Engineering L2 - Maths for Engineers – Units of Measurement

1 of 18 – Introduction
Welcome to this session on units of measurement.
By the end of this session, you will be able to:
· Understand what SI units are
· Identify common units for a range of measurements
· Recognise and use key SI multipliers
· Convert between units of measurement using different multipliers
· Calculate density
2 of 18 - Units of measurement
Units of measurement are how we know how much of a material we have. Materials can be described in many ways, including their length, height, weight, density or volume. Areas of study may have other measures too, such as current, voltage, resistance or force. 
In your work as an engineer, you may come across many ways of measuring the same thing. Some of these will be different scales of a similar unit, such as millimetres, metres and kilometres. Others may be measuring the same type of thing, such as length, but using completely different measurements, such as miles and kilometres. 
It is important that you are able to recognise a number of key units of measurement, and that you know how to convert between similar types of units so that you can interpret and use information correctly. 
3 of 18 - Metric and imperial measurements
Some types of units of measurement are what is known as metric, and others are what is known as imperial. Metric measurements are typically in multiples of tens or hundreds. Imperial measurements can be in various multiples, such as there being 14 pounds in a stone, but 1,760 yards in a mile.
In the UK, all measurements used to be imperial. Today, we typically use a mixture of imperial and metric measurements. You do not have to memorise the calculations needed to convert between metric and imperial measurements, but it is useful to have an idea of how equivalent metric and imperial measurements relate to one another. 
Examples of equivalent metric and imperial measurements include:
· Centimetres and inches – one inch is 2.54 centimetres
· Kilometres and miles – one mile is 1.6 kilometres
· Litres and pints – one pint is about 0.57 litres
Not all measurements have metric and imperial versions. Electrical measurements such as volts and amps are metric measurements, but there is no imperial alternative.
4 of 18 - SI units
Modern engineering and science are global disciplines, so it is important that engineers and scientists from all over the world can understand and interpret each other’s data. For this reason, there are a number of internationally standardised units. These units are known as the International System of Units, or SI units (shortened from the French translation système international d'unites). 
There are seven base SI units, but you do not need to know them all. The full list is below, with the units you need to recognise in bold.
· Second – time 
· Metre – length 
· Kilogram – mass
· Ampere – electrical current
· Kelvin – temperature
· Mole – amount of substance
· Candela – luminous intensity
All other SI units are based on the seven base units and are known as derived SI units.
5 of 18 - SI multipliers
SI units can all be represented at a range of scales, to suit the size of the measurement being taken. To do this, a set of standardised multipliers are used before the base unit. 
For example, consider the metre. You will have also heard of centimetres, millimetres and kilometres. Each of these has a different multiplier before the metre, representing smaller or larger amounts. 
There are many SI multipliers, but the most common you should know are listed below, with the symbols that commonly represent them and an example of them in use.
· Nano (n) – 0.000000001 – such as a nanometer, nm
· Micro (µ) – 0.000001 – such as a microvolt, µV
· Milli (m) – 0.001 – such as a milliliter, ml
· Kilo (k) – 1,000 – such as a kilogram, kg
· Mega (M) – 1,000,000 – such as a megaamp, MA
· Giga (G) – 1,000,000,000 – such as a gigaohm, GΩ
6 of 18 - Measuring length
The SI unit for length is the metre (m). It has smaller and larger versions you will need to know too, including the millimeter(mm), centimeter (cm), and kilometer (km). 
Length can be measured with many devices, depending on the length being measured. These include callipers, rulers, tape measures, click wheels and laser measuring devices.  
This is how each of the units are related to each other. 

1000mm = 100cm = 1m = 0.001km

To convert between the units, use the following calculations:
· To convert 1m into mm, multiply by 1000. To convert 1mm into m, divide by 1000.
· To convert 1m into cm, multiply by 100. To convert 1cm into m, divide by 100.
· To convert 1m into km, divide by 1000. To convert 1km in m, multiply by 1000.
· To convert 1cm into mm, multiply by 10. To convert 1mm into cm, divide by 10.
7 of 18 - Practice converting length
Have a go at these practice exercises to see if you can convert between the different SI units of length. Compare your ideas with the answers below.
1. Convert 30cm into m.
2. Convert 4.5m into cm.
3. Convert 60mm into cm.
4. Convert 2m into mm.
5. Convert 89cm into mm.
Answers:
1. 0.3m
2. 450cm
3. 6cm
4. 2000mm
5. 890mm
How did you do? If you got them wrong, revisit the previous section to remind yourself how to do the conversions then try these calculations again.
8 of 18 – Measuring mass and weight
Mass is measured in grams (g). Just like with metres, we often use multipliers to represent larger and smaller amounts of mass, particularly kilograms (kg) which are a thousand times bigger than grams. 
Force is measured in newtons (N). A newton is a derived SI unit, named after Isaac Newton, a scientist who studied the effects of gravity on objects. One newton is the force needed to accelerate one kilogram of mass at the rate of one metre per second squared. Weight is the name given to the force caused by the Earth’s gravity attracting the mass of an object towards it.
Although people will often describe the weight of an object in grams, this is technically not correct; the weight is a force so should be measured in newtons. To find the weight in newtons of an object, we multiply its mass in kilograms by the Earth’s gravitational field strength, which is approximately 10. This means that an object with a mass of 5kg will have a weight of 50N. 
Remember: measurements given in grams or kilograms describe an object’s mass, not its weight.
9 of 18 - Practice converting mass and weight
Have a go at these practice exercises to see if you can convert between an object’s mass and weight. Compare your ideas with the answers below.

1. Find the weight of a mass measuring 5kg.
2. Find the weight of a mass measuring 40kg.
3. Find the mass in kg of an object weighing 100N.
4. Find the mass in kg of an object weighting 45N.
5. Find the weight of a mass measuring 600g.
6. Find the mass in g of a mass measuring 2.4N.
Answers: 
1. 50N
2. 400N
3. 10kg
4. 4.5kg
5. 6N
6. 240g
How did you do? Remember, an object’s weight in Newtons is equal to its mass in kilograms times the gravitational constant, which on Earth is roughly 10. If the mass is given in something other than kilograms you will need to convert it into kilograms before you multiply it by 10 to find the weight.
10 of 18 - Measuring volume
Volume is often measured in litres (l). You will often come across other units that use SI multipliers with litres too, such as millilitres (ml) and centiliters (cl). 
Volume can also be measured in metres cubed (m3), or any other scale of metres cubed such as centimetres cubed (cm3) or kilometres cubed (cm3).
To measure the volume of a cube of space, you multiple its height by its width by its depth. For example, if a cube is 2m wide, 2m high and 2m deep you would calculate 2m x 2m x 2m = 8m3.
A cube that measures 10cm x 10cm x 10cm is the same volume as one litre. 
10cm x 10cm x 10cm = 1,000cm3 = 1l
11 of 18 - Measuring density
Density is a measure of how much mass an object has for its size. It is a useful way for engineers to compare how heavy different materials will be, which is often an important consideration when designing products. 
Density is measured in grams per centimetre cubed (g/cm3). The density of an object is calculated by dividing its mass by its volume. So, for example the density of an object that has a mass of 13.5g and a volume of 6cm3 would be calculated as 13.5 / 6 = 2.25 g/cm3.
Imagine you are building a wing for an aeroplane and you need it to be light. You have two metals to choose from, with samples provided. With the information you have, can you work out which material you should use to manufacture the aeroplane wing? Have a think about this question and compare your ideas with the answers below.
Aluminium cube – 6cm3 and 16.2g = 2.7g/cm3
Titanium cube – 4cm3 and 18g = 4.5g/cm3
The aluminium has a lower density, so will be a better material to choose for the aeroplane wing.
12 of 18 - Measuring in electrical components
Electrical components and circuits have a number of different units of measurement that you should know. 
These are: 
· Amperes or amps (A) – measuring current
· Volts (V) – measuring potential difference, sometimes called voltage
· Ohms (Ω) – measuring resistance in a circuit
These three values are linked together in a relationship known as Ohm’s law. This states that in any situation, the current is equal to the voltage divided by the resistance. You will often see this represented in an Ohm’s law triangle. To calculate any of the related values, you can cover that one in the triangle and see which calculations you need to perform with the other two. 
· V = IR
· I = V / R
· R = V / I
13 of 18 – Question 1
To convert metres into millimetres, you should…?
A. Multiply by 1000
B. Divide by 1000
C. Multiply by 100
D. Divide by 10
The correct answer is A. To convert metres into millimetres you should multiply by 1000.
14 of 18 – Question 2
Indicate if the following statement is true or false. 
Weight is measured in grams or kilograms. 
The correct answer is false. Weight is measured in newtons (N). Mass is measured in grams (g) or kilograms (kg).
15 of 18 – Question 3
Match the following SI units with the types of measurements they are measuring. Make a note of your ideas and compare them to the answers below.  
SI units:
1. Second
2. Metre
3. Kilogram
4. Ampere
Types of measurements to match to:
A. Mass
B. Time
C. Electrical current
D. Length
The correct answers are: 
Time is measured in seconds
Length is measured in meters
Mass is measured in kilograms
Electrical current is measured in amperes
16 of 18 – Question 4
Match these SI multipliers with their symbols. Make a note of your ideas and compare them to the answers below.  
SI multipliers:
1. Nano
2. Micro
3. Milli
4. Kilo
5. Mega
6. Giga
Symbols to match to: 
A. (M)
B. (n)
C. (G)
D. (µ)
E. (m)
F. (k)
The correct matches are: 
1. Nano - (n)
2. Micro - (µ) 
3. Milli - (m) 
4. Kilo - (k) 
5. Mega - (M)
6. Giga - (G)
17 of 18 – Question 5
Complete the sentence.
Density is a measure of…
A. How much force is exerting on a given area.
B. How much mass an object has for its size.
C. How fast an object can accelerate.
The correct answer is B. Density is a measure of how much mass an object has for its size.
18 of 18 – Conclusion
Well done. You have completed this session on units of measurement.
You should now:
· Understand what SI units are
· Identify common units for a range of measurements
· Recognise and use key SI multipliers
· Convert between units of measurement using different multipliers
· Calculate density 
If you have any questions about anything covered in this session, speak to your tutor for more help.


