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AQA Extended Certificate Summer Task
in Applied Science

Objectives: This pack contains a programme of activities and resources to prepare you to start on an
Applied Science course in September. It is aimed to prepare you for the literacy and numeracy
requirements of the course as these form an integral part of practical investigation work alongside
application in exam questions. The second task prepares you for Unit 3 where you will look at roles and
skills of scientists ready for questions on careers in science in the Unit 3 exam.

TASKS:

1. Workbook (Time to complete — 5 hours)
Answer the questions in the workbook on pages 2-29 as fully as possible. Use your notes/revision guides
and the internet to support you. You can do this on a Word/Pages document or in a printed paper
format.

2. Research and Poster presentation task (Time to complete — 4 hours)
You should research the roles and responsibilities of scientists in the following sectors:
Pharmaceutical/Health and medical services/Environmental/ Sports Science/Automotive/ Materials
industries which could include:

¢ Laboratory technician

e Research scientist

¢ Microbiologist

e Pharmacologist

¢ Biotechnologists

e Medical practitioners

¢ Environmental scientists

e Public/community health scientists
e Government scientists.

You should produce a single A5 profile for each role. These can include photographs/pictures to give
the reader a better understanding of each role.

Choose 1 sector and produce a poster advertising these careers to secondary school aged students
giving details of the role, the skills required, the training/education required, the salary and any career
progression available.

Note: The research task will form part of your final assessment for Unit 3 — take your time, be thorough
and make it good.
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WORKBOOK Transition from GCSE to A Level

Moving from GCSE Science to Level 3 qualifications can be a daunting leap. You'll be expected to
remember a lot more facts, equations, and definitions, and you will need to learn new maths skills and
develop confidence in applying what you already know to unfamiliar situations.

This workbook aims to give you a head start by helping you:
e to pre-learn some useful knowledge from the first unit of your Applied Science course

e understand and practice of some of the maths skills you’ll need.

Learning objectives
After completing the worksheet you should be able to:
e define practical science key terms
e recall the answers to the retrieval questions
e perform maths skills including:
o converting between units and standard form and decimals prefixes
o using standard form and significant figures
o balancing chemical equations
o rearranging formulae and equations
o calculating moles and masses
o calculating percentage yield
o calculating percentages, errors, and uncertainties
o interpreting graphs of reactions.
o drawing and interpreting line graphs equations of work, power, and efficiency

o magnification calculations
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Retrieval questions

You need to be confident about the definitions of terms that describe measurements and results in

Biology, Chemistry and Physics.

Learn the answers to the questions below then cover the answers column with a piece of paper and
write as many answers as you can. Check and repeat.

Practical science key terms

When is a measurement valid?

when it measures what it is supposed to be measuring

When is a result accurate?

when it is close to the true value

What are precise results?

when repeat measurements are consistent/agree closely with

each other

What is repeatability?

how precise repeated measurements are when they are
taken by the same person, using the same equipment, under

the same conditions

What is reproducibility?

how precise repeated measurements are when they are

taken by different people, using different equipment

What is the uncertainty of a measurement?

the interval within which the true value is expected to lie

Define measurement error

the difference between a measured value and the true value

What type of error is caused by results
varying around the true value in an

unpredictable way?

random error

What is a systematic error?

a consistent difference between the measured values and

true values

What does zero error mean?

a measuring instrument gives a false reading when the true

value should be zero

Which variable is changed or selected by the

investigator?

independent variable

What is a dependent variable?

a variable that is measured every time the independent

variable is changed
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Define a fair test

a test in which only the independent variable is allowed to

affect the dependent variable

What are control variables?

variables that should be kept constant to avoid them

affecting the dependent variable

4|Page




AQA Extended Certificate Summer Task
in Applied Science

Atoms, ions, and compounds

Learn the answers to the questions below then cover the answers column with a piece of paper and
write as many answers as you can. Check and repeat.

What does an atom consist of? | a nucleus containing protons and neutrons, surrounded by

electrons

What are the relative masses of a proton, 1

1,1, and respectively
1836

neutron, and electron?

What are the relative charges of a proton, | +1, 0, and -1 respectively

neutron, and electron?

How do the number of protons and | they are the same because atoms have neutral charge

electrons differ in an atom?

How does the number of protons differ | it does not differ — all atoms of the same element have the

between atoms of the same element? | same number of protons

What force holds an atom nucleus | strong nuclear force

together?

What is the proton number / atomic | the number of protons in the atom’s nucleus of an element

number of an element?

What is the mass number of an element? | number of protons + number of neutrons

What is an isotope? | an atom with the same number of protons but different

number of neutrons

. . mass of anisotope
relative isotopic mass = 0

mass? ) mass of 1atom of 2C

What is the equation for relative isotopic

weighted mean mass of 1atom
th
mass (A/)? 1, Mass of 1atom of *2C

What is the equation for relative atomic | .5 tive atomic mass =

average mass of 1molecule
th
mass (M,)? 1, Mass of 1atom of *2C

What is the equation for relative molecular | .| tive molecular mass =

What is anion? | an atom or group of atoms with a charge (a different number

of electrons to protons)

Define the term cation | a positive ion (atom with fewer electrons than protons)
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Define the term anion

a negative ion (atom with more electrons than protons)

What is the function of a mass

spectrometer?

it accurately determines the mass and abundance of separate

atoms or molecules, to help us identify them

What is a mass spectrum?

the output from a mass spectrometer that shows the different

isotopes that make up an element

What is a binary compound?

a compound which contains only two elements

What are monomers?

smaller units from which larger molecules are made

What are polymers?

molecules made from a large number of monomers joined
together

What is a condensation reaction?

a reaction that joins two molecules together to form a
chemical bond whilst eliminating of a molecule of water

What is a hydrolysis reaction?

a reaction that breaks a chemical bond between two
molecules and involves the use of a water molecule

What is a monosaccharide?

monomers from which larger carbohydrates are made

How is a glycosidic bond formed?

a condensation reaction between two monosaccharides

Name the three main examples of
polysaccharides.

glycogen, starch, cellulose

Describe Benedict’s test for reducing sugars

gently heat a solution of a food sample with an equal volume
of Benedict’s solution for five minutes, the solution turns
orange/brown if reducing sugar is present

Name the two main groups of lipids

phospholipids, triglycerides (fats and oils)

Give four roles of lipids

source of energy, waterproofing, insulation, protection

What is an ester bond?

a bond formed by a condensation reaction between glycerol
and a fatty acid

Describe the emulsion test for lipids

mix the sample with ethanol in a clean test tube, shake the
sample, add water, shake the sample again, a cloudy white
colour indicates that lipid is present

What are the monomers that make up | amino acids
proteins?
Draw the structure of an amino acid R

H;N — C — COOH

H
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How is a peptide bond formed?

a condensation reaction between two amino acids

What is a polypeptide?

many amino acids joined together

Describe the biuret test for proteins

mix the sample with sodium hydroxide solution at room
temperature, add very dilute copper(ll) sulfate solution, mix
gently, a purple colour indicates that peptide bonds are
present

How does an enzyme affect a reaction?

it lowers the activation energy

Give five factors which can affect enzyme
action.

temperature, pH, enzyme concentration, substrate
concentration, inhibitor concentration

What is a competitive inhibitor?

a molecule with a similar shape to the substrate, allowing it
to occupy the active site of the enzyme

What is a non-competitive inhibitor?

a molecule that changes the shape of the enzyme by binding
somewhere other than the active site.

What is a physical quantity?

a property of an object or of a phenomenon that can be
measured

What are the S.I. units of mass, length, and

time?

kilogram (kg), metre (m), second (s)

What base quantities do the S.I. units A, K,
and mol represent?

current, temperature, amount of substance

multiplication factors from pico to tera (in
order of increasing magnitude)

List the prefixes, their symbols and their

pico (p) 1072, nano (n) 107, micro (u) 1078, milli (m) 1073,
centi (c) 1072, deci (d) 107%, kilo (k) 103, mega (M) 10°, giga (G)
10°, tera (T) 10*?

What is a scalar quantity?

a quantity that has magnitude (size) but no direction

What is a vector quantity?

a quantity that has magnitude (size) and direction

What are the equations to resolve a force, F,
into two perpendicular components, Fxand
F,?

F, =Fcosé
F, =Fsing

What is the difference between distance and
displacement?

distance is a scalar quantity
displacement is a vector quantity

What does the Greek capital letter A (delta)
mean?

‘change in’

7|Page




AQA Extended Certificate Summer Task
in Applied Science

Maths skills

1 Core mathematical skills

A practical chemist must be proficient in standard form, significant figures, decimal
places, Sl units, and unit conversion.

1.1 Standard form

In science, very large and very small numbers are usually written in standard form.
Standard form is writing a number in the format A x 10* where A is a number from 1 to
10 and x is the number of places you move the decimal place.

For example, to express a large number such as 50 000 mol dm3 in standard form, A=5
and x = 4 as there are four numbers after the initial 5.

Therefore, it would be written as 5x10* mol dm=3.

To give a small number such as 0.000 02 Nm? in standard form, A = 2 and there are five
numbers before it so x = -5.

So it is written as 2x107° Nm?2.

Practice questions

1 Change the following values to standard form.
a boiling point of sodium chloride: 1413 °C
b largest nanoparticles: 0.0 001x103 m
¢ number of atoms in 1 mol of water: 1806x10%!
2 Change the following values to ordinary numbers.
a5.5x10° b2.9x10> ¢1.115x10* d1.412x1073 e 7.2x10*

1.2 Significant figures and decimal places

In chemistry, you are often asked to express numbers to either three or four significant
figures. The word significant means to ‘have meaning’. A number that is expressed in
significant figures will only have digits that are important to the number’s precision.

It is important to record your data and your answers to calculations to a reasonable
number of significant figures. Too many 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.

For example, 6.9301 becomes 6.93 if written to three significant figures.

Likewise, 0.000 434 56 is 0.000 435 to three significant figures.
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Notice that the zeros before the figure are not significant — they just show you how
large the number is by the position of the decimal point. Here, a 5 follows the last
significant digit, so just as with decimals, it must be rounded up.

Any zeros between the other significant figures are significant. For example, 0.003 018
is 0.003 02 to three significant figures.

Sometimes numbers are expressed to a number of decimal places. The decimal point is
a place holder and the number of digits afterwards is the number of decimal places.

For example, the mathematical number pi is 3 to zero decimal places, 3.1 to one
decimal place, 3.14 to two decimal places, and 3.142 to three decimal places.

Practice questions

3 Give the following values in the stated number of significant figures (s.f.).
a36.937(3s.f.) b258(2s.f) ¢0.04319(2s.f.) d7999032(1s.f.)
4 Use the equation:
number of molecules = number of moles x 6.02 x 10?3 molecules per mole

to calculate the number of molecules in 0.5 moles of oxygen. Write your answer in
standard form to 3 s.f.
5 Give the following values in the stated number of decimal places (d.p.).

a4.763(1d.p.) b0.543(2d.p.) c1.005(2d.p.)  d1.9996 (3d.p.)

1.3 Converting 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 Systéme International
(S1) units.

If you convert between units and round numbers properly it allows quoted
measurements to be understood within the scale of the observations.

Multiplication factor Prefix Symbol
10° giga G
10° mega M
103 kilo k
107 centi c
1073 milli m
107° micro "
1070 nano n
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Unit conversions are common. For instance, you could be converting an enthalpy
change of 488 889 J mol™ into k) mol™. A kilo is 10% so you need to divide by this
number or move the decimal point three places to the left.

488 889 + 10° k) mol™ = 488.889 kJ mol™

Converting from mJ mol™ to kJ mol™, you need to go from 103 to 1073, or move the
decimal point six places to the left.

333 mJ mol~tis 0.000 333 kJ mol™

If you want to convert from 333 mJ mol™ to nJ mol™?, you would have to go from 107 to
1073, or move the decimal point six places to the right.

333 mJ mol~tis 333 000 000 nJ mol™

Practice question

6 Calculate the following unit conversions.
a300 umtom
b5MJtom)
¢ 10 GW to kW
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2 Chemistry - Balancing chemical equations

2.1 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.

2.2 Balancing an equation
The equation below shows the correct formulae but it is not balanced.
H, + O, & H,0

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 H,0.

H, + O, - 2H,0

Now the oxygen atoms are balanced but the hydrogen atoms are no longer balanced. A
two must be placed in front of the Ha.

2H2 + O & 2H20

The number of hydrogen and oxygen atoms is the same on both sides, so the equation
is balanced.

Practice question

1 Balance the following equations.
aC+0,->CO
b N2 + H, - NH3
¢ CoHa + 02 2 H20 + CO,

2.3 Balancing an equation with fractions
To balance the equation below:
C2H6 + 02 9 COz + HzO

e Place a two before the CO; to balance the carbon atoms.
e Place a three in front of the H,O to balance the hydrogen atoms.
Csz + 02 9 2C02 + 3H20
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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.

e To balance the equation, place three and a half in front of the O..
CoHs + 3750, - 2C0O; + 3H,0

e Finally, multiply the equation by 2 to get whole numbers.
2CoHg + 702 - 4CO; + 6H,0

Practice question

2 Balance the equations below.
a CgH1is + O2 - CO2 + H20
b NH,CH,COOH + O; = COz + H,0 + N3

2.4 Balancing an equation with brackets
Ca(OH)2 + HCI = CaCl; + H.0

Here the brackets around the hydroxide (OH") group show that the Ca(OH); 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 H,0.

Ca(OH), + 2HCI > CaCl, + 2H,0

Practice question

3 Balance the equations below.
a Mg(OH)2 + HNO3 - Mg(NOs); + H,0
b Fe(NOs), + NazsPOs - Fe3(PO4), + NaNOs

3 Rearranging equations and calculating concentrations

3.1 Rearranging equations
In chemistry, you sometimes need to rearrange an equation to find the desired values.

For example, you may know the amount of a substance (n) and the mass of it you have
(m), and need to find its molar mass (M).

The amount of substance (n) is equal to the mass you have (m) divided by the molar
mass (M):

m
n=—
M

You need to rearrange the equation to make the molar mass (M) the subject.
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Multiply both sides by the molar mass (M):
Mxn=m

Then divide both sides by the amount of substance (n):

m=—
N

Practice questions

1 Rearrange the equation c :3 to make:

a n the subject of the equation
b V the subject of the equation.
2 Rearrange the equation PV = nRT to make:
a n the subject of the equation
b T the subject of the equation.

3.2 Calculating concentration

The concentration of a solution (a solute dissolved in a solvent) is a way of saying how
much solute, in moles, is dissolved in 1 dm? or 1 litre of solution.

Concentration is usually measured using units of mol dm=3. (It can also be measured in g
dm3.)

The concentration of the amount of substance dissolved in a given volume of a solution
is given by the equation:

n
c=—
V

where n is the amount of substance in moles, c is the concentration, and Vs the
volume in dm3.

The equation can be rearranged to calculate:

e the amount of substance n, in moles, from a known volume and concentration of
solution

e the volume V of a solution from a known amount of substance, in moles, and the
concentration of the solution.

Practice questions

3 Calculate the concentration, in mol dm=3, of a solution formed when 0.2 moles of a
solute is dissolved in 50 cm?3 of solution.
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4 Calculate the concentration, in mol dm=3, of a solution formed when 0.05 moles of a
solute is dissolved in 2.0 dm?3 of solution.

5 Calculate the number of moles of NaOH in an aqueous solution of 36 cm? of 0.1 mol
dm3,.

4 Molar calculations

4.1 Calculating masses and gas volumes

The balanced equation for a reaction shows how many moles of each reactant and
product are involved in a chemical reaction.

If the amount, in moles, of one of the reactants or products is known, the number of
moles of any other reactants or products can be calculated.

The number of moles (n), the mass of the substance (m), and the molar mass (M) are
linked by:

n=—
M

Note: The molar mass of a substance is the mass per mole of the substance. For CaCOs,
for example, the atomic mass of calcium is 40.1, carbon is 12, and oxygen is 16. So the
molar mass of CaCOs is:

40.1+ 12+ (16 x 3) = 100.1. The units are g mol™.

Look at this worked example. A student heated 2.50 g of calcium carbonate, which
decomposed as shown in the equation:

CaCOs(s) - Ca0(s) + COz(g)
The molar mass of calcium carbonate is 100.1 g mol™.

a Calculate the amount, in moles, of calcium carbonate that decomposes.
n= % =2.50/100.1 = 0.025 mol

b Calculate the amount, in moles, of carbon dioxide that forms.

From the balanced equation, the number of moles of calcium carbonate = number
of moles of carbon dioxide = 0.025 mol
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Practice questions
1 Inareaction, 0.486 g of magnesium was added to oxygen to produce magnesium
oxide.
2Mg(s) + O2(g) - 2MgO(s)
a Calculate the amount, in moles, of magnesium that reacted.
b Calculate the amount, in moles, of magnesium oxide made.
¢ Calculate the mass, in grams, of magnesium oxide made.
2 Oscar heated 4.25 g of sodium nitrate. The equation for the decomposition of
sodium nitrate is:
2NaNOs(s) > 2NaNOaz(s) + Oz(g)
a Calculate the amount, in moles, of sodium nitrate that reacted.
b Calculate the amount, in moles, of oxygen made.

3 0.500 kg of magnesium carbonate decomposes on heating to form magnesium
oxide and carbon dioxide. Give your answers to 3 significant figures.

MgCOs(s) > MgO(s) + CO2(g)
a Calculate the amount, in moles, of magnesium carbonate used.
b Calculate the amount, in moles, of carbon dioxide produced.

5 Percentage yields and percentage errors

5.1 Calculating percentage yield

Chemists often find that an experiment makes a smaller amount of product than
expected. They can predict the amount of product made in a reaction by calculating the
percentage yield.

The percentage yield links the actual amount of product made, in moles, and the
theoretical yield, in moles:

actual amount (in moles) of product

percentage yield = _ :
theoretical amount (in moles) of product

Look at this worked example. A student added ethanol to propanoic acid to make the
ester, ethyl propanoate, and water.

C2Hs0H + C;H5COOH - C;HsCOOC;Hs + H20
The experiment has a theoretical yield of 5.00 g.
The actual yield is 4.50 g.

The molar mass of C;HsCOOC;Hs = 102.0 g mol™

Calculate the percentage yield of the reaction.
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Actual amount of ethyl propanoate: n= % =4.5/102 = 0.0441 mol

Theoretical amount of ethyl propanoate: n= % =5.0/102 = 0.0490 mol

percentage yield = (0.0441/0.0490) x 100% = 90%

Practice questions

1 Calculate the percentage yield of a reaction with a theoretical yield of 4.75 moles of
product and an actual yield of 3.19 moles of product. Give your answer to 3
significant figures.

2 Calculate the percentage yield of a reaction with a theoretical yield of 12.00 moles
of product and an actual yield of 6.25 moles of product. Give your answer to 3
significant figures.

5.3 Calculating percentage error in apparatus

The percentage error of a measurement is calculated from the maximum error for the
piece of apparatus being used and the value measured:
maximum error

percentage error = x 100%
measured value

Look at this worked example. In an experiment to measure temperature changes, an
excess of zinc powder was added to 50 cm? of copper(ll) sulfate solution to produce zinc
sulfate and copper.

Zn(s) + CuSOs(aqg) - ZnS0a4(aq) + Cu(s)

The measuring cylinder used to measure the copper(ll) sulfate solution has a maximum
error of 2 cm3,

a Calculate the percentage error.
percentage error = (2/50) x 100% = 4%
b Athermometer has a maximum error of +0.05 °C.

Calculate the percentage error when the thermometer is used to record a
temperature rise of 3.9 °C. Give your answer to 3 significant figures.

percentage error = (2 x 0.05)/3.9 x 100% = 2.56%

(Notice that two measurements of temperature are required to calculate the
temperature change so the maximum error is doubled.)

Practice questions

3 Agas syringe has a maximum error of £0.5 cm?3. Calculate the maximum percentage
error when recording these values. Give your answers to 3 significant figures.
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a21.0cm? b 43.0cm3

4 Athermometer has a maximum error of 0.5 °C. Calculate the maximum percentage
error when recording these temperature rises. Give your answers to 3 significant
figures.

al2.0°C b37.6°C

6 Graphs and tangents

6.1 Deducing reaction rates

To investigate the reaction rate during a reaction, you can measure the volume of the
product formed, such as a gas, or the colour change to work out the concentration of a
reactant during the experiment. By measuring this concentration at repeated intervals,
you can plot a concentration—time graph.

[A}/moldm-3

2.57 | The steeper the gradient the higher is the
rate. By calculating the rate at two different
points, the order can be calculated.

2

The gradient of the tangent
concentration-time gives

1- the rate.
0.5 When the gradient is flat
the rate is zero.
D J 1 |
0 50 100 150

time/s

Note: When a chemical is listed in square brackets, it just means ‘the concentration of’
that chemical. For example, [0;] is just shorthand for the concentration of oxygen
molecules.

By measuring the gradient (slope) of the graph, you can calculate the rate of the
reaction. In the graph above, you can see that the gradient changes as the graph is a
curve. If you want to know the rate of reaction when the graph is curved, you need to
determine the gradient of the curve. So, you need to plot a tangent.

The tangent is the straight line that just touches the curve. The gradient of the tangent
is the gradient of the curve at the point where it touches the curve.

Looking at the graph above. When the concentration of A has halved to 1.0 mol dm™3,
the tangent intercepts the y-axis at 1.75 and the x-axis at 48.

-1.75

The gradient is =-0.0365 (3 s.f.).
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So the rate is 0.0365 mol dm=3s71.

Practice question

1 Using the graph above, calculate the rate of reaction when the concentration of A
halves again to 0.5 mol dm™3.

6.2 Deducing the half-life of a reactant

In chemistry, half-life can also be used to describe the decrease in concentration of a
reactant in a reaction. In other words, the half-life of a reactant is the time taken for the
concentration of the reactant to fall by half.

Practice question

2 The table below shows the change in concentration of bromine during the course of

a reaction.
Time /s [Brz] / mol dm™3

0 0.0100

60 0.0090

120 0.0066

180 0.0053

240 0.0044

360 0.0028

a Plot a concentration—time graph for the data in the table.
b Calculate the rate of decrease of Br, concentration by drawing tangents.
¢ Find the half-life at two points and deduce the order of the reaction.
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7 Biology - Working with formulae

It is often necessary to use a mathematical formula to calculate quantities. You may be
tested on your ability to substitute numbers into formulae or to rearrange formulae to
find specific values.

7.1 Substituting into formulae

Think about the data you are given in the question. Write down the equation and then
think about how to get the data to substitute into the equation. Look at this worked
example.

A cheek cell has a 0.06 mm diameter. Under a microscope it has a diameter 12 mm.
What is the magnification?

magnification = image size (mm) + object size (mm) or M= (l)—
Substitute the values and calculate the answer:
M =12 mm/0.06 mm =12/0.06 = 200

Answer: magnification = x200 (magnification has no units)

Sometimes an equation is more complicated and the steps need to be carried outin a
certain order to succeed. A general principle applies here, usually known by the
mnemonic BIDMAS. This stands for Brackets, Indices (functions such as squaring or
powers), Division, Multiplication, Addition, Subtraction.

Practice questions
1 Calculate the magnification of a hair that has a width of 6.6 mm on a
photograph. The hair is 165 um wide.

2 Estimate the area of a leaf by treating it as a triangle with base 2 cm and height 9
cm.

3 Estimate the area of a cell by treating it as a circle with a diameter of 0.7 um. Give
your answer in pm?.
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4 An Amoeba population starts with 24 cells. Calculate how many Amoeba cells would
be present in the culture after 7 days if each cell divides once every 20 hours. Use
the equation N = Np x 2" where Nt = number after time t, NO = initial population, n =
number of divisions in the given time t.

5 Inaquadrat sample, an area was found to contain 96 aphids, 4 ladybirds, 22
grasshoppers, and 3 ground beetles. Calculate the diversity of the site using the

2
equation D = 1—2(%} where n = number of each species, N = grand total of all

species, and D = diversity.

Remember: In this equation there is a part that needs to be done several times then
summed, shown by the symbol 2.

7.2 Rearranging formulae

Sometimes you will need to rearrange an equation to calculate the answer to a
guestion. For example, the relationship between magnification, image size, and actual
size of specimens in micrographs usually uses the equation M

= (I)—, where M is magnification, / is size of the image, and O =
actual size of the object.

You can use the algebra you have learnt in Maths to rearrange
equations, or you can use a triangle like the one shown.

Cover the quantity you want to find. This leaves you with
either a fraction or a multiplication:

M=I1+0 Oo=I+M I=MxO

Practice questions
1 A fat cell is 0.1 mm in diameter. Calculate the size of the diameter seen through
a microscope with a magnification of x50.

2 A Petri dish shows a circular colony of bacteria with a cross-sectional area of 5.3
cm?, Calculate the radius of this area.

8 Inaphotograph, a red blood cell is 14.5 mm in diameter. The magnification stated
on the image is x2000. Calculate the real diameter of the red blood cell.

9 Rearrange the equation 34 = 2a/135 x 100 and find the value of a.

10 The cardiac output of a patient was found to be 2.5 dm3 min™ and their heart rate
was 77 bpm. Calculate the stroke volume of the patient.

Use the equation: cardiac output = stroke volume x heart rate.
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biomass transferred y
biomass takenin

11 In a food chain, efficiency = 100

A farmer fed 25 kg of grain to his chicken. The chicken gained weight with an
efficiency of 0.84. Calculate the weight gained by the chicken.

8 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.

8.1 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 x10 and the
objective lens is x40 the total magnification of the virtual image is 10 x 40 = 400.

Practice questions
1 Calculate the magnification of the virtual image produced by the following
combinations of lenses:

a objective x10 and eyepiece x12 b objective x40 and
eyepiece x15

8.2 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).
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For this image, the length of the image is 42 mm and the length of the real specimen is
1.3 mm.

length of image

- =42/1.3=32.31
length of real specimen

magnification =

The magnification factor should therefore be written as x32.31

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 um long.

8.3 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 Ag—
can be measured if the magnification is stated. Look at this
worked example.

The magnification factor for the image of the open stoma is
x5000.

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.

BY
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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 um because it is a cell.

So the magnified image is 52 x 1000 = 52 000 um
Step 3: Rearrange the magnification equation (see Topic 3.2) to get:
real size = size of image/magnification = 52 000/5000 = 10.4
So the real length of the guard cell is 10.4 um.

Practice question

3 Use the magnification factor to determine the actual size of a bacterial cell.

#2000

9 Percentages and uncertainty

A percentage is simply a fraction expressed as a decimal. It is important to be able to
calculate routinely, but is often incorrectly calculated in exams. These pages should
allow you to practise this skill.

9.1 Calculating percentages as proportions

To work out a percentage, you must identify or calculate the total number using the
equation:

number you want as a percentage of total number

x 100%
total number

percentage =

For example, in a population, the number of people who have brown hair was counted.

The results showed that in the total population of 4600 people, 1800 people had brown
hair.

The percentage of people with brown hair is found by calculating:

number of people with brown hair x 100
total number of people
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- 1800 100=39.1%
4600

Practice questions

1 The table below shows some data about energy absorbed by a tree in a year and
how some of it is transferred.

Energy absorbed by the tree in a year 3 600 000 kJ/m?

Energy transferred to primary consumers 2240 kJ/m?

Energy transferred to secondary consumers | 480 kJ/m?

Calculate the percentage of energy absorbed by the tree that is transferred to
a primary consumers b secondary consumers.

2 Onein 17 people in the UK has diabetes.
Calculate the percentage of the UK population that have diabetes.

9.2 Calculating the percentage change

When you work out an increase or a decrease as a percentage change, you must
identify, or calculate, the total original amount:

. increase
% increase = ———— x 100

original amount

decrease
% decrease= —————— x 100
original amount

Remember: When you calculate a percentage change, use the total before the increase
or decrease, not the final total.

Practice questions

3 Convert the following mass changes as percentage changes.

Sucr:‘oosledt;c::c./ Initial mass /g | Finalmass /g Mass c;\ange/ chz(:\::?:arﬁzss
0.9 1.79 1.06
0.7 1.86 1.30
0.5 1.95 1.70
0.3 1.63 1.76
0.1 1.82 2.55
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9.4 Calculating percentage uncertainties

The uncertainty is the range of possible error either side of the true value due to the
scale being used, so the value recorded for the measurement = closest estimate +/-
uncertainty.

The difference between the true value and the maximum or minimum value is called
the absolute error.

Once the absolute error has been established for a particular measurement, it is
possible to express this as a percentage uncertainty or relative error. The calculation to
use is:

absolute error

relative error = x 100%
measured value

In the leaf example above, the absolute error is +/-0.5 mm.
The relative error is therefore:

0.5/74 x 100% = 0.7%

Practice questions

5 Complete the table to show the missing values in the last two columns.

Measurement made Equipment used Absolute error Relative error
Length of a fluid columnin a mm scale 0.5mm
respirometer is 6 mm
Volume of a syringe is 12 cm?3 of 0.5 cm? divisions
liquid
Changeinmassof1.6 g balance with 2 d.p.

10 Scatter graphs and lines of best fit

The purpose of a scatter graph with a line of best fit is to allow visualisation of a trend
in a set of data. The graph can be used to make calculations, such as rates, and also to
judge the correlation between variables. It is easy to draw such a graph but also quite
easy to make simple mistakes.

10.1 Plotting scatter graphs
The rules when plotting graphs are:

e Ensure that the graph occupies the majority of the space available:
o In exams, this means more than half the space
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o Look for the largest number to help you decide the best scale
o The scale should be based on 1, 2, or 5, or multiples of those numbers

e Ensure that the dependent variable that you measured is on the y-axis and the
independent variable that you varied is on the x-axis

e Mark axes using a ruler and divide them clearly and equidistantly (i.e. 10, 20, 30,
40 not 10, 15, 20, 30, 45)

e Ensure that both axes have full titles and units are clearly labelled

e Plot the points accurately using sharp pencil ‘x” marks so the exact position of
the point is obvious

e Draw a neat best fit line, either a smooth curve or a ruled line. It does not have
to pass through all the points. Move the ruler around aiming for:

o as many points as possible on the line
o the same number of points above and below the line

e [f the line starts linear and then curves, be careful not to have a sharp corner
where the two lines join. Your curve should be smooth

e Confine your line to the range of the points. Never extrapolate the line beyond
the range within which you measured

e Add aclear, concise title.

Remember: Take care, use only pencil and check the positions of your points.

Practice questions

2 Use your calculated data in Topic 5.2 question 3 to plot a graph of % mass
change against sucrose concentration.
3 For each of the tables of data:

a Plot a scatter graph
b Draw a line of best fit
c Describe the correlation

Turbidity of casein samples at different
pH
% transmission
pH .
(blue light)
9.00 99
8.00 99
6.00 87
5.00 67
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4.75 26
4.50 30
4.00 24
3.75 43
3.50 64
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11 Physics - Work done, power, and efficiency

11.1 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 x distance

Work and energy are measured in joules (J) and are scalar quantities (see Topic 3.1).

Practice question

3 Calculate the work done when the resultant force on a caris 22 kN and it travels 2.0
km.

4 Calculate the distance travelled when 62.5 kJ of work is done applying a force of
500 N to an object.

11.2 Power
Power is the rate of work done.

It is measured in watts (W) where 1 watt = 1 joule per second.

energy transferred work done
power = : orpower= ——
time taken time taken

P=AW/At A 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 Ah of 25 m in 6.0 s.

Gravitational potential energy gained:

APE = mghh = (12 kg) x (9.81 ms72) x (25 m) = 2943 )

29437
Power =

=490 W (2s.f)

Practice questions

5 Calculate the power of a crane motor that lifts a weight of 260 000 N through 25 m
in48s.

6 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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11.3 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.

useful energy output or Efficiency = useful power output

Efficiency =
Y total energy input total power input

(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:

(total energy input - energy output as electricity)
total energy input

percentage energy wasted = x 100

(11600 - 4500)

ercentage energy wasted =
P 8 8y 11600

x100 =61.2% =61% (2 s.f.)

Practice questions

7 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.

8 An 850 W microwave oven has a power consumption of 1.2 kW.
Calculate the efficiency, as a percentage.

9 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 min 5.0s.)

10 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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Resources

Lots of excellent videos on all aspects of Science and Maths (+lots of other subjects!)
CrashCourse - YouTube

Biology

A Level Biology Revision | AQA, OCR, Edexcel And CIE Biology
AQA A-Level Biology | Primrose Kitten

Chemistry

Doc Brown Science Site

https://www.docbrown.info/

Chemguide
chemquide: helping you to understand Chemistry - Main Menu

A-Level Chemistry

A-Level Chemistry - Home

Physics
A-level Physics
A-Level Physics - Physics A-Level Resources for AQA, OCR and Edexcel (alevelphysics.co.uk)

School Physics

schoolphysics ::Welcome::

The Physics Classroom
The Physics Classroom

Mrs Physics
Mrs Physics - Lockerbie Academy

Numeracy

Math and Science - YouTube

Maths skills for science - Working scientifically - KS3 Science - BBC Bitesize - BBC Bitesize

Careers

Science and research | Explore careers (nationalcareers.service.qov.uk)

Careerpilot : Jobs by subject

Science Careers (sciencebuddies.orq)

Science careers support (stem.org.uk)
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Course Revision Guide

e o |

ot ggrEL;‘%le GCSE & A-Level Revision Workbooks, Exams & Resources
TABLE FOR LEVS (hoddereducation.co.uk)

MY REVISION NOTES

AQA

APPLIED SCIENCE

, 9, [+ YN cverything that has happened from the Big Bang to the rise of
Hlsj‘e’%%% O Civilization - how we got from there, being nothing at all, to

EVERYTHING here, being us.

A JOURNEY THROUGH SPACE AND TIME

Bill Bryson's challenge is to take subjects that normally bore the
pants off most of us, like geology, chemistry and particle
physics, and see if there isn't some way to render them

comprehensible to people who have never thought they could

5 5.

“4¢’s hard to Imagine a better i?gn gulde to sclence’ 0
Guordion

be interested in science.

The periodic table is one of our crowning scientific

*Kean has Bill Bryson's comic touch ... a lively history
of the elements and the characters behind their discovery’

achievements, but it's also a treasure trove of passion,
adventure, betrayal and obsession. The fascinating tales in The

| Disappearing Spoon follow carbon, neon, silicon, gold and every
. single element on the table as they play out their parts in human
history, finance, mythology, conflict, the arts, medicine and the
lives of the (frequently) mad scientists who discovered them.

and other extraordinary true tales
from the periodic table

-
SAM KN
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‘A compelling narrative of the human story”
Tim Morshall, bestselling author of Prisoners of Geography
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STEPHEN FRY BILL BRYSON
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Sand, salt, iron, copper, oil and lithium. They built our world,
and they will transform our future.

These are the six most crucial substances in human history.
They took us from the Dark Ages to the present day. They
power our computers and phones, build our homes and
offices, and create life-saving medicines. But most of us take
them completely for granted.

We have never had so much information at our fingertips and
yet most of us don't know how the world really works. This
book explains seven of the most fundamental realities
governing our survival and prosperity. From energy and food
production, through our material world and its globalization, to
risks, our environment and its future, How the World Really
Works offers a much-needed reality check - because before we
can tackle problems effectively, we must understand the facts.

In Rutherford and Fry's comprehensive guidebook, they tell the
complete story of the universe and absolutely everythingin it -
skipping over some of the boring parts. This is a celebration of
the weirdness of the cosmos, the strangeness of humans and
the fact that amid all the mess, we can somehow make sense of
life.



