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TOPIC 3  
Practicalities of measurement

3.1 Overview
3.1.1 Introduction
Understanding measurement allows us to understand the world around us, from the size of bacteria to the 
amount of time it would take us to travel to stars in the night sky. Think about how often you use measures 
every day!

3.1.2 Content
 • review the use of different units of measurement, making measurements, and calculating conversions 

between common units of measurement, e.g. kilometres to metres or litres to millilitres (ACMEM092)
 • calculate the absolute error of a reported measurement and state the corresponding limits of accuracy

– investigate types of errors, such as human error or device limitations
– calculate the percentage error of a reported measurement

 • use scientific notation and standard prefixes in the context of measurement, with and without a required 
number of significant figures

3.2 Units of measurement
3.2.1 Units of measurement

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

 In the past, people used the sizes of their body parts as reference 
units to measure length, as shown at right.
The standard unit of length in the metric system is the metre.
 The most common metric units of length are the millimetre (mm), centimetre (cm), metre (m) and 
kilometre (km). They are related as shown below.

10 millimetres = 1 centimetre
100 centimetres = 1 metre
1000 metres = 1 kilometre

1 span

1 digit
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While the measurement of a linear or curved distance can be measured using mm,  cm,  m, or km, other 
units of measurements are required to measure liquid, weight and time.

In ancient Greece pottery vessels were used to trade wine or 
water, and balance beams were once used to measure weight. 
Sundials and hourglasses were used for centuries to tell the 
time, before advancements in technology allowed much more 
accurate measurements to be taken.

In our modern society, we have standard measurements for 
volume (liquid), mass (weight) and time.

For volume and mass, the prefixes are similar.
The standard unit of volume in the metric system is the litre 

and the standard unit of weight in the metric system is the 
gram.

Standard metric volume measurements (small to large):
millilitres (mL), litres (L)

Standard metric weight measurements (small to large):
milligrams (mg), grams (g), kilograms (kg), tonnes (t)

Universal time measurements (small to large):
seconds (s), minutes (min), hours (h), days, weeks, months, years, decades, centuries, millennia

3.2.2 Making measurements
When measuring lengths, it is important to choose units that suit 
the situation. A suitable unit may be determined by:

 • the length of the measurement
 • the context in which the measurement is to be used; for 

example, builders, carpenters and plumbers work in 
millimetres, regardless of the length of the object to be 
measured.

A variety of tools can be used to help in measuring length.
 • A ruler can be used to measure short objects.
 • A tape measure can be used to measure longer objects or distances.
 • A car’s odometer can record long measurements, such as the distance 

between two towns.
 • A picture with a scale, such as a map or a microscope drawing, can be 

used to measure very large or very small lengths.

Millimetre (mm) Centimetre (cm) Metre (m) Kilometre (km)

1 mm

1 cm

1 m

1 km

Odometer
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When using a ruler or a tape measure to measure length, it is important to ensure that the zero line of the 
scale markings is always placed at the start of the length being measured.

When measuring a curved line, some useful tools are: a piece of string, a trundle wheel or the edge of a 
piece of paper, slowly rotated around the line.

Nowadays the measurement of volume, weight and time has become extremely accurate due to the great 
advances in technology. Volume is now measured using advanced laser systems, whereas in the past some 
of the volumes that occurred in nature could not be accurately measured. Digital scales are used to accu-
rately measure very small or large weights, and atomic clocks can be accurate to the nearest second for 
millions of years.

3.2.3 Converting between units of measurements
The relationships (or ratios) between the metric units of length can be used to convert a measurement from 
one unit to another.

The following table shows how to convert a larger unit to a smaller unit.

WORKED EXAMPLE 1

State the measurement marked by the arrow in each of the following. Record your answer in the 
unit indicated in the brackets.
a 

0 cm 21 3 4 5 6 7 8 9 10
(mm)

b 
0 cm 21 3 4 5 6 7 8 9 10

(cm)

THINK WRITE

a 1 From left to right count how many centimetres the arrow 
has passed.

a 1 cm

2 Multiply that number by 10 to account for the number of 
mm in each cm (1 cm = 10 mm).

1 × 10 = 10 mm.

3 Add the extra millimetres (mm). 10 + 5 = 15 mm

b 1 Count the number of centimetres the arrow has passed. 
The whole numbers represent the number of cm.

b 2 cm.

2 The extra 4 mm represent 4
10

 cm or 0.4 cm. 0.4 cm.

3 Add the whole and part cm. 2 + 0.4 = 2.4 cm

For every 1 cm there are 10 mm. For every 1 m there are 100 cm. For every 1 km there are 1000 m.

5 cm = 50 mm
0.6 cm = 6 mm

(Multiply by 10.)

5 m = 500 cm
0.5 m = 50 cm

(Multiply by 100.)

25 km = 25 000 m
0.75 km = 750 m

(Multiply by 1000.)
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The following table shows how to convert a smaller unit to a larger unit.

All measurement conversions require the use of either multiplication (big to small units) or division (small 
to big units). Volume and weight measurements use the same metric prefixes as length, while time has a 
standard system that is the same everywhere around the world.

Volume
For every 1 L there are 1000 mL.

Weight
For every 1 g there are 1000 mg.
For every 1 kg there are 1000 g.
For every 1 t there are 1000 kg.

For every 10 mm there is 1 cm. For every 100 cm there is 1 m. For every 1000 m there is 1 km.

400 mm = 40 cm
52 mm = 5.2 cm
(Divide by 10.)

750 cm = 7.5 m
32 cm = 0.32 m
(Divide by 100.)

25 000 m = 25 km
750 m = 0.750 km
(Divide by 1000.)

WORKED EXAMPLE 2

Convert the following lengths to the units shown.
a 0.234 km = ____ m
b 24 000 mm = ____ m

THINK WRITE

a To convert from kilometres to metres, multiply by 
1000, because there are 1000 m for each 1 km.

0.234 km = (0.234 × 1000) m
= 234 m

b To convert from millimetres to metres, first divide by 
10 to convert from millimetres to centimetres, then 
divide by 100 to convert from centimetres to metres.

24 000 mm = (24 000 ÷ 10 ÷ 100) m
= (2400 ÷ 100) m
= 24 m

Interactivity: Converting units of length (int-4011)

 RESOURCES

÷1000

LmL

×1000

g kgmg

÷1000

×1000

÷1000

×1000

t

÷1000

×1000
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Time
60 seconds = 1 minute 60 minutes = 1 hour 24 hours = 1 day
7 days = 1 week 12 months = 1 year 52 weeks = 1 year
365 days = 1 year 10 years = 1 decade 100 years = 1 century

Note: there are 366 days in a leap year, which occurs every 4 years. If the year is a multiple of 4 then the 
year is a leap year. For example, 2018 is a not a leap year because it is not a multiple of 4.

All measurements need to be in the same unit before they can be added or subtracted.

min hs

÷60

×60

÷60

×60

days

÷24

×24

WORKED EXAMPLE 3

Convert the following volume, weight and time measurements.
a 400 mL = ____ L
b 1500 g = ____ kg
c 5 h = ____ s

THINK WRITE

a To convert from millilitres (mL) to litres (L) divide  
by 1000.

a 400 mL = (400 ÷ 1000) L
= 0.4 L

b To convert from grams (g) to kilograms (kg) divide  
by 1000.

b 1500 g = (1500 ÷ 1000) kg
= 1.5 kg

c To convert from hours to seconds, first multiply by  
60 to convert from hours to minutes, then multiply  
by 60 again to convert from minutes to seconds.

c 5 h = (5 × 60) min
= 300 min

300 min = (300 × 60) s
= 18 000 s

WORKED EXAMPLE 4

Calculate the value of 6 m  25 cm + 18 m  92 cm using two different methods.

THINK WRITE

1 • Collect the like-sized measurements. 6 m 25 cm + 18 m 92 cm = 6 m + 25 cm + 18 m + 92 cm

• Add the like-sized measurements. = 6 m 18 m + 25 cm + 92 cm
= 24 m + 117 cm

• Convert 117 cm into metres and  
centimetres. Add 24 m and 1 m.

= 24 m + 1 cm + 17 cm
= 25 m + 17 cm

2 • Convert both measurements to 
decimal measurements of the  
larger units.

6 m 25 cm + 18 m 92 cm = 6.25 m + 18.92 m
= 25.17 m

• Add the two decimals.
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3.2 Units of measurement Exercise 1 – Knowledge and Understanding
1. State the measurement marked by the arrow in each of the following. Record your answer in the unit 

indicated in brackets.

a. 
0 cm 21 3 4 5 6 7 8 9 10 11 12 13

(cm)

b. 
0 cm 21 3 4 5 6 7 8 9 10 11 12 13

(mm)

c. 
0 cm 21 3 4 5 6 7 8 9 10 11 12 13

(mm)

d. 
0 cm 21 3 4 5 6 7 8 9 10 11 12 13

(cm)

2. a.   Convert 5600 m to km. b. Convert 21 cm to mm. c. Convert 55 km to m.
d. Convert 2.2 m to cm. e. Convert 350 cm to m. f. Convert 25 mm to cm.

3.  WE2  Convert the following lengths to the units shown.
a. 0.165 km = __________m b. 780 cm = __________m
c. 0.158 m = __________cm d. 13 m = __________km

e. 11
4

 km = _________cm f. 36 000 mm = __________m

g. 1.35 km = ________mm h. 3000 cm = ___________km

4. Convert the following measurements as indicated.
a. Convert 5632 cm to km. b. Convert 204 310 cm to km. c. Convert 5.5 km to cm.
d. Convert 2.2 m to mm. e. Convert 35 000 cm to km. f. Convert 250 mm to m.

5. Arrange the following lengths in descending order.
a. 89 000 cm, 7.825 m, 98 760 mm, 0.3217 km
b. 0.786 mm, 0.786 km, 0.000 786 m, 0.078 6 cm

6. Arrange each of the following in ascending order.
a. 0.15 km, 135 m, 2400 cm b. 25 cm, 120 mm, 0.5 m c. 9 m, 10 000 mm,  0.45 km
d. 32 000 cm,  1200 m, 1 km e. 1.5 m, 150 cm, 0.0015 km f. 8.25 km, 825 m, 90 000 cm

7.  WE4  Calculate the value of each of the following, in centimetres.
a. 15 mm + 5 cm b. 1.5 m + 20 mm
c. 855 mm + 1.8 m d. 5.67 cm + 1156 mm − 0.25 m

8. Calculate the value of each of the following.
a. 15 cm 15 mm + 27 cm 86 mm b. 6 km 58 m + 84 km 47 m
c. 75 cm 10 mm − 15 cm 5 mm d. 125 m 58 cm − 18 m 85 cm

9. Which volume measurement is the most appropriate for each of the following objects?

a. b. 
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10. Which weight measurement is the most appropriate for each of the following objects?

a. b. c. 

11. Which is the larger volume?
a. 1500 mL b. 3 L C. 0.465 L d. 858 mL E. 1.521 L

12.  WE3  Convert the following volume measurements.

a. 2500 mL to L b. 3 L to mL c. 3.1 mL to L

d. 5.25 L to mL e. 7.5 L to mL f. 3 
3
4

 mL to L

13. Arrange the following weights in ascending order.

a. 2500 g, 2.4 kg, 400 000 mg, 0.000 024 t
b. 0.05 kg, 54 g, 52 000 mg, 0.0005 t

14. True or False?

a. 1555 mg > 2 g b. 3.2 kg = 320 g
c. 45 000 mg < 0.145 kg d. 500 000 mg > 500 g

15. Convert the following weight measurements.

a. 505 g = _____mg b. 4.5 mg = _____g c. 6.4 kg = _____g
d. 5840 g = _____kg e. 75 821 mg = _____kg f. 0.000 07 kg = _____mg
g. 2 t = _____kg h. 35 kg = _____t i. 5 000 000 g = _____t

16. Fill in the blanks with the appropriate time measurement from the list below. (Use each term only once.)

centuries second decades hours weeks
minutes months years day

a. The Roman Empire lasted about 5 _________.
b. The internet was invented about 3 _________ ago.
c. The speed of light is 299 792 458 m/ _____.
d. Distance to most planets is measured in light _________.
e. A full-time job is considered to be 35–40 ______ per week.
f. There is always at least one low and one high tide every _______.
g. The ________ are based upon the lunar cycle.
h. It takes about 2 ________ to cook instant popcorn.
i. A normal pregnancy takes between 37 and 42 ________.

17. Arrange each of the following in descending order.

a. 2 decades, 1.5 centuries, 250 years, 500 months
b. 750 minutes, 12.6 hours, 4250 seconds, 0.56 days, 0.1 weeks

18. Convert the following time measurements:

a. 4.5 decades =  ______ years b. 825 years =  ______ decades
c. 3.4 centuries =  _______ years d. 485 years =  ______ centuries
e. 5 centuries =  ________ decades f. 120 decades =  ______ centuries
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19. Convert the following time measurements.

a. 240 s = _______ min b. 5.2 min = ________ s
c. 4.6 h = ________ min d. 320 min = ________ h
e. 30 000 s = ______ h f. 20.3 h = _______ s

20. How many days were there in 1981,  1982,  1983 and 1984 combined?

a. 1460 b. 1461 C. 1462 d. 1459 E. 1458

21. How many hours are there in 3.6 days?

a. 86 b. 86.6 C. 864 d. 86.4 E. 866

22. How many days are there in 396 hours?

a. 16.5 b. 16 C. 15.5 d. 15 E. 14.5

3.2 Units of measurement Exercise 2 – Problem-Solving and  
Reasoning
23. Your friend has invented a measurement system called Measuro. In the Measuro measurement 

system, the smallest measurement unit is a small. There are 12 smalls in a medium and 8 mediums  
in a large.
a. How many smalls are there in 4 mediums?
b. How many smalls are there in 5 larges?
c. If you are 75 larges tall, how tall are you in mediums?
d. Explain how you convert a length measured in larges into smalls.
e. Convert 125 larges into smalls.

24. Explain why it would not be wise to use millimetres to measure the distance between Melbourne and 
Perth.

25. Wayne’s Concreting Crew needs to pour concrete for a driveway. They have calculated that the 
driveway needs 20 cubic metres (20 m3) of concrete.

a. If 1 cubic metre equals 1000 litres, how many litres of concrete are needed?
b. How many cubic metres can you cover if you have 2584 litres of concrete?

26. Find the metric equivalent of each of the following measurements from the imperial measure-
ment system. (Hint: Convert to centimetres first and then to either metres or kilometres, as 
appropriate.)

1 inch = 2.54 cm
1 foot = 12 inches
1 yard = 3 feet
1 furlong = 220 yards

1 mile = 1760 yards
1 chain = 22 yards
1 chain = 4 rods
1 rod = 25 links

27. a.   Find the metric length of each of the following units and explain what they are used to measure.
i. A nautical mile
ii. A light year

b. Create a poster to display in your classroom that shows the non-metric lengths from part a and their 
equivalent metric lengths.
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                    3.3   Limits of accuracy  
 3.3.1 Accuracy 
   Accuracy  refers to how closely a measured value agrees with the 
actual value. The accuracy of a measurement can be improved by 
measuring with smaller units. For example, a ruler that has millimetre 
markings will give a more accurate measurement of the length of a 
paperclip than a ruler that has only centimetre markings, as shown at 
right.   

  Precision  refers to how closely the individual measurements agree 
with each other. It is possible for a measuring device to be precise but 
not accurate.   

 The diagram below compares accuracy and precision. 

 
Accurate but
not precise     

Precise but
not accurate     

Accurate and
precise  

  3.3.2 Limits of accuracy 
  The ruler below has only centimetre markings, so measurements are approximated to the nearest centimetre. 
Lengths between   4.5 cm   and   5.5 cm   are all measured as   5 cm   with this ruler. 

 
0 cm 21 3 4 5 6

 
 The  limit of accuracy  of a measuring tool is  half of the smallest unit  marked on the tool. This limit 

determines the highest and lowest values that will result in a particular measurement being recorded. The 
highest and lowest values indicate the  range  within which the actual value will lie.   

0 cm 21 3 4

0 cm 21 3 4

 WORKED EXAMPLE 5 

  The speedometer shown at right measures the speed at which a car 
is travelling. 
a    State the limit of accuracy for this speedometer. 
b    Provide a range within which the car’s actual speed (as indicated 

by the arrow) lies.        

  THINK     WRITE  

  a      Each marking on the scale represents   5 km/h  , so the limit of 
accuracy is half of this measurement.   

      
Limit of accuracy =  1

2
× 5

= 2.5
      

b      The arrow is pointing to 80 km/h on the speedometer. 
The actual speed lies within the range of   80 km/h − 2.5 km/h   to 
  80 km/h + 2.5 km/h  .   

      80 − 2.5 = 77.5   and 
  80 + 2.5 = 82.5    
  The actual speed lies within the 
range of   77.5 km/h   to   82.5 km/h  .    
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The limit of accuracy of the ruler shown at right is 
0.5 cm, which is half of the unit shown on the scale. If an 
object is measured with this ruler as being 5 cm long, the 
actual measurement will be between 4.5 cm and 5.5 cm; 
that is, half a unit above and below the nearest centimetre.

It is always possible to divide a measurement unit into smaller units. For example, metres can be divided 
into centimetres, centimetres can be divided into millimetres, millimetres can be divided into micrometres 
and so on. So the measurements that we take are never exact. They are approximations only.

All measurements are approximations, not just those relating to length. For example, the measurement of 
the mass of a teaspoon of butter is only as accurate as the kitchen scales with which it is measured, and the 
measurement of a baby’s temperature is only as accurate as the thermometer’s scale.

3.3.3 Types of error
Errors in measurement can be made due to a number of factors:

 • An inappropriate instrument being used. For example, 
it would be inappropriate to use a centimetre ruler to 
measure the distance from Melbourne to Sydney.

 • Human error when reading the measurement. For 
example, when measuring the length of a school foot-
ball oval, it is possible for three different students to 
report three different results.

 • Inaccuracy of the instrument being used. For example, it would be more accurate to measure 20 mL 
with a measuring cylinder instead of a beaker.

The difference between the measurement made (the estimated value) and the actual size of the object is 
called the error.

The error can be positive or negative and can be calculated using the formula:
Error = estimated value − actual value

3.3.4 Accuracy of measurement
Indicating accuracy of measurements

The number of decimal places a measurement contains can give an indication of the accuracy of the 
measurement. For example:

 • a measurement of 5 m indicates that the length is closer to 5 m than it is to either 4 m or 6 m. It has 
been measured to the nearest metre.

 • a measurement of 5.00 m indicates that the length is closer to 5.00 m than it is to 4.99 m or 5.01 m.  
It has been measured to the nearest hundredth of a metre or the nearest centimetre.

 • a measurement of 5.000 m has been measured to the nearest thousandth of a metre or the nearest  
millimetre.

The number of decimal places a measurement can have is determined by the scale on the measuring 
device and the units the device has.

The more decimal places a measurement contains, the more accurately it was measured.

3.3.5 The absolute error
The absolute error is the value of the error without the positive or negative sign. The calculation for the 
absolute error is done in a pair of vertical bars. This is called the modulus and means that you ignore the 
sign of the number. As the sign is ignored, the absolute error is never negative.

Absolute error = ∣  estimated value − actual value ∣

5.5 cm

0 cm 21 3 4 5 6

4.5 cm

127 m 134 m 137 m
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The significance of the error can be seen when it is compared with the actual value. For example, an 
error of 1 cm may not be significant if the actual length of the object is 5 m. However, the same error would 
be significant if the actual length is 5 cm.

3.3.6 Percentage error
To compare the estimated value with the actual value, the absolute relative error is calculated. It expresses 
the absolute error as a fraction of the actual value.

Absolute relative error = ∣ estimated value − actual value
actual value ∣

The absolute relative error can be converted into the absolute percentage error, by multiplying by 
100%.

Absolute percentage error = ∣ estimated value − actual value
actual value ∣ × 100%

= Absolute relative error × 100%

WORKED EXAMPLE 6

a Richie estimated his tennis grip to be 105 mm When he arrived  
at the store to purchase the grip, the owner suggested they  
measure the circumference of his racquet handle to confirm  
his estimate. The actual measurement was 107 mm What is the  
absolute error of Ritchie’s measurement?

b Geoff ordered a surfboard that was 2.25 inches thick. The  
thickness of the board was perfect for his weight of 70 kilos.  
His surfboard shaper thought he had written 2.75 inches on the  
order form, and shaped the board to that specification. Do you  
think this was a significant error? Why or why not?

THINK WRITE

a Absolute error = ∣estimated value –  
actual value∣

a ∣105 mm − 107 mm∣ = ∣−2 mm∣
= 2 mm

b Absolute error = ∣estimated value –  
actual value∣
Compare the absolute error to the original 
measurement.

b ∣2.25 inches − 2.75 inches∣ = ∣−0.5 inches∣
= 0.5 inches

Yes, 0.50 inches is almost a quarter of the 
original measurement.

WORKED EXAMPLE 7

A student measured the width of a page of her workbook. Her measurement was 19.5 cm. If the 
actual width of the page was 20.5 cm, calculate:
a the error b the absolute error
c the absolute relative error d the absolute percentage error.
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Exercise 3.3 – Limits of accuracy

Knowledge and understanding
1.  WE5  For each of the scales below:

i. state the limit of accuracy
ii. write a range to show the values between which the measurement shown on the scale lies.

a. 
°C

300250200150100
°C

b. 

c. d. 

2. Write the measurements of the following lines as accurately as possible for each ruler.
a. 

b. 

0 cm 21 3 4 5 6 7 8 9 10 11 12

0 cm 21 3 4 5 6 7 8 9 10 11 12

THINK WRITE

a The error is the difference between the 
estimated value and the actual value.

Error = 19.5 − 20.5
= −1.0 cm

b The absolute error is the error 
expressed without the positive or 
negative sign.

Absolute error = ∣−1.0∣
= 1.0 cm

  

c The absolute relative error is the 
absolute error expressed as a fraction 
of the actual value.

Absolute relative error = ∣ estimated value − actual value
actual value ∣

= ∣ 19.5 − 20.5
20.5 ∣

= 1.0
20.5

= 0.049

d The absolute percentage error is the 
absolute error expressed as a  
percentage of the actual value.

Absolute percentage error = absolute relative error × 100%
= 0.049 × 100%
= 4.9%
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3. Each of the following lengths has been recorded to the nearest centimetre. Provide a range within 
which each measurement will lie.
a. 5 cm b. 12 cm c. 100 cm
d. 850 cm e. 5 m f. 2.5 m

4. For each of the following measurements, provide the two limits between which the actual measure-
ment will lie.
a. The length of a book is 29 cm, correct to the nearest centimetre.
b. The mass of meat purchased is 250 grams, correct to the nearest 10 grams.
c. The volume of cough medicine is 10 mL, correct to the nearest 5 mL.
d. Half an hour, to the nearest minute.

5.  MC  The most accurate of the following measurements is:
a. 7 b. 7.0 C. 0.7 d. 7.7 E. 7.07.

6.  MC  The least accurate of the following measurements is:
a. 8.000 b. 8.0 C. 8 d. 8.008 E. 0.08.

7. A measurement of 2.500 m indicates that the measurement is accurate to the nearest millimetre 
(2.500 m = 2500 mm). Determine the unit that each of the following measurements is accurate to.
a. 35.20 m b. 1.30 m c. 1.000 km
d. 8.0 cm e. 5.000 m f. 2.520 km

8. Four students recorded the following measured lengths during a Science class. The actual lengths were 
also recorded. Calculate the error made by each student.

Student Estimated value Actual value
a 10 cm 9.4 cm

b 15.5 cm 17.2 cm

c 250 km 228 km

d 37 mm 38.1 mm

9.  WE6  a. Jordan estimated the length of his bedroom as 410 cm 
However, when he measured it, he found out it was only 395 cm 
long. What is the absolute error of Jordan’s measurement?

b. Jamie ordered a 30 cm pizza for a party with her friends. However, 
when it arrived, she found that the pizza was only 29.7 cm wide. 
Do you think this is a significant error? Why or why not?

10. Calculate the absolute error for each of the following.
a. The distance from home to school is estimated by a student to be 2 km. The actual distance  

is 1.85 km. 
b. The weight stated on a packet of lollies is 250 g. The actual weight is 254 g.
c. The scheduled arrival time of the plane from Kansas City is 7:23 pm. The actual arrival time is  

7:46 pm.
d. The estimated volume of water in a fish tank is 65 L. The actual volume is 72 L.

11. You measured your friend’s height to be 165 cm. If the absolute error of your measurement is  
4 cm, how tall is your friend? (Hint: There may be more than one answer.)

12.  WE7  Complete the table below by calculating the error, the absolute error, the absolute relative error 
and absolute percentage error. Give your answers correct to 2 decimal places. (Hint: Make sure that 
both measurements are in the same units.)
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Measurement

Error
Absolute 

error

Absolute 
relative 
error

Absolute 
percentage 

errorEstimated Actual
a 250 m 245 m

b 95 cm 1.02 m

c 2 cm 18.5 mm

d 48 seconds 1 minute

e 1.4 kg 1 kg 300 g

f 750 mL 0.9 L

13. After ordering food in a local restaurant, a family estimates that their dinner will cost $120. Compare 
their estimate with the actual total, as shown on the bill, and calculate their absolute percentage error.

Supreme Paradise Restaurant

2 chicken soup
1 spring roll
chicken kiev
tuna salad
spaghetti bolognese
chocolate mousse
mud cake
ice-cream
red wine
2 orange juice

Total

$12.00
$3.50

$22.00
$16.00
$12.00

$6.00
$5.00
$3.00

$35.00
$7.50

$122.00

Supreme Paradise Restaurant

2 chicken soup
1 spring roll
chicken kiev
tuna salad
spaghetti bolognese
chocolate mousse
mud cake
ice-cream
red wine
2 orange juice

Total

$12.00
$3.50

$22.00
$16.00
$12.00

$6.00
$5.00
$3.00

$35.00
$7.50

$122.00

   

Problem solving and reasoning
14.  a. Explain how you would calculate the limit of accuracy of the ruler shown.

0 cm 21 3 4 5 6 7 8 9 10 11 12 13

b. A line measured with this ruler is recorded as 23 mm. Between which two measurements will the 
actual length lie?

15. Explain why any measurement is an approximation and can never be exact.
16. What is the difference between a measurement of 4 km and a measurement of 4.000 km?
17. Medical researchers have found that estimating the weight of unborn babies is critical in determining 

the quality of their health at pregnancy. There are two methods that are used to estimate the weight of 
unborn babies: an ultrasound of the expecting mother, or specific measurements of her body. Both of 
these methods are performed over a five-month period, to ensure accuracy. Read the abstract of the 
scholarly report of the two methods at hindawi.com.
a. What does the abstract say about the mean absolute percentage error for each method?
b. What is the mean absolute percentage error for each method?

18. The accuracy of clocks can vary significantly. 
Check the clock on your wall, your wristwatch, the 
clock on your mobile phone and your computer at 
home. These clocks could be set simultaneously, 
yet after weeks or months might differ by seconds 
or even minutes. How do you know which time is 
more accurate?

An atomic clock uses the resonation of a cesium 
atom to measure time, and it is the most accurate clock in the world. If you go to time.is on your phone 
or computer, you have access to an atomic clock that can compare your computer or mobile-phone time 
to the atomic clock. There is however a problem with this method because of the inaccuracy of 
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synchronisation of your computer or phone with the atomic clock. The accuracy of synchronisation is 
± 0.425 sec.

All computer or phone clocks are estimates compared to the atomic clock (actual time).
a. Is the accuracy of synchronisation more or less significant if the estimated time is behind or ahead? 

Explain.
b. If your computer clock’s time was one minute ahead of the atomic clock, would the accuracy of 

synchronisation be significant? Explain.
c. If your computer’s clock time was one second behind the atomic clock, would the accuracy of 

synchronisation be significant? Explain.

3.4 Scientific notation
3.4.1 Scientific notation
Scientists, economists, statisticians and mathematicians often need to work with very large or very small 
numbers.

Scientific notation (sometimes called standard form) is 
a way of writing a very large or very small number using 
less space. In scientific notation, the number is written as a 
multiple of a power of 10 and looks like a × 10n, where a 
is a number between 1 and 10. For example,

 • 3600 = 3.6 × 103

 • 0.036 = 3.6 × 10−2

 • 3 600 000 000 = 3.6 × 109

 • 0.000 0036 = 3.6 × 10−6

WORKED EXAMPLE 8

Write the following numbers using scientific notation.
a 345 b 0.007

THINK WRITE

a • The non-zero digit in the largest place value is the 3 in the 
hundreds position, as shown in blue.

• The 3 will become the number between 1 and 10 in scientific 
notation, as shown in red. The rest of the digits in 345 become 
decimal places in scientific notation.

• The digit 3 must still have a value of 300, so 3.45 need to be 
multiplied by 100(102), as shown in green.

345 = 3.45 × 102

b • The non-zero digit with the largest place value is the 7 in the 
hundred thousandths position, as shown in blue.

• The 7 will become the number between 1 and 10 in scientific 
notation, as shown in red. The rest of the digits to the right (the 
trailing zeros) become decimal places in scientific notation.

• The digit 7 needs to still have a value of 7 thousandths, so 7.0 

must be multiplied by 1
1000

(10−3), as shown in green.

0.007 = 7.0 × 10−3
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To write a number expressed using scientific notation as a basic numeral, simply complete the  
multiplication.

Scientific notation is displayed on some calculators and spreadsheets using an E.
These calculators or spreadsheets show a number between 1 and 10, then an E and then the power to 

which 10 is raised. For example:
 • 3.45 × 1018 will appear as 3.45E18 on a calculator or spreadsheet
 • The display 5.9E-03 represents the number 5.9 × 10−3.

3.4.2 Measuring very large and very small units using scientific  
notation
Astronomers use very large numbers to express distances between planets, solar systems, stars and other 
celestial objects. If they are writing scientific papers for their research, scientific journals, or the general 
public, the time it takes to repeatedly refer to these distances becomes prohibitive. Imagine writing the dis-
tance to the furthest galaxies in the solar system: 145 000 000 000 000 000 000 000 km. It would be much 
easier to express this distance in scientific notation as.1.45 × 1023 km

Physicists have a similar problem writing numbers. They record weights that are very small and, like the 
astronomers, they need to describe these numbers to their readers. For example, the mass of a stationary 
electron is 0.000 000 000 000 000 000 000 000 000 000 911 kg. Try counting the 0s! Instead, the physicist 
uses the scientific notation of 9.11 × 10−31 kg.

WORKED EXAMPLE 9

Write the following numbers as basic numerals.
a 2.897 × 108 b 6.05 × 10−6

THINK WRITE

a Completed the multiplication by 108. This can be done 
by moving the decimal point 8 places to the right. The 
result is a very large number.

2.897 × 108 = 2.897 × 1 00 000 000
= 289 700 000
= 289 700 000

b • Complete the mulitiplication by 10−6. This is the same 

as multiplying by 1
1 000 000

.

• Dividing by 1
1 000 000

 can be done by moving the 

decimal point 6 places to the left. The result is a very 
small number.

6.05 × 10−6 = 6.05 × 1
1 000 000

= 0.000 006 05

= 0.000 006 05

WORKED EXAMPLE 10

a The approximate diameter of the Milky Way galaxy is  
950 000 000 000 000 000 km Use scientific notation to express  
this distance.

b A stock trade on the New York Stock Exchange can be made  
in 740 nanoseconds or 0.000 007 24 seconds. Use scientific  
notation to express this time in seconds.
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3.4.3 Significant figures
 • Significant figures are a method of indicating the precision of a measurement.
 • The more significant figures a number has, the more precise the measurement.
 • The words significant figures are sometimes abbreviated to sig. figs.

Rules for significant figures
1. All non-zero digits are significant.

Example: 513 (3 significant figures)
2. Any zeros between two significant figures are significant.

Example: 602, 1.5003, 600.1, 100.00002
3. Any zeros that are not between significant figures in a whole number are not significant.

Example: 50000, 30, 3510
4. Zeros following the last significant figure in the decimal portion of a number are significant.

Example: 52.0030, 60.010500, 0.34000
5. Zeros preceding the first significant figure in the decimal portion of a number are not significant.

Example: 0.00008, 0.00780
6. Zeros in the decimal portion of a number that have no significant figures following them are 

significant, and therefore the zeros at the end of the whole number become significant, if they  
are present.
Example: 80.000, 8.0, 7080.00

Scientific notation and significant figures
If a number is expressed using scientific notation (a × 10n), then all the digits in it are significant (see chart 
below).

Rounding off significant figures
When working with significant figures in maths or science, do not round off to the required number of 
significant figures until the final answer.

THINK WRITE

a The 9 is in the largest place value, as shown  
in blue.
The 9 will become the number between 1 and 
10, as shown in red.
The rest of the digits become decimal places in 
scientific notation.
The decimal point has moved 17 spaces to the 
left, so the power of ten is 17.

a 950 000 000 000 000 000 km = 9.5 × 1017 km

b The 7 is in the largest place value, as shown  
in blue.
The 7 will become the number between 1 and 
10, as shown in red.
The rest of the digits become decimal places in 
scientific notation.
The decimal point has moved 6 spaces to the 
right, so the power of ten is −6.

b 0.000 007 24 seconds = 7.24 × 10−6 seconds
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When writing a number to a specified number of significant figures, the smallest significant digit may 
need to be rounded, depending on the value of the next digit. For example:

 • 7.59 is written as 7.6, correct to 2 significant figures
 • 7.54 is written as 7.5, correct to 2 significant figures.

Number Scientific notation Significant figures
34.56 3.456 × 101 4

3.456 3.456 × 100 4

346 3.46 × 102 3

3460 3.46 × 103 3

346 000 3.46 × 105 3

0.0034 3.4 × 10−3 2

3.4 × 104 3.4 × 104 2

WORKED EXAMPLE 11

Convert the following measurements as specified, and then write the measurements correct to the 
number of significant figures indicated in brackets.
a 0.000 078 1 cm to mm (2 significant figures)
b 550 900 g to kg (3 significant figures)
c 80.4586 s to min (4 significant figures)

THINK WRITE

a 10 mm = 1 cm

To convert from cm to mm, multiply by 10.

All of the non-zero digits in the number are 
significant; however, the three zeros to the right of 
the decimal point are not significant.

The second significant digit (8) will not need to 
be rounded, as 1 is less than 5.

a 0.000 078 1 cm = (0.000 078 1 × 10) mm
= 0.000 781 mm

0.000 781 mm = 0.000 78 mm (2 sig. figs.)

b 1000 m = 1 km

To convert from m to km divide by 1000.

All of the digits in the number are significant; 
however we only need 3 significant figures, so 
these are the first three digits.

The 0 to the left of the decimal point will  
need to be rounded up to 1 because of the 
following 9.

b 550 900 m = (550 900 ÷ 10) km
= 550.900 km

550.990 km = 551 km (3 sig. figs.)

c 1 min = 60 s
To convert from seconds to minutes divide by 60.

All the digits are significant; however we only need 
the first 4 significant figures, so these are the first 4 
digits.

The fourth significant digit (4) will not need to be 
rounded as 0 is less than 5.

c 80.4586 sec = (80.4586 ÷ 60) min
= 1.304097... min

1.304 097... min = 1.304 min (4 sig. figs.)
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Exercise 3.4 – Scientific notation

Knowledge and understanding

1.  WE8  Write the following numbers using scientific notation.
a. 47.2 b. 3890 c. 0.56 d. −0.00 67 e. 34 000 000

2.  WE9  Write the following numbers as basic numerals.
a. 4.8 × 10−2 b. 7.6 × 103 c. 2.9 × 10−4 d. 8.1 × 100

3. Which number(s) are not written in scientific notation?
a. 10.75 × 107 b. 3.54 × 10−3 c. 0.0091 × 104 d. 7.23 × 10 

1
2

4. True or False?
a. 0.000 000 51 ≥ 5.1 × 10−6

b. 3.158 400 × 107 < 3 158 400
c. 2.000 000 058 × 109 = 2 000 000 058
d. 3.51 × 104 ≥ 3.502 × 104

5.  MC  0.000 67 written using scientific notation is:
a. 67 × 10−5 b. 0.67 × 10−3 C. 6.7 × 10−4 d. 6.7 × 10−5

6.  a.  The nearest black hole to the Earth is thought to be only 1600 light-years away, which is equal to 
15 137 000 000 000 000 km. Use scientific notation to express this distance.

b. The radius of an electron is 0.000 000 000 000 002 82 m. Use scientific notation to express this size.
7. Scientists used Earth’s gravitational pull on nearby celestial bodies (such  

as the Moon) to calculate the mass of the Earth at approximately 5.972  
sextillion metric tons.
a. Write 5.972 sextillion using scientific notation.
b. How many significant figures does this number have?

8. Write the following numbers correct to the number of significant figures  
specified in brackets.
a. 0.057 89 (2 sig. figs) b. 0.050 58 (3 sig. figs)
c. 55 830.000 01 (4 sig. figs) d. 2.978 582 × 10−17 (1 sig. fig)
e. 138 000 (5 sig. figs) f. 1.054 (2 sig. figs)

9.  WE11  Convert the following measurements as specified, and then write the measurements correct to 
the number of significant figures indicated in brackets.
a. 1200 cm to m (3 significant figures)
b. 6.7481 kg to g (4 significant figures)
c. 0.000 08 h to min (3 significant figures)
d. 80.26 days to hours (4 significant figures)
e. 51 kg to g (1 significant figure)
f. 5.025 mm to m (2 significant figures)

10. Select the measurement that is most accurate. (Hint: count the number of significant digits.)

a. 2.5 m b. 2.51 m c. 2.059 m d. 2.500 m e. 2.005 m
11. Select the measurement that is most accurate. (Hint: first convert measurements to grams, then count 

the number of significant digits.)
a. 0.54 kg b. 500 g c. 501.0 g d. 0.541 kg e. 530 g

Interactivity: Scientific notation (int-6456)

 RESOURCES

UNCORRECTED P
AGE P

ROOFS



20 Jacaranda Maths Quest 11 Mathematics Standard 5E

c03PracticalitiesofMeasurement_3_3-3_4.indd Page 20 27/07/17  1:40 PM

Problem-solving and reasoning

12. What is the value of n in the following expressions?
a. 4793 = 4.793 × 10n

b. 0.631 = 6.31 × 10n

c. 134 = 1.34 × 10n

d. 0.000 56 = 5.6 × 10n

13. An atom consists of smaller particles called protons, 
neutrons and electrons. Electrons have a mass of 
9.109 381 88 × 10−31 kilograms correct to 9 signifi-
cant figures.
a. Write the mass of an electron correct to 5 signifi-

cant figures.
b. Protons and neutrons are the same size. They are 

both 1836 times the size of an electron. Use the original mass of an electron (correct to 9 sig. figs) 
and your calculator to find the mass of a proton correct to 5 significant figures.

c. Use the mass of an electron correct to 3 significant figures to calculate the mass of a proton correct to 
5 significant figures.

d. Why is it important to work with the original amounts and then round to the specified number of 
significant figures at the end of a calculation?

14. How many significant figures do these numbers have?
a. 3.005 × 10−7 b. 3.005 c. 4000 d. 3.00 × 10−7

15. Complete the following calculations, writing your answer to the appropriate number of significant 
figures.
a. 2.398 m + 3.5 m
b. 57.86 cm + 0.157 m
c. 52.89 m − 1.3 × 102 m
d. 10.253 cm × 0.251 m
e. 973.48 m × 3.5 × 103mm

16. Distance is equal to speed multiplied by time. If we travelled at 100 km/h it would take approximately 
0.44 years to reach the Moon, 89.6 years to reach Mars, 1460 years to reach Saturn and 6590 years to 
reach Pluto.
a. Assuming that there are 365 days in a year, calculate the distance (as a basic numeral) between  

Earth and:
i. the Moon ii. Mars iii. Saturn iv. Pluto.

b. Write your answers to part a correct to 3 significant figures.
c. Write your answers to part a using scientific notation correct to 3 significant figures.

17. A light-year is the distance that light travels in one year. Light travels at approximately 300 000 km/s.
a.    i. Calculate the number of seconds in a year.

ii. Write your answer to part i using scientific notation.
b. Calculate the distance travelled by light in one year. Express your answer:

i. as a basic numeral
ii. using scientific notation.

c. The closest ‘star’ to Earth (other than our sun) is the star system Alpha Centauri, which is 4.3 
light-years away.
i. How far is this in kilometres, correct to 4 significant figures?
ii. Travelling at 100 km/h, how long in years would it take to reach Alpha Centauri?
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3.5 Review
3.5.1 Summary
In this topic you have learnt to:

 • use different units of measurement
 • read a ruler using m, cm, and mm
 • measure with a ruler using m, cm and mm
 • calculate conversions between common units of measurement for length, weight and volume
 • recognise that human error and device limitations prevent accuracy
 • calculate the limit of accuracy
 • calculate the range using the limit of accuracy
 • calculate the error and absolute error of a reported measurement
 • calculate the absolute relative error and absolute percentage error
 • determine the significance of an error
 • use scientific notation to express measurements with or without a required number of significant  

figures.

Exercise 3.5 Review

Understanding, fluency and communicating

1. State the measurement marked by the arrow in each of the following. Record your answer using the 
unit indicated in the brackets.

a. 
0 cm 21 3 4 5 6 7 8 9 10

(mm)

b. 
0 cm 21 3 4 5 6 7 8 9 10

(cm)

2. Match the appropriate length, weight or volume measurement with the pictures below.
(mm,  cm,  m,  km) (mL,  l) (g,  kg)

a. b. c. 

3. Convert the following measurements into the units shown in brackets.
a. 25 cm (mm) b. 47 mm (cm) c. 286 cm (m) d. 3.6 m (cm)
e. 86 m (km) f. 1835 cm (km) g. 1.28 km (cm) h. 0.0845 km (mm)

4. Convert the following weight and volume measurements into the units shown in brackets.
a. 30 mL (L) b. 4.5 L (mL) c. 0.00089 L (mL) d. 1289 mL (L)
e. 1400 g (kg) f. 5.3 kg (g) g. 0.385 g (kg) h. 0.043 kg (g)
i. 52 t (kg) j. 2150 kg (t)
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5. Convert to the measurement indicated in brackets.
a. 30 cm 22 mm + 42 cm 92 mm (cm) b. 3.5 cm 20 mm + 42.3 cm 53 mm (mm)
c. 4 km 2 m + 5.2 km 4 m (km) d. 80 km 980 m + 5.6 km 225 m (m)
e. 9.5 kg 354 g + 1520 kg 1555 g (kg) f. 850.6 kg 25 g + 376.4 kg 254 g (g)

6. Convert the following time measurements as indicated in the brackets.
a. 30 min (s) b. 350 s (min) c. 45 h (s) d. 3500 s (h)
e. 600 h (days) f. 76 days (h) g. 29 days (weeks) h. 7 weeks (days)
i. 36 h (weeks) j. 3 weeks (h)

7. Convert the following time measurements as indicated in the brackets.
a. 42 months (years) b. 6.5 years (months) c. 2 centuries (decades)
d. 400 years (centuries) e. 3 decades (years) f. 45 years (decades)

8. For each of the scales show below, how much is each interval worth?
a. b. 

9. A speedometer in a car has markings every 5 km/h.
a. State the limit of accuracy.

……………………………………………..
b. If the speedometer indicated 55 km/h, within what range could the 

speed actually lie?
…………………………………………………

10. When rounding errors, you should usually give 1 more decimal 
place than your measurements themselves. For example, if a typical 
measurement is 5.46 m, you would quote 3 decimal places in your 
absolute relative error measurements. Quote appropriate values for the following situations:
a. Actual value = 16.5 m My measurement = 16.2 m

Absolute error = ______ Absolute relative error = _______
b. Actual value = 3.45 litres My measurement = 3.5 litres

Absolute error = ______ Absolute relative error = _______
c. Actual value = 256 seconds My measurement = 252 seconds

Absolute error = ______ Absolute relative error = _______
d. Actual value = 4.15 cm My measurement = 4.19 cm

Absolute error = ______ Absolute relative error = _______

11. Five students measured the length of a 42.7 m netball court. Complete the following table to determine 
which student had the most accurate answer. Round your answer to 2 decimal places.

Student Measurement Error Absolute error Absolute relative error
A 44.8 m 2.1 m 2.1 m 0.04918

B 41.9 m

C 43.7 m

D 42.0 m −0.7 m 0.7 m
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12. Each day, your friend counts the number of steps from her front door to the bus stop. If the actual 
number of steps is 400, complete the following table. Round your answers to 2 decimal places.

Day
Number of 

steps Error Absolute error
Absolute 

relative error
Absolute % 

error
Monday 422

Tuesday 371 −29 29 0.07 7.25%

Wednesday 379

Thursday 433

Friday 411 +11

13. The distance across a lake in 3.45 km. When a surveyor measures the distance, she comes up with 
3.36 km.
a. What is the error (in km)?
b. What is the error (in metres)?
c. What is the absolute error (in metres)?
d. What is the absolute relative error?
e. What is the absolute percentage error?

14. If the absolute error in measuring the width of a book is 0.2 cm, and I measure the book to be 
25.5 cm, what is the actual width of the book?

15. Express the following numbers in scientific notation.
a. 389 670 000 b. 0.004 860 3 c. 406 009 437
d. 0.000 000 100 e. 0.3750 f. 100 300 000 000

16. Express the following numbers as basic numerals.
a. 3.56 × 106 b. 1.245 × 10−9 c. 1.006 × 1012

d. 2.16 × 103 e. 9.483 × 10−9 f. 2.048 × 10−15

17. Write the following numbers according to the indicated number of significant figures specified in 
brackets.
a. 6500.78 (2 significant figures)
b. 73.000 080 (4 significant figures)
c. 7398.01 (2 significant figures)
d. 7000.01 (1 significant figure)
e. 8.037 (2 significant figures)
f. 0.000 600 5 (3 significant figures)

18. Write the following numbers in scientific notation and then indicate the number of significant digits.
a. 35 000 b. 0.000 058 0 c. 0.071
d. 160.7154 e. 5000.1

19. Covert the following measurements as specified and then write the measurements correct to the 
number of significant figures indicated in brackets.
a. 1400 cm to m (3 significant figures)
b. 8.5815 t to kg (4 significant figures)
c. 76 kg to g (1 significant figure)
d. 3000.100 L to mL (5 significant figures)
e. 0.00009 h to min (2 significant figures)
f. 854 h to days (4 significant figures)

20. Select the most accurate measurement. (Hint: count the number of significant digits.)
A. 360.005 m B. 7000 m C. 36.500 m
D. 3.71 m E. 0.700 000 0 m
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Problem Solving, Reasoning and Justification

21. Distance = rate × time is an equation used in mathematics. Use this equation to solve the following 
questions.
a. A car is traveling at an average speed of 95 km/h for  

5.5 hours. How many metres did the car travel?
b. A family drove 255 km without stopping, and it took them 

0.125 days to complete their journey. What was their average 
speed in km/h?

c. A sprint car was driving at an average speed of 225 km/h for 
the entire race. If the track distance was 420 m, how long in 
seconds did it take the driver to complete one lap?

22. Marcus wants to change the dimensions on his next surfboard 
from imperial to metric units. Express all of the board’s dimensions in cm.
1 inch = 2.54 cm
1 foot = 12 inches
a. Length of board: 6 feet 3 inches
b. Width of board: 19.75 inches
c. Thickness of board: 2.5 inches

23. a.   If you weigh 175 pounds (lbs), do you weigh more or less in kilograms?
(Hint: conversion rate: 1 kilogram ≈ 2.2 lbs)

b. How much do you weigh in kilograms?
c. If you weigh 110 kg, how much do you weigh in pounds?
d. If the maximum weight for people in an elevator is 1100 lbs, and the average weight of the occupants is 

150 lbs, how many people could fit in the elevator and what is the average weight of each person in kg?
24. Nathan, a carpenter, tells his apprentice to build a  

rectangular prism with the dimensions as shown.
a. What is the correct volume of the prism?
b. If the length of the prism is measured incorrectly (an error of 

+1 m), what happens to the overall volume? What is the new 
incorrect volume?

c. If the length and width of the prism are measured incorrectly 
(an error of +1 m each), what happens to the overall volume? What is the new incorrect volume?

d. If the length, width and height of the prism are measured incorrectly (an error of +1 m each), what 
happens to the overall volume? What is the new incorrect volume?

e. Calculate the error in volume, assuming he made +1 m errors on all three measurements.
f. Do you think this error is significant? Why or why not?
g. Why is the error above 3 m, when the apprentice only made a +1 m error on each measurement?
h. If the apprentice made a +1 m error on the height dimension and a –1 m error on the width dimen-

sion, would the two errors affect the original volume? Give the new volume.
i. Calculate the absolute error, absolute relative error and the absolute percentage error for the prism 

assuming the apprentice made a +1 m error on each dimension.
25. When measuring area, there are two dimensions to be considered: length and width. If there are errors 

in the measurement of both dimensions, how does that affect the actual area? (Hint: assume a –1 m 
error for each dimension.)

26. When measured on a kitchen scale, a small steak weighs 148 g. If it is known that the absolute  
percentage error of all measurements shown on these scales is 3%, explain how you can calculate the 
actual weigth of the steak.

7 m
5 m

10 m
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27. The population of kangaroos is being monitored during a drought to ensure that they don’t become 
overpopulated. If the population reaches over 300 000, culling must take place to prevent deaths from 
starvation and dehydration. Over the course of a year the population doubles. The initial population 
contains 1.83 × 105 kangaroos.
a. How many kangaroos are there at the beginning of the year?
b. What is the population after one year:

i. as a basic numeral
ii. in scientific notation?

c. How many kangaroos will have to be culled at the end of the 
year to keep the population below 300 000:
i. as a basic numeral
ii. in scientific notation?

28. A car is travelling down a highway.
a. The car travels 4.3 × 106 m; what is this in kilometres
b. Calculate how long in hours it would take the car to travel 4.3 × 106 m at 28 metres per second.
c. The car travelled 65 309 573.05 metres over its lifetime. Express this in:

i. scientific notation
ii. kilometres to 3 decimal places
iii. kilometres to 3 significant figures.

29. The X-15 supersonic jet travels at mach 6.70. Mach means the speed of sound, so the jet travels 
6.70 × (speed of sound). The speed of sound is 340.9 m/s.
a. Convert the speed of sound to km/h.
b. How fast is the jet traveling (km/h)?
c. Express the speed in scientific notation.
d. How many significant figures do you think are necessary to express this speed if you were telling a 

friend, without using scientific notation?
30. The speed of light is 1 079 252 848.8 km/h.

a. Write the speed of light using 2 significant figures.
b. Write the speed in part a using scientific notation.
c. If the distance from Earth to Mars is 4.01 × 108 km (at the furthest distance in their orbits), how long 

would it take to travel from Earth to Mars if you could travel at the speed of light? Express your 
answer in minutes. (Hint: use your answer from part b.)
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Answers
Exercise 3.2 Units of measurement
1. a.  2 cm b. 95 mm c. 64 mm d. 9.9 cm

2. a.   5.600 km b. 210 mm c. 55 000 m

d. 220 cm e. 3.5 m f. 2.5 cm

3. a. 165 m b. 7.8 m c. 15.8 cm d. 0.013 km

e. 125 000 cm f. 36 m g. 1 350 000 mm h. 0.03 km

4. a. 0.056 32 km b. 2.043 10 km c. 550 000 cm

d. 2200 mm e. 0.350 km f. 0.25 m

5. a. 89 000 cm, 0.3217 km, 98 760 mm, 7.825 m

b. 0.786 km, 0.786 mm = 0.000 786 m = 0.0786 cm

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

c. 9 m, 10 000 mm, 0.45 km d. 32 000 cm, 1 km, 1200 m

e. All values are equal. f. 825 m, 90 000 cm, 8.25 km

7. a. 6.5 cm b. 152 cm c. 265.5 cm d. 96.27 cm

8. a. 52.1 cm b. 90.105 km c. 60.5 cm d. 106.73 m

9. a. litres b. mm

10. a. grams b. kg c. mg

11. B

12. a. 2.5 L b. 3000 mL c. 0.0031 L

d. 5250 mL e. 7500 mL f. 0.003 75 L

13. a. 0.000 024 t, 400 000 mg, 2.4 kg, 2500 g

b. 0.05 kg, 52 000 mg, 54 g, 0.0005 t

14. a. False b. False c. True d. False

15. a. 505 000 mg b. 0.0045 g c. 6400 g d. 5.84 kg e. 0.075 821 kg

f. 70 mg g. 2000 kg h. 0.035 t i. 5 t

16. a. centuries b. decades c. second d. years e. hours

f. day g. months h. minutes i. weeks

17. a. 250 years, 1.5 centuries, 500 months, 2 decades

b. 0.1 weeks, 0.56 days, 12.6 hours, 750 minutes, 4250 seconds

18. a. 45 years b. 82.5 decades c. 340 years

d. 4.85 centuries e. 50 decades f. 12 centuries

19. a. 4 min b. 312 s c. 276 min

d. 5.33 h e. 8.33 h f. 73 080 s

20. D

21. D

22. A

23. a. 48 smalls

b. 480 smalls

c. 9.375 mediums

d. This is a small-to-big conversion, which means multiply. First convert large to medium by multiplying by 8, and then to 
convert from medium to small multiply by 12.

e. 12 000 smalls

24. The distance from Melbourne to Perth is approximately 2721 km. Large distances are not easy to comprehend in mm, so we 
use the largest length measurement (km) to express long distances.

25. a. 20 000 L

b. 2.584 m3
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26. 1 foot = 30.48 cm

1 yard = 91.44 cm

1 furlong = 201.168 m

1 mile = 1.609 km

1 chain = 20.1168 m

1 rod = 5.0292 m

1 link = 20.1668 cm

27. a. i. 1 nautical mile = 1.852 km; is used for charting and navigating.

ii. 1 light-year = 9.5 trillion km; is used to measure distance in space.

b. Answers will vary.

Exercise 3.3 Limits of Accuracy
1. a. i. 5°C

ii. Between 175°C and 185°C

b. i. 2.5 km/h

ii. Between 52.5 km/h and 47.5 km/h

c. i. 
1
4

 cup

ii. Between 6 
3
4

 cups and 7 
1
4

 cups

d. i. 5

ii. Between 205 and 215

2. a. 58 mm b. 11.5 cm

3. a. Between 4.5 cm and 5.5 cm b. Between 11.5 cm and 12.5 cm

c. Between 99.5 cm and 100.5 cm d. Between 849.5 cm and 850.5 cm

e. Between 4.5 m and 5.5 m f. Between 2.25 m and 2.75 m

4. a. Between 28.5 cm and 29.5 cm b. Between 245 g and 255 g

c. Between 7.5 mL and 12.5 mL d. Between 29.5 min and 30.5 min

5. E 7.07 is more accurate because it is measured to hundredths.

6. C 8 is the least accurate because it is measured to units.

7. a. 3520 cm (accurate to cm) b. 130 cm (accurate to cm)

c. 1000 m (accurate to m) d. 80 mm (accurate to mm)

e. 5000 mm (accurate to mm) f. 2520 m (accurate to m)

8. a. 0.6 cm b. −1.7 cm c. 22 km d. −1.1 mm

9. a. 15 cm

b. No, the error is only 1% of the advertised size.

10. a. 0.15 km b. 4 g c. 23 min d. 7 L

11. 169cm, 161 cm

12. a. Error = 5 m b. Error = −7 cm

Absolute error = 5 m Absolute error = 7 cm

Absolute relative error = 0.02 m Absolute relative error = 0.07 cm

Absolute percentage error = 2% Absolute percentage error = 7%

c. Error = 1.5 mm d. Error = −12 s

Absolute error = 1.5 mm Absolute error = 12 s

Absolute relative error = 0.08 mm Absolute relative error = 0.2 s

Absolute percentage error = 8% Absolute percentage error = 20%

e. Error = 1.3 kg f. Error = −150 mL

Absolute error = 0.1 kg Absolute error = 150 mL

Absolute relative error = 0.0769 kg Absolute relative error = 0.1667 mL

Absolute percentage error = 7.69% Absolute percentage error = 16.67%
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13. Error = −$2

Absolute error = $2

Absolute relative error = $0.164

Absolute percentage error = 1.64%

14. a. 0.5 mm (half of the smallest unit) b. 22.5 mm and 23.5 mm

15. The approximations can always be more exact by measuring to smaller and smaller increments toward infinity. There is no 
smallest increment.

16. The 4 km measurement is accurate to the km, while the 4.000 km is accurate to the thousandth of a km.

17. a. Statistically there is very little difference between the two methods.

b. Mother’s measurements = 11.96% ± 9.48

c. Ultrasound = 9.036% ± 7.61

18. a.  The time, whether it is behind or ahead, does not affect the significance of the accuracy of synchronisation, because the 
absolute error calculation forces them to be equal.

b. The absolute percentage error would be very small and therefore insignificant.

c. The absolute percentage error would be large and therefore significant.

Exercise 3.4 Scientific notation
1. a. 4.72 × 101 b. 3.890 × 103 c. 5.6 × 10−1 d. −6.7 × 104 e. 3.4 × 107

2. a. 0.048 b. 7600 c. 0.000 29 d. 8.1

3. D

4. a. False b. False c. True d. True

5. C

6. a. 1.5137 × 1016 km b. 2.82 × 10−15 m

7. Sextillions have 21 zeros.

a. 5.972 × 1021

b. 4 significant figures

8. a. 0.06 b. 0.0506 c. 0.0506

d. 55 830 e. 138 000.00 f. 1.1

9. a. 12.0 m b. 6748 g c. 0.0480 min

d. 1926 hrs e. 50 000 g f. 0.0050 m

10. D

11. C

12. a. 3 b. −1 c. 2 d. −4

13. a. 9.1094 × 10−31

b. (1.6725 × 10−35) kg

c. (1.6726 × 10−35) kg

d. Working with the original amounts and not rounding before the final calculation ensures that the answer will be more 
precise.

14. a. 4 sig. figs b. 4 sig. figs c. 1 sig. fig d. 3 sig. figs

15. a. 5.9 m b. 73.7 cm c. −77 m d. 257.4 cm2 e. 3500

16. a. i. 385 440 km

ii. 78 489 600 km

iii. 1 278 960 000 km

iv. 138 548 160 000 km

 b.  i. 385 000 km

ii. 78 500 000 km

iii. 1 280 000 000 km

iv. 139 000 000 000 km

 c.     i. 3.85 × 105

ii. 7.85 × 107

iii. 1.28 × 109

iv. 1.39 × 1011

17. a. i. 31 536 000 seconds/year

ii. 3.1536 × 107 seconds/year

 b.  i. 9 460 800 000 000 km

ii. 9.4608 × 1012 km

 c.   i. 40 680 000 000 000 km

ii. 1 114 560 000 years
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Exercise 3.5 Review
1. a. 82 mm b. 2.9 cm

2. a. km b. kg c. l

3. a. 250 mm b. 4.7 cm c. 2.86 m d. 360 cm

e. 0.086 km f. 0.018 35 km g. 128 000 cm h. 84 500 mm

4. a. 0.003 L b. 4500 mL c. 0.89 mL d. 1.289 L e. 1.4 kg

f. 5300 g g. 0.000 385 kg h. 43 g i. 52 000 kg j. 2.15 t

5. a. 83.4 cm b. 5310 mm c. 9.206 km

d. 86 805 m e. 1531.409 kg f. 1 227 279 g

6. a. 1800 s b. 5.8333 min c. 162 000 s d. 0.97 h e. 25 d

f. 1824 h g. 4.14 weeks h. 49 days i. 0.21 weeks j. 504 h

7. a. 3.5 years b. 78 months c. 20 decades

d. 4 centuries e. 30 years f. 4.5 decades

8. a. 0.5 b. 0.05

9. a. 2.5 km/h b. Between 52.5 km/h and 57.5 km/h

10. a. Absolute error = 0.3 m

Absolute relative error = 0.019 m

b. Absolute error = 0.05 L

Absolute relative error = 0.014 L

c. Absolute error = 4 seconds

Absolute relative error = 0.02 seconds

d. Absolute error = 0.04 cm

Absolute relative error = 0.010 cm

11. Student Measurement Error Absolute error Absolute relative error

A 44.8 m 2.1 m 2.1 m 0.04918

B 41.9 m −0.8 m 0.8 m 0.0187

C 43.7 m 1 m 1 m 0.0234

D 42.0 m −0.7 m 0.7 m 0.0164

E 43.3 m 1.01 m 1.01 m 0.0237

Student D has the most accurate answer. This is determined by finding the student who has the smallest absolute relative error.

12. 
Day

Number of 
steps Error

Absolute 
error

Absolute 
relative error

Absolute % 
error

Monday 422 22 22 0.055 5.5%

Tuesday 371 −29 29 0.07 7.25%

Wednesday 379 −21 21 0.0525 5.25%

Thursday 433 33 33 0.0825 8.25%

Friday 411 11 11 0.0275 2.75%

13. a. −0.09 km b. −90 m c. 90 m d. 0.0261 m e. 2.61%

14. 25.3 cm

15. a. 3.8967 × 108 b. 4.8603 × 10−3 c. 4.060 094 37 × 108

d. 1.00 × 10−7 e. 3.750 × 10−1 f. 1.003 × 1011

16. a. 3 560 000 b. 0.000 000 001 245 c. 1 006 000 000 000

d. 2160 e. 0.000 000 009 483 f. 0.000 000 000 000 002 048

17. a. 6500 b. 73.00 c. 7400 d. 7000 e. 8.04 f. 0.000 601

18. a. 3.5 × 104 (2 significant digits) b. 5.80 × 10−5 (3 significant digits)

c. 7.1 × 10−2 (2 significant digits) d. 1.607 154 × 102 (7 significant digits)

e. 5.0001 × 103 (5 significant digits)

19. a. 14.0 m (3 significant figures) b. 858.2 kg (4 significant figures) c. 80 000 g (1 significant figure)

d. 3 000 100 (5 significant figures) e. 0.0054 min (2 significant figures) f. 35.58 days (4 significant figures)

20. E
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21. a. 522 500 m b. 85 km/h c. 6.72 s

22. a. 190.5 cm b. 50.17 cm c. 6.35 cm

23. a. Less b. 79.55 kg c. 242 lbs d. 7 people, 68.18 kg

24. a. 350 m3 b. 400 m3; it increases c. 480 m3; it increases

d. 528 m3; it increases e. 178 m3 f. Yes. Answers may vary.

g. The volume equation requires multiplication, not addition.

h. Yes, 385 m2

i. Error = 178 m3

Absolute error = 178 m3

Absolute relative error = 0.5085

Absolute percentage error = 50.85%

25. If the errors are negative in both dimensions, the actual area will be smaller than the estimated area. If the errors are positive 
in both dimensions, the actual area will be larger than the estimated area. If one error is negative and one error is positive, the 
actual area will be relatively close to the estimated area (provided both errors are of a similar magnitude).

26. To calculate the actual weight you need to divide the measured weight by 0.97.

27. a. 183 000 kangaroos

b. i. 366 000 kangaroos

ii. 3.66 × 105 kangaroos

c. i. 66 000

ii. 6.6 × 104 kangaroos

28. a. 4300 km b. 42.66 h

 c.   i. (6.530 957 305 × 107) m

ii. 63 309.573 km

iii. 63 300 km

29. a. 1227.24 km/h b. 8222.508 km/h

c. (8.222 508 × 103) km/h d. Answers may vary; 1 significant digit

30. a. 1 100 000 000 km/h b. 1.1 × 109 c. 21.9 min
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