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BTEC L3 Applied Science 2020/21 
 

Activity Pack for schools 
 

#InThisTogether 
 
 
 
Yr 11  
The tasks in this activity pack are designed to support your transition from school to college if you 
are planning on following a career within Applied Science. You should attempt to have a go at 
each of the activities in this pack, building a portfolio which demonstrates your skills and 
knowledge. You can bring this portfolio along with you during your first weeks here with us at The 
Manchester College. 
 
 
Yr 10  
If you would like to have a go at any of the activities in this pack, it’s a great opportunity to start 
building a portfolio which demonstrates your skills and knowledge for college. This would be useful 
for you to bring along with you to any of your interviews or applicant evenings next year.  
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Reading list:  
 
 
Magazines: 
The New Scientist 
Nature 
BBC Science Focus 
 
Books: 
Bill Bryson, A Short History of Nearly Everything 
Dorling Kindersley, The Science Book 
The Third Chimpanzee, Jared Diamond 
 
 
 
Social Media to check out 
 
Facebook 
The Manchester College 
 
Twitter 
@TheMcrCollege 
@SchoolsTeamTMC 
 
Instagram 
@themcrcollege 
@schoolsliaisontmc 
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Task 1 – Getting Ready 
 
BTEC Applied Science requires you to bring the following equipment with you for every lesson. It is 
important that you have ALL the following equipment listed below with you so that you are prepared for the 
first BTEC applied science lesson. 
 
 Pencil Case 
 Black Pens 
 Scientific Calculator  
 Sharp HB Pencil 
 Pencil Sharpener  
 Eraser 
 One piece clear plastic ruler – 30 cm 
 Paper 
 File with dividers 

 
Nice to have – highlighters, red/green pen, USB/pen drive.  
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Task 2 – BTEC Applied Science Research Task 
 
 
Write a paragraph about each of the following outlining their contribution to medical science. Please 
complete hand written on A4 lined paper with a minimum of 1 and half sides, or as no more than one side 
of A4 in 12 point text. This must be handed in on your first lesson. This activity should take about 2 hours.  
 
Extension: see if you can find another major scientific development to medical science and outline its 
importance. 
 
 

Louise Brown 
  

Dolly the sheep 

 
Penicillin 

 
Smallpox 

vaccination  
X ray 

machine 
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https://www.bing.com/images/search?q=dolly+the+sheep&FORM=IARRTH&ufn=Dolly&stid=a3ed2030-8b3c-4254-286f-bc91352eec3e&cbn=EntityAnswer&cbi=0&FORM=IARRTH
https://www.bing.com/images/search?view=detailV2&ccid=Id8489cX&id=18507A1077439B06B689B688C14373F865C87188&thid=OIP.Id8489cX79PynNT6gUjbYwHaEP&mediaurl=https://www.futurity.org/wp/wp-content/uploads/2016/05/penicillin_1170.jpg&exph=669&expw=1170&q=penicillin&simid=608013654807612554&selectedIndex=12
https://www.bing.com/images/search?view=detailV2&ccid=L/eDe+QG&id=C7D5878F5105156B4E806E0EBD9E7A818BE290CD&thid=OIP.L_eDe-QGqf0HXsvuNzHVWwHaDe&mediaurl=http://img.wonderhowto.com/img/72/09/63425461900669/0/properly-administer-smallpox-vaccination-cdc-training-awareness-video.1280x600.jpg&exph=600&expw=1280&q=smallpox+vaccine&simid=608054903570826071&selectedIndex=19
https://www.bing.com/images/search?view=detailV2&ccid=ENjRAeDl&id=31132DDFB5FABC558990349D1D0CC66EDA875A78&thid=OIP.ENjRAeDlqJao8wCcNWle1AHaIs&mediaurl=http://www.chronicle.co.zw/wp-content/uploads/2013/06/x-ray-machine-12267469.jpg&exph=853&expw=726&q=x-ray+machines&simid=608023571835782841&selectedIndex=14
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Maths Skills for Science 

1 Measurements 

1.1 Base and derived SI units 

Units are defined so that, for example, every scientist who measures a mass in kilograms uses the same 
size for the kilogram and gets the same value for the mass. Scientific measurement depends on standard 
units – most are Système International (SI) units. Every measurement must give the unit to have any 
meaning. You should know the correct unit for physical quantities. 
Base units 

Physical 
quantity Unit Symbol  Physical quantity Unit Symbol 

length metre m  electric current ampere A 

mass kilogram kg  temperature 
difference  

Kelvin K 

time second s  amount of substance mole mol 
 
Derived units 
Example:  

taken time
travelled distancespeed =  

If a car travels 2 metres in 2 seconds: 

s
m1

seconds 2
metres 2speed == = 1m/s 

This defines the SI unit of speed to be 1 metre per second (m/s), or 1 m s−1 (s−1 = 
s
1 ). 

Practice questions 

1 Complete this table by filling in the missing units and symbols. 
 

Physical 
quantity 

Equation used to derive 
unit Unit Symbol and name 

(if there is one) 

frequency period−1 s−1 Hz, hertz 

volume length3  – 

density mass ÷ volume   – 

acceleration velocity ÷ time  – 

force mass × acceleration   

work and energy force × distance   

1.2 Significant figures 

When you use a calculator to work out a numerical answer, you know that this often results in a large 
number of decimal places and, in most cases, the final few digits are ‘not significant’. It is important to 
record your data and your answers to calculations to a reasonable number of significant figures. Too many 
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and your answer is claiming an accuracy that it does not have, too few and you are not showing the 
precision and care required in scientific analysis. 
Numbers to 3 significant figures (3 s.f.):  
3.62     25.4     271    0.0147     0.245     39 400  
(notice that the zeros before the figures and after the figures are not significant – they just show you how 
large the number is by the position of the decimal point). 
Numbers to 3 significant figures where the zeros are significant: 
207      4050      1.01 (any zeros between the other significant figures are significant). 
Standard form numbers with 3 significant figures: 
9.42×10−5       1.56×108 
If the value you wanted to write to 3.s.f. was 590, then to show the zero was significant you would have to 
write: 
590 (to 3.s.f.) or 5.90 × 102 

Practice questions 

2 Give these measurements to 2 significant figures: 
a 19.47 m b 21.0 s c 1.673×10−27 kg d 5 s 

3 Use the equation: 

current
difference potentialresistance =  

to calculate the resistance of a circuit when the potential difference is 12 V and the current is 1.8 mA. 
Write your answer in kΩ to 3 s.f. 

1.3 Uncertainties 

When a physical quantity is measured there will always be a small difference between the measured value 
and the true value. How important the difference is depends on the size of the measurement and the size 
of the uncertainty, so it is important to know this information when using data.  
There are several possible reasons for uncertainty in measurements, including the difficulty of taking the 
measurement and the resolution of the measuring instrument (i.e. the size of the scale divisions).  
For example, a length of 6.5 m measured with great care using a 10 m tape measure marked in mm would 
have an uncertainty of 2 mm and would be recorded as 6.500 ± 0.002 m. 
It is useful to quote these uncertainties as percentages. 
For the above length, for example, 

100
tmeasuremen

yuncertaintyuncertaint percentage ×=  

6.500
0.002yuncertaint percentage = × 100% = 0.03%. The measurement is 6.500 m ± 0.03%. 

 
Values may also be quoted with absolute error rather than percentage uncertainty, for example, if the 6.5 
m length is measured with a 5% error,  
the absolute error = 5/100 × 6.5 m = ±0.325 m. 
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Practice questions 

4 Give these measurements with the uncertainty shown as a percentage (to 1 significant 
figure): 
a 5.7 ± 0.1 cm     b 450 ± 2 kg  c 10.60 ± 0.05 s    d 366 000 ± 1000 J 

5 Give these measurements with the error shown as an absolute value: 
a 1200 W ± 10%    b 330 000 Ω ± 0.5%  

6 Identify the measurement with the smallest percentage error. Show your working. 
A 9 ± 5 mm     B 26 ± 5 mm     C 516 ± 5 mm     D 1400 ± 5 mm 
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2 Standard form and prefixes 
When describing the structure of the Universe you have to use very large numbers. There are billions of 
galaxies and their average separation is about a million light years (ly). The Big Bang theory says that the 
Universe began expanding about 14 billion years ago. The Sun formed about 5 billion years ago. These 
numbers and larger numbers can be expressed in standard form and by using prefixes. 

2.1 Standard form for large numbers 

In standard form, the number is written with one digit in front of the decimal point and multiplied by the 
appropriate power of 10. For example: 

• The diameter of the Earth, for example, is 13 000 km. 
13 000 km = 1.3 × 10 000 km = 1.3×104 km. 

• The distance to the Andromeda galaxy is 2 200 000 light years = 2.2 × 1 000 000 ly = 2.2×106 ly. 

2.2 Prefixes for large numbers 

Prefixes are used with SI units (see Topic 1.1) when the value is very large or very small. They can be 
used instead of writing the number in standard form. For example: 

• A kilowatt (1 kW) is a thousand watts, that is 1000 W or 103 W. 
• A megawatt (1 MW) is a million watts, that is 1 000 000 W or 106 W. 
• A gigawatt (1 GW) is a billion watts, that is 1 000 000 000 W or 109 W. 
 

Prefix Symbol Value  Prefix Symbol Value 

kilo k 103  giga G 109 

mega M 106  tera T 1012 
 
For example, Gansu Wind Farm in China has an output of 6.8×109 W. This can be written as 6800 MW or 
6.8 GW. 

Practice questions 

1 Give these measurements in standard form: 
a 1350 W b 130 000 Pa c 696 × 106 s d 0.176 × 1012 C kg−1 

2 The latent heat of vaporisation of water is 2 260 000 J/kg. Write this in: 
a J/g       b kJ/kg      c MJ/kg 

2.3 Standard form and prefixes for small numbers 

At the other end of the scale, the diameter of an atom is about a tenth of a billionth of a metre. The 
particles that make up an atomic nucleus are much smaller. These measurements are represented using 
negative powers of ten and more prefixes. For example: 

• The charge on an electron = 1.6×10−19 C. 
• The mass of a neutron = 0.016 75 × 10−25 kg = 1.675×10−27 kg (the decimal point has moved 2 places 

to the right). 
• There are a billion nanometres in a metre, that is 1 000 000 000 nm = 1 m. 
• There are a million micrometres in a metre, that is 1 000 000 μm = 1 m. 
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Prefix Symbol Value  Prefix Symbol Value 

centi c 10−2  nano n 10−9 

milli m 10−3  pico p 10−12 

micro µ 10−6  femto f 10−15 

Practice questions 

3 Give these measurements in standard form: 
a 0.0025 m     b 160 × 10−17 m    c 0.01 × 10−6 J     d 0.005 × 106 m     e 0.00062 × 103 
N 

4 Write the measurements for question 3a, c, and d above using suitable prefixes. 
5 Write the following measurements using suitable prefixes. 

a a microwave wavelength = 0.009 m 
b a wavelength of infrared = 1×10−5 m 
c a wavelength of blue light = 4.7×10−7 m 

2.4 Powers of ten 

When multiplying powers of ten, you must add the indices. 
So 100 × 1000 = 100 000 is the same as 102 × 103 = 102 + 3 = 105 
When dividing powers of ten, you must subtract the indices. 

So 
1000
100  = 

10
1  = 10−1 is the same as 3

2

10
10  = 102 − 3 = 10−1 

But you can only do this when the numbers with the indices are the same. 
So 102 × 23 = 100 × 8 = 800 
And you can’t do this when adding or subtracting. 
102 + 103 = 100 + 1000 = 1100 
102 − 103 = 100 − 1000 = −900 
 
Remember: You can only add and subtract the indices when you are multiplying or dividing the numbers, 
not adding or subtracting them. 

Practice questions 

6 Calculate the following values – read the questions very carefully! 
a 206 + 10−3 
b 102 − 10−2 
c 23 × 102 
d 105 ÷ 102 

7 The speed of light is 3.0×108 m s−1. Use the equation v = f λ (where λ is wavelength) to calculate the 
frequency of: 
a ultraviolet, wavelength 3.0×10−7 m 
b radio waves, wavelength 1000 m 
c X-rays, wavelength 1.0×10−10 m. 
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3 Balancing chemical equations 

3.1 Conservation of mass 

When new substances are made during chemical reactions, atoms are not created or destroyed – they just 
become rearranged in new ways. So, there is always the same number of each type of atom before and 
after the reaction, and the total mass before the reaction is the same as the total mass after the reaction. 
This is known as the conservation of mass. 
You need to be able to use the principle of conservation of mass to write formulae, and balanced chemical 
equations and half equations.  

3.2 Balancing an equation 

The equation below shows the correct formulae but it is not balanced. 
H2 + O2 → H2O 
While there are two hydrogen atoms on both sides of the equation, there is only one oxygen atom on the 
right-hand side of the equation against two oxygen atoms on the left-hand side. Therefore, a two must be 
placed before the H2O. 
H2 + O2 → 2H2O 
Now the oxygen atoms are balanced but the hydrogen atoms are no longer balanced. A two must be 
placed in front of the H2. 
2H2 + O2 → 2H2O 
The number of hydrogen and oxygen atoms is the same on both sides, so the equation is balanced. 

Practice question 

8 Balance the following equations. 
a C + O2 → CO      
b N2 + H2 → NH3      
c C2H4 + O2 → H2O + CO2 

3.3 Balancing an equation with fractions 

To balance the equation below: 
C2H6 + O2 → CO2 + H2O 

• Place a two before the CO2 to balance the carbon atoms. 
• Place a three in front of the H2O to balance the hydrogen atoms. 
 C2H6 + O2 → 2CO2 + 3H2O 
There are now four oxygen atoms in the carbon dioxide molecules plus three oxygen atoms in the water 
molecules, giving a total of seven oxygen atoms on the product side.  

• To balance the equation, place three and a half in front of the O2. 
 C2H6 + 3½O2 → 2CO2 + 3H2O 

• Finally, multiply the equation by 2 to get whole numbers. 
 2C2H6 + 7O2 → 4CO2 + 6H2O 

Practice question 

9 Balance the equations below. 
a C6H14 + O2 → CO2 + H2O   
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b NH2CH2COOH + O2 → CO2 + H2O + N2 

3.4 Balancing an equation with brackets 

Ca(OH)2 + HCl → CaCl2 + H2O 
Here the brackets around the hydroxide (OH−) group show that the Ca(OH)2 unit contains one calcium 
atom, two oxygen atoms, and two hydrogen atoms.  
To balance the equation, place a two before the HCl and another before the H2O. 
Ca(OH)2 + 2HCl → CaCl2 + 2H2O 

Practice question 

10 Balance the equations below. 
a Mg(OH)2 + HNO3 → Mg(NO3)2 + H2O     
b Fe(NO3)2 + Na3PO4 → Fe3(PO4)2 + NaNO3 
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4 Rearranging equations 
 

Sometimes you will need to rearrange an equation to calculate the answer to a question. For example, if 
you want to calculate the resistance R, the equation: 
Potential difference (V) = current (A) × resistance (Ω)     or     V = I R 
must be rearranged to make R the subject of the equation: 

I
VR =  

When you are solving a problem: 

• Write down the values you know and the ones you want to calculate. 

• you can rearrange the equation first, and then substitute the values 
or 

• substitute the values and then rearrange the equation 

4.1 Substitute and rearrange 

A student throws a ball vertically upwards at 5 m s−1. When it comes down, she catches it at the same point. 
Calculate how high it goes. 
step 1: Known values are:  

• initial velocity u = 5.0 m s−1 
• final velocity v = 0 (you know this because as it rises it will slow down, until it comes to a stop, and then 

it will start falling downwards) 
• acceleration a = g = −9.81 m s−2 
• distance s = ? 

Step 2: Equation: 
(final velocity)2 − (initial velocity)2 = 2 × acceleration × distance 
or  v2 – u2 = 2 × g × s 
Substituting: (0)2 − (5.0 m s−1)2 = 2 × −9.81 m s−2 × s 
0 − 25 = 2 × −9.81 × s 
Step 3: Rearranging: 
−19.62 s = −25 

s = 
6219

25
.−

−  = 1.27 m = 1.3 m (2 s.f.) 

Practice questions 

1 The potential difference across a resistor is 12 V and the current through it is 0.25 A. Calculate its 
resistance. 

2 Red light has a wavelength of 650 nm. Calculate its frequency. Write your answer in 
standard form. 
(Speed of light = 3.0 × 108 m s−1) 
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4.2 Rearrange and substitute 

A 57 kg block falls from a height of 68 m. By considering the energy 
transferred, calculate its speed when it reaches the ground. 
(Gravitational field strength = 10 N kg−1) 
Step 1: m = 57 kg     h = 68 m     g = 10 N kg−1     v = ? 
Step 2: There are three equations: 

  PE = m g h      KE gained = PE lost      KE = 0.5 m v2 
Step 3: Rearrange the equations before substituting into it. 

  As KE gained = PE lost, m g h = 0.5 m v2 
  You want to find v. Divide both sides of the equation by 0.5 m: 

  
m

mgh
50.

 = 
m

mv
50

50 2

.
.  

  2 g h = v2 

  To get v, take the square root of both sides: v = gh2  

Step 4: Substitute into the equation: 

  v = 86102 ××  

  v = 1360 = 37 m s−1 

Practice question 

3 Calculate the specific latent heat of fusion for water from this data: 
4.03×104 J of energy melted 120 g of ice. 
Use the equation:  

thermal energy for a change in state (J) = mass (kg) × specific latent heat (J kg−1) 
Give your answer in J kg−1 in standard form. 
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5 Magnification  
 

To look at small biological specimens you use a microscope to magnify the image that is observed. The 
microscope was developed in the 17th century. Anton van Leeuwenhoek used a single lens and Robert 
Hooke used two lenses. The lenses focus light from the specimen onto your retina to produce a magnified 
virtual image. The magnification at which observations are made depends on the lenses used. 

5.1 Calculating the magnifying power of lenses 

Lenses each have a magnifying power, defined as the number of times the image is larger than the real 
object. The magnifying power is written on the lens. 
To find the magnification of the virtual image that you are observing, multiply the magnification powers of 
each lens used. For example, if the eyepiece lens is ×10 and the objective lens is ×40 the total 
magnification of the virtual image is 10 × 40 = 400. 

Practice questions 

1 Calculate the magnification of the virtual image produced by the following combinations 
of lenses: 
a objective ×10 and eyepiece ×12  b objective ×40 and eyepiece 
×15 
 
5.2 Calculating the magnification of images 

Drawings and photographs of biological specimens should always have a magnification factor stated. This 
indicates how much larger or smaller the image is compared with the real specimen.  
The magnification is calculated by comparing the sizes of the image and the real specimen. Look at this 
worked example. 
The image shows a flea which is 1.3 mm long. To calculate the 
magnification of the image, measure the image (or the scale bar if given) 
on the paper (in this example, the body length as indicated by the line 
A–B). 

 
For this image, the length of the image is 42 mm and the length of the 
real specimen is 1.3 mm. 

magnification = 
specimen real of length
image of length  = 42/1.3 = 32.31 

The magnification factor should therefore be written as ×32.31 
 
Remember: Use the same units. A common error is to mix units when performing these calculations. 
Begin each time by converting measurements to the same units for both the real specimen and the image. 

Practice question 

2 Calculate the magnification factor of a mitochondrion that is 1.5 µm long. 
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5.3 Calculating real dimensions 

 
Magnification factors on images can be used to calculate the actual 
size of features shown on drawings and photographs of biological 
specimens. For example, in a photomicrograph of a cell, individual 
features can be measured if the magnification is stated. Look at this 
worked example. 
 
The magnification factor for the image of the open stoma is ×5000. 
This can be used to find out the actual size of any part of the cell, 
for example, the length of one guard cell, measured from A to B. 
Step 1: Measure the length of the guard cell as precisely as 

possible. In this example the image of the guard cell is 52 
mm long. 

Step 2: Convert this measurement to units appropriate to the image. In this case you 
should use µm because it is a cell. 

  So the magnified image is 52 × 1000 = 52 000 µm 
Step 3: Rearrange the magnification equation (see Topic 4) to get: 
  real size = size of image/magnification = 52 000/5000 = 10.4 
So the real length of the guard cell is 10.4 µm. 
 
 
 

Practice question 

3 Use the magnification factor to determine the actual size of a bacterial cell. 
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6 Work done, power, and efficiency 

6.1 Work done 

Work is done when energy is transferred. Work is done when a force makes something move. If work is 
done by an object its energy decreases and if work is done on an object its energy increases. 
 work done = energy transferred = force × distance 
Work and energy are measured in joules (J) and are scalar quantities (see Topic 3.1). 

Practice question 

1 Calculate the work done when the resultant force on a car is 22 kN and it travels 2.0 km. 
2 Calculate the distance travelled when 62.5 kJ of work is done applying a force of 500 N to an object. 

6.2 Power 

Power is the rate of work done. 
It is measured in watts (W) where 1 watt = 1 joule per second. 

 power = 
taken time

dtransferreenergy   or power = 
taken time
done work  

 
 P = ΔW/Δt   Δ is the symbol ‘delta’ and is used to mean a ‘change in’ 
 
Look at this worked example, which uses the equation for potential energy gained. 
A motor lifts a mass m of 12 kg through a height Δh of 25 m in 6.0 s. 
Gravitational potential energy gained:  
ΔPE = mgΔh = (12 kg) × (9.81 m s−2) × (25 m) = 2943 J 

Power =
s 6.0
J 2943  = 490 W (2 s.f.)  

Practice questions 

3 Calculate the power of a crane motor that lifts a weight of 260 000 N through 25 m in 48 s. 
4 A motor rated at 8.0 kW lifts a 2500 N load 15 m in 5.0 s. Calculate the output power. 
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6.3 Efficiency 

Whenever work is done, energy is transferred and some energy is transferred to other forms, for example, 
heat or sound. The efficiency is a measure of how much of the energy is transferred usefully.  
Efficiency is a ratio and is given as a decimal fraction between 0 (all the energy is wasted) and 1 (all the 
energy is usefully transferred) or as a percentage between 0 and 100%. It is not possible for anything to 
be 100% efficient: some energy is always lost to the surroundings.  

Efficiency = 
inputenergy  total
outputenergy  useful  or Efficiency = 

input power total
output power useful   

(multiply by 100% for a percentage) 
Look at this worked example. 
A thermal power station uses 11 600 kWh of energy from fuel to generate electricity. A total of 4500 kWh 
of energy is output as electricity. Calculate the percentage of energy ‘wasted’ (dissipated in heating the 
surroundings). 
You must calculate the energy wasted using the value for useful energy output: 

percentage energy wasted = 100
inputenergy  total

y)electricit as outputenergy  - inputenergy  (total
×   

percentage energy wasted = 100
11600

4500) - (11600
× = 61.2% = 61% (2 s.f.) 

Practice questions 

 
5 Calculate the percentage efficiency of a motor that does 8400 J of work to lift a load. 

The electrical energy supplied is 11 200 J. 
6 An 850 W microwave oven has a power consumption of 1.2 kW. 

Calculate the efficiency, as a percentage. 
7 Use your answer to question 4 above to calculate the percentage efficiency of the motor. (The motor, 

rated at 8.0 kW, lifts a 2500 N load 15 m in 5.0 s.) 
8 Determine the time it takes for a 92% efficient 55 W electric motor take to lift a 15 N weight 2.5 m. 
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