1050
b. $1032
c. The price in part a is higher since four of the five values
were rounded up using first digit rounding.
20. PE=1102507
KE =284375]

b. $11250
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UNIT 3 Measurement, scales and chance
TOPIC 1 Measurement

2 Geometry
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2.2 Review of angles . %

2.3 Two-dimensional geometric shapes ..
2.4 Three-dimensional objects .................
2.5 Two-dimensional representations of three-dimensional objects [complex] .
2.6 Review
Answers

Fully worked solutions for this chapter are available online.

Resources

Solutions Solutions — Chapter 2

Digital documents Learning matrix — Chapter 2
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LESSON
2.1 Overview

Hey students! Bring these pages to life online

Find all this and MORE in jacPLUS

Watch
videos

Engage with Answer questions
interactivities and check results

C

2.1.1 Introduction

Understanding the properties of polygons,
prisms and pyramids is key to mastering @
geometry and its real-world applications.

Polygons, such as triangles and squares,
are defined by their sides, vertices and
angles. Exploring these shapes helps us
understand three-dimensional objects

like prisms and pyramids, which have
edges, vertices and flat faces. Recognising
these properties and interpreting two-
dimensional representations, such as

nets, is essential for visualising how
3-dimensional shapes are formed.

These concepts are crucial in many careers. Architects, engineers and designers use them to create structures and
models, while 3-dimensional modelling in technology relies on these principles for video games, simulations
and virtual environments. Even in everyday life, understanding geometry helps with interpreting maps and
designing products.

2.1.2 Syllabus links

yo—

2.2

2.3

2.4

2.5

Review of angles

Two-dimensional
geometric shapes

Three-dimensional
objects

Two-dimensional

representations of
three-dimensional
objects [complex]

Syllabus links
Recognise the properties of standard polygons, e.g. number of vertices,
straight edges and angles.

Recognise the properties of standard polygons, e.g. number of vertices,
straight edges and angles.

O Recognise the properties of prisms and pyramids, e.g. number of
vertices, straight edges and flat faces.

O Interpret different forms of two-dimensional representations of three-
dimensional objects, including nets of prisms and pyramids [complex].

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.
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LESSON
2.2 Review of angles

SYLLABUS LINKS

* Recognise the properties of standard polygons, e.g. number of vertices, straight edges and angles.
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

2.2.1 Angles and angle properties

e Angles are formed at the point of intersection between two straight lines. X

° A common way to name an angle is to use three letters: two letters to
represent the arms of the angle, and a third letter to represent its vertex.
e Instead of writing the word angle, we use the symbol £.
¢ In the diagram at right, the angle at O can be written as £XOY, £YOX or
simply £0.
° o Y

The letter representing the vertex is always placed in the middle (between
the two letters representing the arms).

Angle types Diagram

e An acute angle is greater than 0°, but less than 90°.

A right angle is an angle that equals exactly 90°.

An obtuse angle is greater than 90° but less than 180°. /

A straight angle equals exactly 180°.

e A reflex angle is greater than 180° but less than 360°.

360° (a full circle).

A revolution or a perigon is an angle that equals exactly Q
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int-3968

int-6157

int-3972

int-3969

int-3971

Angle property

Diagram

e Adjacent angles share a common side (arm) and vertex.
* £MNO and £ONP are adjacent angles as they share the
arm NO.

e Complementary angles add to 90°.
e #MNO and £ZONP are complementary angles.

M
Lr_éo
N P
M
2MNO + 2ONP =90°
L_éo
N P

Complementary angles

e Supplementary angles add to 180°.
e £QRS and «SRT are supplementary angles.

ZQRS + 2SRT = 180°
~ S
R T

Supplementary angles

Q

e Vertically opposite angles are formed when two lines
intersect.
e The intersection creates two sets of equal-sized angles.

=

Vertically opposite angles

e Angles around a point share a common vertex and add
to 360°.
e In the example shown, x + y + z = 360°.

X+y+7=360°

e Parallel lines never intersect; the distance between them is
constant along their lengths.

e Parallel lines are marked with identical arrowheads.

e A straight line that crosses two parallel lines is called a
transversal.

e A transversal creates three sets of angle pairs, as follows.

/. Transversal

a/b

Parallel lines -~ 7 d
N eff

7

Angle pair Positions

Relationship

Corresponding angles (F angles)

The same size. For example, in the
parallel lines preceding this table:
a=e;, b=f, d=h; c=g.

Alternate angles (Z angles)

The same size. For example, in the
parallel lines preceding this table:
c=fid=e.

54 Jacaranda Maths Quest 12 Essential Mathematics Units 3 & 4 for Queensland Second Edition




int-3970

tlvd-12105

Angle pair Positions Relationship

Co-interior angles (C angles) / Supplementary. For example, in the
/ parallel lines preceding this table:

________ 7._ T c+e=180°% d+f=180°.
_ (]

WORKED EXAMPLE 1 Using angle properties 1

Calculate the values of the pronumerals in the diagram.

y
x Z
120°

THINK WRITE
1. The angles y and 120° are vertically opposite, so they y=120°

are equal.
2. The angle z and the angle marked 120° form a straight z=180°—-120°

line, so they are supplementary angles (i.e. they add to = 60°

180°). Subtract 120° from 180° to find z.
3. The angles x and z are vertically opposite, so they x=60°

are equal.
WORKED EXAMPLE 2 Using angle properties 2
Calculate the values of the pronumerals in the diagram. \ . A) .

. v

3b

THINK WRITE
1. Angle a is vertically opposite to 115°, so a is a=115°
equal to 115°.
2. 3b and 30° are supplementary (add to 180°). 3b+30°=180°
Write an equation to represent this.
3. Solve the equation for b by subtracting 30° 3b+30°—30° = 180° —30°
from both sides, then dividing both sides by 3. 3h = 150°
3b _ 150°
3 3
b =50°
4. a and c are co-interior, so they add to 180°. a+c =180°

Write an equation to represent this.
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5. Substitute a = 115° into the equation and solve 115°+ ¢ = 180°

for ¢ by subtracting 115° from both sides. 115°+c¢—115°=180°—115°
c=65°

6. e and 30° are corresponding and hence equal. e =30°
7. ¢,d and e form a straight line, so they add to c+d+e=180°

180°. Write an equation to represent this.
8. Substitute ¢ =65° and e = 30°. Solve for d by 65° +d+30° = 180°

adding 65° and 30°, then subtracting 95° from d+95° =180°

both sides. d+95°—95° = 180° —95°

d=85°

9. Write your answer a=115° b=50° c=65° d=85° e=30°

WORKED EXAMPLE 3 Using angle properties 3

Calculate the value of the pronumeral in each of the following.

a. b. c.
880 1800 470
b
THINK WRITE
a. 1. These angles form a circle, so they must add to a. a+88°=360°
360°. Write an equation to represent this.
2. Subtract 88° from 360° to determine the value of a. a+ 88° —88° = 360° — 88°
a=272°
b. 1. These angles form a circle, so they must add to b. b+ 180° +47° = 360°
360°. Write an equation to represent this.
2. Add 180° and 47° to simplify the left side of the b+227° = 360°
equation.
3. Subtract 180° and 47° from both sides to determine b =360° —227°
the value of b. b =133°
c. 1. These angles form a circle, so they must add to c. c+c+c+c+c+c+c+c=360°
360°. Write an equation to represent this.
2. There are eight equal angles in this diagram. 8c = 360°
Simplify the equation by collecting like terms.
3. Divide both sides by 8 to determine the value of c. %C = 3680
c=45°
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2.2.2 Interior angles of a triangle

int-3965
e In the triangle shown, a + b + ¢ = 180°, where a, b and c represent
the three interior angles of the triangle.

Sum of interior angles of a triangle

The sum of the interior angles of a triangle is 180°.

a+b+c=180°

WORKED EXAMPLE 4 Using the sum of interior angles of a triangle

Calculate the value of the pronumeral in the triangle shown.

33°
THINK WRITE
1. The sum of the three interior angles is 180°. Write this as a+33°+65° =180°
an equation.
2. Simplify the equation by adding 33° and 65°. a+98° =180°
3. Solve the equation for a by subtracting 98° from both sides a+98°—98° = 180° —98°
of the equation. a=82°

2.2.3 Exterior angles of a triangle
int-3966
e If one edge of a triangle continues past the vertex, the angle

formed is called an exterior angle.

e The interior angle and the exterior angle adjacent (next) to it are
supplementary angles; they add to 180°.

¢ For example, the triangle formed by the house shown:

Exterior angle

2ACB + #BCD = 180°
2ACB = 180° — «BCD
«2BCD = 180°— 2ACB

B
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WORKED EXAMPLE 5 Using angle properties in a triangle

Determine the value of the exterior angle ZBCD in the diagram shown. B
70°
50° 60°
A C D

THINK WRITE
1. The sum of the supplementary angles, ZACB £ACB + «BCD = 180°

and «BCD, is 180°.
2. 2£ACB is 60°. Subtract this value from 180° to «BCD = 180° — zACB

determine the value of #BCD. = 180° — 60°

= 120°

e The sum of the interior angles of a triangle is 180°, and there are 180° in a straight angle. Therefore, we
can establish the following rule.

Exterior angle of a triangle

An exterior angle of a triangle is equal to the sum of the two opposite interior angles.

e In Worked example 5, the size of the exterior angle «BCD could have been calculated by adding the two
opposite interior angles, ZBAC and ZABC:

«2BCD = zBAC + £zABC

=50°+70°
=120°
Exercise 2.2 Review of angles learn
2.2 Quick quiz 2.2 Exercise These questions are 5 Ll
even better in jacPLUS! iy X
¢ Receive immediate feedback )
Simple familiar Complex familiar Complex unfamiliar * Access sample responses !

e Track results and progress

8,9,10,11,12,13,

14,15

Simple familiar

1. Consider the angles shown. C
A
a. Name each angle using:
S

i. three letters A

ii. asingle letter. /
b. Name the type of each angle.

P g T w A F T
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2. Complete the following table by placing the listed angles in the appropriate places.

Acute angles Obtuse angles ‘ Right angles Reflex angles ’

14° ’ 160°

23° 92° | 122° | 154° | 179° 5° ‘90° 110° | 45° 55° | 270°

100° | 78° | 160° | 69° 89° | 190° | 145° | 300° | 359° | 80° 2° ‘ 92° |181°

3. Consider the diagram shown.

M L N
al o b c
) \
S . 7
P o
a. Name the six interior angles in three-letter format.
b. Name the type of angle for each of the following:
i.a ii.b iii. ¢
iv.d v.e vi. f
c. List the angle pairs that are complementary.
d. List the angle pairs that are alternate.
e. If e =30°, determine the values of the remaining pronumerals.

4. Complete the following sentences using the diagram shown.

. Angle a is vertically opposite angle

. Angle a is a corresponding angle with angle
. Angle b is co-interior with angle

. Angle g is alternate to angle

. Angle h is vertically opposite angle .

. Angle b is a corresponding angle with angle

- 0O Q& O T 9

5. a. Sketch two angles, XOY and VOW, so that they are vertically opposite each other.
b. From your angles in part a, list another pair of vertically opposite angles.
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6. [IZM Calculate the values of the pronumerals in each of the following.

a. b. c.
o a
38 &
110° X b
22°
d. e. f.
19° 13°
S A0 k i
(4 - .
8 15. j
l
d
7. 2 Calculate the values of the pronumerals in the following diagrams.
a. b.
725
130° .
2b 1205 2
a 8
2f
o
e
8. =N Calculate the value of the pronumeral in each of the following.
a. b. c.
138°
50° 1258

- 132

d. e. f.
d
e % ki
88°/100° 98
70° f
420
280°
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9. Calculate the value of the pronumeral(s) in each of the following.
a. b.

10. [EIZZH Calculate the value of the pronumeral in each of the following triangles.

a. b. C.  [og0 c
s 43°
L V
419
a 62°

d. e. f.

50° 50°
20°

710 d|

11. [lIEA Calculate the value of the pronumerals in each of the following diagrams.

a. b.
600 560
140° 7x y
p G\ 135°
d.
u
Aw
1

)
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12. Calculate the value of the pronumeral in the photograph.

13. A long ladder is placed against the side of a building. The angle that the ladder makes with the ground
is 55.5°.

a. Sketch a diagram of the ladder against the building and
label it.
b. Identify the type of the triangle created by the ladder, the building and the ground.
c. Calculate the exterior angle that the ladder makes with the ground. Show this on your diagram.

14. Determine the value of the unknown pronumeral in the diagram.

b z

151° y

7

15. Calculate the value of the pronumerals in the diagram.

(6a - 5)
110° >1{/

n m 135°
259

(Bt+5)°

Fully worked solutions for this chapter are available online.
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LESSON
2.3 Two-dimensional geometric shapes

SYLLABUS LINKS

* Recognise the properties of standard polygons, e.g. number of vertices, straight edges and angles.
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

¢ Two-dimensional shapes are recognised by their property of having length and width only and no depth.
e This means 2-dimensional shapes can be easily drawn on paper.

2.3.1 Polygons
int-6166
int-0818 e A polygon is a closed two-dimensional shape made of straight lines.

e ]t has at least three sides, and each side meets at a vertex.
e The number of sides is always equal to the number of vertices and gives the polygon its name.
e The vertices of a polygon are labelled using uppercase (capital) letters.

Type of polygon Definition Diagram

Convex polygon e A convex polygon has all interior angles
less than 180°.

e All its vertices point outside the polygon
as shown in the diagram.

Concave polygon e A concave polygon has at least one reflex E A
angle.

e A reflex angle points inwards, inside the
shape. D

¢ Extending the arms of a reflex angle cuts
through the polygon.

Regular polygon e A regular polygon has equal sides and '
equal angles.

Irregular polygon e Anirregular polygon is a shape in which
not all sides and angles are equal.

CHAPTER 2 Geometry

63



Sum of interior angles in a polygon

The sum of the internal angles of a polygon = (n — 2) x 180° where
n = number of sides.

Size of one
Number of Sum of angle in
sides and angles in the | the regular
Polygon vertices Regular polygon polygon polygon
Triangle 3 Equilateral triangle 180° 60°
B
A
Quadrilateral 4 360° 90°
Pentagon 5 540° 108°
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Size of one

Number of Sum of angle in
sides and angles in the | the regular

Polygon vertices Regular polygon polygon polygon

Hexagon 6 Regular hexagon 720° 120°
feeCe, T
4
Heptagon 7 900° 128 7 °

Octagon 8 Regular octagon 1080° 135°
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12108 WORKED EXAMPLE 6 Using the properties of standard polygons

Name the polygons shown in the diagram, with mathematical reasons, and calculate the sizes of the
unknown angles.

a. 2A =120° 2B =90°, 2C=132°and 2D =90°

b. 2ZA=2C=90° 2B =63° 2D =270° and 2E = 115°

THINK WRITE
a. 1. Identify the name of the polygon. a. The polygon is an irregular convex pentagon
because:

e it has five sides and five vertices (pentagon)

¢ the angles and side lengths are not equal in
size (irregular)

e all vertices point outwards and interior
angles are not >180°.

2. Determine the sum of the interior angles of a Angle sum = (n —2) X 180°

polygon with 5 sides. =(5-2)x180°

=3x180°
= 540°
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. Write an equation connecting all the angles of
the polygon.

. Substitute any known values.

. Solve the equation to determine the value of
the unknown angle.

. Identify the name of the polygon.

. Determine the sum of the interior angles of a
polygon with 6 sides.

. Write an equation connecting all the angles of
the polygon.

. Substitute any known values.

. Solve the equation to determine the value of
the unknown angle.

LA+ 2B+ £2C+ 2D + £E =540°

120° 4 90° + 132° 4+ 90° + x° =540°

432° + x° = 540°
X° = 540° — 432°

x° = 108°

<. ZE=108°

. The polygon is an irregular concave hexagon

because:
e it has six sides and six vertices (hexagon)
e the angles and side lengths are not equal in
size (irregular)
e one of the vertices points inside the
polygon.
Angle sum = (n —2) x 180°
=(6—-2)x180°
=4x180°
=720°
LA+ 2B + «£C + #4D + £ZE + £F=1720°

90° 4 63°490° +270° + 115° + «F =720°

628° + «F = 720°
<F =720° — 628°

S £F =92°
2.3.2 Triangles
e A triangle is a three-sided polygon.
¢ The name of the triangle in the diagram shown is AABC.
A
C
b
C a B

e Alternative notations for this triangle are ABCA and ACAB.

Types of triangles

e The types of triangles can be identified using either the lengths of the sides (being equal or unequal) or by
the angles within the triangle.

CHAPTER 2 Geometry 67



doc-6454

int-3963

doc-6455

int-3964

Type of triangle Diagram Properties
Equilateral A AB=BC=AC
/\ £LA=2/B=2C=060°
C ' B

Isosceles A AB=AC

/\ £2C=«B

C B
Scalene A Sides of different lengths and angles are
different sizes.
C
B

Triangles are classified according to their angles as follows.

Type of triangle Diagram Properties
Right-angled A £A=90°
The side opposite to the right angle is called
the hypotenuse.
B
C hypote\'\“se

Acute-angled

All angles are acute angles (less than 90°).
ZA <90°
4B <90°
«2C< 90°

Obtuse-angled

A
C B
A
C B

There is one obtuse angle (greater than 90°).
90° < £A < 180°

4B <90°

£2C <90°
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WORKED EXAMPLE 7 Classifying triangles and determining unknown angles

Classify the following triangles by first calculating the size of the unknown angles. Provide reasons for

Your answer.

a A
51°
c<]78°
B
c c
o o
390 27

B

THINK

a. 1. Write an equation connecting the three
angles.

2. Substitute any known values.

3. Solve the equation to determine the value of
the unknown angle.

4. Identify the type of triangle, clearly stating
the reasons.

b. 1. Look for any sides and angles that are equal,
and hence determine the value of x.

2. Write an equation connecting the three
angles.

3. Substitute any known values.

4. Solve the equation to determine the value
of y.

5. Identify the type of triangle, clearly stating
the reasons.

c. 1. Write an equation connecting the three
angles.

2. Substitute any known values.

C

«,

WRITE
a. ZA+ 2B+ 2C = 180°

51°+x+78° = 180°

129° + x = 180°
129° — 129° + x = 180° — 129°
x=51°

AABC is an acute isosceles triangle because
ZA = 2B =51° (isosceles).
ZA, 2B and «£C are < 90° (acute)

. AB=AC

=> the opposite angles to AB and AC are
equal in size

=>2£C=2«B =45°

=>x=45°

ZA+ 2B+ 2C = 180°

¥ +45° +45° = 180°

y+90° = 180°
y+90°—90° = 180° —90°
y =90°

AABC is a right-angled isosceles triangle
because

«#B = 2C =45° (isosceles)

£A =90° (right-angled).

c. ZA+ 2B+ 2C=180°

27°439° 4+ a = 180°
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3. Solve the equation to determine the value of 66° + a = 180°
the unknown angle. 66° — 66° + a = 180° — 66°
a=114°
4. Identify the type of triangle, clearly stating AABC is an obtuse scalene triangle because
the reasons. £A # «B # «C (scalene).

«C is an obtuse angle as
90° < 114° < 180° (obtuse).

2.3.3 Quadrilaterals

int-3967

e A quadrilateral is a four-sided polygon.

¢ The name of the quadrilateral in the diagram shown is
ABCD.

e Other notations are possible if the letters are read in
order in either a clockwise or an anticlockwise direction:
BCDA, CDAB or DABC.

e Every quadrilateral has two diagonals.

e A diagonal is a line segment which connects two opposite
angles of a quadrilateral such as AC and BD in the
diagram.

Sum of interior angles in a quadrilateral

The sum of the internal angles of a quadrilateral (n =4) is (n — 2) X 180° = 360°.

The sum of the interior angles of any quadrilateral is 360°.

ZA + 4B + 2C + 4D = 360°

Types of quadrilaterals

Quadrilaterals are classified according to their specific properties, as follows.

Quadrilateral Sides Angles Diagonals
int-4025 Square AB=BC=AD=CD Z/A=/B=,C=,D AC 1L BD
doc-5279 A ? AB || DC and BC|| AD =90° AC=BD
The symbol || means ‘parallel AO0=0C
% o BO=0D
' The symbol L means
D C ‘perpendicular (forms a
right angle) to’.
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Quadrilateral Sides Angles Diagonals
Rectangle AB||DC and BC||AD £LA=2/B=2C=«D AC=BD
A B = = =9(0° AO=0C
Th bol ‘parallel
S e symbo ﬂ means ‘paralle BO=0D
and equal to’.
D C
Parallelogram AB||DC and BC||AD Opposite angles are AO=0C
A B = = equal. BO=0D
0 £ZA=2«C
£B=2«D
D C Consecutive angles are
supplementary.
ZA+ 2B =180°
4B+ «2C = 180°
£C+ «D = 180°
42D+ 2A =180°
Trapezium AB||CD All different No characteristics
A B
A
D C
Isosceles trapezium | AB||CD £ZA=/B AC=BD
A B AD=BC £C=2«D
v Opposite angles are
“ supplementary.
4B+ 2D =180°
D C £ZA 4+ 2C=180°
Right-angled AB||CD £A=2D=90° No characteristics
trapezium ZA + 2D =180°
| o
D C
Rhombus AB||DC and BC||AD Opposite angles are AC1BD
A AB=BC=CD=AD equal. AO=0C
Consecutive angles are BO=0D
supplementary.
D O Mg
C
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WORKED EXAMPLE 8 Calculating unknown angles in quadrilaterals

Calculate the sizes of the unknown angles in the following quadrilaterals.

a. b. D >
53°
a
4 0
C - B
C.
THINK WRITE

a. 1. Write an equation connecting the four angles. a. ZA + #B + 2C + «zD = 360°

2. Substitute any known values. 109° +x + 115° 4+ 87° = 360°
3. Solve the equation to determine the size of x+311° =360°
the unknown angle. x+311°—-311° =360°—-311°
x =49°
b. 1. Identify the relationship between angles B b. «B=«D=53°
and D, and hence calculate the value of 6. => 0 =53°
2. Write an equation stating the relationship ZA + 2D = 180°
between angles A and D and solve the a+53°=180°
equation to determine the value of ¢t and 3. a+53°—53° =180°—53°
a=127°
=>p=a=127°
c. 1. Identify the relationship between angles C c. «2C=«D=71°
and D, and hence determine the value of y. =>y=71°
2. Write an equation stating the relationship £2A+ «D = 180°
between angles A and D and solve the a+71°=180°
equation to determine the value of ¢t and (. a+71°—71°=180°—-71°
=> o = 109°
=> f =a=109°
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Exercise 2.3 Two-dimensional geometric shapes learn(:];

2.3 Quick quiz on| 2.3 Exercise These questions are L

even better in jacPLUS!  “7ffi @K

¢ Receive immediate feedback r'hl ,qJ
Simple familiar Complex familiar Complex unfamiliar ¢ Access sample responses

e Track results and progress

9,10,11,12,13, 14

Simple familiar

1. Classify the shapes of the mazes in the diagram shown.

2. [lIZA Name the polygon shown in the diagram, with mathematical reasons, and calculate the size of the
unknown angle if ZA =97°, «zB=118°, £C =92° and «D = 124°.
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4. Calculate the size of «DOC if ZAOB = #BOC =75° and zAOD =110°.

A B

5. Classify the following triangles by first calculating the sizes of the unknown angles. Provide reasons
for your answers.

a. A .
83 P L,
e[ 420 B A
B

6. Calculate the size of each unknown angle, providing reasons for your answers. Use this information to
classify the triangles AABC, AABD and AACD.

7. Consider the diagram shown. A

a. Classify triangle AABC.
b. Determine the value of x.
c. Calculate the value of y.
d. Determine the value of z.

8. =M Calculate the sizes of the unknown angles in the following quadrilaterals.

a. b. A B

127°
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9. The triangles that form the fagade of a building are right-angled triangles, with the two acute angles of
approximate sizes 26.6° and 63.4°. Calculate the internal angles of each polygon and hence identify

their names.

26.6°

10. Calculate the value of x and the size of ZABC.

BV,

O
A

11. Consider the diagram shown. Trapezium ABCEF is A

identical to trapezium CDEF.

a. Calculate the value of a and the size of ZAFE.
b. Identify the type of the quadrilaterals ABCF and F Ee

Y

FCDE.
c. Identify the type of the polygon ABCDEF.

d. Calculate the value of 3.

12. Consider the polygons shown in the diagram. A

a. Identify the type of the quadrilateral ABEF and provide
reasons.

b. Identify the type of the quadrilateral BCDE and provide
reasons.

c. Calculate the value of the unknown pronumerals.

d. Calculate the size of the reflex angle ZFED.

- 58°

F

Y

1.5cm

Z/j 3 cm e

A2cm A2cm

13. A parallelogram has vertices A, B, C, D, where AB || CD. If ZABC = 120°, determine the acute angle of the

parallelogram.

14. An irregular pentagon has three known angles of magnitudes 50°, 70° and 80°. If the fourth angle is 10° less

than the fifth angle, calculate the magnitude of the unknown angles.

Fully worked solutions for this chapter are available online.
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LESSON

2.4 Three-dimensional objects

SYLLABUS LINKS

* Recognise the properties of prisms and pyramids, e.g. number of vertices, straight edges and flat faces.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

¢ Three-dimensional objects are recognised by their property of

having length, width and depth (or height).

¢ A three-dimensional object with flat surfaces and straight edges
enclosing a space is called a polyhedron (the plural is polyhedra

or polyhedrons).

e They are also called geometric solids or Platonic solids.

e Each flat surface of a polyhedron is called a face.
e Each face is a polygon.

e Two faces of a polyhedron intersect to form an edge.
e Three faces intersect to form a vertex (plural vertices).
e Two basic types of polyhedrons are prisms and pyramids.

2.4.1 Prisms

face

—

edges

N

e Prisms are solid shapes with identical opposite polygonal ends that are joined by straight edges.
e They are three-dimensional objects that can be cut into identical slices, called cross-sections.
e Some common prisms and their properties are as follows.

vertex

>

Polyhedron Shape of the base Number of Number of Number of
faces edges vertices
Triangular prism Triangle 5 9
Cube Square 6 12
/L*"*’r ***** -
Rectangular prism Rectangle 6 12
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e The following solids are also prisms. This time, though, the two bases are not basic polygons; they are
composite shapes.

o

2.4.2 Pyramids

e A pyramid is a three-dimensional shape with a polygonal base and a single apex (point) that is not in the
same plane as the base.

e A pyramid has one vertex at the apex, plus the vertices of the base. So, a square pyramid has 5 vertices — 4
at the base and 1 at the apex.

e A pyramid has triangular faces that meet at the apex. The number of '
triangular faces is equal to the number of edges on the base.

e A prism has two parallel, identical bases, while a pyramid has only one
base with the sides meeting at a single point (the apex).

e Prisms are uniform in shape with a consistent cross-section, while

ramids ‘narrow’ as you move towards the apex.
py y P Square-based Triangle-based

pyramid pyramid

WORKED EXAMPLE 9 Recognising the properties of prisms and pyramids

Identify the name, the number of faces, vertices and edges of each of the following shapes.

a. / b. c.
|
THINK WRITE
a. 1. Determine the shape of the base, identify a. The base of the shape is a rectangle. The shape
whether it is a prism or a pyramid, and has a consistent cross-section and identical
identify its name. base on the opposite end. This is a rectangular
prism.
2. Identify the number of faces. 6 faces
3. Identify the number of vertices. 8 vertices
4. Identify the number of edges. 12 edges

CHAPTER 2 Geometry 77



b. 1. Determine the shape of the base, identify
whether it is a prism or a pyramid, and
identify its name.

. Identify the number of faces.
. Identify the number of vertices.
. Identify the number of edges.

= Hh O DN

Determine the shape of the base, identify
whether it is a prism or a pyramid, and
identify its name.

2. Identify the number of faces.
3. Identify the number of vertices.
4. Identify the number of edges.

b. The base of the shape is a trapezium. The

shape has a consistent cross-section and
identical base on the opposite end. This is a
trapezoidal prism, or a quadrilateral prism.

6 faces
8 vertices

12 edges

. The base of the shape is a triangle. The shape

has a single base, and the edges meet at a
single apex. This is a triangular pyramid.

4 faces
4 vertices

6 edges

Exercise 2.4 Three-dimensional objects

2.4 Quick quiz

Simple familiar Complex familiar

1,2,3,4,5,6,7,8, N/A N/A
9,10,11,12,13, 14

Simple familiar

2.4 Exercise

Complex unfamiliar

learn

These questions are ~EM™Ems
even better in jacPLUS! :

¢ Receive immediate feedback

e Access sample responses

o>
)
e Track results and progress

Find all this and MORE in jacPLUS ®

1. Identify the three-dimensional shapes and decide whether they are prisms.

a. b.

2
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2. For each of the following three-dimensional shapes, identify whether they are polyhedrons.

ot
0 @

3. Identify the number of faces, edges and vertices of each object.

a.
C.

4. [lIEA The prism shown has edges of equal length. Identify its name, and its number of faces, vertices
and edges.

5. IWEM Identify the name, and the number of faces, vertices and edges of each of the following shapes.
b.
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6. Sketch a prism using each of the following shapes as the base.

7. Sketch a prism using each of the following shapes as the base.
a. /\ b. c.

8. Observe the following objects and identify the three-dimensional shape that most accurately matches it.
b.
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9. A toybox is displayed in an enclosed cabinet in the shape of a triangular-based prism, as shown.

a. Identify how many vertices the cabinet has.
b. Identify how many faces the cabinet has.

10. Identify the missing words and or numbers that accurately complete these sentences.

a. A square-based pyramid has 5 and ___ vertices.
b. A rectangular prism has edges and 6 .
c. A pentagonal prism has edges and vertices.

11. A prism has 8 faces, 12 vertices and 18 edges. Determine the type of the prism.

12. Classify each of the following solids as either a prism or pyramid.

13. Use the solid below to answer the following questions.

14. Identify the number of faces, edges and vertices in the canvas tent shown below.

T

Fully worked solutions for this chapter are available online.

a. Identify the type of solid shown.
b. Identify the number of faces.

c. Identify the number of vertices.
d. Identify the number of edges.
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LESSON
2.5 Two-dimensional representations of
three-dimensional objects [complex]

SYLLABUS LINKS

® Interpret different forms of two-dimensional representations of three-dimensional objects, including nets of
prisms and pyramids [complex].

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

2.5.1 Nets of three-dimensional objects

¢ Prisms and pyramids can be drawn as a two-dimensional representation.
e This shape is called a net.
¢ In other words, a net is a two-dimensional figure that can be folded to form a three-dimensional object.

2.5.2 Nets of prisms

Net of a cube

e The diagram displays the net of a cube. Notice that when folded, the faces do not overlap.

- =1
1
_> ! :—>D
1 1
i

Net Cube

e The following nets are also nets of a cube.

Net of a rectangular prism

e The following net can be folded to
form a rectangular prism.

¢ Notice that the top and the bottom
faces of the rectangular prism are on
either side of the net.

e These two faces cannot be drawn on
the same side of the net.

e The left and right faces alternate with
the back and front faces.
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Nets of other prisms

¢ A net can be drawn for any type of prism.

e Below are some examples:

Prism

Net

Triangular-based prism

Pentagonal-based prism

L~

Hexagonal-based prism

Cylinder (circle-based prism)

C

2.5.3 Nets of pyramids

e The nets of some pyramids, including a cone, are drawn in the table below.

Pyramid

Net

Square-based pyramid
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Pyramid Net
Rectangular-based pyramid

Triangular-based pyramid

o

Cone

WORKED EXAMPLE 10 Identifying the nets of prisms and pyramids

Identify the name of the three-dimensional object that can be formed by folding each of the following
nets.
a. b. 2
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THINK

shapes.

2. Count the number of faces and check for any
possible overlaps or missing faces.

3. Identify the name of the three-dimensional
object.

shapes.

2. Count the number of faces and check for any
possible overlaps or missing faces.

3. Identify the name of the base and the name of
the three-dimensional object.

shapes.

2. Count the number of faces and check for any
possible overlaps or missing faces.

3. Identify the name of the three-dimensional
object.

. Identify any features of the two-dimensional b.

. Identify any features of the two-dimensional c.

WRITE
a. 1. Identify any features of the two-dimensional a.

All the shapes are equal-sized squares.

There are 6 faces.
There are no overlaps.
There are no missing faces.

The object is a cube.

There are six identical rectangles and two
identical regular hexagons.

There are 8 faces.
There are no overlaps.
There are no missing faces.

The base is a regular hexagon.
The object is a hexagonal prism.

All triangles are the same size and fold up to
an apex. The base is a regular pentagon.

There are 6 faces and no missing faces or
overlaps.

The object is a pentagonal pyramid.

2.5.4 Three-dimensional objects and perspective drawing

e Designers, engineers and architects use two-dimensional drawings to represent three-dimensional objects.
e Itis important to understand how to construct, read and interpret such diagrams. Three-dimensional objects

can be represented by an isometric drawing.

Plans and views

4149 1 the diagram shown there are four views of a car:
e the plan view is the diagram of the object as seen looking

straight at the object from above

¢ the side view, also called side elevation, is the diagram
of the object as seen looking straight at the object from one

side, left or right

e the front view, also called front elevation, is the diagram
of the object as seen looking straight at the object from

the front
¢ the three-dimensional representation of the object.

The three-
dimesnsional
representation

of the object Plan view

Front view

Side view
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Isometric drawing

e Isometric drawings are created on isometric paper, which uses dots or lines ° °
forming equilateral triangles.

This paper helps maintain parallel lines of objects, while right angles appear as
acute or obtuse angles.

The simplest 3-dimensional object, the cube, is shown on the right as an ° ° °
isometric representation. o o o
Different perspectives, such as left and right views, are demonstrated in the

diagrams on the right for a rectangular prism.

e [sometric paper is essential for accurately representing three-dimensional objects.

Tops of the
° ° shapes

Left side ° o °
view ° ° °

[ ) [ ] [ ]
Right side
view

e The three views of the rectangular prism are shown. Notice that the angles are 90° angles although they
have different measurements on the isometric drawing.

Side view Plan view Front
view

WORKED EXAMPLE 11 Sketching three-dimensional objects

int-4151

The three-dimensional object shown in the diagram is made of three rectangular prisms. Each
rectangular prism is 3 cm long and has a square base with side length of 1 cm.

a. Sketch the object on isometric paper.

b. Sketch the front, side and plan views of the object.

3 cm

1cm
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THINK WRITE

a. 1. Sketch the first rectangular prism by first a. 3 cm
drawing the corner at the front, considering
the lengths of its dimensions. A 1 cm

Rectangular prism A has:

e width =1 unit

e height =1 unit

e length =3 units.

Note: The height and the width are equal in
length so they are represented by lines of equal
lengths.

The length is three times longer than the other
dimensions. The proportions between the sides
of the original object have to be maintained.

2. Complete the front face of the prism by
drawing parallel lines to the existing lines.

front face
of the prism

3. Complete the right side of the prism by ° ° ° °

drawing parallel lines to the existing lines. ° ° ° °
[} [ ] [ ] [ ]

right side
face of
the prism

4. Complete the top side of the rectangle by ° ° ° °

drawing parallel lines to the existing lines. ° o o o top face of

the prism

5. Sketch the second prism by drawing parallel
lines to the existing lines.
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6. Sketch the third prism by drawing parallel
lines to the existing lines.

b. 1. Sketch the plan view. Looking at the object  b.
from above, only the tops of prisms A and C C
can be seen.

2. Sketch the front view. Looking at the object
from the front, only the front faces of prisms C
A and C can be seen.

A
3. Sketch the side view. Looking at the object
from the side, the sides of all three prisms can C
be seen.
A B

Exercise 2.5 Two-dimensional representations of

three-dimensional objects [complex] learn
2.5 Quick quiz 2.5 Exercise These questions are N SRk
even better in jacPLUS! iy
¢ Receive immediate feedback
Simple familiar Complex familiar Complex unfamiliar * Access sample responses

* Track results and progress

8,9,10,11,12,13,

14,15

Complex familiar

1. INETEA Identify the name of the three-dimensional object that can be formed by folding each of the
following nets.

a. b.
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2. Determine the shape that can be constructed using each of the following nets.
a. b.

3. The following nets are of a cube. Determine whether the statement is True or False for each net.
a. b.

4. Identify the three-dimensional object that can be formed by folding each of the following nets.
a. b.

5. IIZITH Identify the name of the three-dimensional object that can be formed by folding each of the
following nets.

a. b.
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6. Identify the name of the three-dimensional object that can be formed by folding each of the following nets.
a b

7. Describe the type and number of shapes that exist in the net of a hexagonal-based prism.

8. Describe the type and number of shapes that exist in the net of a prism with a cross-section that is an
equilateral triangle.

9. Describe the type and number of shapes that exist in the net of a square-based prism.

10. Draw the net of the rectangular prism shown.

1.25m

1.5m

11. Sketch the net of the following solid.

4 cm

12. [IIZEM The three-dimensional object shown in the diagram is made of four cubes of side length 1 cm.

a. Sketch the object on isometric paper.
b. Sketch the front, side and plan views of the object.
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13. Consider the three-dimensional object shown in the diagram.

a. Sketch the object on isometric paper.
b. Sketch the front, side and plan views of the object.

14. Sketch an isometric diagram of each of the following three-dimensional objects.

a.

4

15. Sketch the front view, side view and plan view of the following isometric drawings.

a. *

b.

b. ®

front

Fully worked solutions for this chapter are available online.
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LESSON
2.6 Review

2.6.1 Summary

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

é Access the . Review P Watch teacher-led " Practise questions with 'z
. chapter summary “ your results videos immediate feedback

Find all this and MORE in jacPLUS @
2.6 Exercise learn[:Tj]
2.6 Exercise | These questions are ~LBMems |
S | even better in jacPLUS! Ui S
' ¢ Receive immediate feedback Fg W
Simple familiar Complex familiar Complex unfamiliar e Access sample responses

e Track results and progress

9,10,11,12,13,14

Simple familiar

1. Calculate the size of angles a and S respectively.

3. Determine the sizes of the unknown angles in the diagram.

153°
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4. Determine the values of the pronumerals in the diagram.

6.

10.

Using the properties of angles and circles, determine the value of the
following measurements if CD = 8 cm.
a. a b. 8 5
c.y d. AB
e. OD
C

. Complete the following description of a quadrilateral.

A quadrilateral is a four-sided . The sum of all interior angles is degrees.

. Identify the type of plane shape that matches the given description.

a. This shape has 5 sides, but they all have different lengths, and its internal angles are not identical.
b. This shape has 3 sides that all have the same length. Its internal angles have the exact same size
(magnitude).

. An apprentice is building a cabinet with the dimensions shown.

a. Identify the name of the three-dimensional solid. ,
b. Identify the number of vertices in the cabinet. i
c. Identify the number of faces in the cabinet. :
d. Identify the number of edges in the cabinet. -

The design of a solid is shown below.

a. Identify the name of the three-dimensional solid.
b. Identify the number of vertices in the solid.

c. Identify the number of faces in the solid.

d. Identify the number of edges in the solid.

12 cm

17 cm
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11. Consider the following three-dimensional shape.

8 cm

a. Identify the name of the three-dimensional solid.
b. Identify the number of vertices.

c. Identify the number of faces.

d. Identify the number of edges.

12. A solid wooden block has the following dimensions.

a. Identify the name of the three-dimensional solid.
b. Identify how many faces and vertices the solid has.

2.5cm

8.6 cm

10.3 cm

13. Identify the name, and the number of faces, vertices, and edges of the following prism.

4 cm 3cm

2.5cm

14. A courtyard is in the form of a regular pentagon as shown in the diagram. The side length of the pentagon
is 7.5 m.

o]

a. Calculate the size of the angle ABC given the sum of the interior angles in a pentagon is 540°.
b. A small brick fence is to be built around four sides of the courtyard. Calculate the total cost of the
fence if one brick costs $0.95 and 25 bricks are used to build 1 m of fence.
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Complex familiar

15. Identify the solids from the nets below.
b.

a.

16. Create a plan-view sketch of the children’s blocks shown.

y

17. Draw the front, right side and top view of the following object.

Front

Complex unfamiliar

18. Using isometric paper, draw a building with the following right side, front and top views

1 unit 1 unit
—| 2 units ’ ‘

z 14

£ . g _] 1 unit

~ g ~ . IN
g 1 unit =
") =

8 units 4 units 8 units
Right side Front Top
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19. Construct a clearly labelled plan view, front view and side view of the letter T shown in the diagram.

180

mf /\‘
=) \

20. A student is designing a doll house with the following dimensions.

4.2 cm E o

7.2 cm

Sketch a net of the doll house and determine how many more vertices there are compared to faces.

Fully worked solutions for this chapter are available online.

Hey teachers! Create custom assignments for this chapter

'? Create and assign Access quarantined *- Track your
v ° unique tests and exams tests and assessments 4 5  students’ results

Find all this and MORE in jacPLUS C)
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Answers 3.5
Chapter 2 Geometry
2.2 Review of angles
) Wall
2.2 Exercise
1. a. i. ZCAT or «TAC ii. ZA
ZWAS or £SAW ZA \
£FAT or «TAF ZA Ground
b. Reflex b. A scalene triangle
Obtuse c. 124.5°
Acute 14, y=122°
2. See the table at the bottom of the page.* 15. a = 23.3°
3. a. ZNMP, zMNP, «MPN, «NOP, 2OPN, 2ONP b=15°
b. i. Right angle ii. Acute angle z=45°
iii. Acute angle iv. Right angle m = 45°
v. Acute angle vi. Acute angle n=110°
c.bandc, e and f x = 155°
d. band e, c and f =50
e. a=90% b=30°% c=60° d=90° f=60° 2.3 Two-dimensional geometric shapes
4.a.b b. e c.g
d.d e.e f. h 2.3 Exercise
5. a. Sample responses can be found in the worked solutions 1. Top row: regular octagon, equilateral triangle, circle
in the online resources. Second row: regular hexagon, square, regular pentagon
b. £XOV and £YOW 2. ZE=109°
6. a.a=38° ABCDE is an irregular pentagon.
b. b=110° 3. a=104°
o
d.d=19° -
d_ 320 —141°. f=141° ABCDEEF is an irregular hexagon.
e.e=39%, g=1d1% /= 4. ZDOC = 100°
f.i=13° h=15° k=152°, j=152° o
ko i o R 5.a.x=55
7.a.b=065% c¢=10°% d=50% e=130 Acute scalene triangle
b. f=60°, g=60°, i =36° h=20 b. o = 36°
8. a. a=310° b. b =222° c. c=103° Since two angles are equal, this is an obtuse isosceles
d. d=10° e. e=82° f. f=173.3° triangle.
9. a.a=22.5° 6. AABC is an isosceles triangle. AABD is a right-angled
b. ¢ =40°, b=32.5°, d=42.5°, e =42.5°, f=65° triangle. AACD is an equilateral triangle.
10. a. 73° b. 107° c. 45° B =30°% a=120°y =60° 6 =60° & = 60°
d. 89° e. 80° f. 60° 7. a. Isosceles triangle b. x =48°
11. a. x = 40° b. g = 45° c.y=132 d.z=48
y =80° p=79° 8.a.x=101° b. o =53°
c.m=128° d. x =96°
n=752° y =42°
u=42°
12. x=38°
*2, - : 5
Acute angles Obtuse angles Right angles = Reflex angles

2°,5°,14°,23°,45°, 92°,100°,110°, 122°, 145°,
55°,69°,78°,80°,89° | 154°,160°,160°,179°

90° 181°,190°, 192°,270°, 300°, 359°
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9. Polygon 1: trapezium 7. a. b. ] c. :
Angle 1: 90°
Angle 2: 90°

Angle 3: 63.4°
Angle 4: 116.6°
Polygon 2: rhombus
Angle 1: 53.2°
Angle 2: 53.2°

Angle 3: 126.8°

Angle 4: 126.8° 8. a. Re.ctangular prism . b. Squ‘are-based pyramid
Polygon 3: quadrilateral c. Triangular-based prism d. Cylinder
Angle 1: 63.4° 9. a. 6 vertices b. 5 faces
. o
Angle 2: 90 10. a. faces, five b. twelve, faces c. fifteen, ten
Angle 3: 116.6° )
Angle 4: 90° 11. Hexagonal-based prism
10. x = 28° 12. a. Prism b. Pyramid c. Pyramid
2ABC =56° 13. a. Square-based pyramid b. 5
11. a. & =20° c.5 d.8
2AFE = 120° 14. 7 faces, 15 edges, 10 vertices
b. Isosceles trapezium ) ) )
c. Hexagon 2.5 Two-dimensional representations of
o B=120° three-dimensional objects [complex]
12. a. ABEF is an isosceles trapezium, AF || BE, AB = EF 2.5 Exercise
b. BCDE is a rectangle because BC _|1DE, BE HCD 1. a. Cube b. Rectangular prism
c.x=122° y=>58°, z=122° 2. a. Triangular prism
d. «FED = 148° b. Hexagonal prism
13. 60° 3. a. True b. True
14. 165°, 175° c. True d. False
4. a. Triangular prism
2.4 Three-dimensional objects b. Hexagonal prism
2.4 Exercise 5. a. Rectangular-based pyramid
. . b. Cone
1. a. Cylinder; not a prism .
. . 6. a. Square-based pyramid
b. Rectangular prism; a prism . .
. b. Triangular-based pyramid
c. Cone; not a prism . . .
. . 7. Two hexagons, six rectangles, and eight shapes in total
d. Square-based pyramid; not a prism ; .
. . . 8. Two triangles, three rectangles, and five shapes in total
e. Triangular prism; a prism T R ! dsix sh ) X
2. a. Polyhedron b. Polyhedron 9. Two squares, four rectangles, and six shapes in tota
c. Not a polyhedron d. Polyhedron 10.
3. a. 7 faces, 15 edges, 10 vertices 1.5cm
b. 10 faces, 24 edges, 16 vertices s o s o
4. Cube: 6 faces, 8 vertices, 12 edges AL B = ==
5. a. Triangular prism: 5 faces, 6 vertices, 9 edges
b. Heptagonal prism: 9 faces, 14 vertices, 21 edges 1.25 cm
c. Hexagonal pyramid: 7 faces, 7 vertices, 12 edges
a

1.5cm [ 1.0cm | 1.5cm  1.0cm

1.5cm

g =
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11.

12.

13.

4 cm

8 cm

Front view

14. a. *

8 cm °

5cm

cm °

15. a.

L

Front view

Side view

Side view

a. (] @ 3

Plan view

Front view

Front view

2.6 Review

Side view

L[]

Plan view

Plan view

2.6 Exercise
1. a +37° = 90°
o = 53°
B +37° = 180°
B =143°
2.3

3. o = 27° {supplementary with 153°},
B = 27° {alternative with o},
¥y = 153°{supplementary with 3}

4. a = 25°{co-interior with 155°},

B = 155°{co-interior with o},

¥ = 25°{co-interior with 8}

5. a = 60°
o+ =180°
60° + 3 = 180°
B =120°
6.a. 52
d. 8cm

7. Polygon; 360

Side view

Plan view

b. 128
e. 4cm

c. 128
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10.

11.

12
13.

14.
15.

16.

17.

® 2 0T pPoRo T P»RO T DT D

. Irregular pentagon

. Equilateral triangle

. Rectangular prism

8

6

12

. Triangular-based prism
6

5

9

. Square-based pyramid
5

5

8

. Rectangular prism

b. 6 faces, 8 vertices

Triangular-based prism. It contains 8 faces, 6 vertices and
9 edges.

a

a

T

. 36°
. Square-based prism

. Triangular-based prism
. Cone

Front view

Right view

Top view

b. $712.50

18.

19.

20.

|
Plan view
72
+
Side view 225
5.5 9.9 55
5.5 =)
5.5 5.5
9.9
72| 1.2 7.2
5.5 9.9 St
5.5 5.5
9.9
7.2 7.2
5.5 99 5.5
9.9

1 more vertice than face.
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UNIT 3 Measurement, scales and chance
TOPIC 1 Measurement

LiInear and area

measure b
LESSON SEQUENCE “\$ :
ST @V e W R k’ -t R
3.2 Units of length and estimation ................................ . \1

3.3 Perimeters of familiar and composite shapes .....

3.4 Units of area and estimation ...

3.5 Areas of standard shapes ........

3.6 Areas of composite figures [complex] .....

3.7 Surface areas of prisms and cylinders [complex]

3.8 Surface areas of pyramids and cones [complex] ...

3.9 Surface areas of composite shapes and spheres [complex] .....
810 REVIEW ..ottt
Answers ... al Haal L e L S —

Fully worked solutions for this chapter are available online.
Resources

Solutions Solutions — Chapter 3

Digital documents Learning matrix — Chapter 3
Quick quizzes — Chapter 3
Chapter summary — Chapter 3




LESSON
3.1 Overview

Hey students! Bring these pages to life online AN qu
Watch Engage with Answer questions ',) ?
videos interactivities and check results y,

Find all this and MORE in jacPLUS (C)

3.1.1 Introduction

Understanding and mastering the use of metric units of length and area, their conversions and their appropriate
applications are crucial skills in many fields. Skills in estimating lengths and areas, and calculating perimeters
and areas of various shapes — from standard polygons to complex composite shapes — are fundamental to
disciplines such as construction, architecture and engineering. These skills enable accurate material estimation,

cost calculation and project planning.
ﬁ:‘ ‘N

'II/.\'.

I <y

Furthermore, knowing how to compute the surface areas of prisms, cylinders, pyramids, cones and spheres is
essential for designing and assessing structures and objects. In everyday life, these skills aid in tasks ranging
from home improvement projects to understanding space utilisation. Mastery of these mathematical techniques
not only enhances problem-solving abilities but also builds a foundation for more advanced studies and
professional applications, fostering confidence and precision in tackling complex real-world challenges.
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3.1.2 Syllabus links

Lesson title Syllabus links

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

Units of length and
estimation

Perimeters of familiar
and composite
shapes

Units of area and
estimation

Areas of standard
shapes

Areas of composite
figures [complex]

Surface areas of
prisms and cylinders
[complex]

Surface areas of
pyramids and cones
[complex]

Surface areas

of composite
shapes and spheres
[complex]

Q
O

OO O

Estimate lengths.

Use metric units of length (millimetres, centimetres, metres, kilometres),
their abbreviations (mm, cm, m, km), conversions between them, and
appropriate levels of accuracy and choice of units.

Calculate perimeters of standard polygons, circles and arc lengths.
e circle: C=27r where C is circumference and r is radius
e arc length: 1= %ﬂr where [ is arc length, 6 is central angle and r is

radius.
Calculate perimeters of composite shapes [complex].

Estimate areas of different shapes.

Use metric units of area (square millimetres, square centimetres,
square metres, square kilometres, hectares), their abbreviations
(mm?, cm?, m?, km?, ha), conversions between them and appropriate
choices of units.

Calculate areas of standard shapes, triangles, parallelograms and circles.
1
e triangle: A= Ebh where b is base length and & is perpendicular height

e parallelogram: A = bh where b is base length and 7 is perpendicular
height
e circle: A = 7r/* where r is radius.
Calculate areas of trapeziums and sectors [complex].
1
e trapezium: A = —(a + b)h where a and b are parallel lengths and & is

perpendicular height

e sector: A= 3%7172 where 6 is central angle and r is radius.

Calculate areas of composite figures by decomposing them into
standard shapes [complex].

Calculate surface areas of prisms and cylinders [complex].

e cylinder: S =27rrh + 271> where r is radius and # is perpendicular
height.

Calculate surface areas of pyramids and cones [complex].

e cone: S = 7rs 4+ 7r* where ris radius and s is slant height.

Calculate surface areas of composite shapes and spheres [complex].
e sphere: S = 47r* where r is radius.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.
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LESSON

3.2 Units of length and estimation

SYLLABUS LINKS

¢ Estimate lengths.

® Use metric units of length (millimetres, centimetres, metres, kilometres), their abbreviations (mm, cm, m, km),
conversions between them, and appropriate levels of accuracy and choice of units.
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

3.2.1 Units of length

e Units of length are used to describe the dimensions of an object, such as its length, width and height, or the
distance between two points.

e The metric system we use is a base 10 system, with its base unit being the metre.

e All other units of length in the metric system are related to the metre by powers of 10.

e The most common of these are the millimetre (mm), centimetre (cm), metre (m) and kilometre (km).

¢ They are related in the following way.

Length conversions

10 millimetres = 1 centimetre

100 centimetres = 1 metre

1000 metres = 1 kilometre

Millimetre (mm)

Centimetre (cm)

Metre (m)

Kilometre (km)

!

\
I

h— m;‘

1 mm is approximately
the width of a microchip
pin.

1 cm is approximately
the width of a person’s
finger.

1 m is approximately
the length of an adult
stride.

1 km is approximately the
length of Surfers Paradise

Beach.

e When measuring lengths, you should use an appropriate unit, which is one that gives a reasonable value
(not too large and not too small).
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WORKED EXAMPLE 1 Estimating lengths using appropriate units

Select the most suitable metric unit of length to measure the following.
a. Width of a school desk

b. Length of Queensland’s Bruce Highway

c. Height of a Year 12 student

d. Width of an ant

THINK WRITE
a. The width of a school desk would be up to 2 m depending on the shape. For a. Centimetres (cm)
more accuracy, it would most suitable to be measured in centimetres.

b. The length of Queensland’s Bruce Highway is about 1700 km long. It would b. Kilometres (km)
be most suitable to be measured in Kilometres.

c. The height of a Year 12 student would be between 140 and 180 cm on average.  c. Centimetres (cm)
It would be most suitable to be measured in centimetres.

d. The width of an ant is between 1 and 3 mm. It would be most suitable to be d. Millimetres (mm)
measured in millimetres.

3.2.2 Converting between units of length

int-4011
e The relationship between the metric units of length can be used to convert a measurement from one unit
to another.

Converting metric units of length

The following diagram shows how to convert between metric units.

X 1000 X 100

/\/\/_\

kilometres metres centimetres millimetres
(km) (m) (cm) (mm)

\_/\_/v

+ 1000 + 100

WORKED EXAMPLE 2 Converting between units of length

Convert the following lengths to the units shown.

a. 0.739km = m b. 53250 mm = m
THINK WRITE
a. 1. To convert from kilometre to metre, multiply by 1000. a. 0.739 x 1000 =739
2. When multiplying by 1000, move the decimal point three Thus:
places to the right. Make sure the new unit is stated. 0.739km = 739m
b. 1. To convert from millimetre to metre, divide by 1000. b. 53250+ 1000=53.25
2. When dividing by 1000, move the decimal point three Thus:
places to the left. Make sure the new unit is stated. 53250 mm = 53.25 m
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WORKED EXAMPLE 3 Adding different units of length

John needs to replace two sections of fencing of his yard. One section measures 7m 36 cm and the
other measures 5 m45 cm.

Calculate the length of fencing he needs to purchase, in appropriate units of length.

THINK WRITE
1. Convert both values to metres by dividing the centimetre part 7 m36cm = 7 + 50
of the measurement by 100 and adding it to the metre part of 100
the measurement. =7+0.36
=7.36m
Sm45cm =5+ el
100
=5+4+0.45
=545m
2. Add the values in metres. 7.36+5.45 = 12.81
3. Write the answer with the correct units. John needs to purchase 12.81 m of fencing.
Exercise 3.2 Units of length and estimation learn
3.2 Quick quiz 3.2 Exercise These questions are

even better in jacPLUS!

e Receive immediate feedback
Simple familiar Complex familiar Complex unfamiliar * Access sample responses

e Track results and progress

9,10,11,12,13,14

Simple familiar

1. [EIIZM Select the most suitable metric unit of length to measure the following distances.

a. Height of the tallest building b. Size of the television

Sl
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10.

11.

12,

. IlIZA Convert the following lengths to the units shown.

a. 0.283 km = m b. 520cm = m c. 0418 m= cm
d. 450m= km e. 5%km= m f. 78459 mm = m
g. 0.0378 km = mm h. 6500cm = km

. Convert 375 cm to millimetres.
. Convert 95.6 km to metres.
. Convert 875 mm to metres.

. Convert the following lengths into the units shown.

a. 0.27km = m b. 73500 mm = m
c. 257mm= cm d. 1.3km= cm

. I Calculate the value of the following.

a. 5m67cm+9m51cm b. 2m88cm+3m20cm

. Explain why using millimetres is not a good choice to measure the distance between Brisbane and Sydney.

|

. The combined height of two students is 3.62 m. If one student is 1.85 m tall, calculate the height of the

second student in centimetres.

Arrange each of the following in ascending order.

a. 0.15km, 135 m, 2400 cm
b. 25cm, 120 mm, 0.5 m

c. 9m, 10000 mm, 0.45 km
d. 32000cm, 1200 m, 1 km

Calculate the value of each of the following in centimetres.

a. 15 mm+ 5 mm
b. 1.5m+40mm
c. 995mm+1.2m
d. 5.67cm+ 1156 mm — 0.25m

Calculate the value of each of the following.
a. 15cm 15 mm+ 27 cm 86 mm

b. 3km65m+ 79km 38 m

c. 66cm 15 mm — 26 cm 5 mm

d. 125m49cm —37m 79 cm
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13. The heights of Melbourne’s tallest building, the Eureka Tower, and Queensland’s tallest building, the Q1
building, measure 0.297 km and 322.5 m respectively.
a. State the tallest building.
b. Calculate the height difference, in metres, between the buildings.
c. Calculate the sum of the heights of both buildings, in metres.

14. The following graph shows the average height of the players in each of the AFL clubs in centimetres.

Average height per club
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Determine:

a. the average height of Collingwood players, in metres.

b. the difference between the average height of Carlton and Sydney players, in centimetres.

c. the difference between the tallest and smallest teams’ average height, in centimetres.

d. the League’s average height.

e. West Coast’s average height in millimetres.

f. two clubs whose difference in average height is 5 mm.

Fully worked solutions for this chapter are available online.
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LESSON
3.3 Perimeters of familiar and composite shapes

SYLLABUS LINKS

® Calculate perimeters of standard polygons, circles and arc lengths.
« circle: C=27r where C is circumference and r is radius
« arc length: /= l%oﬂr where [ is arc length, 6 is central angle and r is radius.

® Calculate perimeters of composite shapes [complex].
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

3.3.1 Perimeter

eles-1874
e The perimeter is the distance around the outside of an enclosed shape.
e To calculate the perimeter of a shape, change all lengths to the same units and add them together.

WORKED EXAMPLE 4 Calculating perimeters of standard polygons

Calculate the perimeter of the following shapes.

a. b. H

/\m 1 Lisem
Ll
L
24 cm

8 m
C.
Ogmm

30 mm

45 mm

THINK WRITE
a. 1. Add the distance along each edge of the triangle to a. P=124+9+38
calculate the perimeter. =29
2. Write your answer. The perimeter is 29 m.
b. 1. Add the distance along each edge of the rectangle to b. P =24+ 15+24 + 15
calculate the perimeter. =78
2. Write your answer. The perimeter is 78 cm.

c. 1. Add the distance along each edge of the hexagonto c¢. P=9+9+9+9+9+9
calculate the perimeter. =54

»

Write your answer. The perimeter is 54 mm.
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d. 1. Convert all lengths into the same units. d. 6cm=60mm

2. Add the distance along each edge of the triangle in P =060+30+45
millimetres to calculate the perimeter. =135
3. Write your answer. The perimeter is 135 mm.

WORKED EXAMPLE 5 Determining perimeters of real-life objects

Determine the perimeter of the following.

a. A square table of length 1.8 m

b. A rectangular yard 26 m by 30 m

c. An octagonal-shaped board game with side lengths of 42 cm

THINK WRITE
a. 1. Add the distance along each edge of the a. P=18+18+1.8+1.8
square to calculate the perimeter. =172
2. Write your answer. The perimeter is 7.2 m.
b. 1. Add the distance along each edge of the b. P=26+26+30+30
rectangle to calculate the perimeter. =112
2. Write your answer. The perimeter is 112 m.
c. 1. Add the distance along each edge of the C. P=424+42+42+42+42+42+42+42
octagon to calculate the perimeter. =336
2. Write your answer. The perimeter is 336 cm.

3.3.2 Circumference

e The circumference (C) is the term used for the perimeter of a circle.

e The diameter (D) of a circle is the distance from one side of the circle to the
other, passing through the centre.

e The radius (r) of a circle is the distance from the centre of the circle to the
outside and it is half the distance of the diameter.

Diameter

P

%
%

Circumference of a circle

The circumference of a circle is given by the formula:

C=2rr
or
C=n=nD

D
The diameter is twice the length of the radius. That is, D =2r or r = o
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WORKED EXAMPLE 6 Calculating circumference

Calculate the circumference of the following circle, correct to two decimal places.

THINK WRITE

1. Use the formula for the circumference of a circle in C=2nr
terms of the radius.

2. Substitute the radius into the equation and solve for C ~ C=2X7 X 12

using the 7 key on your calculator. = 75.398223 69
~ 75.40cm
3. Write the answer to two decimal places. The circumference approximately is 75.40 cm.

3.3.3 Arc length

e An arc is part of the circumference of a circle. 0%\\;\
e To calculate the arc length, we use the circumference of the whole circle and N
multiply it by the angle (as a fraction) that it forms at the centre of the circle.

3

Arc length
The arc length can be calculated by the following formula:
= 1 X 2@r
360
= —anmr
180

where:

1 is arc length

0 is central angle (in degrees)
r is radius.
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WORKED EXAMPLE 7 Determining arc length

Calculate the arc length of the each of the following shapes, correct to two decimal places.
a. b.

45°

THINK WRITE
a. 1. Determine the angle the ends of the arc make a. 6 = 360° —90°
with the centre. = 270°
2. Substitute the values for the radius and the Arc length = 9 X 7Tr
. 180
angle into the formula for the arc length.
270
=—XnrX24
180
~ 11.3097...
3. Write your answer. Arc length=11.31 cm
b. 1. Determine the angle the ends of the arc make b. 6 = 360° —45°
with the centre. =315°
2. Substitute the values for the radius and the Arc length = 9 Xy
angle into the formula for the arc length. LT
315
= —XmX72
180
~ 39.5840...
3. Write your answer. Arc length =39.58 cm

3.3.4 Perimeter of composite shapes [complex]

e A composite shape is a figure made by combining two or more simple shapes, such as rectangles, triangles
and circles, into one larger shape.

e The perimeter of a composite shape is the total distance around the outside of a shape.
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WORKED EXAMPLE 8 Calculating perimeters of composite shapes

Calculate the perimeter of the following shapes, correct to two decimal places.

a.
15 cm 15 cm
8 cm
25 cm
THINK
a. 1. Determine all of the outside lengths and
label them.

2. Determine the perimeter of the composite
shape.

3. Write your answer.

b. 1. Determine the different shapes that make
the composite shape.

2. Calculate the arc length of a semi-circle.

Recall that r = g

3. Calculate the perimeter of the shape by
adding all three sides.

4. Write your answer.

b.

16 cm

WRITE

a. Since the triangle is equilateral, all sides are
the same length. Therefore, the length of top
of the rectangle is 15 + ___ to equal the total
length of the rectangle, which is 25. Therefore,
the missing length is 10.
The height of the rectangle is 8 cm on both
sides.

15 cm 15 cm

10 cm

15Icm

25 cm
15+154+10+8+25+8 =81

The perimeter of the shape is 81 cm.

b. The shape is made up of a semi-circle and two
lengths of 16 cm.

Arc length = imf
180

180 7
— XZTX =
180 2
10.995 574 cm

P =10.995574+ 16+ 16
=42.995 574 cm
~ 43.00 cm

The perimeter is 43.00 cm.

CHAPTER 3 Linear and area measure

113



Exercise 3.3 Perimeters of familiar and composite shapes

3.3 Quick quiz (on)| 3.3 Exercise These questions are
even better in jacPLUS!
¢ Receive immediate feedback
Simple familiar Complex familiar Complex unfamiliar * Access sample responses
e Track results and progress
1,2,3,4,5,6,7,8, 15,16, 17 18

Find all this and MORE in jacPLUS @
9,10,11,12,13,14 |

Simple familiar

1. Calculate the perimeter of the following rectangles.

a. } b.

10 cm

4+ 4 8cm 6 cm

c. 85m d. 15.38 mm

4.83 mm

192 m

2. Calculate the perimeter of the following triangles.

a. b.
14.6 cm
8.6 m 12.16 m
11.5cm
L

123 cm

23.92m d.
18.72 mm
25.84 m
21.48 m

8.85 mm
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3. Calculate the perimeter of the following polygons.

a. b. C.

12.5m

o
n
Q
=]

6.2 mm

4. [l Calculate the perimeter of the following shapes.
a. b.

17 m IIm

25m

75 cm
65 cm

15m

1.1 m

o
;

5. [IIEA Determine the perimeter of the following.

a. A square table of length 1.2m
b. A rectangular yard 23 m by 37 m
c. An octagon of side length 25 cm

6. Calculate the perimeter of the following shapes.

a. b. 1.1m

85 cm
120 cm

60 cm

2.6 m
09 m

7. Calculate the perimeter of a triangle with side lengths of 7 cm, 8 cm and 10 cm respectively.

8. IIEZA Calculate the circumference of the following circles, correct to two decimal places.

a. b.
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9. Calculate the arc length of the following shapes, correct to two decimal places.

A <«———12cm—> b. C.

1.6 m

10. Calculate the arc length of the following shapes, correct to two decimal places.
a. b.

45°
245m

11. Calculate the arc length of the following shapes, correct to two decimal places.

a. b.
110°
1425 cme

12. Calculate the arc length of the following shapes, correct to two decimal places.

a. b.
1.75m
23 cm
c. d.
12.86 cm
8.7m
80°

13. Calculate the radius (in centimetres) of a bicycle wheel that travels 1 m in
one revolution.

14. The minute hand on a clock is 22 cm in length. Calculate the distance
travelled by the tip of the hand in 3 h.
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Complex familiar

15. [IZH Calculate the perimeter of the following shapes, correct to two decimal places where necessary.

a.
6 cm
11 cm
5cm
12 cm
C. 8.7 cm
4.2 cm
13.5cm 6.1 cm
10.3 cm
~—— 140 cm ——
e 4m

15 m

b.

13 m T

14 m

12m

13.52 cm

10.65 cm
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16. Calculate the perimeter of the following shape, correct to two decimal places.

12.8 cm

18.5cm

17. Calculate the amount of edge tape a cabinet-maker needs for this cabinet door, given it is made up of a
rectangle and semi-circle.

18 cm

12 cm

Complex unfamiliar

18. The straight sections of a running track are each 80 m long. The two curved sections at either end are semi-
circles of equal size. The total length of the inside lane (Lane 1) is exactly 400 m, and each lane is 1 m wide.
Assuming that each runner stays in the centre of their lane, calculate how much further ahead the runner in
Lane 2 must start so that both runners complete exactly 400 m. Give your answer correct to two decimal
places.

Fully worked solutions for this chapter are available online.
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LESSON
3.4 Units of area and estimation

SYLLABUS LINKS

* Estimate areas of different shapes.

e Use metric units of area (square millimetres, square centimetres, square metres, square kilometres, hectares),
their abbreviations (mm?, cm?, m?, km?, ha), conversions between them and appropriate choices of units.
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

3.4.1 Conversion of area units

e The area of a two-dimensional shape is the amount of space enclosed by
the shape.
e A square centimetre is the amount of space enclosed by a square with a length
1 cm and a width 1 cm.
e Some common metric units of area and their abbreviations are:
 square kilometres (kmz)
« square metres (m?)
 square centimetres (cm?)
« square millimetres (mm?)

Area=1cm?

e When converting area units you need to take into account that the shape is two-dimensional, thus squared

units. To convert area units:

1. determine the factor of conversion of the units of length (i.e. X 10 or + 100)

2. then square the conversion.
« Consider, for example, converting 1 cm? to mm?.

To convert from cm to mm, multiply by 10. Since area is two-dimensional we need to square the

conversion, so multiply by 10? = 100.
Therefore, 1 cm? = 1 x 100 mm? = 100 mm?.

1cm
lcm.

1 cm? = 100 mm?

1 cm =10 mm

. e

1 cm? = 100 mm?

Converting metric units of area

The following diagram shows how to convert between metric units of area.

x 1000? x 1007 x 10?

7N /N Y

1000%= 1000 000 100?= 10 000 10>= 100

square square square square
kilometres metres centimetres millimetres
(km?) (m?) (cm?) (mm?)

S xS

+ 10002 =+ 1002 =10?
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e Large parcels of land such as farmland are often measured in hectares (ha). One hectare is the space
enclosed by a square with side lengths equal to 100 m.

Hectares (ha)

1ha = 10000 m?

100 ha = 1km?
tors WORKED EXAMPLE 9 Converting units of area 1
int-
nt-4016 Convert the following units of area.
a. 56 cm? = mm? b. 78700 cm? = m? c. 591ha= km?
THINK WRITE
a. 1. To convert from cm? to mm?2, multiply by 10%. a. 56cm? = 56 x 10> mm?
2. Complete the calculation and write your answer. 56 cm? = 56 X 100 mm?
56 cm? = 5600 mm?
b. 1. To convert from cm? to m2, divide by 100°. b. 78700 cm? = 78 700 + 100° m?
2. Complete the calculation and write your answer. 78700 cm? = 78 700 < 10 000 m?
78700 cm? = 7.87 m?
c. 1. To convert from ha to km?, divide by 100. c. 591 ha = 591 + 100 km*
2. Complete the calculation and write your answer. 591 ha = 5.91km?

3.4.2 Area of a rectangle
int-4017
int-3784  * The area of a rectangle can by calculated by multiplying its length by its width.

Area of a rectangle

A=IxXw l

where:
I =length
w = width

-— = 5
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WORKED EXAMPLE 10 Converting units of area 2

Calculate the area of the following shape in:

12 cm
a. cm?
b. m?.
8 cm
THINK WRITE
a. 1. The shape is a rectangle, so use the area of a rectangle a. A=IXw
formula.
2. Substitute in /=12 cm and w =8 cm. A=12%8
=96

3. Write your answer. Area = 96 cm?

b. 1. To convert cm? to m2, divide by 100%. b. 96 cm? = 96 + 100> m2
= 0.0096 m?
2. Write your answer with the correct units. Area = 0.0096 m?

3.4.3 Estimation of area

e Follow the steps below as a guide to estimate the area of a shape when a square is not completely filled by
the object:
 If more than half of the square is covered, count it in the area.
o If less than half of the square is covered, don’t count it in the area.

WORKED EXAMPLE 11 Estimating area

Estimate the area of the following shape, giving your answer in units of squares.

THINK WRITE

1. Place a tick in each square that is more than half full.

2. Count the number of squares that contain a tick. Write ~ The area is approximately 6 square units.
your answer.
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Exercise 3.4 Units of area and estimation

Simple familiar

1’2’ 3’4! 5’ 6! 7’

3.4 Quick quiz 3.4 Exercise

Complex familiar Complex unfamiliar

N/A N/A

8,9,10,11,12, 13,
14,15,16,17,18

Simple familiar

1. Name the most appropriate unit for measuring each of the following.

a.
. Area of a fingerprint

. Area of a page from a novel

. Area of a painted wall in the lounge room
. Area of the surface of Uluru

. Area of a 5-cent coin

- O & O T

Area of a floor rug

2. State the metric unit of area you would use for measuring each of the
following.

- 0 O O T o

w

a.

. The palm of your hand

. A suburban house block

. A dairy farm

. Your fingernail

. Australia

. Your local football ground

2 2 2

mm b. cm c. m

4. [lIEA Convert the following units of area.

a.

(4]

a.

34cm? = mm? b. 14250 cm? = m?

. Convert the following units of area.

0.18m? = cm? b. 0.0798 km? = m?

learn[:

These questions are SARY.Ac
even better in jacPLUS! ’/ﬁv
ol

¢ Receive immediate feedback m
-

e Access sample responses
Find all this and MORE in jacPLUS @

* Track results and progress

. Provide two examples (that have not already been mentioned) of area that could be measured in:

d. km?
c. 592ha= km’

c. 374300 m? =

ha

6. Convert each of the following measurements to the units shown in the brackets.

a.
d.

2.3 cm? (mmz)

b. 2.57 m? (cmz)
27000m? (km?)

e. 87500 m? (ha)

c. 470 mm? (cmz)
f. 17000 cm?* (m?)

7. Convert each of the following measurements to the units shown in the brackets.

a.
d.

51200m? (ha)

b. 2.85ha (m?)
12.6 km? (ha)

e. 0.23ha (m?)

c. 8380 ha (km?)
f. 623450 m? (ha)

8. Convert each of the following measurements to the units shown in the brackets.

a.

0.048m? (mm?) b. 0.0012km” (cm?)

c. 300800 mm? (mz)

d. 4478 cm? (km®)
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9. If each square is 1 cm?, determine the area of the following shapes.

a. : b. I I l

10. Calculate the area of the following shapes.

a. 9 cm

6 cm

C. 247 m

13.1m

11. [IEIA Calculate the area of the following shapes in the specified units.

i. cm?
i. m?
a. 2.36m
1.45m
C. 24 m
85 cm

C. l d.
b. 12mm

6.5 mm
d. 9.75 cm
b. 58.25 mm

}

}
d. 250 mm

1.35m
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12. [lIIZEM Estimate the area of each of the following shapes (giving your answer in units of squares).
b.

a. C.

13. Estimate the area of the banner held up by the club members. Use
the squares shown in the diagram to help determine the area from
one end to the other, where each square represents 1 m.

14, Three different classrooms have respective areas of 3.75 m?,
46 000 cm? and 0.000 008 3 km?. Calculate the combined area of
the classrooms in square metres.

15. If a cricket pitch has an area of 60.36 m? and it is 3 m wide,
calculate the length of the cricket pitch.

16. A rectangular photograph measuring 8 cm by 10 cm is enlarged so
that its dimensions are doubled.

a. Calculate the area of the original photograph.

b. Calculate the dimensions of the new photograph.

c. Calculate the area of the new photograph.

d. Describe the relationship between the areas of the original and
the enlarged photographs by completing the following sentence:
If the side lengths of the rectangle are doubled, its area is

17. A rectangular flower bed measures 25 m by 14 m. A gravel path
2 m wide surrounds it.

a. Draw a diagram representing the flower bed and path.

b. Calculate the area of the flower bed.

c. Calculate the area of the gravel path.

d. If gravel costs $7.50 per square metre, calculate how much it
will cost to cover the path.

18. A wall in a house is to be painted. The wall is rectangular and
measures 9.5 m by 3.2 m. The wall has two rectangular windows,
2.4m by 80 cm.

a. Calculate the area of the wall to be painted in square metres.

b. If the wall needs three coats, calculate the amount of coverage of
paint that is required to paint the wall, in square metres.

c. If 1 litre of paint covers 5 m?, calculate the amount of paint
required, to the nearest litre.

d. If the paint costs $15.75 per litre, calculate the total cost to
complete the painting.

Fully worked solutions for this chapter are available online.
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LESSON
3.5 Areas of standard shapes

SYLLABUS LINKS

® Calculate areas of standard shapes, triangles, parallelograms and circles.

1
« triangle: A = —bh where b is base length and 4 is perpendicular height
2

« parallelogram: A = bh where b is base length and & is perpendicular height
« circle: A =7t/ where r is radius.
¢ Calculate areas of trapeziums and sectors [complex].

1
« trapezium: A = E(a + b)h where a and b are parallel lengths and # is perpendicular height

» sector: A = %mz where 6 is central angle and r is radius.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0

3.5.1 Area of standard two-dimensional shapes

int-3786
e The area of two-dimensional shapes can be calculated using the following formulae.

Shape Diagram Area formula
Square ! Asquare = IX1
=2
l
Rectangle ! ARectangle = I XW
. 1
Triangle ATriangle = Ebh
h
b
Parallelogram T Aparallelogram = bl
|
b
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WORKED EXAMPLE 12 Calculating area of triangles and parallelograms

Calculate the area of the following shapes.
a. b.

16.4 cm

12.5 cm

THINK

a. 1. Identify the shape as a triangle and use the area of a
triangle formula.

2. Substitute b=12.5cm and h=16.4 cm.

3. Write your answer with the correct units.

b. 1. Identify the shape as a parallelogram and apply the
area of a parallelogram formula.

2. Substitute b=11mand 2 = 6 m.

3. Write your answer with the correct units.

6m

11 m

WRITE

1
a. ATrianglC = 5 XbXh

1
ATriangle = 5 X 12.5%x16.4

= 102.5 cm?
The area is 102.5 cm?.

b. AParallelogram =Dbh

AParallelogram =11%x6
=66m’

The area is 66 m>.

3.5.2 Area of a trapezium [complex]

int-3789

int-3790 o The area of a trapezium can be calculated by the following formula:

int-4442

Area of a trapezium

1
ATrapezium = E @+b)h

-—a—>
I
h or
where: l 1
a and b are parallel lengths b J
-~ h—

h is the perpendicular height.
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WORKED EXAMPLE 13 Calculating the area of a trapezium

Calculate the area of the following shape.

<~ 4cm—>

THINK WRITE
. . 1
1. Identify the shape as a trapezium and use the A i = > (a+b)h

area of a trapezium formula.

1
2. Substitute a=4cm, b=7cm and h=3 cm. A e = 5 @+7)%3

1
=-(11)x3
5

_3
2
= 16.5 cm?

3. Write your answer with the correct units. The area is 16.5 cm?.

3.5.3 Area of a circle
int-3788
e The area of a circle can be calculated using the following formula.

Area of a circle

ACirde = ar?

where:
r is the radius.

D
Note: r=—.
2
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WORKED EXAMPLE 14 Calculating the area of a circle

Calculate the area of the following circle, correct to two decimal places.

m

L |

THINK WRITE
1. Write the formula for the area of a circle. s =
2. Determine the radius, given the diameter is 24 cm. The radius is half the length of the diameter,
so:
24
r=—
2
=12cm

3. Substitute » = 12 into the formula for the area of a circle Ac; . = 7 % 127
and evaluate the expression for the area. = 1447

~ 452.39 cm?

3.5.4 Area of a sector [complex]

int-6076
e The area of a sector can be calculated by finding the area of the circle and multiplying it by the fraction of
the angle that the sector forms at the centre of the circle.

Area of a sector

Area of a sector = & X nr?
360

where:
r is the radius
0 is the central angle that the sector makes with the centre of the circle, in degrees.
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WORKED EXAMPLE 15 Calculating the area of a semi-circle

Calculate the area of the following semi-circle, correct to two decimal places.

10 cm
THINK WRITE
1. Write the formula for the area of a circle. A=nr?
. . . 10cm
2. Determine the radius of the circle. 7= 5
=S5cm
3. Substitute r =5 cm into the formula for the A=mx5
area of a circle and evaluate the expression for  _ 79 54,2
the area.
.. . . . 78.54 cm?
4. Divide the answer by two since a semi-circle is A = Lo0n e
half of a circle. 2
=39.27cm
5. Write your answer with the correct units. The area of the semi-circle is 39.27 cm?.

WORKED EXAMPLE 16 Calculating the area of a sector

Calculate the area of the shaded region, correct to two decimal places.

THINK WRITE
1. Write the formula for the area of a sector. Area of a sector = 396 X T2
. 120 »
2. Substitute r = 8 cm and 6 = 120°. Area of a sector = % X7TX8
= 67.020643
~ 67.02 cm?
3. Write your answer with the correct units. The shaded area is 67.02 cm?.
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Exercise 3.5 Areas of standard shapes learn[:]}]

3.5 Quick quiz on 3.5 Exercise These questions are ABYAC

even better in jacPLUS! ﬁ’ 1.
¢ Receive immediate feedback Fb J
Simple familiar Complex familiar Complex unfamiliar * Access sample responses

* Track results and progress

8,9 14,15

-

Simple familiar

1. Calculate the area of the following triangles.

a. b.
4 m
8 cm -
24 m
5cm
C. d. ]
8 cm
15cm \
12 cm

10 cm

2. Calculate the area of a triangle with base length 12 cm and vertical height 12 cm.
3. Calculate the area of a parallelogram of length 25 cm and vertical height 5 cm.

4. Calculate the area of the following parallelograms.

a. 7 cm b. 15 cm

W
o)
2

/
[e)}
o >
3

C. «—65mm— d. <215cm—

f 5.36 cm
8 mm

/
/7
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5. llEHE Calculate the area of the following shapes.

a. b.
5 ITnm
!
7.4 m 9 mm

-« 4.8 m >

A
:
]

6. IIE Calculate the area of the following circles, correct to two decimal places.

7. The area of a circle is equal to 113.14 mm?. Calculate the length of the unknown radius.

8. Circular pizza trays come in three different sizes: small, medium
and large.

a. Calculate the area of each tray if the diameters are 20 cm, 30 cm
and 40 cm respectively.

b. Calculate the area of material that must be ordered to make
50 trays.

9. A rugby pitch is rectangular and measures 100 m in length and
68 m wide.

a. Calculate the area of the pitch.

b. If the pitch was laid with instant turf, with each sheet measuring
4m by 50 cm, calculate how many sheets of turf would be
required to cover the pitch.

c. If each sheet costs $10.50, calculate the cost to cover the pitch.
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Complex familiar

10. IIZEA Calculate the area of the following semi-circle, correct to two decimal places.

16 mm

11. Calculate the area of the following semi-circle, correct to two decimal places. 24 m

12. [EIZEH Calculate the area of the following trapeziums.

a. 10 cm b. 5cm

2.5
6 cm lm
= 6m
15 cm

C. 5cm d. 14 mm

18 mm
A 8cm
4cm 25 mm

13. [lIIZEM Calculate the area of the shaded region, correct to two decimal places.

14. Calculate the area of the shaded region, correct to two decimal places.
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15. Calculate the area of the shaded region, correct to two decimal places.

a. b.

Complex unfamiliar

16. A garden sprinkler is positioned at the centre of a circular garden. The sprinkler sprays water over a section

of the garden, covering an area of 50 m?. The sprinkler reaches up to 6 m from where it is placed. Determine
the angle at which the sprinkler sprays the water, correct to two decimal places.

Fully worked solutions for this chapter are available online.

LESSON
3.6 Areas of composite figures [complex]

SYLLABUS LINKS

¢ Calculate areas of composite figures by decomposing them into standard shapes [complex].
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

3.6.1 Sum of areas

* A composite figure can be divided into two or more sections, each of which is a smaller regular shape with
a known area formula.

e The shape shown below is a combination of a semi-circle and a triangle.

Triangle

e To find the area of a composite figure:

« divide the shape into smaller figures that have a known area formula
« calculate the area of each smaller figure

« calculate the area of the composite figure by adding the area of the smaller figures.
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y d-121<?e WORKED EXAMPLE 17 Calculating the area of composite figures by adding areas

Calculate the area of the following composite figure.

I 23 mm I
6 mm | 15 mm
15 mm
THINK WRITE
1. This composite figure is made up of a square and a Ayiall = ATrapesium - Asquare
trapezium. Add the areas of both to find the total area.

2. Calculate the area of the square. Asquare = X1

=15x%15

= 225 mm?

1
3. Calculate the area of the trapezium, where the height is A, = — (@ +b) 1
23—15=8mm. :
=5 6+15)x%8

= 84 mm?
4. Calculate the total area of the figure by adding the Aotal = ATrapezium + Asquare
two areas. = 84+ 225
= 309 mm?
5. Write your answer with the correct units. The area of the figure is 309 mm?.

3.6.2 Difference between areas

e Not all composite figures are made by adding a number of smaller shapes together.
e Some shapes are made by subtracting one shape from another.

" 121?7 WORKED EXAMPLE 18 Calculating the area of composite figures by subtracting areas
va-

Calculate the area of the shaded region.
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THINK

WRITE

1. This composite shape is a square with a triangle cut Ashaded = Asquare — ATriangle
out. Find the shaded area by subtracting the area of the
triangle from the area of the square.
2. Calculate the area of the square. Agquare = X1
=8X8
= 64 m?
. 1
3. Calculate the area of the triangle. Atiangle = Ebh
1
=-—Xx3x4
2
= 6m?
4. Calculate the shaded area by subtracting the area of the  Agj,gcq = Asquare — Ariangle
triangle from the area of the square. =64—-6
=58 m’
5. Write your answer with the correct units. The shaded area is 58 m>.
Exercise 3.6 Areas of composite figures [complex] learn
3.6 Quick quiz 3.6 Exercise These questions are L e
even better in jacPLUS! “0lh e
¢ Receive immediate feedback
Simple familiar Complex familiar Complex unfamiliar ¢ Access sample responses
e Track results and progress
9,10,11,12

Complex familiar

1. Name the smaller shapes that make the following composite shapes.

RS
S
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2, Calculate the area of the following composite figure.

12 cm

18 cm

3. Calculate the area of the following shape, correct to two decimal places.

4.5 cm

4. Calculate the area of the following composite shapes.

a. b. |‘_12 mm_.{

O
5
~
=
’4——

14 cm 18 cm
l 22 mm
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5. Calculate the area of the following composite shapes.

a. 6.5 cm b. / N\

N . -

2.1 cm L \
< A
\ 2

3.8cm i L2

5cm

c. T 5 d. 175 mm

33m

- .

-

6. [IZEH Calculate the area of the shaded region.

12 cm

20 cm

7. Calculate the area of the shaded region, correct to two decimal places.
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8. Calculate the shaded area of the following shapes.

a. b.

~— 7.5 mm——>

9. a. Calculate the area of the hexagon shown by dividing it into two trapeziums.
b. Calculate the area of the hexagon by dividing it into a rectangle and two
triangles.
c. Compare your answers from parts a and b.

20 cm

<— 24 cm—>'

10. A triangular pyramid can be constructed from the net shown. Calculate the total area of the net.

200 mm —»

]
1
1
1
1
1
1
)
)
1
1
I S —

11. Calculate the area of the shaded region of the following shapes, correct to two

a. I b. l

decimal places.

12. The leadlight panel shown depicts a sunrise over the mountains. The
mountain is represented by a green triangle 45 cm high. The orange sun
is represented by a section of a circle with an 18 cm radius. There are 10
orange sunrays in the shape of isosceles triangles with a base of 3 cm and
a height of 12 cm, and the sky is blue. Calculate the area of the leadlight
panel made of:

a. green glass

b. orange glass
c. blue glass.

-~ 90cm ——
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Complex unfamiliar

13. The door shown is 1 m wide, 2.2 m high and has four identical glass
panels, each measuring 76 cm by 15 cm.
The door is to be painted on both sides and requires two coats of paint.
Paint is sold in 1-1 tins at $24.95 per litre, and each litre covers 8 m? of the
surface. Calculate the total cost of painting the door.

15¢

5

14. Calculate the area of the shaded region shown.

15. A farmer is designing a new vegetable garden that consists of three sections:
e arectangular carrot patch that is 8 m long and 5 m wide
e atriangular lettuce patch with a base of 6 m and a height of 4 m
e a semi-circular herb garden with a diameter of 6 m.
The farmer wants to cover the entire garden with nutrient-rich soil. If the soil costs $3 per square metre,
calculate how much the farmer will spend on soil.

Fully worked solutions for this chapter are available online.
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LESSON
3.7 Surface areas of prisms and cylinders [complex]

SYLLABUS LINKS

® Calculate surface areas of prisms and cylinders [complex].
o cylinder: S =27 rh + 27tr* where r is radius and & is perpendicular height.
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

3.7.1 Total surface area

e The total surface area (TSA) of a 3-dimensional (3D)
object is the total area of each outer face of that object.

¢ The total surface area of a 3D object can be calculated
by finding the area of each individual face and adding
them together.

e Drawing a net of a solid can help you determine the
individual shapes of the faces that make up the solid.

e As with area, total surface area is measured using
squared units (mm?, cm?, m? or km?).

—>

3D object

Net

3.7.2 Total surface area of prisms
int-6079
in:_27;1 e A prism is a 3D shape with identical opposite ends joined by straight edges.

int-4531 e The total surface area of some common 3D objects can be calculated using appropriate formulae.

Prism Net Total surface area (TSA) formula
eles-1909
Cube | TSA =62
| 1 -
/// l i il J I
l 3 +1
!
Rectangular prism / TSA =2(lh + Iw + wh)
. L hyo
/JI_ _____________________ — w w
7/ w
; h ho 1
h h

Triangular prism TSA =bh+2Is + bl

Note: 2 X area of a triangle

s s 1
; <—bh>=bh
N N 2
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Total surface area of prisms

TSACube = 612
TSARectangular prism = 2(lh +lw + wh)

TSATriangular prism = bh + 2Is + bl

WORKED EXAMPLE 19 Calculating the total surface area of prisms

tivd-12158

Calculate the total surface of the following prisms.
a. T b.

oo oo

THINK WRITE

a. 1. Identify the object as a rectangular prism, and a. TSAgecungular prism = 28 + Iw + wh)
write the appropriate total surface area (TSA)
formula.
2. Identify the dimensions of the object. [=12cm,w=4cmand h=5cm

3. Substitute the length, width and height values TS Agectangutar prism = 2(12X 5+ 12X 4 +4X5)

into the TSA formula and calculate the TSA = 2(60 + 48 + 20)
of the rectangular prism. = 2(128)
=256
4. Write your answer with the correct units. The total surface area of the rectangular prism
is 256 cm?.

b. 1. Identify the object as a triangular prism, and ~ b. TS Aqyjaneutar prism = bl + 21s + bl
write the appropriate TSA formula.

2. Identify the dimensions of the object. b=Tm,s=6m,h=55mand /=11 m
3. Substitute the values into the TSA formula
and calculate the TSA of the triangular prism. TS Atriangutar prism = 7 X5.5+2X11X6+7X 11

= 247.5m?

4. Write your answer with the correct units. The total surface area of the triangular prism is
247.5m? .
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3.7.3 Total surface area of a cylinder

int-4532
int-6080  © Drawing the net of a cylinder can help determine the formula for the total surface area.

e A cylinder is made up of two circles and a curved surface (which when rolled out and flattened becomes a
rectangle).

Total surface area of a cylinder

The formula for the total surface area of a cylinder is:

TSA cylinder = 27rh + 271

12150 WORKED EXAMPLE 20 Calculating the total surface area of cylinders
vd-

Calculate the total surface area of the following cylinder, correct to two decimal places.

L 83mm
15 mm \‘\ .
D)
THINK WRITE
1. Identify the object as a cylinder, and write the TS Acylinger = 27trh + 27r?
appropriate total surface area (TSA) formula.
2. Identify the radius and the height of the cylinder. r=15mm, &= 83 mm
3. Substitute the value of the radius and height into the TSAcylinger =2 X7 X 15X 83 +2 X7 X 15
TSA formula and calculate the TSA of the cylinder. = 24907 4+ 4507
= 29407
~ 9236.282401 55
4. Write your answer using the correct units. The total surface area of the cylinder is
9236.28 mm?.
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Exercise 3.7 Surface areas of prisms and cylinders [complex]

3.7 Quick quiz

Simple familiar

1

Simple familiar

Complex familiar

2’ 3! 4! 5! 6’ 7! 8’ 97
10,11,12,13

3.7 Exercise

14,15

1. Identify the shapes below that are prisms.

a.

Complex

familiar

Complex unfamiliar

learn(.

These questions are

even better in jacPLUS!

¢ Receive immediate feedback
e Access sample responses

e Track results and progress

Find all this and MORE in jacPLUS @

2. Calculate the total surface area of a cube with the following side lengths.

a. 4cm

b. 12.5mm

3. IlIIZEA Calculate the total surface area of the following prisms.

a.

4. Calculate the total surface area of the following rectangular prisms.

33 cm

3
c. 0.85m d. 7-cm
4
b.
8 cm
6 cm 13 cm
18 cm
10 cm
b. :
i 2.8 m
S [—
2l 0.3m
0.4 m
dl 1
| 0.8 cm
/”/ 2.8 cm
3.4cm
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5. For each of the following triangular prisms, calculate:

i. the area of the triangular face
ii. the area of each of the three rectangular faces
iii. the total surface area.

A 2em NS cm

8 cm

6. IZXA Calculate the total surface area of the following cylinders, correct to two decimal places.

& <«—— 125m —> b. 12 mm

. e
i 49 cm

7. Calculate the total surface area of the following cylinder, correct to two decimal places.

2 ¢m

6 cm

8. Calculate the side length of a cube with a total surface area of 384 m?.

9. Calculate the total surface area of the tin of tennis balls shown, correct to two
decimal places, in:

a. mm? b. cm?.

10. Calculate the surface area of a cylinder with radius of 9 m and a height of
12.5 m, correct to one decimal place.

11. A cylindrical water tank has a radius of 4.2 m and a height of 7.8 m.
Calculate the total surface area of the tank, including the top and bottom 270 mm
surfaces, to the nearest whole number.

12. A storage container is shaped like a triangular prism. The triangular cross-
section has a base of 5 m, a height of 4 m and a slant height of 6 m. The
prism is 8 m long. Calculate the total surface area, including all faces.

13. A tent is in the shape of a triangular prism. The triangular cross-section has a
base of 6 m, a height of 5 m and a slant height of 7 m. The length of the tent
is 10 m. Calculate the total surface area of the tent, including all faces.
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Complex unfamiliar

14. An outdoor storage unit is in the shape of a triangular prism. The triangular cross-section has a base of 9 m,
a height of 6 m and a slant height of 10 m. The unit is covered with paint on all its faces, except for one of
the triangular ends, which remains unpainted. The length of the prism is 12 m.
The cost of painting the triangular face is $5 per square metre, and the cost of painting the rectangular faces
is $3 per square metre. Calculate the total cost of painting the storage unit.

15. A hexagonal-based prism is shown below. The sides of the hexagon are 3.924 cm. Based on this information,
calculate the surface area of the prism, correct to two decimal places.

/

8 cm

/

A =40 cm?

Fully worked solutions for this chapter are available online.

LESSON
3.8 Surface areas of pyramids and cones [complex]

SYLLABUS LINKS

¢ Calculate surface areas of pyramids and cones [complex].
« cone: S = 7rrs + 7tr* where ris radius and s is slant height.
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

3.8.1 Total surface area of a cone

e The total surface area of a cone, when the radius r and the slant height s are known, can
be found using the formula shown.

¢ The slant height is the measurement along the side of the cone, not the vertical height /&
of the cone.

Total surface area of a cone

TSAcone = 7rs + xr’
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tlvd-12160

WORKED EXAMPLE 21 Calculating the surface area of a cone

Calculate the total surface area of the cone shown, correct to two decimal places. \
15 cm
10 cm
THINK WRITE

1. Identify the shape as a cone and write the appropriate TSAcone = 7rs + 7wr?
total surface area (TSA) formula.

2. Identify the dimensions of the object. r=10cm and s =15 cm

3. Substitute the values for the radius and the slant height TSA(,,. = 7 x 10% 15+ 7 x 10

into the TSA formula and calculate the TSA of the cone. = 1507 + 1007
= 2507
= 785.398 163 4
~ 785.40
4. Write your answer with the correct units. The total surface area of the cone is
785.40 cm?.

3.8.2 Total surface area of pyramids

e The total surface area of a pyramid can be calculated by adding the area of the base to the area of each of
its sides.
e Taking the square-based pyramid as an example, its total surface area can be found as shown.

+ 4 %

Total surface area of a square-based pyramid

TSASquare-based pyramid = ABase +4 XASides

e This formula can be adapted for rectangular-based pyramids and triangular-based pyramids.
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. d-12{-é:1 WORKED EXAMPLE 22 Calculating the surface area of a pyramid

Calculate the surface of the following square-based pyramid.

THINK WRITE
1. Calculate the area of the square base. A=P
= 62
= 36cm?
2. Calculate the area of a triangular side. A= lbh
Note that each side is identical and the %
height of each triangular side is 5 cm. = 5 X6X5
=15cm?
3. Calculate the total surface area. TSA =364+4X%15
(Note.‘ There are four identical triangular — G5l
sides.)

Exercise 3.8 Surface areas of pyramids and cones [complex] learn:]

3.8 Quick quiz on 3.8 Exercise These questions are ~4 B e
even better in jacPLUS!  “(lf) 4l
* Receive immediate feedback g i
Simple familiar Complex familiar Complex unfamiliar * Access sample responses

® Track results and progress

Complex familiar

1. IZ2N Calculate the total surface area of the following cone, correct to two decimal places.

\

3.8 m

1.8 m
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2. Calculate the total surface area of the following shape, correct to two decimal places.

18.6 mm

N

23.4 mm

3. Calculate the total surface area of the following shapes, correct to two decimal places.
a. b.

12.5m 42 m

4 cm

4. IZZA Calculate the total surface of the square pyramid.

13 cm

10 cm

=

5. Calculate the total surface area of the square pyramid.

10.5m

.

8.4 m

6. The following square-based triangular prism has four equal triangular faces. The perpendicular height of the
triangle face is 9.37 cm. Calculate the total surface area.

S

15 cm
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7. The following square-based triangular prism has four equal triangular faces. The perpendicular height of the
triangular face is 2.38 m. Calculate the total surface area.

1.5m

8. A cone has a radius of 2 cm and a slant height of 5 cm. Calculate the total surface area of the cone, correct to
two decimal places.

9. A cone has a radius of 4 cm and a slant height of 6 cm. Calculate the total surface area of the cone.

10. A square-based prism has a square base with a side length of 5 cm. Each triangular face has a perpendicular
height of 7 cm. Calculate the total surface area of the prism.

11. A square-based triangular prism has four equal triangular faces. The perpendicular height of the triangular
face is 6.8 m, with sides of the square being 3.2 m. Calculate the total surface area.

Complex unfamiliar

12. A square-based pyramid contains triangles with a perpendicular height of x cm. The side lengths of the
square are 12 cm, and the total surface area is 340 cm?. Calculate the length of x, correct to two decimal
places.

13. Meleena is comparing two model square-based pyramids. The first pyramid has triangles with a
perpendicular height of 12 cm, and the square base is 16 cm?. The second pyramid has triangles with the
same perpendicular height; however, the sides of the square base are 15 per cent greater. Determine the
difference between the surface area of both pyramids.

14. The surface area of a cone is 650 m?2. The radius is 10 m; however, the slant height is unknown. Calculate
the slant height, correct to two decimal places.

15. Two cone designs need to be compared in terms of surface area. Cone 1 has a slant height of 16 cm and a
radius of 7 cm. In Cone 2 the values are swapped, so it has a slant height of 7 cm and a radius of 16 cm.
Determine which design produces the greater surface area.

16. A glamping company, BushLife, wants to commission fully enclosed conical tents with a base diameter of
5 m and a slant height of 6 m. The manufacturer must calculate the fabric required for each tent, considering
both the curved surface area and the circular base. If BushLife supplies the manufacturer with a 1000-m roll
of 4-m wide fabric, determine how many tents can be produced.

Fully worked solutions for this chapter are available online.
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LESSON
3.9 Surface areas of composite shapes
and spheres [complex]

SYLLABUS LINKS

¢ Calculate surface areas of composite shapes and spheres [complex].
« sphere: S =47 where r is radius.
Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

3.9.1 Total surface area of a sphere

e A sphere is a round solid figure, such as a tennis ball, soccer ball or basketball.

Total surface area of a sphere

The formula for the total surface area of a sphere is: l ﬁ

TSAgphere = 477 a

WORKED EXAMPLE 23 Calculating the area of a sphere

Calculate the total surface area of a basketball with a radius of 15 cm, correct to
two decimal places.

THINK WRITE
1. Identify the basketball as a sphere, and write the TSAgphere = Arr?
appropriate total surface area (TSA) formula.
2. Identify the radius of the sphere. r=15cm
3. Substitute the value of the radius into the TSA formula ~ TSAg.,. =4 X7 X 15°
and calculate the TSA of the basketball. =4 X7 X225
= 9007
= 2827.433 388
~ 2827.43 cm?
4. Write your answer with the correct units. The TSA of the basketball is 2827.43 cm?.
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3.9.2 Surface area of composite shapes

e Like the area of combined 2-dimensional (2D) shapes, some 3D shapes can be made by combining two or
more regular 3D objects.

¢ In the example below, we can see the 3D object can be separated into a cube and a square-based pyramid as
shown.

* Note:
o When two 3D shapes are combined, adding the total surface area of the two individual shapes is
generally not correct.
o Referring to the cube and the square-based pyramid above, the top of the cube (green) and the base of
the square-based pyramid (pink) sit on top of each other and are therefore no longer an outside surface.
o Remember that the total surface area is the area of all the outside surfaces (i.e. the surfaces that can
be touched).

tvdt2160 WORKED EXAMPLE 24 Calculating the surface area of composite shapes

Calculate the total surface area of the following shape.

3cm
THINK WRITE
1. The total surface area of the shape is made up  TSA =5 X Acype sides + 4 X Apyramid sides
of five faces of the cube and four sides of the
pyramid.
2. Calculate the area of one cube face. —
=3x%X3
=9cm?
4
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3. Calculate the area of one pyramid face.

4. Calculate the total surface area of the shape.

5. Write your answer with the correct units.

1

APyramid sides — Ebh
1
=-X3X5
2
=7.5cm?
TSA =5 X Acype sides T4 ><APyramid sides
=5%X9+4x%x7.5
=45+30

=175
The total surface area of the shape is 75 cm?.

Exercise 3.9 Surface areas of composite shapes

and spheres [complex]

3.9 Quick quiz

3.9 Exercise

learn[. ;|

These questions are
even better in jacPLUS!

Simple familiar Complex familiar Com

N/A 1,2,3,4,5,6,7, 8,

9,10,11,12,13

Complex familiar

14,15,16

¢ Receive immediate feedback
e Access sample responses
* Track results and progress

Find all this and MORE in jacPLUS @

plex unfamiliar

1. INIZZA Calculate the total surface area of the following sphere, correct to two decimal places.

£

3

NS

Ris
W5

B

2. Calculate the total surface area of the following shapes, correct to two decimal places.

a.

[«— 3.1 mm —>|

b.

'4-—250m—>
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3. Calculate the total surface area of a tennis ball with a diameter of 6 cm, correct to two decimal places.

4. A sphere has a total surface area of 125 cm®. Calculate the radius of the sphere correct to two decimal
places.

5. Calculate the surface area of the following shape, correct to two decimal places.

6. IITZZA Calculate the total surface area of the following shape.

8 cm

7. Calculate the total surface area of the shape shown, correct to one decimal place.
/\ 5.02cm
M

42cm E 7

|
|
|
} 7.2 cm
|
|
|
|
|

8. A 22 mm cube has a square-based pyramid on top of it, where the triangular faces have a 25.75 mm
perpendicular height. Calculate the total surface area of the shape, correct to two decimal places.

9. Calculate the total surface area of a hemisphere of radius 6 cm that sits on a cylinder of radius 6 cm and
height of 12 cm.
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10. Calculate the total surface area of two cones joined together at their circular bases if they both have a
diameter of 24 cm and a slant length of 18 cm.

11. Calculate the total surface area of the following shapes, correct to two decimal places.

/\

[<«—20 cm —>]

12. Calculate the total surface area of the following shape, correct to two decimal places.

8 cm

13. The drawing shown is a part of a child’s playground toy. Calculate the total surface area, correct to two
decimal places.

I

I

I

|

S ‘

‘J' A T

0.8 m : :

f /| | !
P | P \ e e
4 y fics L s

1.6 m

Complex unfamiliar

14. Calculate the total surface area of a cube with side length 15 cm that has a hole drilled through it with a
diameter of 4 cm. Round the answer correct to two decimal places.

15. A large cylindrical concrete tank needs to be painted inside and outside (excluding the outside bottom). The cost
of the paint per square metre is $17.50. If the height and the outer diameter of the tank are both 5 m and the inner
diameter and height are both 4.5 m, calculate the total cost to paint the concrete tank, to the nearest dollar.

16. A caterer needs to create a three-tiered cake for a wedding. The diameters of the three cake tins they have are
30 cm, 25 cm and 20 cm. If each layer is 10 cm tall, calculate the total surface area that needs to be iced and
decorated, correct to one decimal place.

Fully worked solutions for this chapter are available online.
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LESSON
3.10 Review

3.10.1 Summary

Hey students! Now that it's time to revise this chapter, go online to: @ ?
é Access the . Review o Watch teacher-led " Practise questions with 5
. chapter summary ' _.© your results videos immediate feedback i

Find all this and MORE in jacPLUS @

3.10 Exercise learn[:]])
3.10 Exercise \ These questions are ~LBYa
a | even betterin jacPLUS! (¢ -
¢ Receive immediate feedback N |
Simple familiar Complex familiar Complex unfamiliar * Access sample responses

e Track results and progress

13,14, 15,16, 17, ‘

18

Simple familiar

1. Calculate the perimeter of the following shape.

1.35m

95 cm

78 cm

2. Calculate the area of the following shapes.

a. 25.6 mm b. 5.76 m

1.85 cm

12.93 m
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3. Calculate the arc length of the following shape, correct to two decimal places.

3.6 cm

4. Select the most appropriate unit (mm?, cm?, m? or km?) for measuring each of the following areas.

a. 5-cent coin

b. School oval

c. The Great Barrier Reef
d. A pencil case

5. Convert the following metric units of length.

a. 5Skm= m

b. 30 000 mm = m

c.6m= cm

d. 400 000 000 cm = km

6. Tennis is played on a rectangular court, with dimensions as shown.

0.8 m

10.5 m
8.5m

1ESFm

a. Determine what length of tape would be required to mark all the lines shown on the court.
b. Determine the area of the tennis court.

Complex familiar

7. Calculate the area of the following shape.

12.3 cm 47 cm

8.2cm
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8. Calculate the area of the following shapes, correct to two decimal places.
a. b.

7.2 mm
248°
60° o

7.76 cm

9. Calculate the total surface area of the following rectangular prism.

2.5cm

8.6 cm

10.3 cm

10. Calculate the total surface area of a sphere with a radius of 32 cm.

11. Calculate the area of the following shapes, correct to two decimal places.

a. <« 197 m—>
123 m
- 21.5m >

20 cm

¢

12. Calculate the total surface area of the following shapes, correct to two decimal places.

a. 7.25 mm b.

T 2.5cm

18.56 mm

'

4 cm 3cm
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13. For the given shape:

a. calculate the perimeter
b. calculate the area.

4.6 cm

4.1 cm

3.7cm

12.9 cm

14. Determine the total surface area of the following shape, correct to two decimal places.

A

86 cm

O
el

15. A cube of length 18 cm has a hole with a 6 cm diameter drilled through its centre. Calculate the total
surface area of the new shape.

16. Calculate the total surface area of the following shapes, correct to one decimal place.

a. b. 7\
T ERES 1180 cm

Y :
N\ |«——150 cm—>

70 cm

}<30 cm *l\‘/
17. A rectangular garden bed has a length of 15.35 m and a width of 9.52 m. An 85-cm wide path is built on
the outside of the garden bed, reducing the size of the garden bed.

a. Calculate the perimeter of the garden bed before the path was built.
b. Calculate the perimeter of the garden bed after the path is built.
c. Determine the area of the garden bed once the path is built.

18. A tin contains four tennis balls, each with a diameter of 6.3 cm. The
tin has a height of 27.2 cm and a diameter of 73 mm.

a. Determine the circumference of the lid. 7
b. Calculate the total surface area of the tin.
c. Calculate the total surface area of the four tennis balls.
d. Determine the difference between the total surface area of the four
tennis balls and surface area of
the tin.
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Complex unfamiliar

19. If a rectangular prism can be made from the following net, determine if the total surface area of the prism
is a greater numerical value than the perimeter.

0.6 m

60 cm
om R

20. An Olympic swimming pool is 50 m long, 25 m wide and 1.8 m deep.
When Haylee begins her swimming training the pool is completely full of water; however, it is leaking
at a rate of 920 I/min. She completes one lap every minute. Determine the percentage volume of the pool
that has leaked when Haylee has swum 2.5 km.

Fully worked solutions for this chapter are available online.

Hey teachers! Create custom assignments for this chapter

~ Create and assign Access quarantined K= 1ok your
| ; - )
v o unique tests and exams tests and assessments 4 5  students’ results

Find all this and MORE in jacPLUS ®
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Answers

Chapter 3 Linear and area
measure
3.2 Units of length and estimation

3.2 Exercise

1. a. Metres b. Centimetres
c. Kilometres d. Millimetres

2.a.283m b.5.2m c.41.8cm
d. 0.45km e. 5500 m f. 78.459 m
g. 37800 mm h. 0.065 km

3. 3750 mm

4. 95600 m

5.0.875m

6. a. 270 m b. 73.5m
c.25.7cm d. 130000 cm

7.a.15.18m b. 6.08 m

8. Since Brisbane to Sydney is a large distance, you would
use a large unit such as kilometres.

9. 177cm

10. a. 2400 cm, 135m, 0.15km
b. 120mm, 25 cm, 0.5 m
c. 9m, 10000 mm, 0.45 km
d. 32000 cm, 1 km, 1200 m
11. a. 2.0cm b. 154 cm
c. 219.5cm d. 96.27 cm
12. a. 52cm I mm or 52.1 cm b. 82km 103 m or 82.103 km
c.4lcm d. 87.7m
18. a. The Q1 b. 25.5m c. 619.5m
14. a. 1.88m
b. 1.05cm
c.2.21cm
d. 187.75cm
e. 1875 mm
f. West Coast (1875 mm) and St Kilda (1870 mm)

3.3 Perimeters of familiar and
composite shapes

3.3 Exercise

1. a.32cm b. 32cm
c.554m d. 40.42 mm
2. a.38.4cm b. 29.36 m
c. 71.24m d. 46.29 mm
3. a. 34cm b. 31 mm c.75m
4.a.41m b. 88 m
c.90m d. 250 cm
5. a.4.8m b. 120 m c. 200cm
6. a. 690cm b. 3.8m
7.25cm

8. a. 35.19cm b. 3314.38 mm

9. a. 18.85cm b.2.51m c. 10.37cm
10. a. 5.13m b. 27.49 cm
11. a. 44.77 cm b. 45.08 mm
12. a. 4.62cm b. 8.86 m
c. 12.15m d. 47.81 cm
13. 15.92cm
14. 414.69 cm
15. a. 46cm b. 58 m c. 55cm
d. 53.94cm e. 40.28 m f. 81.68 cm
16. 57.11 cm
17. 66.8 cm
18. 6.30 m

3.4 Units of area and estimation

3.4 Exercise

1. a. m? b. mm? c. cm?
d. m? e. km? f. mm?

2. a. cm? b. m? c. ha
d. mm? e. km® f. m?

3. There are many possible answers. Some examples are
given.
a. A computer chip or face of a small diamond

. A fridge magnet or dinner plate

. A block of land or surface of a concrete slab

. Tasmania or Kakadu National Park

.3400mm®  b. 1.4250m> ¢ 5.92km?

5. a. 1800 cm® b. 79 800 m> c. 37.43ha

O O 0 T

6. a. 230 mm?> b.25700cm?>  c. 4.7 cm?
d. 0.027 km? e. 8.75ha f. 1.7 m?
7.a.5.12ha b. 28 500 m> c. 83.8km?
d. 1260 ha e. 2300 m? f. 62.345ha
8. a. 48 000 mm? b. 12000 000 cm?
c. 0.3008 m? d. 0.000 000447 8 km?
9. a. 5squares = 5 cm? b. 9 squares = 9 cm?
c. 10 squares = 10 cm? d. 15 squares = 15 cm?
10. a. 54 cm? b. 7.8 mm?>
c. 323.57m? d. 95.0625 cm?
11. a. i. 34220 cm?
i 3.422 m?
b. i. 33.93 cm?
i 0.003 393 m>
c. i. 20400 cm?
i 2.04m>
d. i. 3375 cm?
i 0.3375m?
12. a. 18 squares b. 25 squares c. 15 squares
13. 108 m?
14. 16.65 m>
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15. 20.12m
16. a. 80 cm’®

b. Width=16cm
Length=20cm

c. 320 cm?
d. Multiplied by 4 or quadrupled
17. a.
25 m
14 m 18 m
29 m
b. 350 m?
c. 172m?
d. $1290
18. a. 26.56m> b. 79.68m> c. 16litres  d. $252

3.5 Areas of standard shapes

3.5 Exercise

1. a. 20cm® b. 48 m? c. 75em? d. 48cm’®
2. 72 cm?
3. 125 cm?
4. a. 35cm? b. 90 cm?
c. 52mm? d. 11.524 cm?
5. a. 17.76 m? b. 37.5 mm?
6. a. 78.54 cm? b. 66.48 cm?
c. 122.72 cm? d. 128.68 m*
7. 6mm

8. a. Small = 314.16 cm?
Medium = 706.86 cm?
Large = 1256.64 cm?
b. 113 883 cm®
9. a. 6800 m? b. 3400
c. $35700
10. 402.12 mm?
11. 226.19 m?
12. a. 75 cm? b. 13.75 m?
c. 30cm? d. 351 mm®
13. 113.10 cm?
14. 14.58 m?
15. a. 84.82 cm’ b. 99.53 m>

16. 6 = 159.15°

3.6 Areas of composite figures [complex]

3.6 Exercise
1. a. Parallelogram and semi-circle
b. Square and four semi-circles
c. Trapezium and rectangle
d. Triangle and semi-circle
2. 120cm?

3. 23.03 cm’?

4. a. 48 m? b. 154 mm?
c. 272 cm? d. 384 mm?
5. a. 29.225 cm? b. 25.63 cm?
c. 756 m? d. 42651.41 mm?
6. 156 cm?
7. 109.87 cm?
8. a.40.18mm>  b. 31.49 cm?
9. a. 360 cm?
b. 360 cm?

c. They are the same as you would expect.
10. 9600 mm*
11. a. 3279.82cm®  b. 96.10cm?

12. a. 2025 cm? b. 943.41cm?>  c. 6031.59 cm?
13. $24.95

14. 28.54 cm?

15. $198.42

3.7 Surface areas of prisms and
cylinders [complex]

3.7 Exercise

1. a. Prism b. Not a prism
c. Not a prism d. Prism

2. a. 96 cm? b. 937.5 mm?>
c. 4.335m? d. 360.375 cm?®

3. a. 516 cm? b. 768 cm?

4. a. 14832 cm? b. 4.16 m?
c. 1177 mm? d. 28.96 cm?

5. a. i. 30cm?
104 cm?, 40 cm?, 96 cm?
iii. 300 cm?
b. i.26.82cm?
147.6 cm?, 147.6 cm?, 166.05 cm?
iii. 514.89 cm?
6. a. 2.30 m? b. 1523.04 mm?
c. 848.23 cm? d. 36 128.32 cm?
7. 100.53 cm?
8. 8m
9. a. 72452.98 mm?> b. 724.5298 cm?

10. 1215.8 m?
11. 317 m?
12. 156 m?
13. 230 m?
14. $1179
15. 268.35 cm?

3.8 Surface areas of pyramids and
cones [complex]

3.8 Exercise
1. 31.67 m?
2. 2454.21 mm?
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16.

3.

.a. 125.66cm?>  b. 220.35m?

. 360 cm?

. 246.96 cm?
. 506.1cm”
9.39 m?

. 43.98 cm?

. 125.66 cm?
. 95cm’?

. 53.76 m?

. 8.17cm

. 19.56 cm*

. 10.69 m

. Cone 2 has the greater surface area.
59 tents

9 Surface areas of composite shapes and

spheres [complex]

3.

10.
11.
12.
13.

1
2
3.
4
5.
6.
7
8
9,

9 Exercise

. 66.48 m?
. a. 30.19 mm?

. 113.10cm?

. 3.15cm
254.85 cm’®

. 480 cm?

. 344.3 cm?

. 3552.95 mm?

. 791.68 cm®
1357.17 cm?

a. 2324.78 cm®

326.73 cm?
20.30 m?

b. 1963.50 cm®

b. 10.65 m>

14. 1513.36 cm?
15. $3388
16. 3063.1 cm?
3.10 Review
3.10 Exercise
1. 308 cm
2. a.473.6mm*>  b.76.48 m?
3. 16.96 cm
4. a. mm’ b. m?
c. km? d. cm?
5. a. 5000 m b. 30 m
c. 600 cm d. 4000 km
6.a.101.7m b. 136.35 m*
7. 69.7 cm?
8.a. 135.72mm’  b. 58.86 cm?
9. 271.66 cm?
10. 12867.96 cm?
11.a.312.79m*>  b. 123.29cm?
12. a. 1175.73c¢cm?  b. 42cm’®
13. a. 41.4cm b. 66.59 cm?
14. 0.65m?
15. 2226.74 cm?
16. a. 11 105.53 cm? b. 57 805.30 cm?
17. a. 49.74m b. 42.94m c. 106.743 m?
18. a. 22.93cm b. 707.50 cm?
c. 498.76 cm® d. 208.74 cm®
19. The perimeter is a greater numerical value.
20. 2 per cent has leaked.
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UNIT 3 Measurement, scales and chance
TOPIC 1 Measurement

Volume, capacity, time ¢

and mass 4
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4.3 Volumes and capacities of prisms and cylinders ..

4.4 Volumes and capacities of pyramids and CONes ...,
4.5 Volumes and capacities of composite shapes and spheres [complex]
4.6 Units of time .

4.7 Units of mass

4.8 Review ...

Answers

Fully worked solutions for this chapter are available online.
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Solutions Solutions — Chapter 4
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LESSON
4.1 Overview

Hey students! Bring these pages to life online

Watch Engage with " Answer questions
videos interactivities and check results

Find all this and MORE in jacPLUS C)

4.1.1 Introduction

Understanding volume, capacity, time and mass is essential for students, as these concepts form the foundation
of many real-world applications and advanced studies. In the sub-topic of volume and capacity, students learn
to estimate and calculate the volumes and capacities of various objects. This includes understanding how to
determine the volumes of different shapes such as prisms, cylinders, pyramids, cones and spheres.

Learning these calculations helps students develop critical thinking and problem-solving skills. Estimating

and calculating volumes and capacities are not only vital in mathematics, but also in fields like engineering,
architecture and environmental science. By mastering these concepts, students gain the ability to tackle complex
problems, understand the physical world better and prepare for future academic and career opportunities.
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4.1.2 Syllabus links

Lesson ‘ Lesson title ‘ Syllabus links

4.2

4.3

4.4

4.5

4.6

4.7

Units of volume and
capacity

Volumes and
capacities of prisms
and cylinders

Volumes and
capacities of
pyramids and cones

Volumes and
capacities of
composite shapes
and spheres
[complex]

Units of time

Units of mass

() Estimate volumes and capacities of various objects.
O Use metric units of volume (cubic millimetres, cubic centimetres, cubic

metres, cubic kilometres), their abbreviations (mm?, cm?, m*, km®), conversions
between them and appropriate choices of units
O Understand and use the relationship between volume and capacity,

recognising that 1 cm® = 1 mL (millilitre), 1000 cm® = 1 L (litre), 1 m® =1 kL
(kilolitre), 1000 kL = 1 ML (megalitre).

O Calculate volumes and capacities of prisms and cylinders.
e prism: V=Ah where A is base area and # is perpendicular height
e cylinder: V= 7*h where r is radius and # is perpendicular height.

O Calculate volumes and capacities of pyramids and cones.

1
e pyramid: V= gAh where A is base area and 7 is perpendicular height
1
e cone: V= —7m2h where ris radius and # is perpendicular height.
3
Calculate volumes and capacities of composite shapes and spheres

[complex].

e sphere: V= -7 where ris radius.
3

O Use units of time and convert between fractional, decimal and digital
representations.

O Use metric units of mass (milligrams, grams, kilograms, tonnes), their
abbreviations (mg, g, kg, t), conversions between them and appropriate
choices of units.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.
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LESSON
4.2 Units of volume and capacity

SYLLABUS LINKS

¢ Estimate volumes and capacities of various objects.

¢ Use metric units of volume (cubic millimetres, cubic centimetres, cubic metres, cubic kilometres), their
abbreviations (mm?, cm?, m?, km®), conversions between them and appropriate choices of units

¢ Understand and use the relationship between volume and capacity, recognising that 1 cm?® = 1 mL (millilitre),
1000 cm?® =1 L (litre), 1 m® = 1 kL (kilolitre), 1000 kL = 1 ML (megalitre).

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

4.2.1 Metric units of volume

e The volume of a 3-dimensional object is the amount of space that can be occupied inside it. This can be
measured by counting the number of cube-shaped units that will fit into the space that the object occupies.

e Volume can be used to describe the size of a pool or the space inside a room as examples.

¢ The units commonly used to describe the volume of an object are the cubic millimetre

(mm?), cubic centimetre (cm?) and cubic metre (m?). One cubic centimetre is the space 1ecm
occupied by a cube with side lengths equal to 1 cm. 1 cm?®
* One cubic metre is the space occupied by a cube with side lengths equal to 1 m; however, 1 1 cm
cm

something with a volume of one cubic metre can take many different shapes.

WORKED EXAMPLE 1 Estimate volume

Determine how many cubic centimetres are in the solid shape shown below, given each small cube
represents 1 cm>.

THINK WRITE
1. Count the number of cubes. Number =2 x 12
There are 12 cubes in each layer, and = 24 cubes

there are two layers.

2. Each cube has a volume of 1 cm?. Volume = 24 cm®
Express the volume in terms of cm?.
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4.2.2 Converting metric units of volume

e Converting units of volume means raising the conversion factor to the power of 3 because volume measures
three dimensions: length, width and height.

e For example, when you convert from cubic centimetres to cubic metres, you multiply the conversion factor
(100 cm = 1 m) for each dimension. So, (100%) equals 1 000 000 cubic centimetres per cubic metre.

Converting units of volume
Metric units of volume can be converted according to the diagram below.

x 10003 x 100° x 103

OO/ N /N

cubic cubic cubic cubic
kilometres metres centimetres millimetres
(km?) (m?) (cm?) (mm?)

W N AR e

= 1000° = 1003 =103

WORKED EXAMPLE 2 Converting units of volume

Complete the following unit conversions.

a. 50 cm’ = mm? b. 4m’ = mm’

c. 3000000 000 m* = km®

THINK WRITE

a. To convert cm® to mm?, you need to multiply ~ a. 50x 10° =50000 mm?®
by 103,

b. 1. To convert m? to mm?, you need to first b. 4 x 100° =4 000000 cm?

convert to cm® by multiplying by 100°.
2. To convert cm® to mm?, you need to multiply 4 000 000 X 10 =4 000 000 000 mm?
3
by 10°. 4 m® =4 000000000 mm?

c. To convert m? to km®, you need to divide by c. 3000000000 + 1000° = 3 km?
1000°.

4.2.3 Capacity

¢ If a 3-dimensional object is hollow, it can hold another substance. In this case the 1 mL
volume is also referred to as capacity.

e Capacity is usually used as a measure of the volume of liquid a container can hold.

e The units to describe capacity include the millilitre (mL), litre (L), kilolitre (kL) and
megalitre (ML). For example, 1 L occupies a space of 1000 cm?>. lem
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Converting units of capacity

Units of capacity are related as shown below.

1L = 1000 mL
1kL = 1000L
1ML = 1000000 L
x 1000 x 1000 x 1000
ML kL 1L, mL
<+ 1000 + 1000 + 1000

WORKED EXAMPLE 3 Converting units of capacity

Complete the following unit conversions.

a.6L=__ mL
b.4500L=__ KL
c. 500000L=__ ML
THINK WRITE
a. To convert L to mL, you need to multiply a. 6x1000=6000 mL
by 1000.
b. To convert L to kL, you need to divide by 1000. b. 4500 =+ 1000 =4.5 kL
c. 1. First you need to convert L to kL by dividing c. 500000 + 1000 =500 kL
by 1000.
2. To convert kKL to ML, you need to divide by 1000. 500+ 1000 = 0.5 ML

4.2.4 Relationship between volume and capacity

e When calculating the capacity of an object, it is sometimes useful to calculate the volume of the object first,
then convert to units of capacity.

 The metric unit, 1 cm?, is defined as having a capacity of 1 mL. Therefore, volume and capacity units are
related as shown below.

Relationship between volume and capacity
1cm?® = 1 mL (millilitre)
1000 cm? = 1000 mL = 1 L (litre)

1m3 = 1000 L = 1 KL (kilolitre)
1000 kL = 1 ML (megalitre)
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WORKED EXAMPLE 4 Unit conversions

Complete the following unit conversions.

a. 70mL = cm® b. 50000KL = ML c. 0.382L = cm’
THINK WRITE
a. There is 1 cm? in each 1 mL. a. ImL = 1cm?

Therefore: 70 mL = 70 cm?

b. There are 1000kL in 1 ML, so to b. 50000kL = (50000 + 1000) ML
convert kilolitres to megalitres divide =50 ML
by 1000.
c. 1. There are 1000 mL in 1L, so to c. 0.382L = (0.382 x 1000) mL
convert litres to millilitres multiply =382mL
by 1000.
2. Since 1 mL =1cm?. 382mL = 382cm?
Exercise 4.2 Units of volume and capacity learn
4.2 Quick quiz 4.2 Exercise These questions are “,
even better in jacPLUS! “Olh e
e Receive immediate feedback X
Simple familiar Complex familiar Complex unfamiliar * Access sample responses

e Track results and progress

8,9,10,11,12,13,

14,15, 16

Simple familiar

1. State the appropriate unit (mm?, cm?, m?) to measure the following volumes.

a. The volume of a Big M milk carton b. The volume of a diamond on a ring
c. The volume of water in a swimming pool d. The volume of a basketball

2. [l3M Determine how many cubic centimetres are in the following solid shapes, given each cube

represents 1 cm?.
a. %% b. § %
C. i % d. § i
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3. Determine how many cubic centimetres are in the following solid shapes.

a. (Each cube represents 2 cm?.)

b. (Each cube represents 2m>.)

4. Determine the volume of the following shapes, given each cube represents 1 cm?.

a. b.

6. State the difference between capacity and volume.
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10.

11.

12.

13.

14.

a. A bath

b. An Olympic-sized swimming pool
c. Five cans of Coke

d. Your classroom

a. 35mL b. 120 m? c. 1.2cm?
. IlIZA Complete the following unit conversions.

a. 24 cm’ = mm?

c. 40000000000 m? = km?

e. 3200 mm? = cm?

A Complete the following unit conversions.

a. 12L= mL b. 3125L =
d. 0.0078L = mL e. 4893 mL =
I8 Complete the following unit conversions.
a. 372cm’® = mL b. 1630L =
d. 0.38 mL = cm’ e. 163L=

Complete the following unit conversions.

a. 578 mL = L b. 750 mL =

Complete the following unit conversions.

a. 47cm’ = mL b. 3594 cm3=

. Estimate the volume and capacity of each of the following.

. State whether the following measures are a measure of volume or capacity.

d. 1750kL e. 432 mm? f. 97.37L

b. 2m?= mm3
d. 600000 cm® = m?3
f. 5600000000 mm? = m3
ML c. 397mL = L
L f. 36.97L = ML
cm? c.34L = cm?
cm? f. 49.28cm’ = mL
L c. 0429L = mL
L c. 0.0042L = cm?

If the following shapes were broken up into 1 cm cubes:

i. Determine how many 1 cm cubes fit inside the shape.

ii. Calculate the volume of the shape in cm?.

iii. Determine the shape’s full capacity in millilitres.

a. 4 cm

1cm

2cm

2 cm
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15. A rectangular swimming pool is 12 m long, 4 m wide and
1.5 m deep.

a. Calculate how many 1 cm? would fit in the pool.

b. Determine the volume of the pool.

c. Determine the capacity of the pool, in litres, if it is full.
d. Determine the capacity of the pool if it is 80% full.

16. The milk container shown has dimensions of 10cm X 5c¢m X 20 cm. 9

a. Determine how many 1cm?® would fit in the milk container.
b. Calculate the volume of the container.
c. Determine the capacity of the container in litres.

d. Determine, in millilitres, how much milk is in the milk carton if it is é full.

Fully worked solutions for this chapter are available online.

LESSON
4.3 VVolumes and capacities of prisms and cylinders

SYLLABUS LINKS

e Calculate volumes and capacities of prisms and cylinders.
« prism: V=Ah where A is base area and 5 is perpendicular height
« cylinder: V= 7*h where ris radius and  is perpendicular height.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

¥ 4.3.1 Volume of prisms

int-3794
e A prism has the same cross-sectional area along its length, thus it has the same
two end faces. The cross-sectional area is shaded in blue in the diagram shown. /\/‘\
e The volume of a prism is calculated by multiplying the cross-sectional area by \/\/
its height.

Volume of a prism

@

VPrism = ABase area X h
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Volume of a rectangular prism

e The volume (V) of a rectangular prism follows the general rule of all prisms,
hence multiply the cross-sectional area by its height.
Taking the bottom face as the cross-sectional area, then:

V=ABasea.reaXh ~ l
V=(xw)xh i

e This is the same as multiplying the three dimensions of the prism (length, width and height).

Volume of a rectangular prism

VRectangular prism = length x width x height

VRectangular prism = Ixwxh

WORKED EXAMPLE 5 Volume of a rectangular prism

Determine the volume of the rectangular prism shown.

3cm
5 om 8 cm
THINK WRITE
1. Write the volume of a rectangular prism V=IXwXh
formula.
2. Substitute the values length =8 cm, V=8Xx5x%3
width =5 cm and height = 3 cm into
the formula.
3. Calculate the volume and state the units. V=120cm?

Volume of a triangular prism

The volume of a triangular prism can also be calculated by multiplying the
cross-sectional area of the triangular face by its height.

Volume of a triangular prism

VT&'iangular prism = ACross-sectional xh

= area of triangle X &

1
where the area of a triangle is A = > X base length x height of
the triangle
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WORKED EXAMPLE 6 Volume of a triangular prism

Determine the volume of the triangular prism shown.

‘ =] 13 cm

8 cm
THINK WRITE
1. Write the volume of a triangular prism V = area of triangle X A
formula.
. . 1
2. Recall that the area of a triangle is V= <§ X 8 X 5> X 13

A= % X base X height. Be careful not to

confuse the height of the triangle with the
height of the entire object.

3. Calculate the volume and state the units. V =260 cm?

4.3.2 Volume of a cylinder
e While the cylinder is not technically classed as a prism, its volume can be P

calculated in the same way as a prism since its cross-sectional area (the circle) is !/
along its length.
e Its volume is calculated by:

V = Acyoss-sectional X perpendicular height
V= Acirte X h ~.
=7’ xh
=7r’h

Volume of a cylinder
VCylinder = nr’h

where:
r = radius
h = perpendicular height
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WORKED EXAMPLE 7 Volume of a cylinder

Determine the volume of the cylinder shown to two decimal places. w

8 cm

THINK WRITE

1. Write the volume of a cylinder formula. V=nrh

2. Substitute the values radius =3 cm and V=mrx3*x8
height = 8 cm into the formula. =TX9IX8

3. Calculate the volume and state the units. V=1226.19cm?

Exercise 4.3 Volumes and capacities of prisms and cylinders learn

4.3 Quick quiz 4.3 Exercise These questions are LB
even better in jacPLUS!  “gl/4@@°
* Receive immediate feedback
Simple familiar Complex familiar Complex unfamiliar ¢ Access sample responses

® Track results and progress

8,9,10,11,12,13,

14,15, 16

Simple familiar

1. Determine the volume of the following prisms.

a. M b. '
8 cm
8 cm
c d.
A =18.35 cm?
15m
6.5 cm
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2. [l Calculate the volume of the following rectangular prisms.

a. b.

9m

15 cm
1m

10 cm

+ 8.5cm

1.5cm

3. Calculate the volume of the following prisms.

6 cm

8 cm

7 cm

4. IIEA Calculate the volume of the following triangular prisms.

a. b.

4 cm
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5. Calculate the volume of the following triangular prisms.
a. b.

93 m
8 cm
22m

5cm

6. IIEA Calculate the volume of the following cylinders correct to two decimal places.

a. b. 6 mm

12 cm 6 mm

0.75m

7 cm

11 cm

7. Calculate the volume of the cylinder to two decimal places.

9cm

I

8. Calculate the volume of the following shape to two decimal places.

145 m
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9. Calculate the volume of the following shapes correct to two decimal places.
a. b.

83 cm 125 cm
255 mm 18.6 cm £
c. 12 cm d.
32 cm
65 cm
268 mm L
85 cm
0.55m

5.8m 50 cm

10. A pool is made in the shape of an open-top rectangular prism
of length 12 m, width 5 m and depth 1.85 m. Calculate the total
volume of the pool in cubic metres, and how many litres it holds
when full.

11. A cylindrical water tank has a diameter of 2.4 m and vertical
height of 2.6 m. Calculate the volume of the water tank, to three
decimal places, and determine its capacity when full.
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12. A tent is made in the shape of a triangular prism. If the tent has
a vertical height of 2.2 m, a width of 3.6 m and a length of
4.2 m, calculate the volume of the inside of the tent.

.3

13. A cylinder has a volume of 245 cm?® and a height of 6 cm. Determine the length of the radius of the cylinder
to two decimal places.

14. A garden water feature has a base in the shape of a rectangular prism with dimensions length =2 m,
width = 1.5 m and height =40 cm. Calculate the following.

a. The volume of the base of the water feature.
b. The volume of water, in m?, in the base if it is filled to a height of 30 cm.
c. The capacity of the water feature base when filled to a height of 25 cm in litres.

15. A road bike is packed to be sent interstate in a rectangular prism-
shaped box with dimensions 2 m X 85 cm X 40 cm. If the bike takes
up 30% of the volume of the box, answer the following.

a. Determine the volume of the box in m?.

b. Determine the volume taken up by the road bike.

c. After the bike was placed inside the box, the rest of the box was
filled with packing foam. Determine the volume of packing foam
that was used.

16. A rectangular shed has dimensions of 5.5 m long by 5.5 m wide and 2.5 m high.

a. Determine the volume of the shed.

b. If the shed is extended in length by 2 m, determine its new volume.

c. If the width of the shed is extended (length remains 5.5 m) so that the volume of the shed is now 100 m?,
determine the new width of the shed.

Fully worked solutions for this chapter are available online.
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LESSON
4.4 \/olumes and capacities of pyramids and cones

SYLLABUS LINKS

¢ Calculate volumes and capacities of pyramids and cones.

1
e pyramid: V= gAh where A is base area and & is perpendicular height

1
e coOne: V= gmzh where r is radius and # is perpendicular height.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

4.4.1 Volume of pyramids

* A pyramid has a base and triangular-shaped sides that meet at
the top.

e A pyramid can have any polygon as the base, with the most
common bases being squares, rectangles and triangles.

e These are the pyramids we will look at in this chapter. The
general rule for the volume of a pyramid is as follows.

Volume of a pyramid

1
Vpyramia = 3 X area of base X height

1
VPyramid = gAh

e This general formula can be adapted to square-, rectangular- and triangular-based pyramids.

WORKED EXAMPLE 8 Volume of pyramids

tlvd-12163

Calculate the volume of the following pyramids.

1.4m
10 cm
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THINK WRITE

. 1
a. 1. Write the formula for the volume of a a. VRectangular pyramid = = X IXwW X h
rectangular-based pyramid. 3
1
2. Substitute the values length =12 cm, V==x12%X10X%x8
width = 10 cm and height = 8 cm into the 3
formula.
3. Calculate the volume and state the units. V=320cm?
1
b. 1. Write the formula of the volume of a b. Vsquare pyramid = = X Pxh
square-based pyramid. 3
. 1
2. Substitute the values length = 1.4 cm and V=-x14*%x12
height = 1.2 cm into the formula. .
3. Calculate the volume and state the units. V=0.784m>
1
c. 1. Write the formula for the volume of a c. Ah

VTrizmgulur pyramid = %
triangular-based pyramid. 1 :
V= 3 X area of base X height of pyramid

1
2. Calculate the area of the base by substituting Area of base = —bh
the values. %
= —-X6Xx4
2

= 12 cm?

1
3. Substitute the base area into the volume of a V= % X129

triangular-based pyramid formula.

4. Calculate the volume and state the units. V=36 cm?

4.4.2 VJolume of a cone

* A cone is a pyramid with a circular base.

e Therefore, a cone has a similar formula for volume to a pyramid.

1
Vbyramid = 3 X area of base X height

1
VPyramid = gAh

¢ Since the area of the base of a cone is a circle, the area would be represented as .
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Volume of a cone

1
Vone = 3fcrzh

where:
r is the radius

h is the perpendicular height

WORKED EXAMPLE 9 Calculating the volume of cones

Calculate the volume of each of the following cones, correct to two decimal places.
a. b.

THINK WRITE

a. 1. Write the formula for the volume of a cone. a. V= %ﬂrzh

2. Identify the values of » and . r==8
h=10
3. Substitute and evaluate, stating the units. V= % XX 8% 10
= 670.21 cm?
b. 1. Write the formula for volume of a cone. b. V= %71’)’2/’1
2. Identify the values of 7 and . r=12
h=30
3. Substitute and evaluate, stating the units. V= % X 7T X 122 %30
= 4523.89 cm?
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Exercise 4.4 Volumes and capacities of pyramids and cones learn

4.4 Quick quiz ! 4.4 Exercise These questions are ~AB Y
even better in jacPLUS! “00,
¢ Receive immediate feedback | B
Simple familiar Complex familiar Complex unfamiliar e Access sample responses =

e Track results and progress

8,9,10,11,12,13,

14,15, 16

Simple familiar

1. Calculate the volume of the following rectangular-based pyramids, to two decimal places if appropriate.
a. Base length =4 cm, base width =5 cm and height =6 cm
b. Base length = 12 cm, base width =7 cm and height = 14 cm
c. Base length = base width = 6.5 cm and height = 10.2 cm
d. Base length = base width = 15.5 cm and height =20.5 cm
e. Base length =2.8 m, base width =4.2 m and height =6.9 m
f. Base length = 1.8 m, base width =80 cm and height =1.5 m

2. [IZA Calculate the volume of the pyramid shown.

7 cm

3. =3 Calculate the volume of the pyramid shown.

42m

3.8m
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4. Calculate the volume of the following pyramids.

- =

15.3 mm 22 mm
Area of base = 45 mm? Area of base = 84 mm?

5. Calculate the volume of the following pyramids.
a ?jm/v\ «%1; b. 1

|

1.2 m
J 38 mm

8 mm

6. IIEXA Calculate the volume of the pyramid shown.

18 cm

|

I

|

|

|

I

|

|

|

|

1

|

|

|

|

1
+
>
/’| 2

\\
7 16cmns

>

10 cm

7. IlIEA Calculate the volume of each of the following cones, correct to two decimal places.

&V
1 T

8. Calculate the volume of each of the following cones, correct to one decimal place
a. b.

10, 20 mm
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10.

11.

12.

13.

14.

15.

16.

. Calculate the volume of each of the following pyramids.

a. 120m b.

24 cm

10 cm 30 cm
Calculate the volume of a square-based pyramid with a base length of 8 cm and a height of 6 cm.
Calculate the volume of a square-based pyramid with a base length and height of 9.6 m each.
Calculate the volume of a cone that has a radius of 4 m and a height of 6 m, correct to two decimal places.

Calculate the volume of a cone that has a diameter of 14 cm and a height of 9 cm, correct to two
decimal places.

If a square-based pyramid has a height of 12 cm and a volume of 128 cm®.
Calculate the length of the square base, correct to two decimal places.

If a square-based pyramid has a volume of 375 mm?® and a length of base 15 mm, determine the height of the
pyramid.

If a triangular-based pyramid has a volume of 80 m?, a base length of 6 m and a base height of 8 m,
determine the height of the pyramid.

Fully worked solutions for this chapter are available online.
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LESSON

4.5 Volumes and capacities of composite shapes and
spheres [complex]

SYLLABUS LINKS

® Calculate volumes and capacities of composite shapes and spheres [complex].
4
« sphere: V= 571'13 where r is radius.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

4.5.1 Volume of spheres

e A sphere is a 3-dimensional circular shape, such as a ball.
e The volume of a sphere can be calculated by: Radiu S//

Volume of a sphere

4
VSphere = 37"'3

where: r = radius

WORKED EXAMPLE 10 Calculating the volume of a sphere

Calculate the volume of the following sphere.

THINK WRITE

1. Write the volume of a sphere formula. Vsphere = inﬁ

2. Substitute 7= 12 cm into the formula. V= g X7 X 123
3. Calculate the volume and state the units. V=7238.23 cm®
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4.5.2 Volume of hemispheres

¢ A hemisphere is half of a sphere.
e The volume of a hemisphere is therefore half the volume of a sphere.

1
V= > X volume of a sphere

v=Llydrs
2 3
szm:’
3

WORKED EXAMPLE 11 Calculating the volume of a hemisphere

Calculate the volume of the following hemisphere, correct to two decimal places. 10 cm
THINK WRITE %“‘7
1. Write the volume of a hemisphere formula. V= %7173

. . 2 3
2. Substitute r =10 cm into the formula. V= 3 X 7T X 57

3. Calculate the volume and round your answer V= 261.7993...
to two decimal places. — 261.80 cm?

4.5.3 Volumes of composite solids

e A composite solid is a combination of a number of solids.
e Calculate the volume of each solid separately.
e Sum these volumes to give the volume of the composite solid.

Triangular prism

6 cm
/ 3cm
8 cm
Rectangular prism
-
4 cm
3cm
8 cm
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ivdt2i0s WORKED EXAMPLE 12 Calculating the volume of a composite solid

Calculate the volume of the composite solid shown.

il
—

|
|
|
i
7'___
o8}
=

1.5 m !
THINK WRITE
1. The given solid is a composite figure, made V = volume of cube + volume of pyramid
up of a cube and a square-based pyramid.
2. Calculate the volume of the cube. Veube = > where [ =3
=33
=27m?
1
3. Write the formula for the volume of a Vstsprevie- s e, — 200
square-based pyramid. 3
4. Calculate the area of the square base. A=1
=32
=9m?
5. Identify the value of A. h=1.5
6. Substitute and evaluate the volume of the e e e B X9x%x 1.5
ramid.
2 =4.5m’
7. Calculate the total volume by adding the V=27+45
volume of the cube and pyramid. —=31.5m?
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Exercise 4.5 Volumes and capacities of composite shapes and
spheres [complex] learn[:]})

4.5 Quick quiz [ 4.5 Exercise These questions are

even better in jacPLUS!

¢ Receive immediate feedback
Simple familiar Complex familiar Complex unfamiliar e Access sample responses

e Track results and progress

9,10, 11,12 ' |

Complex familiar

1. Calculate the volume of the following spheres to two decimal places.
a. Radius of 5 cm b. Radius of 12 cm c. Diameter of 1.8 m
d. Diameter of 27 cm e. Radius of 24.8 cm f. Diameter of 32.5 m
2. IEMA Calculate the volumes of the following spheres.

a. b.

P g

-

4. A spherical container with a radius of 15 cm is filled with water.

a. Calculate the volume of the sphere, correct to two decimal places.
b. Determine the total capacity of the sphere, in litres, correct to two decimal places.

5. IlIZAA Calculate the volume of the shape shown, correct to two decimal places.

i e IZ_c_m

A4
‘|
: 11.5cm
1
:
58— i
// %:cm
< 4.5 cm >
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6. Calculate the volume of each of the following composite solids, correct to two decimal places
where appropriate.

a. 8 cm b.
10 cm
5 cm 12 cm
5cm T
20 cm

20 cm l

35cm

'

7. Calculate the volume of each of the following composite solids, correct to two decimal places
where appropriate.

12 cm

1
T
1
T

3cm

I
T

8. Calculate the volume of each of the following composite solids, correct to two decimal places
where appropriate.

a. b.

9. A hemisphere of diameter 24 cm sits perfectly on top of a cylinder of height 46 cm. Calculate the volume of
the composite shape correct to two decimal places.

10. A hemispherical bowl has a thickness of 2 cm and an outer diameter of 25 cm. If the bowl is filled with
water, determine the capacity of the bowl, in liters, to two decimal places.

2 cm

«—25cm—-o>
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11. Tennis balls of diameter 8 cm are packed in a box measuring 40 cm X 32 cm X 10 cm, as shown.

a. Estimate the volume of one tennis ball.
(Hint: Use 7 as approximately equal to 3.)
. Estimate the volume of all the tennis balls in the box.
. Estimate the volume of the box.
. Estimate the unfilled volume of the box.
. Determine, correct to two decimal places, how much space is left unfilled.
. Compare your estimate of the unfilled volume to your answer in part e.

- O Q O T

12. A swimming pool is being constructed so that it is the upper part of an inverted square-based pyramid.

a. Calculate H. j— 8 m —>
b. Calculate the volume of the pool. =

Iy
c. When digging the pool out, the dirt will be carted away in a 6 m? capacity small A'
truck. Determine how many truck loads will be required to take the dirt away.

d. Determine how many litres of water are required to fill this pool. p
e. Determine how deep the pool is when it is half-filled. o H

Complex Unfamiliar

13. A monument in the shape of a rectangular pyramid (base length of 10 cm, base width of 6 cm, height of
8 cm), a spherical glass ball (diameter of 17 cm) and a conical piece of glassware (radius of 14 cm, height
of 10 cm) are packed in a rectangular prism of dimensions 30 cm X 25 cm X 20 cm. The extra space in the
box is filled up by packing material.
Determine, correct to two decimal places, the volume of packing material that is required.

14. The Hastings’ family house has a rectangular roof with dimensions 17 m X 10 m providing water to three
cylindrical water tanks, each with a radius of 1.25 m and a height of 2.1 m.
Show that approximately 182 mm of rain must fall on the roof to fill the tanks.

15. Nathaniel and Annie are going to the snow for survival camp. They plan to construct an igloo, consisting of
an entrance and a hemispherical living section, as shown.

il
|

|<—1 m-—»| ~

Nathaniel and Annie are asked to redraw their plans and increase the height of the livable region
(hemispherical structure) so that the total volume (including the entrance) is doubled.

Determine what the new height of the hemisphere must be to achieve this so that the total volume (including
the entrance) is doubled. Write your answer in metres correct to two decimal places.

Fully worked solutions for this chapter are available online.
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LESSON
4.6 Units of time

SYLLABUS LINKS

® Use units of time and convert between fractional, decimal and digital representations.

Source: Essential Mathematics Senior Syllabus 2024 © State of Queensland (QCAA) 2024; licensed under CC BY 4.0.

4.6.1 Time

e Time is divided into units including seconds, minutes, hours, days, weeks, months and years.
e A day is divided into two 12-h periods:

Midnight to midday am ante meridiem (before noon)

Midday to midnight pm | post meridiem (after noon)

e Time in hours and minutes can either be given by the
12-h or 24-h clock system.

e The 24-h clock is commonly used in ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>