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2.1 Kick off with CAS
Computation with CAS

CAS can be used to simply and effi ciently perform a wide range of mathematical 
operations.

1 Use CAS to determine the values of the following.

a 
54

186
 (give the fraction in simplest form)

b (− 9.5)2

c 
1
3

−2

The order of operations defi nes the procedures that need to be carried out fi rst 
when determining the value of a mathematical expression or equation. CAS will 
automatically calculate values according to the order of operations rules.

2 Calculate the value of each of the following expressions by completing the 
 operations from left to right.

a 15 + 2 × 5 − 8 ÷ 2

b (11 + 7) ÷ 2 + (6 × 5) ÷ 3

c 
25 − 42

3 + 10 ÷ 2
3 Use CAS to determine the true value of each of the expressions in question 2.

Scientifi c notation allows us to express extremely large and small numbers in an 
easy-to-digest form.

4 Use CAS to complete the following calculations.

a 352 000 000 × 189 000 000

b 0.000 000 245 ÷ 591 000 000

5 Interpret the notation given on your CAS when completing these calculations.

Please refer to the Resources tab in the Prelims section of your eBookPlUs for a comprehensive 
step-by-step guide on how to use your CAS technology.
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Computation methods
Mathematics plays an essential part in our daily 
lives, from calculating shopping bills to the 
password encryption algorithms on your smartphone 
and the gear ratios of a bike or car. As with any 
language, mathematics follows rules and restrictions 
to ensure the meanings of mathematical sentences are 
interpreted in a consistent way.

review of computation
order of operations
Just as there are road rules to help traffi c move safely 
and reliably, mathematics has rules to ensure equations are solved in a consistent 
manner. When presented with a mathematical situation, it is important to complete 
each operation in the correct order.

A common acronym for recalling the order of operations is BODMAS.

Step Acronym letter Meaning

1st B Brackets

2nd O Order (powers and roots)

3rd D and M
Division and 
multiplication (working 
left to right)

4th A and S Addition and subtraction 
(working left to right)

Units 1 & 2

AOS 2

Topic 1

Concept 1

Arithmetic
Concept summary
Practice questions

2.2

Calculate the following expressions by correctly applying the order of 
operations rules.

a (27−12) + 180 ÷ 32 b 
(5 × 8 + 42)

(2 + 144)

tHiNK WritE

a 1 Approach the brackets fi rst. a (27 − 12) + 180 ÷ 32

= 15 + 180 ÷ 32

2 Resolve the exponent (power). = 15 + 180 ÷ 9

3 Complete the division. = 15 + 20

4 Add the remaining values. = 35

b 1 Begin by addressing the exponent within 
the top bracket.

b
(5 × 8 + 42)

(2 + 144)

=
(5 × 8 + 16)

(2 + 144)

2 Complete the multiplication component of 
the top bracket.

=
(40 + 16)

(2 + 144)

WorKeD 
eXample 11111111
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Just for a comparison, complete the first expression by working from left to right. 
The resulting answer will be significantly different. This highlights the need to follow 
consistent mathematical rules.

Directed numbers
Integers are numbers that can be found on either side of zero on a number line. 
Due to their location, they are classified as either positive (+) or negative (−). 
They are called directed numbers as their values provide both a size, in the form of 
a numerical value, and a direction relative to zero, either positive or negative.

When evaluating equations involving positive and negative integers it is important to 
consider the effect of the directional information.

Addition and subtraction of directed numbers
When a direction sign (positive or negative) follows a plus or minus operation sign, 
the two signs can be combined to simplify the expression.

Instructions
Operation and 
direction sign

Resulting 
operation sign Example

Adding a 
negative number (+   −) Minus operation

10 + −6

= 10 − 6
= 4

Adding a 
positive number (+  +) Plus operation

10 + +6

= 10 + 6
= 16

Subtracting a 
positive number (−   +) Minus operation

10 − +6

= 10 − 6
= 4

Subtracting a 
negative number (−    −) Plus operation

10 − −6

= 10 + 6
= 16

Like signs (+ +) or (– –) make a plus operation.

Different signs (+ –) or (– +) make a minus operation.

Interactivity
Addition and 
subtraction of 
directed numbers  
int-6455

3 Finalise the numerator by completing 
the addition.

= 56

(2 + 144)

4 Moving onto the bottom bracket, resolve 
the square root as part of the O, for order, 
in BODMAS.

= 56
(2 + 12)

5 Finalise the denominator. = 56
14

6 Complete the division to calculate the 
final answer.

= 4
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A useful way to look at these expressions 
is to think in terms of borrowing or 
lending money.

For example: Yesterday you lent Francesco 
$5 (−5), and today he asks to borrow another 
$12 (−12). To record this new loan, you need 
to add (+) Francesco’s additional debt to 
yesterday’s total. The corresponding equation 
would be −5 + −12 = ? How much does 
he owe you?

The combination of the plus and minus signs can be simplifi ed:
−5 + −12 = ?
−5 − 12 = ?

= −17

Therefore, Francesco owes you $17.

Evaluate these expressions by first simplifying the mathematical symbols.

a −73 − −42 + 19 b 150 + −85 − −96

tHiNK WritE

a 1 Begin by combining the negative direction 
and minus operation signs into a single plus 
operation sign.

a −73 − −42 + 19

= −73 + 42 + 19

2 As there are only addition and subtraction 
operations, complete the sum by working 
left to right.

= −12

b 1 Combine the direction and operation signs. In this 
example there are two sets that need to be simplifi ed.

b 150 + −85 − −96
= 150 − 85 + 96

2 Complete the sum by working left to right. = 161

WorKeD 
eXample 22222222

Determine the value of each of the following expressions.

a −3 × −5 × −10 b (−4 × −9) ÷ (−7 × 6)   c  (−4)2 + −23

tHiNK WritE

a 1 Complete the fi rst multiplication. Recall that an 
even number of negative signs will produce a 
positive answer.

a −3 × −5 × −10
= +15 × −10

2 Now the remaining equation has an odd number of 
negative values, which produces a negative answer.

= −150

WorKeD 
eXample 33333333

Multiplication and division of directed numbers
When multiplying or dividing an even number of negative values, the resulting 
solution will be positive. However, multiplying or dividing an odd number of 
negative values will produce a negative solution.
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Scientific notation
Scientific notation is used to simplify very 
large numbers, such as the mass of the Earth 
(5.972 × 1024 kg), or very small numbers, such as 
the mass of an electron (9.10 9 382 91 × 10−31 kg).

A number written in scientific notation is in 
the form a × 10b, where a is a real  number 
between 1 and 10 and b is an integer.

Scientific notation uses multiplications of 10. For example, look at the following pattern:

                            5 × 10 = 50
              5 × 10 × 10 = 500
5 × 10 × 10 × 10 = 5000

Notice how the number of zeros in the answer increases in proportion to the number 
of times 5 is multiplied by 10. Scientific notation can be used here to simplify the 
repetitive multiplication.

5 × 101 = 50
5 × 102 = 500
5 × 103 = 5000

To write a basic numeral using scientific notation there are four key steps.

Step Instructions Example 1: 7256 Example 2: 0.008 923

1 Identify the first non-zero 
value of the original number. 7 8

2
Write that digit, followed 
by a decimal point and all 
remaining digits.

7.256 8.923

3 Multiply the decimal by 10. 7.256 × 10 8.923 × 10

(continued )

b 1 Apply the appropriate order of operation rules and 
solve the brackets first. Remember a negative sign 
multiplied by another negative sign will produce a 
positive answer, while a positive sign multiplied by 
a negative sign will produce a negative answer.

b (−4 × −9) ÷ (−7 × 6) 
= +36 ÷ −42

2 As there are an odd number of negative signs in 
the remaining equation, the resulting answer will 
be negative.

36 ÷ −42 
= −11

6

c 1 Consider the effect of the exponents and 
their position relative to the brackets. Rewrite the 
expanded equation.

c (−4)2 + −23 
= −4 × −4 + −2 × 2 × 2

2 Simplify the combination plus/minus signs. = −4 × −4 − 2 × 2 × 2

3 Complete the calculations by following the order of 
operations rules.

= +16 − 8
= 8

Interactivity
Scientific notation 
int-6456
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Step Instructions Example 1: 7256 Example 2: 0.008 923

4 Count the number of places 
the decimal point is moved. 
The exponent of the base 
value 10 will refl ect the 
movement of the decimal 
point. If the decimal point 
is moved to the left, the 
exponent will be positive. 
If moved to the right, the 
exponent will be negative.

7.256 × 103 8.923 × 10–3

To convert a scientifi c notation value to basic numerals, use the following steps:

Step Instructions
Example 1: 
2.007 × 105

Example 2: 
9.71 × 10–4

1 Look to see if the exponent is 
positive or negative. Positive Negative

2a If positive, rewrite the number 
without the decimal point, 
adding zeros behind the last 
number to fi ll in the necessary 
number of place values. In 
this case, move the decimal 
point 5 to the right as the 
exponent is +5.

200 700

2b If negative, rewrite the 
number without the decimal 
point, adding zeros in front 
of the last number to fi ll in 
the necessary number of place 
values. In this case, move the 
decimal point 4 to the left as 
the exponent is –4.

0.000 971

3 Double check by counting 
the number of places the 
decimal point has moved. 
This should match the value 
of the exponent.

Note: When using CAS or a scientifi c calculator, you may be presented with an 
answer such as 3.19e−4. This is an alternative form of scientifi c notation; 3.19e−4 
means 3.19 × 10−4.

Rewrite these numbers using scientific notation:

a 640 783 b 0.000 005 293.

tHiNK WritE

a 1 Identify the fi rst digit (6). Rewrite the full 
number with the decimal place moved directly 
after this digit.

a 6.407 843

WorKeD 
eXample 44444444
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Rewrite these numbers as basic numerals:

a 2.5 × 10−11 m (the size of a helium atom)

b 3.844 × 108 m (the distance from Earth to 
the Moon)

tHiNK WritE

a 1 First, note that the exponent is negative, 
indicating the number will begin with a 
zero. In front of the 2, record 11 zeros.

a 0 000 000 000 025

2 Put a decimal point between the fi rst 
two zeros.

0.000 000 000 025 m

b 1 The exponent of this example is positive. 
Rewrite the number without the decimal point.

b 3844

2 Add the necessary number of zeros to 
move the decimal point 8 places to the 
right, as indicated by the exponent.

384 400 000 m

WorKeD 
eXample 55555555

2 Following the new decimal number, 
multiply by a base of 10.

6.407 843 × 10

3 Count the number of places the decimal 
point has moved, with this becoming the 
exponent of the base 10. Here the decimal 
point has moved 5 places. As the decimal 
point has moved to the left, the exponent 
will be positive.

6.407 843 × 105

b 1 Identify the fi rst non-zero digit (5). Rewrite 
the number with the decimal place moved 
to directly after this digit.

b 5.293

2 Place the decimal point after the 5 and 
multiply by a base of 10.

5.293 × 10

3 Identify the exponent value by counting the 
number of places the decimal point has moved. 
Here the decimal point has moved 6 places. As 
the decimal point has moved to the right, the 
exponent will be negative.

5.293 × 10–6
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Signifi cant fi gures and rounding

Significant figures are a method of simplifying a number by rounding it to a base 
10 value. Questions relating to signifi cant fi gures will require a number to be written 
correct to x number of signifi cant fi gures. In order to complete this rounding, the 
relevant signifi cant fi gure(s) needs to be identifi ed.

Let’s have a look at an example. Consider the number 123.456 789.

This value has 9 signifi cant fi gures, as there are nine numbers that tell us something 
about the particular place value in which they are located. The most signifi cant of 
these values is the number 1, as it indicates the overall value of this number is in 
the hundreds. If asked to round this value to 1 signifi cant fi gure, the number would 
be rounded to the nearest hundred, which in this case would be 100. If rounding to 
2 signifi cant fi gures, the answer would be rounded to the nearest 10, which is 120.

Rounding this value to 6 signifi cant fi gures means the fi rst 6 signifi cant fi gures need 
to be acknowledged, 123.456. However, as the number following the 6th signifi cant 
fi gure is above 5, the corresponding value needs to round up, therefore making the 
fi nal answer 123.457.

Rounding hint: 

If the number after the required number of significant figures is 
5 or more, round up. If this number is 4 or below, leave it as is.

Zeros

Zeros present an interesting challenging when evaluating signifi cant fi gures and are 
best explained using examples.

4056 contains 4 signifi cant fi gures. The zero is considered a signifi cant fi gure as 
there are numbers on either side of it.

4000 contains 1 signifi cant fi gure. The zeros are ignored as they are place holders 
and may have been rounded.

4000.0 contains 5 signifi cant fi gures. In this situation the zeros are considered 
important due to the zero after the decimal point. A zero after the decimal point 
indicates the numbers before it are precise.

0.004 contains 1 signifi cant fi gure. As with 4000, the zeros are place holders.

0.0040 contains 2 signifi cant fi gures. The zero following the 4 implies the value 
is accurate to this degree.

With reference to the following values:

i identify the number of significant figures

ii round correct to 3 significant figures.

a 19 080 b 0.000 076 214

tHiNK WritE

a i  In this number, the 1, 9 and 8 are considered 
signifi cant, as well as the fi rst zero. The fi nal 
zero is not signifi cant, as it gives no specifi c 
information about the units place value.

a 19 080 has 4 signifi cant fi gures.

WorKeD 
eXample 66666666
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ii  Round the number to the third signifi cant 
fi gure. It is important to consider the number 
that follows it. In this case, as the following 
number is above 5, the value of the third 
signifi cant fi gure needs to be rounded up by 1.

 Rounded to 3 signifi cant fi gures, 
19 080 = 19 100.

b i  The fi rst signifi cant fi gure is the 7. The zeros 
before the 7 are not considered signifi cant as 
they are place holders.

b  0.000 076 214 has 5 signifi cant fi gures.

ii  The third signifi cant fi gure is 2; however, it is 
important to consider the next value as it may 
require additional rounding. In this case the 
number following the 3rd signifi cant number 
is below 5, meaning no additional rounding 
needs to occur.

 Rounded to 3 signifi cant fi gures, 
0.000 076 214 = 0.000 076 2

exact and approximate answers

More often than not it is necessary to provide exact answers in mathematics. However, 
there are times when the use of rounding or signifi cant fi gures is needed, even though 
this reduces the accuracy of the answers. At other times it is reasonable to provide an 
estimate of an answer by simplifying the original numbers. This can be achieved by 
rounding the number of decimal places or rounding to a number of signifi cant fi gures.

When rounding to a specified number of decimal places, it is 
important to consider the value that directly follows the final 
digit. If the following number is 4 or below, no additional 
rounding needs to occur; however, if the following number is 
5 or more, then the final value needs to be rounded up by 1.

For example, Gemma has organised a concert at the local hall. She is charging $18.50 
a ticket and on the night 210 people purchased tickets. To get an idea of her revenue, 
Gemma does a quick estimate of the money made on ticket sales by rounding the 
values to 1 signifi cant fi gure.

18.50 × 210 ≈ 20 × 200
≈ $4000

Note: The use of the approximate equals sign ≈ indicates the values used are no 
longer exact. Therefore, the resulting answer will be an approximation.

When compared to the exact answer, the approximate answer gives a reasonable 
evaluation of her revenue.

18.50 × 210 = $3885

a Calculate 42.6 × 59.7 × 2.2, rounding the answer correct to 1 decimal place.

b Redo the calculation by rounding the original values correct to 1 significant figure.

c Comparing your two answers, would the approximate value be 
considered a reasonable result?

WorKeD 
eXample 77777777
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Computation methods
1        Manually calculate 4 + 2 × 14 − 81 by correctly applying the order of 

operations rules. For a comparison, complete the question working from left to 
right, ignoring the order of operations rules. Do your answers match?

2 Evaluate 
3 125

(62 + 2 × 7)
.

3 WE2  Evaluate 95 − −12 − +45 by first combining operation and direction signs 
where appropriate.

4 Julie-Ann evaluated the expression −13 + −12 − +11 and came up with an 
answer of −36. Conrad insisted that the expression was equal to −14. Determine 
whether Julie-Ann or Conrad was correct, and give advice to the other person 
to ensure they don’t make a mistake when evaluating similar expressions in 
the future.

5 WE3  Evaluate (2 × −15) ÷ (−5)2.

6 Evaluate (−3)2 + −32 − (−4 × 2).

7 WE4  The Great Barrier Reef stretches 2 600 000 m  
in length. Rewrite this distance using scientific  
notation.

8 The wavelength of red light is approximately 
0.000 000 55 metres. Rewrite this number using 
scientific notation.

9 WE5  The thickness of a DNA strand is 
approximately 3 × 10–9 m. Convert this value to a basic numeral.

10 The universe is thought to be approximately 1.38 × 1010 years old. Convert this 
value to a basic numeral.

ExErcisE 2.2
   WE1

PrActisE

tHiNK WritE

a 1 Complete the calculation. The answer 
contains 3 decimal places; however, the 
required answer only needs 1.

a 42.6 × 59.7 × 2.2
= 5595.084

2 Look at the number following the first 
decimal place (8). As it is above 5, 
additional rounding needs to occur, 
rounding the 0 up to a 1.

≈ 5595.1

b 1 Round each value correct to 1 significant 
figure. Remember to indicate the rounding 
by using the approximate equals sign (≈).

b 42.6 × 59.7 × 2.2
≈ 40 × 60 × 2

2 Complete the calculation. ≈ 4800

c There is a sizeable difference between the 
approximate and exact answers, so in this 
instance the approximate answer would not be 
considered a reasonable result.

c No
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11 WE6  The distance around the Earth’s equator is approximately 40 075 000 metres.

a How many significant figures are in this value?
b Round this value correct to 4 significant figures.

12 The average width of a human hair is 1.2 × 10–3 cm.

a Rewrite this value as a basic numeral.
b Identify the number of significant figures in the basic numeral.
c Round your answer to part a correct to 1 significant figure.

13  WE7  a Calculate 235.47 + 1952.99 – 489.73, rounding the answer correct to 
1 decimal place.

b Repeat the calculation by rounding the original numbers correct to 
1 significant figure.

c Comparing your two answers, would the approximate answer be considered 
a reasonable result?

14 Bruce is planning a flight around Victoria  
in his light aircraft. On average the plane  
burns 102 litres of fuel an hour, and Bruce  
estimates the trip will require 37 hours of  
flying time.

a Manually calculate the amount of fuel 
required by rounding each value correct 
to 1 significant figure.

b Using a calculator, determine the exact 
amount of fuel required.

15 Solve the following expressions by applying the correct order of operations.

a 24 − 4 × 5 + 10 b (9 − 8 + 15 × 4) ÷ 3 64

c (92 + 2 × 10 − 2) ÷ (16 + 17) d 
3 × 12 + 102

24 + 1

16 Determine the value of the following expressions.

a 17 − −12 + −6 b −222 − −64 c 430 + −35 − +40

d −28 − +43 + +15 e −4 × −7 × −3 f −8 × −6 + 50 ÷ −10

g −32 + (−5)2 h −42 ÷ 64 i 
−8 + −5 × −12

−3 + 52 × −3

17 Rewrite the following values using scientific notation.

a 7319 b 0.080 425 c 13 000 438
d 0.000 260 e 92 630 051 f 0.000 569 2

18 Rewrite the following values as basic numerals.

a 1.64 × 10−4 b 2.3994 × 10−8

c 1.4003 × 109 d 8.6 × 105

19 For each of the following values:

i identify the number of significant figures

ii round the value correct to the number of significant figures specified in 
the brackets.

a 1901 (2) b 0.001 47 (2) c 21 400 (1)
d 0.094 250 (3) e 1.080 731 (4) f 400.5 (3)

coNsolidAtE
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20 Elia and Lisa were each asked to calculate 
3 + 17 × −2

32 − 1
. When they revealed their 

answers, they realised they did not match.

Elia’s working steps Lisa’s working steps

3 + 17 × −2

32 − 1

= 20 × −2

22

= −40
4

= −10

3 + 17 × −2

32 − 1

= 3 − 34
9 + 1

= −31
8

= −3 7
8

a Review Elia’s and Lisa’s working steps to identify who has the correct answer.
b Explain the error(s) made in the other person’s working and what should have 

been done to correctly complete the equation.

21 Zoe borrowed $50 from Emilio on Friday. On Monday she repaid $35, and then 
asked to borrow another $23 on Tuesday.

a Write a mathematical sentence to reflect Emilio’s situation.
b How much does Zoe owe Emilio?

22 The space shuttle Discovery completed 39 space  
missions in its lifetime, travelling a total distance 
of 238 539 663 km.

a How many significant figures are in the total 
distance travelled?

b Round this value correct to 2 significant figures.
c Convert your answer to part b to scientific  

notation.

23 Harrison tracked his finances for a day. Firstly he purchased two chocolate 
bars, each costing $1.10, before buying a tram ticket for $4.80. He caught up 
with four of his friends for lunch and the final bill was $36.80, of which Harrison 
paid a quarter. After lunch, Chris repaid the $47 he borrowed from Harrison last 
week. On the way home, Harrison purchased three new t-shirts for $21.35 each.

a Write a mathematical sentence to reflect Harrison’s financial situation 
for the day.

b Using the correct orders of operation, determine Harrison’s financial position at 
the end of the day.

24 The diameter of the Melbourne Star Observation  
Wheel is 110 m.

a Using the equation C = πd, determine the  
circumference of the wheel correct to 2 decimal  
places.

b Redo the calculation by rounding the diameter and  
the value of π correct to 2 significant figures. How  
does this change your answer? Would it be considered  
a reasonable approximation?
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25 The Robinson family want to lay instant lawn in their backyard. The dimensions 
of the rectangular backyard are 12.6 m by 7.8 m.

a If each square metre of lawn costs $12.70, estimate the cost for the lawn by 
rounding each number correct to the nearest whole number before completing 
your calculations.

b Compare your answer to part a to the actual cost of the lawn.

c Could you have used another rounding strategy to improve your estimate?

26 An animal park uses a variety of ventilated boxes to safely transport their animals. 
The lid of the box used for the small animals measures 76 cm long by 20 cm 
wide. Along the lid of the box are 162 ventilation holes, which each have a radius 
of 1.2 cm.

a Using the formula A = πr2, calculate the area of one ventilation hole, providing 
the full answer.

b Round your answer to part a correct to 2 decimal places.

c Determine the amount of surface area that remains on the lid after the 
ventilation holes are removed.

d The company that manufacture the boxes prefers to work in millimetre 
measurements. Convert your remaining surface area to millimetres squared. 
(Note: 1 cm2 = 100 mm2.)

e Record your answer to part d in scientific notation.

Orders of magnitude
What are orders of magnitude?
An order of magnitude uses factors of 10 to give generalised estimates and relative 
scale to numbers.

To use orders of magnitude we need to be familiar with powers of 10.

Power of 10 Basic numeral Order of magnitude

10−4 0.0001 −4

10−3 0.001 −3

10−2 0.01 −2

10−1 0.1 −1

100 1 0

101 10 1

102 100 2

103 1000 3

104 10 000 4

As you can see from the table, the exponents of the powers of 10 are equal to the 
orders of magnitude.

An increase of 1 order of magnitude means an increase in the basic 
numeral by a multiple of 10. Similarly, a decrease of 1 order of 
magnitude means a decrease in the basic numeral by a multiple of 10.

Master

2.3
Units 1 & 2

AOS 2

Topic 1

Concept 2

Order of  
magnitude
Concept summary 
Practice questions
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using orders of magnitude
We use orders of magnitude to compare different values and to check that estimates 
we make are reasonable. For example, if we are given the mass of two objects as 1 kg 
and 10 kg, we can say that the difference in mass between the two objects is 1 order 
of magnitude, as one of the objects has a mass 10 times greater than the other.

Identify the order of magnitude that expresses the difference in distance 
between 3.5 km and 350 km.

tHiNK WritE

1 Calculate the difference in size between the 
two distances by dividing the larger distance 
by the smaller distance.

350
3.5

= 100

2 Express this number as a power of 10. 100 = 102

3 The exponent of the power of 10 is equal to 
the order of magnitude.

Write the answer.

The order of magnitude that expresses the 
difference in distance is 2.

WorKeD 
eXample 88888888

Scientifi c notation and orders of magnitude
When working with orders of magnitude, it can be helpful to express numbers in 
scientifi c notation. If two numbers in scientifi c notation have the same coeffi cient, 
that is, if the numbers in the fi rst part of the scientifi c notation (between 1 and 10) 
are the same, then we can easily determine the order of magnitude by fi nding the 
difference in value between the exponents of the powers of 10.

By how many orders of magnitude do the following distances differ?

Distance A: 2.6 × 10−3 km

Distance B: 2.6 × 102 km

tHiNK WritE

1 Check that the coeffi cients of both numbers 
are the same in scientifi c notation.

In scientifi c notation, both numbers have a 
coeffi cient of 2.6.

2 Determine the order of magnitude difference 
between the numbers by subtracting the 
exponent of the smaller power of 10 (−3) 
from the exponent of the larger power 
of 10 (2).

2 − −3 = 5

3 Write the answer. The distances differ by an order of 
magnitude of 5.

WorKeD 
eXample 99999999

units of measure
When using orders of magnitude to compare values it is important to factor in the units 
used. For example, if the weight of a fully-grown male giraffe is 1.5 × 103 kilograms 
and a full bottle of milk weighs 1.5 × 103 grams and the units were not considered, 
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it would appear that the order of magnitude between the weight of the milk and the 
giraffe is 0. When converted into the same units (e.g. kilograms), the weight of the 
bottle of milk becomes 1.5 × 100 kg and the weight of the giraffe remains 1.5 × 103 kg, 
which is 3 orders of magnitude larger than the weight of the milk.

We can convert units of length and mass by using the following charts.

Converting length:

millimetres
(mm)

centimetres
(cm)

metres
(m)

kilometres
(km)

× 101 × 102 × 103

× 10–3× 10–2× 10–1

Converting mass:

milligrams
(mg)

grams
(g)

kilograms
(kg)

tonnes
(t)

× 103 × 103 × 103

× 10–3× 10–3× 10–3

Note: You can see from the charts that multiplying by 10–1 is the same as dividing 
by 101, multiplying by 10–3 is the same as dividing by 103, etc.

Our conversion charts show that there is a difference of 1 order of magnitude 
between millimetres and centimetres, and 3 orders of magnitude between grams 
and kilograms.

The mass of a single raindrop is approximately 
1 × 10−4 grams and the mass of an average 
apple is approximately 1 × 10−1 kilograms.

a By how many orders of magnitude do these 
masses differ?

b Expressed as a basic numeral, how many 
times larger is the mass of the apple than 
that of the raindrop?

tHiNK WritE

a 1 In this situation it will be easier to work in 
grams. To convert 1 × 10−1 kilograms to grams, 
multiply by 103.

a 1 × 10−1 × 103 = 1 × 102 g

2 Compare the orders of magnitude by subtracting 
the smaller exponent (−4) from the larger 
 exponent (2).

Raindrop: 1 × 10−4 g
Apple: 1 × 102 g
2 − −4 = 6
The masses differ by 6 orders of 
magnitude.

WorKeD 
eXample 1010101010101010
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logarithmic scales
Earthquakes are measured by seismometers, which record the amplitude of the seismic 
waves of the earthquake. There are large discrepancies in the size of earthquakes, so 
rather than using a traditional scale to measure their 
amplitude, a logarithmic scale is used. 

A logarithmic scale represents numbers 
using a log (base 10) scale. This means 
that if we express all of the numbers in the 
form 10a, the logarithmic scale will represent 
these numbers as a.

This means that for every increase of 1 in the magnitude in the scale, the amplitude 
or power of the earthquake is increasing by a multiple of 10. This allows us to plot 
earthquakes of differing sizes on the same scale.

The Richter Scale was designed in 1934 by Charles Richter and is the most widely 
used method for measuring the magnitude of earthquakes.

Let’s consider the following table of historical earthquake data.

World earthquake data

Year Location
Magnitude on 
Richter scale

Amplitude of 
earthquake

2012 Australia (Moe, Victoria) 5.4 105.4

2011 Japan (Tohoku) 9 109

2010 New Zealand (Christchurch) 7.1 107.1

1989 America (San Francisco) 6.9 106.9

1960 Chile (Valdivia) 9.5 109.5

If we were to plot this data on a linear scale, the  
amplitude of the largest earthquake would be  
12 589 times bigger (109.5 compared to 105.4)  
than the size of the smallest earthquake. This  
would create an almost unreadable graph. By  
using a logarithmic scale the graph becomes  
easier for us to interpret.

However, this scale doesn’t highlight the real 
difference between the amplitudes of the 
earthquakes, which only becomes clear when 
these values are calculated.

The difference in amplitude between an 
earthquake of magnitude 1 and an earthquake 
of magnitude 2 on the Richter scale is 1 order 
of magnitude, or 101 = 10 times.

Units 1 & 2

AOS 2

Topic 1

Concept 3

Logarithms —  
base 10
Concept summary 
Practice questions

1 3 5 7 92 4 6 8 10

Australia = 5.4
America = 6.9

New Zealand = 7.1

Japan = 9.0

Chile = 9.5

b 1 Each order of magnitude indicates a power of 10. b 106 = 1 000 000

2 Write the answer. The mass of the apple is 1 000 000 times 
larger than the mass of the raindrop.
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Why use a logarithmic scale instead of a linear scale?
As you can see from Worked 
example 11, very large numbers 
are involved when dealing with 
magnitudes of earthquakes. It would 
be challenging to represent an 
increase in amplitude of 4000 times 
while also having a scale accurate 
enough to accommodate smaller 
changes. Using the logarithmic scale 
enables such diversity in numbers 
to be represented on the same plane 
with a functioning scale.

Logarithmic scales are also used in measuring pH levels. On the pH scale 7 is 
considered neutral, while values from 6 to 0 indicate an increase in acidity levels 
and values from 8 to 14 indicate an increase in alkalinity.

Let’s consider the difference between the 
2012 Australian earthquake and the 2010 
New Zealand earthquake. According to the 
Richter scale the difference in magnitude 
is 1.7, which means that the real difference 
in the amplitude of the two earthquakes is 
101.7. When evaluated, 101.7 = 50.12, which 
indicates that New Zealand earthquake was 
more than 50 times more powerful than the 
Australian earthquake.

1 3 5 7 92 4 6 8 10

Difference
= 1 

Difference
= 3 

Difference
= 4 

= 101

= 10 times
   greater

= 103

= 1000 times
    greater

= 104

= 10 000 times
    greater

Using the information from the World Earthquake Data, compare the 
real amplitude of the Australian earthquake to that of the Japanese 
earthquake, which resulted in a tsunami that damaged the Fukushima 
power plant.

tHiNK WritE

1 First identify the order of magnitude 
difference between Japan’s earthquake and 
Australia’s earthquake.

9 − 5.4
= 3.6

2 Express the order of magnitude difference 
in real terms by displaying it as a power 
of 10.

103.6

3 Evaluate to express the difference in 
amplitude.

= 3981.87

4 Write the answer. Japan experienced an earthquake that was 
nearly 4000 times larger than the earthquake 
in Australia.

WorKeD 
eXample 1111111111111111
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Orders of magnitude
1 WE8  Identify the order of magnitude that expresses the difference between 

0.3 metres and 3000 metres.

2 The Big Lobster in South Australia is a 4000 kg sculpture of a lobster. If a normal 
lobster has a mass of 4 kg, by what order of magnitude is the mass of the Big 
Lobster greater than the mass of a normal lobster?

3 WE9  The weight of a brown bear in the wild is 3.2 × 102 kg, while the weight of 
a cuddly teddy bear is 3.2 × 10−1 kg. By how many orders of magnitudes do the 
weights of the bears differ?

4 A cheetah covers 100 m in 7.2 seconds. It takes a snail a time 3 orders of 
magnitude greater than the cheetah to cover this distance. Express the time it takes 
the snail to cover 100 m in seconds.

5 WE10  The length of paddock A is 2 × 103 m, while the length of the adjoining 
paddock B is 2 × 105 km. By how many orders of magnitude is paddock 
B longer than A?

6 The mass of an amoeba is approximately 1 × 10−5 grams, while the mass of a 
one-year-old child is approximately 1 × 101 kilograms.

a By how many orders of magnitude do these masses differ?
b Express as a basic numeral the number of times lighter the amoeba is than 

the child.

7 WE11  Many of the earthquakes experienced in Australia are between 3 and 5 
in magnitude on the Richter scale. Compare the experience of a magnitude 3 

ExErcisE 2.3

PrActisE
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earthquake to that of a magnitude 5 earthquake, expressing the difference in 
amplitude as a basic numeral.

8 A soft drink has a pH of 5, while lemon juice has a pH of 2.

a Identify the order of magnitude difference between the acidity of the soft drink 
and the lemon juice.

b How many times more acidic is the juice than the soft drink?

9 Convert the values shown to the units in the brackets, using scientific form.

a 1 × 103 m (km) b 1 × 104 g (kg) c 9 × 105 mm (cm)
d 5.4 × 102 t (kg) e 1.2 × 10−5 kg (mg) f 6.3 × 1012 mm (km)

10 By how many orders of magnitude do the following pairs of values differ? 
(Note: 1 kilotonne (kt) = 1000 tonnes (t).)

a 1.15 × 105 mm and 1.15 × 10−2 m b 3.67 × 10−12 km and 3.67 × 107 cm

c 2.5 × 1017 km and 2.5 × 1026 mm d 4.12 × 105 kt and 4.12 × 1015 t

e 5.4 × 1014 kg and 5.4 × 1020 mg f 4.01 × 10−10 kt and 4.01 × 1010 mg

11 Which of the following values is smallest?

A 1.4 × 10−5 km B 1.4 × 10−6 m c 1.4 × 10−3 cm
d 1.4 × 10−2 mm E 1.4 × 104 cm

12 A virus has an approximate mass of 1 × 10−20 kg. Which of the following items 
has a mass 10 000 000 000 times smaller than that of the virus?

A A hydrogen atom (mass = 1 × 10−27 kg)

B An electron (mass = 1 × 10−30 kg)

c A bacterium (mass = 1 × 10−15 kg)

d An ant (mass = 1 × 10−6 kg)

E A grain of fine sand (mass = 1 × 10−9 kg)

13 In Tran’s backyard the average height  
of a blade of grass is 6 cm. Tran has  
a tree that has grown to a height 2  
orders of magnitude taller than the  
average blade of grass.

a Express the height of the grass and  
the tree in scientific notation.

b State the height of the tree.

14 Water is considered neutral and has a pH of 7. Which of the following liquids 
is either 10 000 times more acidic or alkaline than water?

A Soapy water, pH 12 B Detergent, pH 10 c Orange juice, pH 3
d Vinegar, pH 2 E Battery acid, pH 1

15 The largest ever recorded earthquake was in Chile in 1960 and had a magnitude of 
9.5 on the Richter scale. In 2011, an earthquake of magnitude 9.0 occurred in Japan.

a Determine the difference in magnitude between the two earthquakes.
b Reflect this difference in real terms by calculating the difference in amplitude 

between the two earthquakes, giving your answer as a basic numeral correct to 
2 decimal places. 

coNsolidAtE
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16 Diluted sulfuric acid has a pH of 1, making it extremely acidic. If its acidity was 
reduced by 1000 times, what pH would it register?

17 Andrew has a tennis ball with a mass of 5 × 101 grams. At practice his coach sets 
him a series of exercise using a 5 × 103 gram medicine ball.

a What is the order of magnitude difference between the mass of the two balls?
b What is the mass of each ball written as basic numerals?

18 The size of a hydrogen atom is 1 × 10−10 m and the size of a nucleus is 
1 × 10−15 m.

a By how many orders of magnitude do the atom and nucleus differ in size?
b How many times larger is the atom than the nucleus?

19 The volume of a 5000 mL container was reduced by 1 order of magnitude.

a Express this statement in scientifi c notation.
b Find the new volume of the container.

20 The distance between Zoe’s house and Gwendolyn’s house is 25 km, 
which is 2 orders of magnitude greater than the distance from Zoe’s house 
to her school.

a Express the distance from Zoe’s house to her school in scientifi c notation.
b Determine the distance from Zoe’s house to her school.

Ratio, rates and percentages
Ratio, rates and percentages are all methods of comparison. Percentages represent a 
portion out of 100, ratios are used to compare quantities of the same units, and rates 
compare quantities of different units of measurement.

percentages

Recall that:

• percentages are fractions of 100

• the percentage of a given value is calculated by multiplying 
it by the percentage expressed as a fraction or decimal

• you can write a value as a percentage of another value by 
expressing it as a fraction and multiplying by 100.

MAstEr

2.4

Interactivity
Percentages
int-6458

A teacher finds that 12% of students in 
their class obtain an A+ for a test. To get 
an A+, students need to score at least 
28 marks. If there were 25 students in 
the class and the test was out of 32 marks:

a what was the minimum percentage 
needed to obtain an A+

b how many students received an A+?

tHiNK WritE

a 1 Write the minimum number of marks needed as a 
fraction of the total number of marks.

a 28
32

WorKeD 
eXample 1212121212121212

62 maThS QueST 11 General maThemaTiCS VCe units 1 and 2

UNCORRECTED P
AGE P

ROOFS



2 Multiply the fraction by 100 and simplify 
where possible.

28

32
× 100 =

728
832

× 100

1

= 7
28

×
25100

   1

= 175
2

= 87.5

3 State the fi nal answer. Students had to obtain a minimum of 
87.5% to receive an A+.

b 1 Write the percentage as a fraction. b 12% = 12
100

2 Multiply the fraction by the total number in the 
class and simplify.

12
100

× 25 = 12
4100

×
125

1

=
312
14

× 1
1

= 3

3 State the fi nal answer. 3 students obtained an A+.

ratios
Ratios are used to compare quantities that are measured in the same units. For 
example, if the ratio of bicycles to cars on a particular road during rush hour is 1 : 4, 
there are 4 times as many cars on the road as bicycles.

Ratios compare two or more quantities, and are in 
their simplest form when all parts are expressed 
using whole numbers and the highest common 
factor (HCF) of all the numbers is 1. A simplified 
ratio is an equivalent ratio to the original ratio.

Units 1 & 2

AOS 2

Topic 1

Concept 4

Ratio
Concept summary 
Practice questions

Simplify the following ratios by first finding the highest common factor.

a 14 : 6 b 1.5 : 2 : 3.5

tHiNK WritE

a 1 Consider factors of each quantity. Both values are 
divisible by 2.

a        14 : 6
 ÷ 2       ÷ 2

2 Divide both values by 2. = 7 : 3

b 1 To work with whole numbers, multiply all quantities by 10 
(We multiply by 10 as there is 1 decimal place value. If there 
were 2 decimal places, then we would multiple by 100.)

b    1.5    :    2      :   3.5
 × 10      × 10    × 10

2 Express the whole number quantities as a ratio.   15     :   20    :   35

3 Identify the highest common factor HCF for the three parts 
(in this case 5). Simplify by dividing each part by the HCF.

  15     :   20    :   35
 ÷ 5        ÷ 5       ÷ 5

   = 3   :   4  :        7

WorKeD 
eXample 1313131313131313
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rates
A rate is a measure of change between two 
variables of different units.

Common examples of rates include speed in 
kilometres per hour (km/h) or metres per 
second (m/s), costs and charges in dollars 
per hour ($/h), and electricity usage in 
kilowatts per hour (kW/h).

Rates are usually expressed in terms of 
how much the first quantity changes with 
one unit of change in the second quantity.

ratios of a given quantity
We can use ratios to fi nd required proportions of a given quantity. This can be useful 
when splitting a total between different shares.

Carlos, Maggie and Gary purchased a winning lotto ticket; however, they did 
not each contribute to the ticket in equal amounts. Carlos paid $6, Maggie 
$10 and Gary $4. They agree to divide the $845 winnings according to their 
contributions.

a Express the purchase contributions as a ratio.
b How much of the winnings is each person entitled to?

tHiNK WritE

a Write the purchase contributions as a ratio, 
remembering to simplify by identifying the highest 
common factor.

a 6 : 10 : 4
HCF = 2
Ratio = 3 : 5 : 2

b Multiple the winning amount by the fraction 
representing each person’s contribution.

b Carlos = 845 × 3
10

= $253.50

Maggie = 845 × 5
10

= $422.50

Gary = 845 × 2
10

= $169.00

WorKeD 
eXample 1414141414141414

At what rate (in km/h) are you moving if you are on a bus that travels 11.5 km 
in 12 minutes?

tHiNK WritE

1 Identify the two measurements: 
distance and time.

As speed is commonly expressed in km/h, 
convert the time quantity units from 
minutes to hours.

The quantities are 11.5 km and 12 minutes.

12
60

= 1
5

 or 0.2 hours

WorKeD 
eXample 1515151515151515

Interactivity
Speed
int-6457
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Ratio, rates and percentages
1 WE12  A teacher fi nds that 15% of students in their class obtain a B+ for a test. 

To get a B+, students needed to score at least 62 marks. If there were 20 students 
in the class and the test was out of 80 marks:

a what was the minimum percentage needed to obtain a B+

b how many students received a B+?

ExErcisE 2.4

PrActisE

unit cost calculations
In order to make accurate comparisons between the costs of differently priced and 
sized items, we need to identify how much a single unit of the item would be. This is 
known as the unit cost. For example, in supermarkets similar cleaning products may 
be packaged in different sizes, making it diffi cult to tell which option is cheaper. 

The unitary method
Unit-cost calculations are an application of the unitary method, which is the same 
mathematical process we follow when simplifying a rate. If x items cost $y, divide the 
cost by x to fi nd the price of one item:

x items = $y

1 item = $
y
x

2 Write the rate as a fraction and express in 
terms of one unit of the second value.

11.5 km

0.2 hrs
= 11.5

0.2
× 5

5

= 57.5

1

= 57.5

3 State the fi nal answer. You are travelling at 57.5 km/h.

Units 1 & 2

AOS 2

Topic 1

Concept 6

Unitary method
Concept summary 
Practice questions

Calculate the cost per 100 grams of pet 
food if a 1.25 kg box costs $7.50.

tHiNK WritE

1 Identify the cost and the weight. As the fi nal 
answer is to be referenced in grams, convert 
the weight from kilograms to grams.

Cost: $7.50
Weight: 1.250 kg = 1250 g

2 Find the unit cost for 1 gram by dividing the 
cost by the weight.

7.50
1250

= 0.006

3 Find the cost for 100 g by multiplying the 
unit cost by 100.

0.006 × 100 = 0.60
Therefore the cost per 100 grams is $0.60.

WorKeD 
eXample 1616161616161616
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2 A salesman is paid according to how much he sells  
in a week. He receives 3.5% of the total sales up  
to $10 000 and 6.5% for amounts over $10 000.

a How much is his monthly pay if his total sales  
in four consecutive weeks are $8900, $11 300,  
$13 450 and $14 200?

b What percentage of his total pay for this time  
period does each week represent? Give your  
answers correct to 2 decimal places.

3 WE13  Simplify the following ratios.

a 81 : 27 : 12 b 4.8 : 9.6

4 A recipe for Mars Bar slice requires 195 grams of chopped Mars Bar pieces and 
0.2 kilograms of milk chocolate. Express the weight of the Mars Bar pieces to the 
milk chocolate as a ratio in simplest form.

5 WE14  In a bouquet of flowers the ratio of red, yellow and orange flowers was 
5 : 8 : 3. If there were 48 flowers in the bouquet, how many of each colour 
were included?

6 The Murphys are driving from Melbourne to Adelaide for a holiday. They plan to 
have two stops before arriving in Adelaide. First they will drive from Melbourne 
to Ballarat, then to Horsham, and finally to Adelaide. The total driving time, 
excluding stops, is estimated to be 7 hours and 53 minutes. If the distance 
between the locations is in the ratio 44 : 67 : 136, determine the driving time 
between each location correct to the nearest minute.

Units 1 & 2

AOS 2

Topic 1

Concept 5

Percentages
Concept summary 
Practice questions
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7 WE15  At what rate (in km/h) are you moving if you are in a passenger aircraft that 
travels 1770 km in 100 minutes?

For questions 8 –10, give answers correct to 2 decimal places where appropriate.

8 Calculate the rates in the units stated for:

a a yacht that travels 1.375 km in 165 minutes expressed in km/h

b a tank that loses 1320 mL of water in 2 1
3
 hours expressed in mL/min

c a 3.6-metre-long carpet that costs $67.14 expressed in $/m
d a basketball player who has scored a total of 833 points in 68 games expressed 

in points/game.

9 WE16  Calculate the cost in dollars per 100 grams for:

a a 650-g box of cereal costing $6.25
b a 350-g packet of biscuits costing $3.25
c a 425-g jar of hazelnut spread costing $3.98
d a 550-g container of yoghurt costing $3.69.

10 Calculate the cost:

a per litre if a box of 24 cans that each contains 375 mL costs $18.00
b per 100 mL if a 4-litre bottle of cooking oil costs $16.75
c per kilogram if a 400-g frozen chicken dinner costs $7.38
d per kilogram if a 250-g pack of cheese slices costs $5.66.

11 A real-estate agent is paid 4.25% of the  
sale price of any property she sells.

How much is she paid for selling properties  
costing:

a $250 000
b $310 500
c $454 755
d $879 256?

 Where necessary, give your answers correct to the nearest cent.

12 A student’s test results in Mathematics are shown in the table.

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8

Mark
16
20

14
21

26
34

36
45

14.5
20

13
39

42
60

26
35

Percentage

a Complete the table by calculating the percentage for each test, giving values 
correct to 2 decimal places where necessary.

b What is the student’s overall result from all eight tests as a percentage correct to 
2 decimal places?

coNsolidAtE
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13 A person has to pay the following bills out of their weekly income of $1100.

Food $280

Electricity $105

Telephone $50

Petrol $85

Rent $320

Giving answers correct to 2 decimal places where necessary:

a express each bill as a percentage of the total bills
b express each bill as a percentage of the weekly income.

14 Simplify the following ratios by first converting to the same units where necessary.

a 36 : 84 b 49 : 77 : 105
c 3.225 kg : 1875 g d 2.4 kg : 960 g : 1.2 kg

15 Mark, Henry, Dale and Ben all put in to buy a racecar. The cost of the car was 
$18 000 and they contributed in the ratio of 3 : 1 : 4 : 2.

a How much did each person contribute?
b The boys also purchased a trailer to tow the car. Mark put in $750, Henry $200, 

Dale $345 and Ben $615. Express these amounts as a ratio in simplest form.

16 In a game of cricket, batsman A scored  
48 runs from 66 deliveries, while batsman  
B scored 34 runs from 42 deliveries.

a Which batsman is scoring at the fastest  
rate (runs per delivery)?

b What is the combined scoring rate of  
the two batsmen in runs per 100 deliveries  
correct to 2 decimal places?

17 Change the following rates to the units as indicated. Where necessary, give 
answers correct to 2 decimal places.

a 1.5 metres per second to kilometres per hour
b 60 kilometres per hour to metres per second
c 65 cents per gram to dollars per kilogram
d $5.65 per kilogram to cents per gram

18 Calculate the amount paid per hour for the following incomes, giving all answers 
correct to the nearest cent.

a $75 000 per annum for a 38 hour week
b $90 000 per annum for a 40 hour week
c $64 000 per annum for a 35 hour week
d $48 000 per annum for a 30 hour week

19 A particular car part is shipped in containers that hold 2054 items. Give answers 
to the following questions correct to the nearest cent.

a If each container costs the receiver $8000, what is the cost of each item?
b If the car parts are sold for a profit of 15%, how much is charged for each?
c The shipping company also has smaller containers that cost the receiver $7000, 

but only hold 1770 items. If the smaller containers are the only ones available, 
how much must the car part seller charge to make the same percentage profit?
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20 A butcher has the following pre-packed meat  
specials.

BBQ lamb chops in packs of 12 
for $15.50

Porterhouse steaks in packs of 5 
for $13.80

Chicken drumsticks in packs of 11 
for $11.33

a Calculate the price per individual piece of meat for each of the specials, correct 
to the nearest cent.

b The weights of two packages of meat are shown in the table below.

Meat Package 1 Package 2

BBQ lamb chops 2535 grams 2602 grams

Porterhouse steak 1045 grams 1068 grams

Chicken drumsticks 1441 grams 1453 grams

Calculate the price per kilogram for each package correct to the nearest cent.

21 The ladder for the top four teams in the A-League is shown in the table below.

Team Win Loss Draw Goals for Goals against

1.  Western Sydney Wanderers 18 6 3 41 21

2. Central Coast Mariners 16 5 6 48 22

3. Melbourne Victory 13 9 5 48 45

4. Adelaide United 12 10 5 38 37

Use CAS to:

a express the win, loss and draw columns as a percentage of the total games 
played, correct to 2 decimal places.

b express the goals for as a percentage of the goals against, correct to 
2 decimal places.

MAstEr
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22 The actual and projected population figures for Australia are shown in the 
table below.

Year NSW VIC QLD WA SA TAS

2006 6 816 087 5 126 540 4 090 908 2 059 381 1 567 888 489 951

2013 7 362 207 5 669 525 4 757 385 2 385 445 1 681 525 515 380

2020 7 925 029 6 208 869 5 447 734 2 717 055 1 793 296 537 188

2030 8 690 331 6 951 030 6 424 193 3 185 288 1 940 032 559 757
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Population 2030

a Use CAS to express the populations of each state as a percentage of the total 
for each year, giving your answers correct to 2 decimal places

b Use CAS to calculate, to the nearest whole number, the average growth rate 
(population/year) of each state from:
i  2006–13
ii  2013–20
iii 2020–30.

c Express your answers from part b iii as a percentage of the 2006 population for 
each state correct to 2 decimal places.

d Which state is growing at the fastest rate during these time periods?
e Which state is growing at the slowest rate during these time periods?
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2 Answers
ExErcisE 2.2 
1 23 (from left to right without using the order of operations 

rules, the answer is 75)

2 
1
10

3 62

4 Julie-Ann was right. Combine the signs before carrying 
out any calculations.

5 −11
5

6 8

7 2.6 × 106

8 5.5 × 10−7

9 0.000 000 003 m

10 13 800 000 000

11 a 5 b 40 080 000 m

12 a 0.0012 cm b 2 c 0.001 cm

13 a 1698.7 b 1700

c Yes, the answers are very close.

14 a 4000 litres b 3774 litres

15 a 14 b 15.25

c 3 d 8

16 a 23 b −158 c 355

d −56 e −84 f 43

g 16 h −2 i −2
3

17 a 7.319 × 103 b 8.0425 × 10−2

c 1.300 043 8 × 107 d 2.6 × 10−4

e 9.263 005 1 × 107 f 5.692 × 10−4

18 a 0.000 164 b 0.000 000 023 994

c 1 400 300 000 d 860 000

19 a i 4 ii 1900

b  i 3  ii 0.0015

c  i 3  ii 20 000

d  i 5  ii 0.0943

e  i 7  ii 1.081

f  i 4  ii 401

20 a Lisa

b In the numerator, Elia added 3 + 17 first rather than 
completing the multiplication 17 × –2. Also, in the 
denominator Elia calculated the subtraction first rather 
than expanding the exponent.

21 a −50 + 35 − 23 b $38

22 a 9 b   240 000 000 km c  2.4 × 108 km

23 a 2 × −1.10 + −4.80 + −36.80
4

+ 47 + 3 × −21.35

b −$33.25

24 a 345.58 m

b 341 m; this is a reasonable approximation.

25 a $1352

b Actual cost = $1248.16; there is a significant 
difference in the cost.

c Answers will vary.

26 a 4.523 893 421 cm2 b 4.52 cm2

c 791 cm2 d 79 100 mm2

e 7.91 × 104 mm2

ExErcisE 2.3 
1 4

2 3

3 3

4 7200 seconds

5 5

6 a 9 b 1 000 000 000

7 An earthquake of magnitude 5 is 100 times stronger than 
an earthquake of magnitude 3.

8 a 3 b 1000

9 a 1 × 100 km b 1 × 101 kg

c 9 × 104 cm d 5.4 × 105 kg

e 1.2 × 101 mg f 6.3 × 106 km

10 a 4 b 14 c 3

d 7 e 0 f 8

11 B

12 B

13 a Grass: 6 × 100 cm; Tree: 6 × 102 cm

b 600 cm or 6 m

14 C

15 a 0.5 b 3.16

16 4

17 a 2

b Tennis ball: 50 g; Medicine ball: 5000 g

18 a 5 b 100 000

19 a 5 × 103 × 10−1 b 500 mL

20 a 2.5 × 10−1 km b 0.25 km or 250 m

ExErcisE 2.4 
1 a 77.5% b 3

2 a $1943.25

b Week 1: 16.03%; Week 2: 22.36%; Week 3: 29.55%; 
Week 4: 32.06%

3 a 27 : 9 : 4 b 1 : 2
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4 39 : 40

5 15 red, 24 yellow, 9 orange

6 Melbourne to Ballarat: 1 hour, 24 minutes; Ballarat to 
Horsham: 2 hours, 8 minutes; Horsham to Adelaide: 
4 hours, 20 minutes

7 1062 km/h

8 a 0.5 km/h b 9.43 mL/min

c $18.65/min d 12.25 points/game

9 a $0.96 b $0.93

c $0.94 d $0.67

10 a $2 b $0.42

c $18.45 d $22.64

11 a $10 625 b $13 196.25

c $19 327.09 d $37 368.38

12 a See the table at the foot of the page.*

b 68.43%

13 a  Food: 33.33%; electricity: 12.5%; telephone: 5.95%; 
petrol: 10.12%; rent: 38.10%

b Food: 25.45%; electricity: 9.55%; telephone: 4.55%; 
petrol: 7.73%; rent: 29.09%

14 a 3 : 7 b 7 : 11 : 15

c 43 : 25 d 10 : 4 : 5

15 a Mark: $5400; Henry: $1800; Dale: $7200; Ben: $3600

b 150 : 40 : 69 : 123

16 a Batsman B

b 75.93 runs/100 deliveries

17 a 5.4 km/h b 16.67 m/s

c $650/kg d 0.57 cents/gram

18 a $37.96 b $43.27

c $35.16 d $30.77

19 a $3.89 b $4.47

c $4.54

20 a BBQ lamb chops: $1.29

Porterhouse steak: $2.76

Chicken drumsticks: $1.03

b Pack A: $16.18/kg

Pack B: $15.86/kg

21 a 

b 

22 a See the table at the foot of the page.*

b See the table at the foot of the page.*

c NSW: 1.12%, VIC: 1.45%, QLD: 2.39%, WA: 2.27%, 
SA: 0.94%, TAS: 0.46%

d Western Australia

e Tasmania

Team Win Loss Draw

1.  Western  
Sydney  
Wanderers

66.67% 22.22% 11.11%

2.  Central Coast  
Mariners

59.26% 18.52% 22.22%

3.  Melbourne  
Victory

48.15% 33.33% 18.52%

4.  Adelaide  
United

44.44% 37.04% 18.52%

*12 a 

*22 a 

*22 b 

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Test 8
Percentage 80% 66.67% 76.47% 80% 72.5% 33.33% 70% 74.29%

Year NSW VIC QLD WA SA TAS

2006 33.83% 25.44% 20.30% 10.22% 7.78% 2.43%

2013 32.91% 25.34% 21.27% 10.66% 7.52% 2.30%

2020 32.18% 25.21% 22.12% 11.03% 7.28% 2.18%

2030 31.32% 25.05% 23.15% 11.48% 6.99% 2.02%

Years NSW VIC QLD WA SA TAS

i  2006–13 78 017 77 569 95 211 46 581 16 234 3633

ii  2013–20 80 403 77 049 98 621 47 373 15 967 3115

iii  2020–30 76 530 74 216 97 645 46 823 14 674 2257

Team Goal percentage

1.  Western 
Sydney Wanderers

195.24%

2.  Central 
Coast Mariners

218.18%

3. Melbourne Victory 106.67%

4. Adelaide United 102.70%
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