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6
l	 Know and recognise very small or very large units of length, capacity  

and mass.

Large and small distances
You will be familiar with the metre as a unit of measurement. 
Similarly, for longer distances, you will be used to using the 
kilometre. For smaller distances you will have used the millimetre.

However, these distances have limitations when distances are either 
very small or very large. Earlier in Chapter 1 of this book you looked 
at the use of standard form to describe large and small numbers. But 
there are other units of measurement that can be used.

The distance from the Earth to the Sun is approximately 149 million km.  
This can also be written as 149 000 000 km or 1.49 × 108   km. We can 
just about visualise this distance in our heads.

Apart from the Sun, the star nearest to Earth is called 
Proxima Centauri. Its distance from Earth is approximately 
40 208 000 000 000 km away.

This can also be written as 40.2 trillion km or 4.02 × 101  km. 
However, these numbers are more difficult to visualise.

A different unit is used when very large distances are being 
described and this is the light year.

Light can travel 299 792 458 metres per second. To two significant 
figures and in standard form this is 3.0 × 108 metres per second. A 
light year is therefore, as the name implies, how far light travels in 
1 year and this is approximately equivalent to 9.46 × 1015 m.

The approximate distance from Earth to Proxima Centauri is 
therefore more commonly given as 4.25 light years.

Large and small units

KEY 
INFORMATION
Although there 
are lots of different 
units for length the 
S.I. unit for length 
is the metre.

LET’S TALK
What other units 
of length do you 
know?

LET’S TALK
Discuss what is 
meant by a trillion.

KEY 
INFORMATION
Metres per 
second is usually 
shortened to either 
m/s or m s−1.

KEY INFORMATION
The more accurate distance that light travels in 1 year is 9 460 730 472 580 800.

LET’S TALK
Using the word ‘trillion’, describe the distance of 1 light year.
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SECTION 1

The distance of the star Alpha Centauri A from Earth is 4.13 × 1013 km.
Taking 1 light year as 9.46 × 1015 m, how many  
light years is Alpha Centauri A from Earth?

Changing km to m

4.13 × 1013 km = 4.13 × 1016 m

4.13 × 1016 ÷ 9.46 × 1015 = 4.37

Therefore, Alpha Centauri A is 4.37 light years  
from Earth.

Worked exampleKEY 
INFORMATION
Care must be 
taken as one of 
the distances 
is given in km, 
whilst the other 
is in m. For the 
calculation, both 
must be the given 
in the same units.

KEY 
INFORMATION
This means that 
light would take 
4.37 years to 
travel from Alpha 
Centauri A to 
Earth.

LET’S TALK
Why is looking 
into space looking 
back into time?

A light year is used for measuring very large distances.

For very small distances though the metre is split into smaller units. 
These are as follows:

1 micrometre = 1 millionth of a metre. Its symbol is μm.

Therefore 1 m = 1 × 10−6 m 

1 nanometre = 1 billionth of a metre. Its symbol is nm.

Therefore 1 nm = 1 × 10−9 m 
KEY 
INFORMATION
A billion is 1000 
million.

The average human red blood cell has 
a diameter of approximately 8 μm.

How many would need to be placed 
end to end in order to form a length 
of 1 cm?

Both lengths need to be using the 
same units e.g. metres.

8 μm 8 m 8 10 m6µ = × −  

1 cm = 0.01 m

0.01 (8 10 ) 12506÷ × =−  

Therefore, approximately 1250 red blood cells are needed to form a  
length of 1 cm.

Worked example
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6 Large and small units

LET’S TALK
Does a light year 
take into account 
leap years?

KEY 
INFORMATION
In ascending order 
means starting 
with the smallest.

The Large 
Hadron Collider 

is the world’s 
largest and most 
powerful particle 

accelerator. 
You may wish 

to investigate 
its uses and 

achievements 
further.

	 a	 Decide whether the following statement is true or false:
	 A light year is a measure of time.
b	 Justify your answer.

	 Using the speed of light as 3.0 × 108 m/s, convert the following into km.
a	 1.5 light years
b	 8.245 light years

	 The distance from the Earth to the Sun is approximately 149 million km. 
Taking the speed of light as 3.0 × 108 metres per second, calculate 
how long it takes sunlight to reach the Earth. Give your answer in an 
appropriate unit.

	 a	 Write the following lengths in μm
i	 0.00005 m
ii	 7.0 × 10−8 m
iii	 0.12 mm

b	 Write the following lengths in nm
i	 5 μm
ii	 2.0 × 10−12 m

	 Taking the speed of light as 3.0 × 108 m/s, work out which of the 
following pairs of distances is bigger.
a	 2 000 000 000 000 km or 0.6 of a light year
b	 10 000 km or 1 billionth of a light year?

	 Rearrange the following table into ascending order of length.

Object Length

Amoeba 500 μm

Measles Virus 220 nm

Grain of rice 6 mm

Human Egg 0.000 13 m

Hepatitis Virus 4.5 × 10−8 m

Sesame seed 3 × 10−3 m

	 Sirius is the brightest star in the night sky. It is 8.66 light years away. 
Taking the speed of light as 3.0 × 108 m/s and the distance of the Sun 
from Earth as 149 million km, calculate how many times further Sirius 
is from Earth compared with the Sun.

	 Give your answer to two significant figures.
	 The Large Hadron Collider at CERN in Geneva is circular with a 

diameter of 8.5 km.
	 It has managed to accelerate particles up to a speed of 299.8 million m/s. 

What is the maximum number of laps of the Collider that a particle 
can do in 1 second?

	 Give your answer to 2 s.f.

11
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Exercise 6.1
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SECTION 1

Units for mass and capacity
Just as with distances, there are also other units used for large and 
small masses and also large and small capacities.

The S.I. unit for mass is the kilogram (kg), but other units of mass 
are related to it. These are:
l	 tonne (t) – one thousand kilograms
l	 gram (g) – one thousandth of a kilogram
l	 milligram (mg) – one thousandth of a gram
l	 microgram (μg) – one millionth of a gram.

Each of these can be written in kilograms using standard form:
l	 1 tonne = 1 × 103 kg
l	 1 gram = 1 × 10−3 kg
l	 1 milligram = 1 × 10−3 g and therefore 1 × 10−6 kg
l	 1 microgram = 1 × 10−6 g and therefore 1 × 10−9 kg.

KEY 
INFORMATION
The word ‘capacity’ 
is a measure of 
volume dealing 
with liquids.

KEY 
INFORMATION
S.I. is short 
for Système 
Internationale and 
states the 7 base 
units from which 
all other units are 
derived.

LET’S TALK
Do you know the 
S.I. units for time, 
temperature and 
distance?

1	 A grain of sugar has an approximate mass of 0.000 625 g.

a	 Write this mass in kg using standard form.

	 As a gram is 
1

1000
th of a kilogram, divide by 1000.

	 Therefore 0.000 625 1000 0.000 000 625 kg÷ =
	 In standard form 0.000 000 625 6.25 10  kg7= × −

b	 Write the mass in micrograms.

	 As a gram is 1000 000 times bigger than a microgram, the mass 
must be multiplied by 1 000 000.

	 0.000 625 1 000 000 625× =
	 Therefore the mass of a grain of sugar =  625 μg

c	 Approximately how many grains of sugar are in a 1 kg bag?

	 Using the same units:

	 1 (6.25 10 ) 1 600 0007÷ × =−

	 Approximately 1 600 000 grains of sugar in a 1 kg bag.

Worked example

KEY 
INFORMATION
The prefix ‘milli’ 
means one 
thousandth of the 
unit that follows 
it, i.e. millilitre is 
one thousandth of 
a litre.

The prefix ‘micro’ 
means one 
millionth of the 
unit that follows 
it, i.e. microlitre is 
one millionth of 
a litre.

Capacity deals with a volume of liquid.

The S.I. unit for capacity is the litre. As with other units smaller 
quantities can be described using the millilitre (ml) and microlitre (μl).
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6 Large and small units

A fine pipette can dispense a 1.5 μl of liquid each time.

It is used to add liquid to 5000 test tubes.

How much liquid is added in total? Give your answers in 

i	 litres

ii	 millilitres

Total volume 5000 1.5 7500= × =  μl

i	 To convert μl to litres divide by 1 000 000

	 Therefore 7500 1 000 000 7.5 10 3÷ = × −  litres

ii	 To convert μl to millilitres divide by 1000

	 Therefore 7500 1000 7.5÷ =  ml

Worked example

Therefore as before:
l	 1 millilitre = 1 thousandth of a litre
l	 1 microlitre = 1 millionth of a litre.

In standard form these can be written as:
l	 1 millilitre = 1 × 10−3 litre
l	 1 microlitre = 1 × 10−6 litre

KEY 
INFORMATION
Larger volumes 
litres are usually 
given in terms 
of m3. However 
this will not be 
covered in this 
book.

KEY 
INFORMATION
Dividing by 
1 000 000 is 
the same as 
multiplying by  
1 × 10−6.

	  The mass of a mosquito is given as 2.5 10 6× −  kg and the mass of a flea 
as 1.2 10 5× −  kg. Which is heavier? Justify your answer.

	 a	 How many grams are there in 2.5 t?
b	 How many milligrams are there in 0.75 kg?
c	 How many micrograms are there in 3.5 mg ?
d	 How many milligrams in 420 μg ?
e	 How many grams in 85 000 μg ?

	 A housefly has a mass of 2.5 10 5× −  kg. Express this mass in
a	 grams
b	 milligrams
c	 micrograms

	 A teaspoon holds 5 ml of liquid. How many teaspoons will be needed 
to fill a container of 420 litres? Give your answer in standard form.

	 The average human cell has a mass of 1.0 10 12× −  kg.
a	 Express the mass in micrograms
b	 If an adult has a mass of 81.5 kg, approximately how many cells 

will he have? 
	 Give your answer in standard form to 3 s.f.

Exercise 8.3Exercise 6.2
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SECTION 1

LET’S TALK
Will 1 cm3 of all 
liquids and solids 
have the same 
mass?

How does this 
question relate 
to the Greek 
mathematician 
Archimedes?

	 1 cm3 of water has a mass of 1 gram.
	 1 litre of water has a mass of 1 kg.

a	 How many cm3 of water are equivalent to 1 litre?
b	 Calculate how many litres of water each of the following 

containers can hold.

i	

8 cm
2 cm

3 cm

ii	

40 cm

25 cm

10 cm

c	 Calculate the mass of water in each container. 
	 A laboratory assistant can use two types of micro pipette for an 

experiment. One with a capacity of 4 μl, the other 15 μl.
	 Which pipette should be used if exactly:

a	 0.14  ml is needed?
b	 i	 0.12 ml is needed?

ii	 Justify your choice to i) above.
	 The mass of 1 m3 of water is given as 1 tonne.
	 The mass of 1 litre of water is 1 kg.
	 A large water container in the shape of a triangular prism is shown 

(not to scale).

	

20 m
8 m

15 m

a	 Calculate the mass of water needed to fill the container.
b	 If water is pumped in at a rate of 220 litres per minute, calculate 

how long it will take to fill.
	 Give your answer using suitable units and justify your choice 

of units.

6

7

8
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6 Large and small units

Digital storage
The last thirty years has seen an explosion in the use of the 
computer in every aspect of our lives. From the storage in a phone to 
the storage capabilities of large digital companies, the ability to store 
huge amounts of data has become a central part of modern life.

The unit of digital information is known as the Byte (B).

Multiples of this unit are as follows:
l	 megabyte (MB) = 1 million bytes, i.e. 1 106×  B
l	 gigabyte (GB) = 1 billion bytes, i.e. 1 109×  B
l	 terabyte (TB) = 1 trillion bytes, i.e. 1 1012×  B

The first computer with a hard disk was produced in 1956 by IBM. It 
could store 5 MB of data and weighed over a tonne. 

Today home computers with a storage capability of 1 TB are not 
uncommon.

LET’S TALK
If you have a 
smartphone 
compare its 
storage capacity 
with that of the 
IBM hard disk 
from 1956.

How much more 
data can your 
phone hold?

A memory card for a camera has a storage capacity of 32 GB.

The digital camera takes photographs with an average file size of 12 MB.

How many photographs can be stored on the memory card?

Converting 32GB into MB so that we are working with the same units:

1 GB = 1000 MB, therefore 32 GB = 32 000 MB

32000 12 2667÷ =  (4 s.f)

Therefore, the memory card can hold approximately 2667 photographs.

Worked example
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SECTION 1

	 Convert the following storage quantities:
a	 10 000 000 B to MB
b	 500 MB to GB
c	 50 GB to TB

d	
1
5 TB to MB

e	 0.45  GB to MB
	 A dual layer blu-ray disc can store 50GB of data.
	 How many blu-ray discs can be stored on a computer with a 4 TB 

capacity?
	 The book War and Peace by Leo Tolstoy is one of the longest novels 

written. When converted to digital format it occupies approximately 
1.7 MB of storage. How many copies of War and Peace can be stored  
on a 1 GB hard drive?

	 A phone can hold 16 GB of data.
	 An 8.3 GB video and 620 photos each of 6 MB are stored on the card.
	 The Apps occupy a further 2.4 GB of storage.

a	 How many GB of storage is still left on the phone?
b	 Convert your answer to (a) into MB

	 A digital camera has a memory card with a storage capacity of 8 GB.
	 The camera can take high resolution photographs with an average file 

size of 12 MB; medium resolution photographs with an average file 
size of 5 MB or low resolution photographs with an average file size of 
1.5 MB.

	 The memory card already has the following number of photographs 
on it:
●	 210 high resolution
●	 424 medium resolution
●	 1210 low resolution.

	 The photographer isn’t sure whether to take the rest of his 
photographs on a medium or a low resolution. How many fewer 
photographs can he take if he chooses to take them on the medium 
setting rather than the low resolution setting?

1

2

3

4

5

Exercise 6.3
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6 Large and small units

	 A 1 hour episode of a series when downloaded in high definition uses 
up 440 MB of storage.

	 Freya and Matthew want to download all the episodes from all the 
series of a popular TV programme. There are six episodes per series 
and eight series have been produced.

	 Their computer has 25 GB of available storage.
a	 Can they download all of the programmes? Justify your answer.
b	 They start to download the programmes at 8 p.m.
	 If their download speed is 60 MB per second at what time will all 

the programmes have been downloaded?
	 An average song lasts 3 minutes and occupies 4 MB of storage.
	 Francisco has downloaded 9.6 GB of songs onto his phone.
	 He decides to listen to all of his songs continuously in one go. He 

starts playing them at 9.00 a.m. on 1st January.
	 At what time and date will he have finished listening to all of his 

songs?

6

7

Now you have completed Unit 6, you may like to try the Unit 6 
online quiz if you are using the Boost eBook.
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