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2 Specification at a glance

This qualification is linear. Linear means that students will sit all their exams at the end of the
course.

2.1 Subject content

1. Building blocks (page 19)
2. Transport over larger distances (page 36)
3. Interactions with the environment (page 49)
4. Explaining change (page 67)
5. Building blocks for understanding (page 86)
6. Interactions over small and large distances (page 94)
7. Movement and interactions (page 107)
8. Guiding Spaceship Earth towards a sustainable future (page 137)
9. Key ideas (page 147)

2.2 Assessments

Paper 1

What's assessed

Life and environmental sciences

Topics 4.1–4.4: Building blocks; Transport over larger distances; Interactions with the
environment and Explaining change.

How it's assessed

• Written exam: 1 hour 45 minutes
• Foundation or Higher Tier
• 100 marks
• 25% of GCSE

Questions

Multiple choice, structured, closed and open short answer questions, with greater emphasis on
knowledge and application (AO1 and AO2) than analysis and evaluation (AO3).
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Paper 2

What's assessed

Life and environmental sciences

Topics 4.1–4.4: Building blocks; Transport over larger distances; Interactions with the
environment and Explaining change.

How it's assessed

• Written exam: 1 hour 45 minutes
• Foundation and Higher Tier
• 100 marks
• 25% of GCSE

Questions

Multiple choice, structured, closed and open short answer questions. This paper assesses most
of the analysis and evaluation (AO3) skills, and most of the work on the required practicals, for
the topics.

Paper 3

What's assessed

Physical sciences

Topics 4.5–4.8: Building blocks for understanding; Interactions over small and large distances;
Movement and interactions and Guiding Spaceship Earth towards a sustainable future.

How it's assessed

• Written exam: 1 hour 45 minutes
• Foundation and Higher Tier
• 100 marks
• 25% of GCSE

Questions

Multiple choice, structured, closed and open short answer questions, with greater emphasis on
knowledge and application (AO1 and AO2) than analysis and evaluation (AO3).
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Paper 4

What's assessed

Physical sciences

Topics 4.5–4.8: Building blocks for understanding; Interactions over small and large distances;
Movement and interactions and Guiding Spaceship Earth towards a sustainable future.

How it's assessed

• Written exam: 1 hour 45 minutes
• Foundation and Higher Tier
• 100 marks
• 25% of GCSE

Questions

Multiple choice, structured, closed and open short answer questions. This paper assesses most
of the analysis and evaluation (AO3) skills, and most of the work on the required practicals, for
the topics.
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4.4.4.6 Genetic engineering

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe genetic
engineering as a
process which
involves modifying the
genome of an
organism to introduce
desirable
characteristics.

(HT only) Describe the
main steps in the
process of genetic
engineering.

Explain some of the
possible benefits and
risks, including
practical and ethical
considerations, of
using gene technology
in modern agriculture.

In genetic engineering, selected genes from
one organism are transferred to another
organism which may, or may not, belong to the
same species. This process for genetic
modification uses enzymes and vectors (such
as bacterial plasmids or viruses) to transfer
genes. It is much faster than selective
breeding.

Genes can be transferred to the cells of
animals, plants or microorganisms at an early
stage in their development so that they
develop with the desired characteristics.

Crops that have had their genes modified in
this way are called genetically modified crops
(GM crops). Crops can be genetically modified
to give increased yields or to increase the
amount of a vitamin in the food from the crop.
Genetically modified crops also include ones
that are resistant to insect attack or to
herbicides. This means that farmers can cut
down on the use of pesticides. They can also
spray to kill weeds while leaving the crop plant
unaffected.

Concerns about GM crops include the effect on
populations of wild flowers and insects as a
result of cross-pollination. Insects may evolve
to become resistant so that the GM crops are
no longer protected.

WS 1.4

Evaluate the
advantages and
disadvantages of GM
technologies based on
data or other
information.

WS 1.3

Give a simple ethical
argument about the
rights and wrongs of a
GM technology.

Recognise, in given
information, the
difference between a
practical and an ethical
argument.

4.5 Building blocks for understanding

The periodic table has many patterns and relationships, and is used by chemists to observe
patterns and relationships between the elements. These patterns help to predict properties. For
example, elements to the bottom and far left of the table are the most metallic and elements on the
top right are the least metallic.

It is also possible to analyse substances to find out how these elements have combined to form
compounds and from this to deduce chemical equations. Chemists have a common language for
talking about reactions that is understood across the world. This means that they can share their
knowledge about chemical reactions and solutions to problems such as ways to improve product
yield.
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4.5.1 The periodic table

The model of atomic structure introduced in Atomic structure (page 24) is further developed and
applied here. The arrangement of elements in the periodic table can be explained in terms of
atomic structure, which is evidence for the model of a nuclear atom with electrons in energy levels.
The periodic table organises the known chemical elements in a way that helps to account for their
physical and chemical properties.

The focus is on the elements in groups 1, 7 and 0.

4.5.1.1 Atomic number and the periodic table

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain how the
position of an element
in the periodic table is
related to the
arrangement of
electrons in its atoms
and hence to its
atomic number.

The elements in the periodic table are
arranged in order of atomic (proton) number,
so that elements with similar properties are in
columns known as groups. The table is called
a periodic table because similar properties
occur at regular intervals.

Electrons occupy particular energy levels.
Each electron in an atom is at a particular
energy level (in a particular shell). The
electrons in an atom occupy the lowest
available energy levels (innermost available
shells). Elements in the same group in the
periodic table have the same number of
electrons in their outer shell (outer electrons)
and this gives them similar chemical
properties.

WS 1.2

Represent the electronic
structure of the first 20
elements of the periodic
table in the following
forms:

sodium

2,8,1

Predict possible
reactions and probable
reactivity of elements
from their positions in
the periodic table.

This topic links with 
Atomic structure (page
24).

Explain in terms of
isotopes how this
changes the
arrangement proposed
by Mendeleev.

Following Mendeleev, the elements in the
periodic table were arranged in order of
relative atomic mass. In this order some
elements appeared to be in the wrong group.
These problems were solved once it was
realised that most elements occur as mixtures
of isotopes and that elements should be
arranged in the table in order of atomic
number.

WS 1.1

Show how scientific
methods and theories
have changed over
time.

This topic links with 
Atomic structure (page
24).
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4.5.1.2 Metals and non-metals

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain how the atomic
structure of metals and
non-metals relates to
their position in the
periodic table.

Explain how the
reactions of elements
are related to the
arrangement of
electrons in their atoms
and hence to their
atomic number.

The majority of elements are metals. Metals
are found to the left and towards the bottom of
the periodic table. Non-metals are found
towards the right and top of the periodic table.

Elements that react by losing their outer
electrons to form positive ions are metals.

Elements that do not form positive ions are
non-metals. The more reactive non-metals,
such as the halogens, react with metals by
gaining electrons to form negative ions.

WS 1.2

Describe metals and
non-metals and explain
the differences between
them in terms of their
characteristic physical
and chemical properties
(see Structure and
bonding (page 98) and
the sections about
groups 1, 7 and 0 in this
topic).

4.5.1.3 Group 0

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall the simple
properties of Group 0.

Explain how the
observed simple
properties of Group 0
depend on the outer
shell of electrons of
the atoms and predict
properties from given
trends down the
group.

The elements in Group 0 of the periodic table
are called the noble gases. They are unreactive
and do not easily form molecules because their
atoms have stable arrangements of electrons.
The noble gases have eight electrons in their
highest energy level (outer shell), except for
helium, which has only two electrons.

The boiling points of the noble gases increase
with increasing relative atomic mass (going
down the group).

WS 1.2

Predict properties from
given trends down
Group 0.
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4.5.1.4 Group 1

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall the simple
properties of Group 1.

Explain how the
observed simple
properties of Group 1
depend on the outer
shell of electrons of
the atoms and predict
properties from given
trends down the
group.

The elements in Group 1 of the periodic table
are known as the alkali metals. They:

• are soft metals with low density
• react with non-metals, including chlorine

and oxygen, to form colourless ionic
compounds

• react with water
• form hydroxides that give alkaline

solutions in water.

In Group 1, the further down the group an
element is, the more reactive the element.

WS 1.2

Predict properties from
given trends down
Group 1.

4.5.1.5 Group 7

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall the simple
properties of Group 7.

Explain how the
observed simple
properties of Group 7
depend on the outer
shell of electrons of
the atoms and predict
properties from given
trends down the
group.

The elements in Group 7 of the periodic table
are known as the halogens. They:

• are non-metals
• consist of molecules
• react with metals to form ionic compounds
• form molecular compounds with other

non-metallic elements.

In Group 7, the further down the group an
element is the higher its relative molecular
mass, melting point and boiling point.

In Group 7, reactivity of the elements decreases
going down the group.

A more reactive halogen can displace a less
reactive halogen from an aqueous solution of its
salt.

WS 1.2

Predict properties from
given trends down
Group 7.

4.5.2 Chemical quantities

This topic shows how chemists use quantitative methods to determine the formulae of compounds
and the equations for reactions. Given this information, they can determine reacting quantities,
assess the purity of products and monitor the yield from chemical reactions. The methods can be
developed and applied in the context of other chemical topics in this specification. Note that
arithmetic computation, ratio, percentage and multi-step calculations feature throughout this
section.
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4.5.2.1 Chemical equations

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Use the names and
symbols of common
elements and
compounds and the
principle of
conservation of mass
to write formulae and
balanced chemical
equations.

(HT only) and half
equations.

Use chemical symbols
to write the formulae of
elements and simple
covalent and ionic
compounds.

Describe the physical
states of products and
reactants using state
symbols (s, l, g and
aq).

Atoms of each element are represented by a
chemical symbol, eg O represents an atom of
oxygen, Na represents an atom of sodium.

There are about 100 different elements.
Elements are shown in the periodic table.

Compounds are formed from elements by
chemical reactions.

Compounds contain two or more elements
chemically combined in fixed proportions and
can be represented by formulae using the
symbols of the atoms from which they were
formed. Compounds can only be separated into
elements by chemical reactions.

Chemical reactions always involve the
formation of one or more new substances, and
often involve a detectable energy change.
Chemical reactions can be represented by
word equations or equations using symbols
and formulae.

In chemical equations, the three states of
matter are shown as (s), (l) and (g), with (aq)
for aqueous solutions.

WS 4.1

Use the names and
symbols of the first 20
elements, groups 1, 7
and 0 and other
common elements
from a supplied
periodic table to write
formulae and balanced
chemical equations
where appropriate.

Name compounds of
these elements from
given formulae or
symbol equations.

Write word equations
for the reactions in this
specification.

Write formulae and
balanced chemical
equations for the
reactions in this
specification.

4.5.2.2 Conservation of mass

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall and use the law
of conservation of
mass.

The law of conservation of mass states that no
atoms are lost or made during a chemical
reaction so the mass of the products equals
the mass of the reactants.

This means that chemical reactions can be
represented by symbol equations that are
balanced in terms of the numbers of atoms of
each element involved on both sides of the
equation.

MS 1a

Use arithmetic
computation and ratio
when writing and
balancing equations.
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GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain any observed
changes in mass in
non-enclosed systems
during a chemical
reaction and explain
them using the particle
model.

Some reactions may appear to involve a
change in mass but this can usually be
explained because a reactant or product is a
gas and its mass has not been taken into
account.

WS 1.2

Explain any observed
changes in mass in non-
enclosed systems
during a chemical
reaction given the
balanced symbol
equation for the
reaction.

4.5.2.3 Relative formula masses

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Calculate relative
formula masses of
species separately and
in a balanced chemical
equation.

Students should be
able to calculate the
percentage by mass in
a compound given the
relative formula mass
and the relative atomic
masses.

The relative atomic mass of an element
compares the mass of atoms of the element
with the 12C isotope. It is an average value for
the isotopes of the element.

The relative formula mass (Mr) of a compound
is the sum of the relative atomic masses of the
atoms in the numbers shown in the formula.

In a balanced chemical equation, the sum of
the relative formula masses of the reactants in
the quantities shown equals the sum of the
relative formula masses of the products in the
quantities shown.

Students will not be expected to calculate
relative atomic masses from isotopic
abundances.

MS 1a, 3a

Calculate the relative
formula mass (Mr) of a
compound from its
formula, given the
relative atomic masses.

WS 3.3

Carry out and represent
mathematical and
statistical analysis.
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4.5.2.4 Amounts in moles (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain how the mass
of a given substance is
related to the amount
of that substance in
moles and vice versa.

Recall and use the
definitions of the
Avogadro constant (in
standard form) and of
the mole.

Chemical amounts are measured in moles.
The symbol for the unit mole is mol.

The mass of one mole of a substance in
grams is numerically equal to its relative
formula mass.

One mole of a substance contains the same
number of the stated particles, atoms,
molecules or ions as one mole of any other
substance.

The number of atoms, molecules or ions in a
mole of a given substance is the Avogadro
constant. The value of the Avogadro constant
is 6.02 × 1023 per mole.

MS 1a, 1b, 1c, 2a

Recognise and use
expressions in decimal
form when using the
relative formula mass of
a substance to calculate
the amount in moles in
a given mass of that
substance and vice
versa, giving the
answer in the
appropriate units.

MS 3b, 3c

Change the subject of a
mathematical equation.

WS 4.6, MS 2a

Provide answers to an
appropriate number of
significant figures.

MS 1b

Calculate with numbers
written in standard form
when using the
Avogadro constant.

MS 3a

Understand and use the
symbols: =, <, <<, >>,
>, ∝ , ~
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4.5.2.5 Calculations based on equations (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Deduce the
stoichiometry of an
equation from the
masses of reactants
and products and
explain the effect of a
limiting quantity of a
reactant.

The balancing numbers in a symbol equation
can be calculated from the masses of
reactants and products by converting the
masses in grams to amounts in moles and
converting the numbers of moles to simple
whole number ratios.

In a chemical reaction involving two reactants,
it is common to use an excess of one of the
reactants to ensure that all of the other
reactant is used. The reactant that is
completely used up is called the limiting
reactant.

MS 3c, 3d

Balance an equation
given the masses of
reactants and products.

Explain the effect of a
limiting quantity of a
reactant on the amount
of products it is possible
to obtain in terms of
amounts in moles or
masses in grams.

Use a balanced
equation to calculate
masses of reactants or
products.

The masses of reactants and products can be
calculated from balanced symbol equations.

Chemical equations can be interpreted in
terms of moles. For example:

Mg  +   2HCl    MgCl2  +   H2

shows that one mole of magnesium reacts with
two moles of hydrochloric acid to produce one
mole of magnesium chloride and one mole of
hydrogen gas.

MS 1a, 1c, 3c, 3d

Calculate the masses of
reactants and products
from the balanced
symbol equation and
the mass of a given
reactant or product.

WS 4.6, MS 2a

Provide answers to an
appropriate number of
significant figures.

4.5.2.6 Concentrations of solutions

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

(HT only) Explain how
the mass of a solute
and the volume of the
solution is related to
the concentration of
the solution.

Many chemical reactions take place in
solutions. The concentration of a solution can
be measured in mass per given volume of
solution, eg grams per dm3 (g/dm3).

MS 1c, 3c

Calculate the mass of
solute in a given volume
of solution of known
concentration in terms
of mass per given
volume of solution.
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4.6 Interactions over small and large distances

This topic looks at strong forces and weak forces between atoms, molecules and much larger
structures. Understanding how these interactions take place helps to explain how matter behaves,
and enables engineers and scientists to design materials that can withstand forces and to provide
the materials and devices that we need for a wide range of purposes. The communications,
security and transport industries make great use of electromagnetic forces to control and move
devices.

4.6.1 Forces and energy changes

By representing forces as vectors it is possible to explain how objects interact by a variety of
contact and non-contact forces. Work is introduced as an important means of energy transfer. A
force acts on an object with mass when in a gravitational field and thus distinguishes between
mass and weight. An object gains potential energy when raised in a gravitational field because of
the work done. Forces can stretch, bend or compress objects. The deformation may be elastic or
inelastic depending on the material and the size of the forces involved. The work done in stretching
can be used to calculate the potential energy of a spring.

The required practical is an investigation of the relationship between force and extension for a
spring.

4.6.1.1 Forces as vectors

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall examples of
ways in which objects
interact: by gravity,
electrostatics,
magnetism and by
contact (including
normal contact force
and friction), and
describe how such
examples involve
interactions between
pairs of objects which
produce a force on
each object,
representing such
forces as vectors.

Scalar quantities have magnitude only. Vector
quantities have magnitude and an associated
direction.

Force is a vector quantity.

A vector quantity may be represented by an
arrow. The length of the arrow represents the
magnitude, and the direction of the arrow the
direction of the vector quantity.

A force is a push or pull that acts on an object
due to the interaction with another object. All
forces between objects are either:

• contact forces – the objects are physically
touching

or

• non-contact forces – the objects are
physically separated.
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4.6.1.2 Resolving forces (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe examples of
the forces acting on an
isolated solid object or
system; describe,
using free body
diagrams, examples
where several forces
lead to a resultant
force on an object and
the special case of
balanced forces when
the resultant force is
zero (qualitative only).

A number of forces acting on an object may be
replaced by a single force that has the same
effect as all the original forces acting together.
This single force is called the resultant force.

A free body diagram shows the magnitude and
direction of the forces acting on an object.

A single force can be resolved into two
components acting at right angles to each
other. The two component forces together have
the same effect as the single force.

WS 1.2, MS 4a, 5a, 5b

Use vector diagrams to
illustrate resolution of
forces and equilibrium
situations and
determine the resultant
of two forces, to
include both magnitude
and direction (scale
drawings only).

4.6.1.3 Work

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe and
calculate the
changes in energy
involved when a
system is changed
by the work done by
forces acting upon it.

Use the relationship
between work done,
force and distance
moved along the line
of action of the force,
describing the
energy transfer
involved.

A force does work on an object when the force
causes a displacement of the object.

work done = force × distance 
moved along the line of action of the force

 W  = F s 
work done, W, in joules, J

force, F, in newtons, N

distance, s, in metres

One joule of work is done when a force of one
newton causes a displacement of one metre.

1 joule = 1 newton-metre

WS 1.2, MS 3b, 3c

Recall and apply this
equation to calculate
energy transfers.

WS 4.5, MS 1c, 3c

Convert between
newton-metres and
joules.
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4.6.1.4 Mass and weight

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Define weight,
describe how it is
measured and
describe the
relationship between
the weight of that body
and the gravitational
field strength.

Weight is the force acting on an object due to
gravity. The force of gravity close to the Earth is
due to the gravitational field around the Earth.

The weight of an object depends on the
gravitational field strength at the point where the
object is:

weight  = mass  × gravitational field strength

 W  = m g 
weight, W, in newtons , N

mass, m, in kilograms, kg

gravitational field strength, g, in newtons per
kilogram, N/kg

The weight of an object and the mass of an
object are directly proportional.

Weight is measured using a calibrated spring
balance (a newtonmeter).

WS 1.2, MS 3b, 3c

Recall and apply this
equation.

In any calculation the
value of the
gravitational field
strength (g) will be
given.

MS 3a

Understand and use
the symbol for
proportionality, ∝

4.6.1.5 Gravitational potential energy

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Calculate the amounts
of energy associated
with an object raised
above ground level.

An object raised above ground level gains
gravitational potential energy

g . p . e .  = mass × gravitational f ield strength 
× height

Ep   = m g h

gravitational potential energy, Ep, in joules, J

mass, m, in kilograms, kg

gravitational field strength, g, in newtons per
kilogram, N/kg

height, h, in metres, m

WS 1.2, MS 3c

Recall and apply this
equation to calculate
changes in stored
energy.

In any calculation the
value of the
gravitational field
strength (g) will be
given.
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4.6.1.6 Elastic deformation

GCSE science subject

content

Details of the science content Scientific, practical

and mathematical

skills

Explain, with
examples, that to
stretch, bend or
compress an object,
more than one force
has to be applied.

Describe the
difference between
elastic and inelastic
distortions caused by
stretching forces;
describe the
relationship between
force and extension
for a spring and other
simple systems;
describe the
difference between
linear and non-linear
relationships between
force and extension,
and calculate a spring
constant in linear
cases.

An object that has been stretched has been
elastically deformed if the object returns to its
original length after the forces are removed. An
object that does not return to its original length
after the forces have been removed has been
inelastically deformed.

The extension of an elastic object, such as a
spring, is directly proportional to the force
applied, provided that the limit of proportionality
is not exceeded.

force = spring constant x extension

[F = k e]

force, F, in newtons, N

spring constant, k, in newtons per metre, N/m

extension, e, in metres, m

A force that stretches (or compresses) a spring
does work, and elastic potential energy is stored
in the spring. Provided the spring does not go
past the limit of proportionality the work done on
the spring and the elastic potential energy
stored are equal.

WS 1.2, MS 3c, 4a, 4b,
4c

Recall and apply this
equation

Required practical activity 13: investigate the relationship between force and extension for a
spring.

AT skills covered by this practical activity: physics AT 1 and 2.

This practical activity also provides opportunities to develop WS and MS. Details of all skills are
given in Key opportunities for skills development (page 169)
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4.6.1.7 Energy stored in a stretched spring

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Calculate the amounts
of energy associated
with a stretched spring.

Elastic potential energy is stored in a stretched
spring.

elastic potential energy = 0.5 × spring constant 
× extension 2

Ee   =  12  k e
2

(assuming the limit of proportionality has not
been exceeded)

elastic potential energy, Ee, in joules, J

spring constant, k, in newtons per metre, N/m

extension, e, in metres, m

WS 1.2, MS 1c, 3c

Calculate the work
done in stretching.

MS 3b, 3c

Apply this equation,
which is given on the
Physics equations
sheet.

4.6.2 Structure and bonding

The theories of structure and bonding can explain the physical and chemical properties of
materials. Analysis of structures shows that atoms can be arranged in a variety of ways, some of
which are molecular while others are giant structures. Theories of bonding explain how atoms are
held together in these structures. Materials scientists use this knowledge of structure and bonding
to engineer new materials with desirable properties (see Carbon chemistry (page 137)).

4.6.2.1 Types of chemical bonding

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe and compare
the nature and
arrangement of
chemical bonds in ionic
compounds, simple
molecules, giant
covalent structures,
and polymers and
metals.

There are three types of strong chemical
bonds: ionic, covalent and metallic.

For ionic bonding the particles are oppositely
charged ions.

For covalent bonding the particles are atoms
that share pairs of electrons.

For metallic bonding the particles are atoms
that share delocalised electrons.

Ionic bonding occurs in compounds formed
from metals combined with non-metals.

Covalent bonding occurs in non-metallic
elements and in compounds of non-metals.

Metallic bonding occurs in metallic elements
and alloys.
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4.6.2.2 Ionic bonding

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain chemical
bonding in terms of
electrostatic forces and
the transfer of
electrons.

Construct dot and
cross diagrams for
simple ionic
substances.

Deduce the empirical
formula of a compound
from the relative
numbers of atoms
present or from a
model or diagram and
vice versa.

Use the formulae of
common ions to
deduce the formula of
a compound.

When a metal atom reacts with a non-metal
atom electrons in the outer shell of the metal
atom are transferred. Metal atoms lose
electrons to become positively charged ions.
Non-metal atoms gain electrons to become
negatively charged ions. The ions produced by
metals in groups 1 and 2 and by non-metals in
groups 6 and 7 have the electronic structure of
a noble gas (Group 0).

The electron transfer during the formation of
an ionic compound can be represented by a
dot and cross diagram, eg for sodium chloride:

The charge on the ions produced by metals in
groups 1 and 2 and by non-metals in groups 6
and 7 relates to the group number of the
element in the periodic table.

An ionic compound is a giant structure of ions.
Ionic compounds are held together by strong
electrostatic forces of attraction between
oppositely charged ions. These forces act in
all directions in the lattice and this is called
ionic bonding.

The structure of sodium chloride can be
represented in the following forms:

Knowledge of the structures of specific ionic
compounds other than sodium chloride is not
required.

WS 1.2

Draw dot and cross
diagrams for ionic
compounds formed by
metals in groups 1 and
2 with non-metals in
groups 6 and 7.

Work out the charge on
the ions of metals and
non-metals from the
group number of the
element, limited to the
metals in groups 1 and
2, and non-metals in
groups 6 and 7.

Describe the limitations
of particular
representations and
models to include dot
and cross diagrams,
ball and stick models
and two- and three-
dimensional
representations.

MS 4a

Translate data between
diagrammatic and
numeric forms.

MS 5b

Draw or complete
diagrams to represent
2D and 3D forms
including two-
dimensional
representations of 3D
structures.

MS 1a

Use arithmetic
computation and ratio
when determining
empirical formulae.
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4.6.2.3 Properties of ionic compounds

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain how the bulk
properties of materials
are related to the
different types of bonds
they contain, their bond
strengths and the ways
in which their bonds
are arranged,
recognising that the
atoms themselves do
not have these
properties.

Ionic compounds have regular structures
(giant ionic lattices) in which there are strong
electrostatic forces of attraction in all directions
between oppositely charged ions.

These compounds have high melting points
and high boiling points because of the large
amounts of energy needed to break the many
strong bonds.

When melted or dissolved in water, ionic
compounds conduct electricity because the
ions are free to move and so charge can flow.

WS 1.2

Use ideas about energy
transfers and the
relative strength of
chemical bonds and
intermolecular forces to
explain the different
temperatures at which
changes of state occur.

Use data to predict
states of substances
under given conditions.
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4.6.2.4 Covalent bonding

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain chemical
bonding in terms of
electrostatic forces and
the sharing of
electrons.

Construct dot and
cross diagrams for
simple covalent
substances.

Deduce the empirical
formula of a compound
from the relative
numbers of atoms
present or from a
model or diagram and
vice versa.

When atoms share pairs of electrons they form
covalent bonds. These bonds between atoms
are strong.

Covalently bonded substances may consist of
small molecules.

Some covalently bonded substances have
very large molecules, such as polymers.

Some covalently bonded substances have
giant covalent structures, such as diamond
and silicon dioxide.

The covalent bonds in molecules and giant
structures can be represented in the following
forms:

Polymers can be represented in the form:

where n is a large number.

WS 1.2

Recognise substances
as small molecules,
polymers or giant
structures from
diagrams showing their
bonding.

Draw dot and cross
diagrams for the
molecules of hydrogen,
chlorine, oxygen,
nitrogen, hydrogen
chloride, water,
ammonia and methane.

Represent the covalent
bonds in small
molecules, in the
repeating units of
polymers and in part of
giant covalent
structures, using a line
to represent a single
bond.

Describe the limitations
of particular
representations and
models to include dot
and cross diagrams,
ball and stick models
and two- and three-
dimensional
representations.

MS 5b

Draw or complete
diagrams to represent
2D and 3D forms
including two-
dimensional
representations of 3D
molecules.

MS 1a

Use arithmetic
computation and ratio
when determining
empirical formulae.
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4.6.2.5 Properties of substances with covalent bonding

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain how the bulk
properties of materials
are related to the
different types of
bonds they contain,
their bond strengths in
relation to
intermolecular forces
and the ways in which
their bonds are
arranged, recognising
that the atoms
themselves do not
have these properties.

Substances that consist of small molecules are
usually gases or liquids that have relatively low
melting points and boiling points.

These substances have only weak forces
between the molecules (intermolecular forces).
It is these intermolecular forces that are
overcome, not the covalent bonds, when the
substance melts or boils.

The intermolecular forces increase with the
size of the molecules, so larger molecules
have higher melting and boiling points.

These substances do not conduct electricity
because the molecules do not have an overall
electric charge.

Polymers have very large molecules. The
atoms in the polymer molecules are linked to
other atoms by strong covalent bonds. The
intermolecular forces between polymer
molecules are relatively strong and so these
substances are solids at room temperature.

Substances that consist of giant covalent
structures are solids with very high melting
points. All of the atoms in these structures are
linked to other atoms by strong covalent
bonds. These bonds must be overcome to melt
or boil these substances. Diamond and
graphite (forms of carbon) and silicon dioxide
(silica) are examples of giant covalent
structures.

WS 1.2

Use the idea that
intermolecular forces
are weak compared with
covalent bonds to
explain the bulk
properties of molecular
substances.

Use ideas about energy
transfers and the
relative strength of
chemical bonds and
intermolecular forces to
explain the different
temperatures at which
changes of state occur.

Recognise polymers
from diagrams showing
their bonding.

Recognise giant
covalent structures from
diagrams showing their
bonding.

Use data to predict
states of substances
under given conditions.
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4.6.2.6 Metallic bonding

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain chemical
bonding in terms of
electrostatic forces and
the sharing of
electrons.

Metals consist of giant structures of atoms
arranged in a regular pattern.

The electrons in the outer shell of metal atoms
are delocalised and so are free to move
through the whole structure. The sharing of
delocalised electrons gives rise to strong
metallic bonds. The bonding in metals may be
represented in the following form:

MS 5b

Draw or complete
diagrams to represent
2D and 3D forms
including two-
dimensional
representations of 3D
structures.

4.6.2.7 Properties of metals

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain how the bulk
properties of materials
are related to the
different types of bonds
they contain, their bond
strengths and the ways
in which their bonds
are arranged,
recognising that the
atoms themselves do
not have these
properties.

Metals have giant structures of atoms with
strong metallic bonding. This means that most
metals have high melting and boiling points.

The layers of atoms in a metal crystal can
slide over each other. This means metals can
be bent and shaped.

Pure metals are too soft for many uses and so
are mixed with other metals to make alloys.

The different sizes of atoms in an alloy distort
the crystal structure, making alloys harder than
pure metals.

Metals are good conductors of electricity
because the delocalised electrons in the metal
carry electrical charge through the metal.

WS 1.2

Use ideas about energy
transfers and the
relative strength of
chemical bonds and
intermolecular forces to
explain the different
temperatures at which
changes of state occur.

Use data to predict
states of substances
under given conditions.

4.6.3 Magnetism and electromagnetism

This topic starts with a study of the magnetic fields around permanent magnets and the Earth. The
study of the Earth’s magnetism can be used to provide clues to the planet’s internal structure.
Electric currents produce magnetic fields. Forces produced in magnetic fields can be used to make
things move. This is called the motor effect and is how an electric motor creates movement.
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4.6.3.1 Magnets

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe the attraction
and repulsion between
unlike and like poles
for permanent magnets
and describe the
difference between
permanent and
induced magnets.

The poles of a magnet are the places where
the magnetic forces are strongest. When two
magnets are brought close together they exert
a force on each other. Attraction and repulsion
between two magnetic poles are examples of
non-contact force.

A permanent magnet produces its own
magnetic field. An induced magnet is a material
that becomes a magnet when it is placed in a
magnetic field. Induced magnetism always
causes a force of attraction. When removed
from the magnetic field an induced magnet
loses most/all of its magnetism quickly.

4.6.3.2 Magnetic fields

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe the
characteristics of the
magnetic field of a
magnet, showing how
strength and direction
change from one point
to another.

The region around a magnet where a force
acts on another magnet or on a magnetic
material (iron, steel, cobalt and nickel) is called
the magnetic field.

The force between a magnet and a magnetic
material is always one of attraction.

The strength of the magnetic field depends on
the distance from the magnet. The field is
strongest at the poles of the magnet.

The direction of the magnetic field at any point
is given by the direction of the force that would
act on another north pole placed at that point.
The direction of a magnetic field line is from
the north (seeking) pole of a magnet to the
south (seeking) pole of the magnet.

WS 2.2

Draw the magnetic field
pattern of a bar magnet
and describe how to
plot the magnetic field
pattern using a
compass.
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4.6.3.3 The Earth’s magnetism

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain how the
behaviour of a
magnetic compass is
related to evidence that
the core of the Earth
must be magnetic.

A magnetic compass contains a small bar
magnet. The Earth has a magnetic field. The
compass needle points in the direction of the
Earth’s magnetic field.

The Earth’s magnetic field is probably caused
by movements in the liquid, iron-rich part of
the outer core of the Earth. The slow changes
to the positions of the magnetic north and
south poles, and the way that the field
reverses its direction from time to time, show
that the magnetism of the core is dynamic and
not static. The intervals between reversals are
not uniform. The last reversal happened about
800,000 years ago.

WS 1.3

Explain why the data
needed to answer a
scientific question, in a
given context, may not
be available because of
matters of scale and
complexity.

4.6.3.4 The magnetic effect of an electric current

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe how to show
that a current can
create a magnetic
effect and describe the
directions of the
magnetic field around a
conducting wire.

When a current flows through a conducting
wire a magnetic field is produced around the
wire. The shape of the magnetic field can be
seen as a series of concentric circles in a
plane perpendicular to the wire. The direction
of these field lines depends on the direction of
the current.

WS 1.2, 3.1

Draw the magnetic field
pattern for a straight
wire carrying a current
(showing the direction
of the field).

WS 1.2

Use the 'right-hand grip
rule' to predict the
direction of the field.
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GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that the strength
of the field depends on
the current and the
distance from the
conductor, and explain
how solenoid
arrangements can
enhance the magnetic
effect.

The strength of the magnetic field depends on
the current through the wire and the distance
from the wire.

Shaping a wire to form a solenoid increases
the strength of the magnetic field created by a
current through the wire. The magnetic field
inside a solenoid is strong and uniform.

The magnetic field around a solenoid has a
similar shape to that of a bar magnet. Adding
an iron core increases the magnetic field
strength of a solenoid. An electromagnet is a
solenoid with an iron core.

WS 3.1

Draw the magnetic field
pattern for a solenoid
carrying a current
(showing the direction
of the field).

WS 1.4

Compare the
advantages and
disadvantages of
permanent and
electromagnets for
particular uses.

4.6.3.5 The motor effect (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe how a
magnet and a current-
carrying conductor
exert a force on one
another and show that
Fleming’s left-hand
rule represents the
relative orientations of
the force, the
conductor and the
magnetic field.

When a conductor carrying a current is placed
in a magnetic field the magnet producing the
field and the conductor exert a force on each
other. This is called the motor effect.

The direction of the force on the conductor is
reversed if either the direction of the current or
the direction of the magnetic field is reversed.

WS 1.2

Use Fleming’s left-
hand rule to predict the
direction of the force
on a conductor.
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GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Apply the equation
that links the force on
a conductor to the
magnetic flux density,
the current and the
length of conductor to
calculate the forces
involved.

The size of the force on the conductor depends
on:

• the magnetic flux density
• the current in the conductor
• the length of conductor in the magnetic

field.

For a conductor at right angles to a magnetic
field and carrying a current:

f orce = magnetic f lux density × current × length

F  = B I l
force, F, in newtons, N

magnetic flux density, B, in tesla, T

current, I, in amperes, A (amp is acceptable for
ampere)

length, l, in metres, m

MS 3c

Apply this equation,
which is given on the
Physics equations
sheet.

WS 3.3

Carry out and
represent
mathematical and
statistical analysis.

4.6.3.6 Electric motors (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain how this force
is used to cause
rotation in electric
motors.

A simple electric motor consists of a
rectangular coil of wire that is free to turn in the
magnetic field of a permanent magnet. A
commutator reverses the direction of the
current every half turn, to allow the rotation to
continue.

WS 1.2

Apply Fleming’s left-
hand rule to a simple
electric motor.

WS 1.4

Explain everyday and
technological
applications of science.

4.7 Movement and interactions

Movement can take place over small and large distances, and can happen at very different
speeds. Crashes, bangs and collisions can take place between sub-atomic particles or between
large, moving vehicles. Scientists try to learn as much as possible about these interactions so that
they can make it safer and healthier to travel and keep our homes and cities running.
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4.7.1 Forces and motion

Forces can change the motion of objects. Objects can move in a straight line at a constant speed.
They can also change their speed and/or direction (accelerate or decelerate). This topic shows
how observations of moving objects can be accounted for in terms of Newton’s laws of motion.
Graphs can help to describe the movement of objects. These may be distance–time or velocity–
time graphs. When an object speeds up or slows down, its kinetic energy increases or decreases.
The forces that cause the change in speed do so by doing work. The topic ends by showing that
these ideas can be applied to the issue of road safety.

The required practical in this topic is an investigation of the effects of varying the force and/or mass
on the acceleration of an object.

In this topic students have to be able to apply formulae relating distance, time and speed, for
uniform motion and for motion with uniform acceleration, and calculate average speed for non-
uniform motion (MS 1a, 1c, 2b, 3c).

4.7.1.1 Speed and velocity

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain the vector–
scalar distinction as it
applies to
displacement,
distance, velocity and
speed.

Distance is how far an object moves. Distance
does not involve direction. Distance is a scalar
quantity.

Displacement includes both the distance an
object moves, measured in a straight line from
the start point to the finish point, and the
direction of that straight line. Displacement is a
vector quantity.

Speed does not involve direction. Speed is a
scalar quantity.

The velocity of an object is its speed in a given
direction. Velocity is a vector quantity.
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GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall typical speeds
encountered in
everyday experience
for wind and sound,
and for walking,
running, cycling and
other transportation
systems.

The speed of a moving object is rarely
constant. When people walk, run or travel in a
car their speed is constantly changing.

The speed that a person can walk, run or cycle
depends on many factors, including age,
terrain, fitness and distance travelled.

Typical mean values are:

• walking 1.5 m/s
• running 3 m/s
• cycling 6 m/s.

It is not only moving objects that have varying
speed. The speed of sound and the speed of
the wind also vary.

A typical value for the speed of sound is 330
m/s.
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4.7.1.2 Distance, speed and time

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Make measurements
of distances and
times, calculate
speeds, and make
and use graphs of
these to determine the
speeds and
accelerations involved.

The distance travelled by an object moving at
constant speed increases with time.

distance travelled = speed × time

s  = v t
distance, s, in metres, m

speed, v, in metres per second, m/s

time, t, in seconds, s

If an object moves along a straight line, how far
it is from a certain point can be represented by
a distance–time graph.

The speed of an object can be calculated from
the gradient of its distance–time graph.

(HT only) If an object is accelerating, its speed
at any particular time can be determined by
drawing a tangent and measuring the gradient
of the distance–time graph at that time.

MS 3b, 3c

Recall and apply this
equation.

WS 4.5, MS 1c, 3b, 3c

Use ratios and
proportional reasoning
to convert units and to
compute rates.

WS 1.2, 3.5, MS 4a, 4b,
4c, 4d, 4f

Relate changes and
differences in motion to
appropriate distance–
time, and velocity–time
graphs, and interpret
lines, slopes and
enclosed areas in such
graphs.

MS 1a, 1c, 2f, 3c

Calculate average
speed for non-uniform
motion.

4.7.1.3 Circular motion (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain with examples
that motion in a circular
orbit involves constant
speed but changing
velocity (qualitative
only).

The velocity of an object is its speed in a given
direction. Velocity is a vector quantity.

When an object moves in a circle the direction
of the object is continually changing. This
means that an object moving in a circle at
constant speed has a continually changing
velocity.
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4.7.1.4 Free fall

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall the acceleration
in free fall and
estimate the
magnitudes of
everyday
accelerations.

Acceleration is the rate at which the velocity of
an object changes.

acceleration = change in velocity
time taken

a  =  ∆ vt
acceleration, a, in metres per second squared,
m/s2

change in velocity, ∆v, in metres per second,
m/s

time, t, in seconds, s

An object that slows down (decelerates) has a
negative acceleration.

The acceleration of an object can be calculated
from the gradient of a velocity–time graph.

The distance travelled by an object (or
displacement of an object) can be calculated
from the area under a velocity–time graph.

WS 1.2, 3.3, MS 3b, 3c

Recall and apply this
equation.

WS 1.2, 3.5, MS 4a,
4b, 4c, 4d, 4f, 5c

Relate changes and
differences in motion to
appropriate velocity–
time graphs, and
interpret lines and
slopes to determine
acceleration.

(HT only) Interpret
enclosed areas in such
graphs to determine
distance travelled (or
displacement).

(HT only) Measure,
when appropriate, the
area under a velocity–
time graph by counting
squares.
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GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

(HT only) The following equation applies to
uniform motion:

f inal velocity 2 − initial velocity 2 = 2 
× acceleration × distance

v2 −  u2  = 2 a s
final velocity, v, in metres per second, m/s

initial velocity, u, in metres per second, m/s

acceleration, a, in metres per second squared,
m/s2

distance, s, in metres, m

Near the Earth’s surface any object falling freely
under gravity has an acceleration of about 9.8
m/s2.

An object falling through a fluid initially
accelerates due to the force of gravity.
Eventually the resultant force will be zero and
the object will move at its terminal velocity.

WS 1.2, 3.3, MS 3c

(HT only) Apply this
equation, which is
given on the Physics
equation sheet.

4.7.1.5 Newton’s First Law

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Apply Newton’s First
Law to explain the
motion of objects
moving with uniform
velocity and also
objects where the
speed and/or direction
change.

Newton’s First Law:

If the resultant force acting on an object is zero
and:

• the object is stationary, the object remains
stationary

• the object is moving, the object continues
to move at the same speed and in the
same direction. So the object continues to
move at the same velocity.
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4.7.1.6 Newton’s Second Law

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Apply Newton’s
Second Law in
calculations relating
forces, masses and
accelerations.

Newton’s Second Law:

The acceleration of an object is proportional to
the resultant force acting on the object, and
inversely proportional to the mass of the
object.

resultant f orce = mass × acceleration

F  = m a
force, F, in newtons, N

mass, m, in kilograms, kg

acceleration, a, in metres per second squared,
m/s2

MS 3a

Recognise and be able
to use the symbol:

• for proportionality,
α

• that indicates an
approximate value
or answer, ̴

WS 1.2, 3.3, MS 3c

Recall and apply this
equation.

(HT only) Explain that
inertial mass is a
measure of how
difficult it is to change
the velocity of an
object and that it is
defined as the ratio of
force over
acceleration.

(HT only) The tendency of objects to continue
in their state of rest or of uniform motion is
called inertia.

Inertial mass is a measure of how difficult it is
to change the velocity of an object. Inertial
mass is defined by the ratio of force over
acceleration.

Required practical activity 14: investigate the effect of varying the force on the acceleration of an
object of constant mass and the effect of varying the mass of an object on the acceleration
produced by a constant force.

AT skills covered by this practical activity: physics AT 1, 2 and 3.

This practical activity also provides opportunities to develop WS and MS. Details of all skills are
given in Key opportunities for skills development (page 170).

4.7.1.7 Newton’s Third Law

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall Newton’s Third
Law and apply it to
examples of
equilibrium situations.

Newton’s Third Law:

Whenever two objects interact, the forces they
exert on each other are equal and opposite.
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4.7.1.8 Momentum (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Define momentum and
describe examples of
momentum in
collisions.

Momentum is a property of moving objects.

Momentum is defined by the equation:

momentum = mass × velocity

p  = m v
momentum, p, in kilograms metre per second,

kg m/s

mass, m, in kilograms, kg

velocity, v, in metres per second, m/s

In a closed system, the total momentum before
an event is equal to the total momentum after
the event.

This is called conservation of momentum.

WS 1.2, 3.3, MS 3c

Recall and apply this
equation.

WS 1.2

Use the concept of
momentum as a model
to analyse an event
such as a collision.

4.7.1.9 Kinetic energy

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Calculate the amounts
of energy associated
with a moving body.

Describe all the
changes involved in
the way energy is
stored when a system
changes for common
situations: a moving
object hitting an
obstacle, or an object
being accelerated by a
constant force.

The kinetic energy of a moving object depends
on the mass and the velocity of the object.

kinetic energy = 0.5 × mass × speed 2

Ek  =  12  m v
2

kinetic energy, Ek, in joules, J

mass, m, in kilograms, kg

speed, v, in metres per second, m/s

WS 1.2, 3.3, MS 3c

Recall and apply this
equation.
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4.7.1.10 Stopping distances

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain the factors
which affect the
distance required for
road transport vehicles
to come to rest in
emergencies and the
implications for safety.

The stopping distance of a vehicle is the sum
of the distance the vehicle travels during the
driver’s reaction time (thinking distance) and
the distance it travels under the braking force
(braking distance).

For a given braking force the greater the
speed of the vehicle, the greater the stopping
distance. The braking distance of a vehicle
can be affected by wet or icy weather and poor
condition of the vehicle’s brakes or tyres.

A driver’s reaction time (see The human
nervous system (page 41)) can be affected by
tiredness, drugs and alcohol. Distractions may
also affect a driver’s ability to react.

WS 3.6

Analyse a given
situation to explain why
braking could be
affected.

WS 1.5

Discuss the implications
for safety.

WS 3.5, MS 4a

Interpret graphs relating
speed to stopping
distance for different
types of vehicles.

WS 1.5, 2.2, MS 1a, 1c

Evaluate the effect of
various factors on
thinking distance based
on given data.

Explain the dangers
caused by large
decelerations.

Describe all the
changes involved in
the way energy is
stored when a system
changes, for common
situations, like a
vehicle slowing down.

When a force is applied to the brakes of a
vehicle, work done by the friction force
between the brakes and the wheel reduces the
kinetic energy of the vehicle and the
temperature of the brakes increases.

The greater the speed of a vehicle the greater
the braking force needed to stop the vehicle in
a certain distance.

The greater the braking force the greater the
deceleration of the vehicle. Large
decelerations may lead to brakes overheating
and/or loss of control.

WS 1.5, MS 1d

(HT only) Estimate the
forces involved in
typical situations on a
public road.

4.7.2 Electricity

A quantitative study of electric currents in circuits leads on to an introduction of the alternating
currents used in the mains electricity supply. Electricity is distributed to consumers via the National
Grid. The rate of energy transfer depends on the power of the appliances connected to the supply.

In this topic students have to be able to apply the equations relating potential difference, current,
quantity of charge, resistance, power, energy and time, and solve problems for circuits which
include resistors in series, using the concept of equivalent resistance (MS 1c, 3b, 3c, 3d).
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There are two required practicals in this topic. One is to investigate the I–V characteristics of a
variety of circuit elements at constant temperature. The other is to set up and use appropriate
circuits to investigate factors that affect the resistance of an electrical component. The practical
activities give students experience of the apparatus and techniques related to the use of circuit
diagrams to construct and check series and parallel circuits that include a variety of common circuit
components.

4.7.2.1 Electric current

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that current is a
rate of flow of charge,
that for a charge to
flow a source of
potential difference
and a closed circuit
are needed and that a
current has the same
value at any point in a
single closed loop.
Recall and use the
relationship between
quantity of charge,
current and time.

For electrical charge to flow through a closed
circuit the circuit must include a source of
potential difference.

Electric current is a flow of electrical charge.
The size of the electric current is the rate of flow
of electrical charge.

charge f low = current × time

Q   = I t
charge flow, Q, in coulombs, C

current, I, in amperes, A (amp is acceptable for
ampere)

time, t, in seconds, s

A current has the same value at any point in a
single closed loop.

WS 3.3, MS 3b, 3c

Recall and apply this
equation.
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4.7.2.2 Current, resistance and potential difference

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that current (I)
depends on both
resistance (R) and
potential difference (V)
and the units in which
these are measured;
recall and apply the
relationship between I,
R and V, and explain
that for some resistors
the value of R remains
constant.

The current through a component depends on
both the resistance of the component and the
potential difference across the component. The
greater the resistance of the component the
smaller the current for a given potential
difference across the component.

potential di f f erence = current × resistance

V   = I R
potential difference, V, in volts, V

current, I, in amperes, A (amp is acceptable for
ampere)

resistance, R, in ohms, Ω

The current through an ohmic conductor (at a
constant temperature) is directly proportional to
the potential difference across the conductor.
This means that the resistance remains
constant as the current changes.

WS 3.3, MS 3c

Recall and apply this
equation.

Explain that in other
types of resistor the
value of R can change
as the current
changes; explain the
design and use of
circuits to explore
such effects –
including lamps,
diodes, thermistors
and light-dependent
resistors (LDRs).

The resistance of components such as lamps,
diodes, thermistors and LDRs is not constant; it
changes with the current through the
component.

The resistance of a filament lamp increases as
the temperature of the filament increases.

The current through a diode flows in one
direction only. The diode has a very high
resistance in the reverse direction.

The resistance of a thermistor decreases as the
temperature increases.

The resistance of an LDR decreases as light
intensity increases.

WS 1.2, 3.5, MS 4c,
4d, 4e

Use graphs to
determine whether
circuit components are
linear or non-linear and
relate the curves
produced to the
function and properties
of the component.

Required practical activity 15: use circuit diagrams to construct appropriate circuits to investigate
the I–V characteristics of a variety of circuit elements including a filament lamp, a diode and a
resistor at constant temperature.

AT skills covered by this practical activity: physics AT 6 and 7.

This practical activity also provides opportunities to develop WS and MS. Details of all skills are
given in Key opportunities for skills development (page 172).
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Required practical activity 16: use circuit diagrams to set up an appropriate circuit to investigate the
factors affecting the resistance of an electrical component. This should include:

• the length of a wire at constant temperature
• combinations of resistors in series and in parallel.

AT skills covered by this practical activity: physics AT 1, 6 and 7.

This practical activity also provides opportunities to develop WS and MS. Details of all skills are
given in Key opportunities for skills development (page 173).

4.7.2.3 Series and parallel circuits

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe the difference
between series and
parallel circuits; explain
why, if two resistors are
in series, the net
resistance is
increased, whereas
with two in parallel the
net resistance is
decreased (qualitative
explanation only).

Calculate the currents,
potential differences
and resistances in
direct current (dc)
series circuits, and
explain the design and
use of such circuits for
measurement and
testing purposes.

There are two ways of joining electrical
components: in series and in parallel. Some
circuits include both series and parallel parts.

For components connected in series:

• there is the same current through each
component

• the total potential difference of the power
supply is shared between the
components

• the total resistance of two components is
the sum of the resistance of each
component.

Rtotal = R1 + R2

resistance, R, in ohms, Ω

For components connected in parallel:

• the potential difference across each
component is the same

• the total current through the whole circuit
is the sum of the currents through the
separate components

• the total resistance of two resistors is
less than the resistance of the smallest
individual resistor.

WS 3.3, MS 1c, 3b, 3c,
3d

Solve problems for
circuits which include
resistors in series using
the concept of
equivalent resistance.

WS 3.3, MS 1c, 3b, 3c,
3d

Calculate the currents,
potential differences
and resistances in dc
series circuits.

Calculating the total
resistance of two
resistors joined in
parallel is not required.
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4.7.2.4 Circuit elements

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Represent in dc series
circuits with the
conventions of positive
and negative
terminals, the symbols
that represent
common circuit
elements, including
diodes, LDRs and
thermistors.

Circuit diagrams use standard symbols.

4.7.2.5 Direct and alternating currents

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that the
domestic supply in the
UK is ac, at 50Hz and
about 230 volts;
explain the difference
between direct and
alternating voltage.

Cells and batteries supply current that always
passes in the same direction. This is called
direct current (dc).

An alternating current (ac) is one that changes
direction. In the UK ac supply the current
changes direction 50 times per second.
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4.7.2.6 Mains cables

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall the differences
in function between
the live, neutral and
earth mains wires, and
the potential
differences between
these wires; hence
explain that a live wire
may be dangerous
even when a switch in
a mains circuit is
open, and explain the
dangers of providing
any connection
between the live wire
and earth.

Most electrical appliances are connected to the
mains using three-core cable.

The insulation covering each wire is colour
coded for easy identification.

• Live wire – brown
• Neutral wire – blue
• Earth wire – green and yellow stripes

The live wire carries the alternating potential
difference from the supply. The neutral wire
completes the circuit. The earth wire is a safety
wire to stop the appliance becoming live.

The potential difference between the live wire
and earth (0 V) is about 230 V. The neutral wire
is at or close to earth potential (0 V). The earth
wire is at 0 V; it carries a current only if there is
a fault.

Our bodies are at earth potential (0 V).
Touching the live wire produces a large
potential difference across our body. This
causes a current to flow through our body,
resulting in an electric shock.

WS 1.5

Identify an electrical
hazard in a given
context.
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4.7.2.7 Power

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain, with reference
to examples, the
definition of power as
the rate at which
energy is transferred.

Power is defined as the rate at which energy is
transferred or the rate at which work is done.

power =  energy trans f erredtime

P  =   Et

power =  work donetime

P  =  Wt
power, P, in watts, W

energy transferred, E, in joules, J

time, t, in seconds, s

work done, W, in joules, J

An energy transfer of 1 joule per second is
equal to a power of 1 watt.

WS 1.2, 3.3,MS 3b, 3c

Recall and apply both
of these equations.

Explain how the power
transfer in any circuit
device is related to the
potential difference
across it and the
current, and to the
energy changes over a
given time.

The power of an electrical device is related to
the potential difference across it and the current
through it by the equation:

power = potential di f f erence × current

P  = V I

power = current 2 × resistance

P  =  I2 R

power, P, in watts, W

potential difference, V, in volts, V

current, I, in amperes, A (amp is acceptable for
ampere)

resistance, R, in ohms, Ω

WS 1.2, 3.3, MS 3b, 3c

Recall and apply both
of these equations.
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4.7.2.8 Power and domestic electric appliances

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe how, in
different domestic
devices, energy is
transferred from
batteries and the ac
mains to the energy of
motors or of heating
devices.

Describe all the
changes involved in
the way energy is
stored when a system
changes, for common
situations: bringing
water to a boil in an
electric kettle.

Describe, with
examples, the
relationship between
the power ratings for
domestic electrical
appliances and the
changes in stored
energy when they are
in use.

Describe and calculate
the changes in energy
involved when a
system is changed by
work done when a
current flows.

Everyday electrical appliances are designed to
bring about energy transfers.

The amount of energy an appliance transfers
depends on how long the appliance is switched
on for and the power of the appliance.

Work is done when charge flows in a circuit.

The amount of energy transferred can be
calculated using the equations:

energy trans f erred = power × time

E  = P t
energy trans f erred = charge f low 
× potential di f f erence

E  = Q V
energy transferred, E, in joules, J

power, P, in watts, W

time, t, in seconds, s

charge flow, Q, in coulombs, C

potential difference, V, in volts, V

WS 1.4

Explain everyday and
technological
applications of science.

WS 1.2, 3.3, MS 3c

Recall and apply both
of these equations.
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4.7.2.9 The National Grid

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that, in the
national grid, electrical
power is transferred at
high voltages from
power stations and
then transferred at
lower voltages in each
locality for domestic
use; and explain how
this system is an
efficient way to
transfer energy.

The National Grid is a system of cables and
transformers linking power stations to
consumers.

Electrical power is transferred from power
stations to consumers using the National Grid.

Step-up transformers are used to increase the
potential difference from the power station to
the transmission cables then step-down
transformers are used to decrease the potential
difference to a much lower value for domestic
use.

(HT only) Students should be able to select and
use the equation:

potential difference across primary coil x
current in primary coil = potential difference
across secondary coil x current in secondary
coil

as given on the equation sheet.

WS 1.4

Explain everyday and
technological
applications of science.

Detailed knowledge of
the structure of a
transformer is not
required.

4.7.3 Acids and alkalis

Some chemical substances can be classified as acids or alkalis. Characterising substances in this
way helps to make sense of how chemicals react together, to establish patterns and to make
predictions about chemical changes. This topic provides opportunities to write chemical formulae
and equations, and apply the quantitative methods from Chemical quantities (page 89). Practical
content includes methods used to prepare and purify soluble salts. Theoretical content includes
how to describe the energy changes associated with neutralisation reactions and how ionic theory
can account for the similarities in the reactions of acids.

There are two required practicals: one is the preparation of a pure, dry sample of a soluble salt
from an insoluble substance. The other investigates the variables that affect temperature changes
in solutions.
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4.7.3.1 Reactions of acids

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that acids react
with some metals and
with carbonates, and
write equations
predicting products
from given reactants.

Describe tests to
identify selected gases
including hydrogen and
carbon dioxide.

Acids react with some metals to produce salts
and hydrogen. Knowledge of reactions with
metals is limited to those of magnesium, zinc
and iron with hydrochloric and sulfuric acids.

The test for hydrogen uses a burning splint
held at the open end of a test tube of the gas.

Acids react with metal carbonates to produce
salts, water and carbon dioxide.

The test for carbon dioxide uses an aqueous
solution of calcium hydroxide (limewater).

WS 1.2

(HT only) Explain, in
terms of gain or loss of
electrons, that the
reactions of metals with
acids are redox
reactions (see Atoms
into ions and ions into
atoms (page 134)).

WS 4.1

(HT only) Identify which
species are oxidised
and which are reduced
in given chemical
reactions.
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4.7.3.2 Making salts

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe neutralisation
as acid reacting with
alkali to form a salt
plus water.

Describe, explain and
exemplify the
processes of filtration
and crystallisation.

Suggest suitable
purification techniques
given information about
the substances
involved.

Acids are neutralised by alkalis (eg soluble
metal hydroxides) and bases (eg insoluble
metal hydroxides and metal oxides) to produce
salts and water, and by metal carbonates to
produce salts, water and carbon dioxide.

The particular salt produced in any reaction
between an acid and a base or alkali depends
on:

• the acid used (hydrochloric acid produces
chlorides, nitric acid produces nitrates
and sulfuric acid produces sulfates)

• the positive ions in the base, alkali or
carbonate.

Soluble salts can be made from acids by
reacting them with solid insoluble substances
such as metals, metal oxides, hydroxides or
carbonates. The solid is added to the acid until
no more reacts, and the excess solid is filtered
off to produce a solution of the salt.

Salt solutions can be crystallised to produce
solid salts.

WS 1.2

Predict products from
given reactants.

Use the formulae of
common ions to
deduce the formulae of
salts.

Required practical activity 17: preparation of a pure, dry sample of a soluble salt from an
insoluble oxide or carbonate, using a Bunsen burner and a water bath or electric heater to
evaporate the solution.

AT skills covered by this practical activity: chemistry AT 2, 3, 4 and 6.

This practical activity also provides opportunities to develop WS and MS. Details of all skills are
given in Key opportunities for skills development (page 174).
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4.7.3.3 Energy changes and reactions

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Distinguish between
endothermic and
exothermic reactions
on the basis of the
temperature change of
the surroundings.

When chemical reactions occur, energy is
transferred to or from the surroundings.

Energy is conserved in chemical reactions.
The total amount of energy in the reaction
mixture and its surroundings at the end of a
chemical reaction is the same as it was at the
start.

An exothermic reaction is one that gives out
energy. This heats up the reaction mixture.
Energy then transfers to the surroundings as
the reaction mixture then cools. Neutralisation
of an acid with an alkali is an example of an
exothermic reaction.

An endothermic reaction is one that that takes
in energy. This cools the reaction mixture.
Energy then transfers from the surroundings as
the reaction mixture then warms up again. The
reaction of citric acid and sodium hydrogen
carbonate is an example of an endothermic
reaction.

WS 1.2

Identify examples of
exothermic and
endothermic reactions
based on the
temperature change of
the reaction mixture.

Required practical activity 18: investigate the variables that affect the temperature changes of a
series of reactions in solutions, eg acid plus metals, acid plus carbonates, neutralisations,
displacement of metals.

AT skills covered by this practical activity: chemistry AT 1, 3, 5 and 6.

This practical activity also provides opportunities to develop WS and MS. Details of all skills are
given in Key opportunities for skills development (page 175).
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4.7.3.4 The pH scale and neutralisation

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that acids form
hydrogen ions when
they dissolve in water
and solutions of alkalis
contain hydroxide ions.

(HT only) Use the
formulae of common
ions to write balanced
ionic equations.

Recall that relative
acidity and alkalinity
are measured by pH.

Recognise that
aqueous neutralisation
reactions can be
generalised to
hydrogen ions reacting
with hydroxide ions to
form water.

Acids produce hydrogen ions (H+) in aqueous
solutions.

Aqueous solutions of alkalis contain hydroxide
ions (OH–).

The pH scale, from 0 to 14, is a measure of
the acidity or alkalinity of a solution and can be
measured using universal indicator or a pH
probe.

A solution with pH 7 is neutral. Aqueous
solutions of acids have pH values of less than
7 and aqueous solutions of alkalis have pH
values greater than 7.

In neutralisation reactions between an acid
and an alkali, hydrogen ions react with
hydroxide ions to produce water.

WS 1.2

Write an ionic equation
to represent
neutralisation.

WS 2.3

Describe the use of
universal indicator or a
wide range indicator to
measure the
approximate pH of a
solution.

WS 3.2

Use the pH scale to
identify acidic or
alkaline solutions.
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4.7.3.5 Strong and weak acids (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Use and explain the
terms dilute and
concentrated (amount
of substance) and
weak and strong
(degree of ionisation)
in relation to acids.

Recall that as
hydrogen ion
concentration
increases by a factor of
ten the pH value of a
solution decreases by
a factor of one.

Describe neutrality and
relative acidity and
alkalinity in terms of
the effect of the
concentration of
hydrogen ions on the
numerical value of pH
(whole numbers only).

A strong acid is completely ionised in aqueous
solution. Examples of strong acids are
hydrochloric, nitric and sulfuric acids.

A weak acid is only partially ionised in aqueous
solution. Examples of weak acids are ethanoic,
citric and carbonic acids.

For a given concentration of aqueous solutions,
the stronger an acid, the lower the pH.

4.7.4 The rate and extent of chemical change

Chemical reactions can occur at very different rates. Although the reactivity of chemicals is a
significant factor in how fast chemical reactions proceed, there are many variables that can be
manipulated in order to speed them up or slow them down. Catalysts, including enzymes, can have
a very significant effect on reaction rates. An understanding of the energy changes that accompany
bond breaking and bond forming can help to account for the effect of temperature on rates.
Chemical reactions may also be reversible and therefore the effect of different variables needs to
be established in order to identify how to maximise the yield of desired product.

There are two required practicals: an investigation of the effect of changes in concentration on the
rate of a chemical reaction and an investigation of a factor affecting the rate of an enzyme-
controlled reaction.
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4.7.4.1 Factors that affect reaction rates

GCSE Science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe the effect of
changes in
temperature,
concentration,
pressure, and surface
area on rate of
reaction.

Suggest practical
methods for
determining the rate of
a given reaction.

The rate of a chemical reaction can be found by
measuring the quantity of a reactant used or the
quantity of product formed over time:

mean rate of reaction = quantity of reactant used
time taken

mean rate of reaction =  quantity of product formed
time taken

The quantity of reactant or product can be
measured by the mass in grams, by a volume in
cm3 ((HT only) or by an amount in moles).

The units of rate of reaction may be given as
g/s, cm3/s ((HT only) or mol/s).

The rate of a chemical reaction can be
determined by measuring:

• the loss in mass of a reactant's mixture
• the volume of gas produced
• the time for a solution to become opaque

or coloured.

WS 3.3, MS 1a, 1c

Calculate the mean
rate of a reaction from
given information about
the quantity of a
reactant used or the
quantity of a product
formed and the time
taken.

WS 3.5, MS 4a, 4b, 4c

Draw, and interpret,
graphs showing the
quantity of product
formed or quantity of
reactant used up
against time to
compare or determine
rates of reaction.

WS 3.3, MS 4e

Draw tangents to the
curves on these graphs
and use the gradient of
the tangent as a
measure of the rate of
reaction.

WS 3.3, MS 4d, 4e

(HT only) Calculate the
gradient of a tangent to
the curve on these
graphs as a measure
of rate of reaction at a
specific time.
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4.7.4.2 The effect of surface area on rates of reaction

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain the effects on
rates of reaction of
changes in the size of
the pieces of a reacting
solid in terms of
surface area to volume
ratio.

Breaking up a solid reactant into smaller pieces
increases the surface area that can be in
contact with any solution with which it reacts.
Increasing the ratio of surface area to volume
increases the rate of reaction for a given mass
of a solid reactant.

MS 1c

Use proportionality
when comparing
factors affecting rate of
reaction.

MS 5c

Calculate surface
areas and volumes of
cubes.

4.7.4.3 The effect of temperature, concentration and pressure on rates of reaction

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain the effects on
rates of reaction of
changes in
temperature,
concentration and
pressure in terms of
the frequency and
energy of collision
between particles.

According to collision theory, chemical
reactions can occur only when reacting
particles collide with each other and with
sufficient energy. The minimum amount of
energy that particles must have to react is
called the activation energy.

Increasing the concentration of reactants in
solution, the pressure of reacting gases and the
surface area of solid reactants increases the
frequency of collisions and so increases the
rate of reaction.

Increasing the temperature increases the
frequency of collisions and makes the collisions
more energetic, and so increases the rate of
reaction.

WS 1.2

Predict and explain the
effects of changing
conditions on the rate of
a reaction.

Required practical activity 19: investigation of how changes in concentration affect the rates of
reactions by a method involving measuring the volume of a gas produced and a method involving a
change in colour or turbidity. This should be an investigation involving developing a hypothesis.

AT skills covered by this practical activity: chemistry AT 1, 3, 5 and 6.

This practical activity also provides opportunities to develop WS and MS. Details of all skills are
given in Key opportunities for skills development (page 176).
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4.7.4.4 Activation energy

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain activation
energy as the energy
needed for a reaction
to occur.

Draw and label a
reaction profile for an
exothermic and an
endothermic reaction,
identifying activation
energy.

Chemical reactions can occur only when
reacting particles collide with each other and
with sufficient energy. The minimum amount of
energy that particles must have to react is
called the activation energy.

Reaction profiles can be used to show the
relative energies of reactants and products, the
activation energy and the overall energy
change of a reaction.

WS 3.2, 3.5, MS 4a

Interpret reaction
profiles, including using
them to identify
reactions as
exothermic or
endothermic.

4.7.4.5 Bond breaking and bond forming (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Calculate energy
changes in a chemical
reaction by considering
bond making and bond
breaking energies.

During a chemical reaction:

• energy must be supplied to break bonds
in the reactants

• energy is given out when bonds in the
products are formed.

The energy needed to break bonds and the
energy given out when bonds are formed can
be calculated from bond energies.

The difference between the sum of the energy
needed to break bonds in the reactants and
the sum of the energy given out when bonds in
the products are formed is the overall energy
change of the reaction.

In an exothermic reaction, the energy given
out from forming new bonds is greater than the
energy needed to break existing bonds.

In an endothermic reaction, the energy needed
to break existing bonds is greater than the
energy given out from forming new bonds.

WS 3.3, MS 1a

Use arithmetic
computation when
calculating energy
changes.

WS 1.2, 3.3, MS 1a, 4a

Calculate the energy
transferred in chemical
reactions between
simple molecules in the
gas state using bond
energies supplied.
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4.7.4.6 Catalysts

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe the
characteristics of
catalysts and their
effect on rates of
reaction.

Identify catalysts in
reactions.

Explain catalytic action
in terms of activation
energy.

Catalysts change the rate of chemical
reactions but are not used up during the
reaction. Different reactions need different
catalysts.

Knowledge of the names of catalysts other
than those specified in the subject content is
not required.

WS 3.5

Identify catalysts in
reactions from their
effect on the rate of
reaction and because
they are not included in
the chemical equation
for the reaction.

WS 1.2

Use reaction profiles to
explain catalytic action.

4.7.4.7 Enzymes

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that enzymes
act as catalysts in
biological systems.

Explain the mechanism
of enzyme action
including the active
site, enzyme specificity
and factors affecting
the rate of enzymatic
reaction.

Enzymes are important as biological catalysts
which allow all the reactions in cells to occur.

Enzymes are large protein molecules. The
shape of an enzyme is vital for its function.
Each enzyme has an active site with a unique
shape to bind a specific substrate molecule.
High temperatures and extremes of pH
denature the enzyme, changing the shape of
the active site. The 'lock and key' model is a
simplified model of enzyme action.

Different enzymes work fastest at different
temperatures and pH values.

WS 3.3, 3.5, MS 1a,
1c, 1d

Carry out rate
calculations for
chemical reactions and
make estimates of
simple calculations
without using a
calculator.

Required practical activity 20: investigate the effect of pH on the rate of reaction of amylase
enzyme. Students should use a continuous sampling technique to determine the time taken to
completely digest a starch solution at a range of pH values. Iodine reagent is to be used to test for
starch every 30 seconds. Temperature must be controlled by use of a water bath or electric heater.

AT skills covered by this practical activity: biology AT 1, 2 and 5.

This practical activity also provides opportunities to develop WS and MS. Details of all skills are
given in Key opportunities for skills development (page 177).
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4.7.4.8 Reversible reactions

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that some
reactions may be
reversed by altering
the reaction
conditions.

In some chemical reactions, the products of the
reaction can react to produce the original
reactants. Such reactions are called reversible
reactions and are represented:

A + B C +  D

The direction of reversible reactions can be
changed by changing the temperature.
Examples include the effect of changing the
temperature on the decomposition of
ammonium chloride and of hydrated copper(II)
sulfate.

4.7.4.9 Dynamic equilibrium

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that dynamic
equilibrium occurs
when the rates of
forward and reverse
reactions are equal.

When a reversible reaction occurs in apparatus
which prevents the escape of reactants and
products, equilibrium is reached when the
forward and reverse reactions occur at exactly
the same rate.

4.7.4.10 Factors affecting the position of equilibrium (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Predict the effect of
changing reaction
conditions on
equilibrium position.

The relative amounts of all the reactants and
products at equilibrium depend on the
conditions of the reaction.

If a system is at equilibrium and a change is
made to any of the conditions, then the system
responds to counteract the change.

WS 1.2

Apply Le Châtelier's
principle to make
qualitative predictions
about the effect of
changes on systems at
equilibrium when given
appropriate information.
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GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Predict the effect of
changing
concentration on
equilibrium position
and suggest
appropriate conditions
to produce a particular
product.

If the concentration of one of the reactants or
products is changed, the system is no longer at
equilibrium and the concentrations of all the
substances change until equilibrium is reached
again.

If the concentration of a reactant is increased,
more products form until equilibrium is reached
again.

If the concentration of a product is decreased,
more reactants react until equilibrium is
reached again.

WS 3.5

Interpret appropriate
given data to predict the
effect of a change in
concentration of a
reactant or product on
given reactions at
equilibrium.

Predict the effect of
changing temperature
on equilibrium position
and suggest
appropriate conditions
to produce a particular
product.

If the temperature of a system at equilibrium is
increased:

• the relative amount of products at
equilibrium increases for an endothermic
reaction

• the relative amount of products at
equilibrium decreases for an exothermic
reaction.

If the temperature of a system at equilibrium is
decreased:

• the relative amount of products at
equilibrium decreases for an endothermic
reaction

• the relative amount of products at
equilibrium increases for an exothermic
reaction.

WS 1.2

Apply the idea that if a
reversible reaction is
exothermic in one
direction, it is
endothermic in the
opposite direction.

Predict the effect of
changing pressure on
equilibrium position
and suggest
appropriate conditions
to produce a particular
product.

For gaseous reactions at equilibrium:

• an increase in pressure causes the
equilibrium position to shift towards the
side with the smaller number of
molecules, as shown by the symbol
equation for that reaction

• a decrease in pressure causes the
equilibrium position to shift towards the
side with the larger number of molecules,
as shown by the symbol equation for that
reaction.

4.7.5 Atoms into ions and ions into atoms

Metals can be arranged in an activity series in terms of the ability of their atoms to turn into positive
ions. Electrolysis is a process that reverses such changes by turning ions back into atoms (and
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sometimes molecules). Gas tests are introduced to identify the products of electrolysis. Gain or
loss of electrons can be used to classify electrode reactions as reduction or oxidation processes.

The required practical is an investigation of the electrolysis of aqueous solutions using inert
electrodes.

4.7.5.1 A reactivity series for metals

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain how the
reactivity of metals with
water or dilute acids is
related to the tendency
of the metal to form its
positive ion.

When metals react with other substances the
metal atoms form positive ions. Metals can be
arranged in order of their reactivity in a
reactivity series. The metals potassium,
sodium, lithium, calcium, magnesium, zinc, iron
and copper can be put in order of their
reactivity from their reactions with water and
dilute acids.

The non-metals hydrogen and carbon are often
included in the reactivity series.

A more reactive metal can displace a less
reactive metal from a compound.

The reactions of metals with water and acids
are limited to room temperature and do not
include reactions with steam.

WS 3.8

Recall and describe the
reactions, if any, of
potassium, sodium,
lithium, calcium,
magnesium, zinc, iron
and copper with water
or dilute acids.

WS 3.5

Deduce an order of
reactivity of metals
based on experimental
results.

WS 1.2

(HT only) Write ionic
equations for
displacement reactions.
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4.7.5.2 Electrolysis

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe electrolysis in
terms of the ions
present and reactions
at the electrodes.

Recall that metals (or
hydrogen) are formed
at the cathode and
non-metals are formed
at the anode in
electrolysis using inert
electrodes.

When an ionic compound is melted or
dissolved in water, the ions are free to move
about within the liquid or solution. These
liquids and solutions are able to conduct
electricity and are called electrolytes.

Passing an electric current through
electrolytes causes the ions to move to the
electrodes. Positively charged ions move to
the negative electrode (the cathode), and
negatively charged ions move to the positive
electrode (the anode). Ions are discharged at
the electrodes producing elements. This
process is called electrolysis.

When a simple ionic compound is electrolysed
in the molten state using inert electrodes, the
metal is produced at the cathode and the non-
metal is produced at the anode.

WS 1.2

Predict the products of
electrolysis of binary
ionic compounds in the
molten state.

(HT only) Write half
equations for the
reactions occurring at
the electrodes during
electrolysis. Students
may be required to
complete and balance
supplied half equations.

4.7.5.3 Electrolysis of aqueous solutions

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe competing
reactions in the
electrolysis of aqueous
solutions of ionic
compounds in terms of
the different species
present.

The ions discharged when an aqueous solution
is electrolysed using inert electrodes depend
on the relative reactivity of the elements
involved.

At the negative electrode (cathode), hydrogen
is produced if the metal is more reactive than
hydrogen.

At the positive electrode (anode), oxygen is
produced unless the solution contains halide
ions when the halogen is produced.

This happens because in the aqueous solution
water molecules break down producing
hydrogen ions and hydroxide ions that are
discharged.

WS 1.2

(HT only) Write half
equations for the
reactions occurring at
the electrodes during
electrolysis. Students
may be required to
complete and balance
supplied half
equations.

Required practical activity 21: investigate what happens when aqueous solutions are
electrolysed using inert electrodes. This should be an investigation involving developing a
hypothesis.

AT skills covered by this practical activity: chemistry AT 3 and 7.
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This practical activity also provides opportunities to develop WS and MS. Details of all skills are
given in Key opportunities for skills development (page 177).

4.7.5.4 Tests for gases

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe tests to
identify selected gases
including oxygen,
hydrogen and chlorine.

The test for hydrogen uses a burning splint
held at the open end of a test tube of the gas.

The test for oxygen uses a glowing splint
inserted into a test tube of the gas.

The test for chlorine uses damp litmus paper
put into chlorine gas.

WS 3.5

Interpret the
observations from gas
tests.

4.7.5.5 Electron transfer reactions (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain reduction and
oxidation in terms of
gain or loss of
electrons, identifying
which species are
oxidised and which are
reduced.

Oxidation is the loss of electrons and reduction
is the gain of electrons.

During electrolysis, at the cathode (negative
electrode), positively charged ions gain
electrons and so the reactions are reductions.

At the anode (positive electrode), negatively
charged ions lose electrons and so the
reactions are oxidations.

WS 4.1

Identify, in a given
reaction, symbol
equation or half
equation, which species
are oxidised and which
are reduced.

4.8 Guiding Spaceship Earth towards a sustainable future

Many scientists are involved in the search for solutions to the great challenges facing humanity,
such as how we might use our resources more effectively. When developing new materials and
processes, how do chemists and engineers ensure that their products do no harm?

4.8.1 Carbon chemistry

The study of forms of carbon provides an opportunity to revisit ideas about structure and bonding
from Chemical quantities (page 89). Other ideas from Structure and bonding (page 98) are applied
to explain how new chemicals and materials are made from the hydrocarbons in crude oil.
Featured processes include fractional distillation, cracking and polymerisation.
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4.8.1.1 Bonding and structure in forms of carbon

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain the properties
of diamond, graphite,
fullerenes and
graphene in terms of
their structures and
bonding.

Diamond is very hard, has a very high melting
point and does not conduct electricity.

In diamond, each carbon atom forms four
covalent bonds with other carbon atoms in a
giant covalent structure.

Graphite is soft, has a high melting point and
conducts electricity.

In graphite, each carbon atom forms three
covalent bonds with three other carbon atoms,
forming layers of hexagonal rings. There are no
covalent bonds between layers. One electron
from each carbon is delocalised.

Graphene is a single layer of graphite and so is
one atom thick. It has properties that make it
useful in electronics and composites.

Fullerenes are molecules of carbon atoms with
hollow shapes. The structure of fullerenes is
based on hexagonal rings of carbon atoms but
they may also contain rings with five or seven
carbon atoms. The first fullerene to be
discovered was buckminsterfullerene (C60),
which has a spherical shape.

Carbon nanotubes are cylindrical fullerenes
with very high length to diameter ratios. Their
properties make them useful for
nanotechnology, electronics and materials.

MS 5b

Visualise and represent
2D and 3D forms
including two-
dimensional
representations of 3D
objects.

WS 1.4

Give examples of the
uses of diamond,
graphite and fullerenes,
including carbon
nanotubes.
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4.8.1.2 Hydrocarbons in crude oil

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Recall that crude oil is
a main source of
hydrocarbons and is a
feedstock for the
petrochemical industry.

Recognise that crude
oil is a finite resource.

Recall that carbon can
form four covalent
bonds.

Explain that the vast
array of natural and
synthetic organic
compounds occur due
to the ability of carbon
to form families of
similar compounds,
chains and rings.

Describe the fractions
as largely a mixture of
compounds of formula
CnH2n+2 which are
members of the alkane
homologous series.

Crude oil is a finite resource found in rocks.
Crude oil is the remains of an ancient biomass
consisting mainly of plankton that was buried
in mud.

Crude oil is a mixture of a very large number
of compounds. Most of the compounds in
crude oil are hydrocarbons, which are
molecules made up of hydrogen and carbon
atoms only.

Alkane molecules can be represented in the
following forms:

C2H6 or

Knowledge of the names of specific alkanes
other than methane, ethane, propane and
butane is not required.

WS 1.2, MS 5b

Recognise substances
as alkanes given their
formulae.
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4.8.1.3 Fractional distillation of crude oil

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe and explain
the separation of
crude oil by fractional
distillation.

Describe, explain and
exemplify the
processes of fractional
distillation.

Explain how modern
life is crucially
dependent upon
hydrocarbons.

Some properties of hydrocarbons depend on
the size of their molecules, including:

• boiling point
• viscosity, and
• flammability.

These properties influence how hydrocarbons
are separated and how they are used as fuels.

Knowledge of trends in properties of
hydrocarbons is limited to boiling point,
viscosity and flammability.

The many hydrocarbons in crude oil may be
separated into fractions, each of which contains
molecules with a similar number of carbon
atoms, by fractional distillation.

The fractions can be processed to produce
fuels and feedstock for the petrochemical
industry.

Many of the fuels on which our modern lifestyle
depends such as petrol, diesel oil, kerosene,
heavy fuel oil and liquefied petroleum gases,
are produced from crude oil. Knowledge of the
names of other specific fractions or fuels is not
required.

The combustion of hydrocarbon fuels releases
energy. During combustion, the carbon and
hydrogen in the fuels are oxidised. The
complete combustion of a hydrocarbon
produces carbon dioxide and water.

Many useful materials on which modern life
depends are produced by the petrochemical
industry. These include solvents, lubricants,
polymers and detergents.

WS 1.2

Write balanced
equations for the
complete combustion
of hydrocarbons with a
given formula.

Relate trends in the
hydrocarbons to
molecular size using
ideas in Covalent
bonding (page 101).
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4.8.1.4 Cracking hydrocarbons

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe the
production of materials
that are more useful by
cracking.

Hydrocarbons can be broken down to produce
smaller, more useful molecules by catalytic
cracking or by steam cracking.

The products of cracking include alkanes and
another type of hydrocarbon called alkenes.

Recall of the formulae or names of individual
alkenes, other than ethene, is not required.

There is a high demand for fuels with small
molecules and so some of the products of
cracking are useful as fuels.

Alkenes are used to produce polymers and as
starting materials for the production of many
other chemicals. Small ethene molecules
polymerise to produce long-chain molecules of
poly(ethene) (see also Covalent bonding
(page 101)).

WS 1.2

Balance chemical
equations as examples
of cracking given the
formulae of the
reactants and products.

4.8.2 Resources of materials and energy

The example of metal extraction is used to show how the Earth’s natural resources are used to
manufacture useful products. A variety of renewable and non-renewable energy resources is
needed for these and other aspects of modern life. In order to operate sustainably, scientists and
engineers seek to minimise the use of limited resources, cut energy consumption, reduce waste
and limit environmental impacts. Scientists also aim to develop ways of disposing of products at
the end of their useful life in ways that ensure that materials and stored energy are utilised. Life
cycle assessments can be used to compare the overall impact of the production, use and disposal
of products.
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4.8.2.1 Metal extraction by reduction of oxides

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain reduction and
oxidation in terms of
loss or gain of oxygen,
identifying which
species are oxidised
and which are reduced.

Explain, using the
position of carbon in
the reactivity series,
the principles of
industrial processes
used to extract metals,
including extraction of
a non-ferrous metal.

Metals react with oxygen to produce metal
oxides. These are oxidation reactions.

Reduction involves the loss of oxygen.
Unreactive metals such as gold are found in
the Earth as the metal itself but most metals
are found as compounds that require chemical
reactions to extract the metal.

Knowledge and understanding are limited to
the reduction of oxides using carbon.

Metals less reactive than carbon can be
extracted from their oxides by reduction with
carbon.

Knowledge of the details of processes used in
the extraction of metals is not required.

WS 1.2

Identify the substances
which are oxidised or
reduced in terms of gain
or loss of oxygen.

WS 1.4

Explain in terms of the
reactivity series why
some metals are
extracted with carbon
and others by
electrolysis.

Interpret or evaluate
specific metal extraction
processes when given
appropriate information.

4.8.2.2 Metal extraction by electrolysis

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain why and how
electrolysis is used to
extract some metals
from their ores.

Metals can be extracted from molten
compounds using electrolysis. Electrolysis is
used if the metal is too reactive to be extracted
by reduction with carbon or if the metal reacts
with carbon. Large amounts of energy are used
in the extraction process to melt the
compounds and to produce the electrical
current.

Aluminium is manufactured by the electrolysis
of a molten mixture of aluminium oxide and
cryolite using positive electrodes (anodes)
made of carbon. The anodes have to be
replaced from time to time.

WS 1.4

Explain technological
applications of science,
including the use of
cryolite for the
extraction of aluminium
and the need to replace
the anodes.
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4.8.2.3 Metal extraction by biological methods (HT only)

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Evaluate alternative
biological methods of
metal extraction
(bacterial and
phytoextraction).

Copper ores are becoming scarce and new
ways of extracting copper from low-grade ores
include phytomining and bioleaching. These
methods avoid traditional mining methods of
digging, moving and disposing of large
amounts of rock.

Phytomining uses plants to absorb metal
compounds. The plants are harvested and
then burned to produce ash that contains
metal compounds.

Bioleaching uses bacteria to produce leachate
solutions that contain metal compounds.

The metal compounds can be processed to
obtain the metal. For example, copper can be
obtained from solutions of copper compounds
by displacement using scrap iron or by
electrolysis.

WS 1.4

Evaluate environmental
implications of the
applications of science.
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4.8.2.4 Energy resources

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe the main
energy resources
available for use on
Earth (including fossil
fuels, nuclear fuel,
biofuel, wind,
hydroelectricity, the
tides and the Sun);
compare the ways in
which they are used
and distinguish
between renewable
and non-renewable
resources.

Non-renewable resources of energy include:

• coal
• crude oil
• natural gas
• nuclear fuel.

A renewable energy resource is one that is
being (or can be) replenished as it is used.
Examples include:

• plants that provide biofuel
• wind turbines
• hydroelectricity
• tidal barrages or undersea turbines
• solar panels that produce electricity or

heat water.

WS 1.4

Explain technological
applications of science.

Explain patterns and
trends in given data
about the use of energy
resources.

Evaluate the use of
different energy
resources, taking into
account reliability, cost
and impact on the
environment.

WS 4.4, MS 1c, 2c, 4a

Interpret data with
energy quantities
given, using the
prefixes kilo, mega,
giga and tera.

4.8.2.5 Energy conservation and dissipation

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe, with
examples, where there
are energy transfers in
a system and where
there is no net change
to the total energy of a
closed system
(qualitative only).

Describe, with
examples, how in all
system changes,
energy is dissipated so
that it is stored in less
useful ways.

Energy can be transferred usefully, stored or
dissipated, but cannot be created or
destroyed.

Whenever there are energy transfers in a
system only part of the energy is usefully
transferred. The rest of the energy is
dissipated so that it is stored in less useful
ways. This energy is often described as being
'wasted'.

WS 3.3, MS 1a, 1c, 3c

Make calculations of the
energy changes
associated with
changes in a system,
recalling or selecting
the relevant equations
for mechanical,
electrical and thermal
processes; thereby
express in quantitative
form and on a common
scale the overall
redistribution of energy
in the system.
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4.8.2.6 Preventing unwanted energy transfers

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Explain ways of
reducing unwanted
energy transfer, eg
through lubrication and
thermal insulation;
describe the effects,
on the rate of cooling
of a building, of the
thickness and thermal
conductivity of its walls
(qualitative only).

Unwanted energy transfers can be reduced in a
number of ways, for example through:

• lubrication – work done against the
frictional forces acting on an object
causes a rise in the temperature of the
object and dissipates useful energy

• the use of thermal insulation – the higher
the thermal conductivity of a material the
higher the rate of energy transfer by
conduction across the material.

WS 1.4

Explain technological
applications of science.

4.8.2.7 Energy efficiency

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Calculate energy
efficiency for any
energy transfer, (HT
only) and describe
ways to increase
efficiency.

The energy efficiency for any energy transfer
can be calculated using the equation:

efficiency =  useful output energy transfer
total input energy transfer

WS 3.3, MS 3c

Recall and apply this
equation.

MS 1a, 1c, 3c

Calculate or use
efficiency values as a
decimal or as a
percentage.
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4.8.2.8 Life cycle assessment

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe the basic
principles in carrying
out a life cycle
assessment of a
material or product.

Interpret data from a
life cycle assessment
of a material or
product.

Life cycle assessments (LCAs) are carried out
to assess the environmental impact of the
materials used and the energy resources
needed for products in each of these stages:

• extracting and processing raw materials
• manufacturing and packaging
• use and operation during its lifetime
• disposal at the end of its useful life

including transport and distribution at each
stage.

The use of water, energy resources and
materials, as well as the production of some
wastes, can be fairly easily quantified.
Allocating numerical values to pollutant effects
is less straightforward and requires value
judgements, so LCA is not a purely objective
process.

Selective or abbreviated LCAs can be devised
to evaluate a product but these can be misused
to reach pre-determined conclusions, eg in
support of claims for advertising purposes.

WS 1.3, 1.4, 3.3, 3.5

Interpret data from
LCAs of materials or
products given
appropriate
information.

MS 1a

Recognise and use
expressions in decimal
form.

MS 1d

Make estimates of the
results of simple
calculations.

WS 4.6, MS 2a

Use an appropriate
number of significant
figures.

WS 3.5, MS 4a

Translate information
between graphical and
numeric form.
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4.8.2.9 Recycling

GCSE science
subject content

Details of the science content Scientific, practical
and mathematical
skills

Describe a process
where a material or
product is recycled for
a different use, and
explain why this is
viable.

Reuse and recycling of materials by end users
cuts down the use of limited material
resources. It can also cut the use of energy
resources and the production of waste.

Metals can be recycled by melting and
recasting or reforming into different products.
The amount of separation required for
recycling depends on the metal and the
properties required of the final product. For
example, in steel making some scrap steel is
added to the iron from a blast furnace to
reduce the amount of iron that needs to be
extracted from iron ore.

WS 1.4

Evaluate factors that
affect decisions on
recycling, given
appropriate information.

4.9 Key ideas

The complex and diverse phenomena of the natural and man-made world can be described in
terms of a small number of key ideas in biology, chemistry and physics, listed below.

These key ideas are of universal application, and we have embedded them throughout the subject
content. They underpin many aspects of the science assessment and will therefore be assessed
across all papers.

Key ideas in biology:

• life processes depend on molecules whose structure is related to their function
• the fundamental units of living organisms are cells, which may be part of highly adapted

structures including tissues, organs and organ systems, enabling living processes to be
performed effectively

• living organisms may form populations of single species, communities of many species and
ecosystems, interacting with each other, with the environment and with humans in many
different ways

• living organisms are interdependent and show adaptations to their environment
• life on Earth is dependent on photosynthesis in which green plants and algae trap light from

the Sun to fix carbon dioxide and combine it with hydrogen from water to make organic
compounds and oxygen

• organic compounds are used as fuels in cellular respiration to allow the other chemical
reactions necessary for life

• the chemicals in ecosystems are continually cycling through the natural world
• the characteristics of a living organism are influenced by its genome and its interaction with

the environment
• evolution occurs by a process of natural selection and accounts both for biodiversity and how

organisms are all related to varying degrees.
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Key ideas in chemistry:

• matter is composed of tiny particles called atoms and there are about 100 different naturally
occurring types of atoms called elements

• elements show periodic relationships in their chemical and physical properties
• these periodic properties can be explained in terms of the atomic structure of the elements
• atoms bond by either transferring electrons from one atom to another or by sharing electrons
• the shapes of molecules (groups of atoms bonded together) and the way giant structures are

arranged is of great importance in terms of the way they behave
• there are barriers to reaction so reactions occur at different rates
• chemical reactions take place in only three different ways: proton transfer; electron transfer;

electron sharing
• energy is conserved in chemical reactions so can therefore be neither created or destroyed.

Key ideas in physics:

• the use of models, as in the particle model of matter or the wave models of light and of sound
• the concept of cause and effect in explaining such links as those between force and

acceleration, or between changes in atomic nuclei and radioactive emissions
• the phenomena of ‘action at a distance’ and the related concept of the field as the key to

analysing electrical, magnetic and gravitational effects
• that differences, for example between pressures or temperatures or electrical potentials, are

the drivers of change
• that proportionality, for example between weight and mass of an object or between force and

extension in a spring, is an important aspect of many models in science
• that physical laws and models are expressed in mathematical form.
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7 Mathematical requirements

Students will be required to demonstrate the following mathematics skills in GCSE Combined
Science assessments.

Questions will target maths skills at a level of demand appropriate to each subject. In Foundation
Tier papers questions assessing maths requirements will not be lower than that expected at Key
Stage 3 (as outlined in Mathematics Programmes of Study: Key Stage 3 by the DfE, document
reference DFE-00179-2013). In Higher Tier papers questions assessing maths requirements will
not be lower than that of questions and tasks in assessments for the Foundation Tier in a GCSE
qualification in mathematics.

1 Arithmetic and numerical computation

a Recognise and use expressions in decimal form

b Recognise and use expressions in standard form

c Use ratios, fractions and percentages

d Make estimates of the results of simple calculations

2 Handling data

a Use an appropriate number of significant figures

b Find arithmetic means

c Construct and interpret frequency tables and diagrams, bar charts and histograms

d Understand the principles of sampling as applied to scientific data (biology questions only)

e Understand simple probability (biology questions only)

f Understand the terms mean, mode and median

g Use a scatter diagram to identify a correlation between two variables (biology and physics
questions only)

h Make order of magnitude calculations

3 Algebra

a Understand and use the symbols: =, <, <<, >>, >, ∝ , ~

b Change the subject of an equation

c Substitute numerical values into algebraic equations using appropriate units for physical
quantities (chemistry and physics questions only)

d Solve simple algebraic equations (biology and physics questions only)

4 Graphs

a Translate information between graphical and numeric form

b Understand that y = mx + c represents a linear relationship
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4 Graphs

c Plot two variables from experimental or other data

d Determine the slope and intercept of a linear graph

e Draw and use the slope of a tangent to a curve as a measure of rate of change (chemistry
and physics questions only)

f Understand the physical significance of area between a curve and the x-axis and measure it
by counting squares as appropriate (physics questions only)

5 Geometry and trigonometry

a Use angular measures in degrees (physics questions only)

b Visualise and represent 2D and 3D forms including two dimensional representations of 3D
objects (chemistry and physics questions only)

c Calculate areas of triangles and rectangles, surface areas and volumes of cubes

Mathematical skills references are taken from the DfE subject criteria.
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Apparatus and techniques

AT 7 Use of appropriate apparatus and techniques to draw, set up and use electrochemical
cells for separation and production of elements and compounds (links to A-level AT d
and j).

Physics

Apparatus and techniques

AT 1 Use of appropriate apparatus to make and record a range of measurements accurately,
including length, area, mass, time, volume and temperature. Use of such
measurements to determine densities of solid and liquid objects (links to A-level AT a
and b).

AT 2 Use of appropriate apparatus to measure and observe the effects of forces including
the extension of springs (links to A-level AT a).

AT 3 Use of appropriate apparatus and techniques for measuring motion, including
determination of speed and rate of change of speed (acceleration/deceleration) (links
to A-level AT a, b and d).

AT 4 Making observations of waves in fluids and solids to identify the suitability of apparatus
to measure speed/frequency/wavelength. Making observations of the effects of the
interaction of electromagnetic waves with matter (links to A-level AT i and j).

AT 5 Safe use of appropriate apparatus in a range of contexts to measure energy changes/
transfers and associated values such as work done (links to A-level AT a, b).

AT 6 Use of appropriate apparatus to measure current, potential difference (voltage) and
resistance, and to explore the characteristics of a variety of circuit elements (links to A-
level AT f).

AT 7 Use of circuit diagrams to construct and check series and parallel circuits including a
variety of common circuit elements (links to A-level AT g).

8.2 Required practical activities

The following practical activities must be carried out by all students taking GCSE Combined
Science: Synergy.

Following any revision by the Secretary of State of the apparatus or techniques specified, we will
review and revise the required practical activities as appropriate.

Schools and colleges will be informed of any changes in a timely manner and the amended
specification will be published, highlighting the changes accordingly.

Teachers are encouraged to vary their approach to these practical activities. Some are more
suitable for highly structured approaches that develop key techniques; others allow opportunities
for students to develop investigative approaches.

This list is not designed to limit the practical activities carried out by students. A rich practical
experience will include more than the 21 required practical activities. The explicit teaching of
practical skills will build students’ competence. Many teachers will also use practical approaches to
introduce content knowledge in the course of their normal teaching.
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Schools and colleges are required to provide a practical science written statement to AQA, that is a
true and accurate written statement, which confirms that it has taken reasonable steps to secure
that each student has:

• completed the required practical activities as detailed in this specification
• made a contemporaneous record of such work undertaken during the activities and the

knowledge, skills and understanding derived from those activities.

We will provide a form for the head of centre to sign. You must submit the form to us by the date
published at aqa.org.uk/science. We will contact schools and colleges directly with the deadline
date and timely reminders if the form is not received. Failure to send this form counts as
malpractice/maladministration, and may result in formal action or warning for the school or college.

8.2.1 Required practical activity 1

Use appropriate apparatus to make and record the measurements needed to determine the
densities of regular and irregular solid objects and liquids. Volume should be determined from the
dimensions of a regularly shaped object and by a displacement technique for irregularly shaped
objects. Dimensions to be measured using appropriate apparatus such as a ruler, micrometer or
Vernier callipers.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Physics AT 1 – use appropriate apparatus to make and record measurements of length, area,
mass and volume accurately. Use such measurements to determine the density of solid objects
and liquids.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 1.2 – use a variety of models such as representational, spatial, descriptive, computational and
mathematical to solve problems, make predictions and to develop scientific explanations and
understanding of familiar and unfamiliar facts.

WS 2.1 – use scientific theories and explanations to develop hypotheses.

WS 2.2 – plan experiments or devise procedures to make observations, produce or characterise a
substance, test hypotheses, check data or explore phenomena.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus, and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 2.7 – evaluate methods and suggest possible improvements and further investigations.

WS 3.1 – present observations and other data using appropriate methods.

WS 3.5 – interpret observations and other data (presented in verbal, diagrammatic, graphical,
symbolic or numerical form), including identifying patterns and trends, making inferences and
drawing conclusions.
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WS 3.8 – communicate the scientific rationale for investigations, methods used, findings and
reasoned conclusions through written and electronic reports and presentations using verbal,
diagrammatic, graphical, numerical and symbolic forms.

WS 4.2 – recognise the importance of scientific quantities and understand how they are
determined.

WS 4.3 – use SI units (eg kg, g, mg; km, m, mm; kJ, J) and IUPAC chemical nomenclature unless
inappropriate.

WS 4.6 – use an appropriate number of significant figures in calculation.

MS 2a – use an appropriate number of significant figures.

MS 2b – find arithmetic means.

MS 5c – calculate areas of triangles and rectangles, surface areas and volumes of cubes.

8.2.2 Required practical activity 2

An investigation to determine the specific heat capacity of one or more materials. The investigation
will involve linking the decrease of one energy store (or work done) to the increase in temperature
and subsequent increase in thermal energy stored.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Physics AT 1 – use appropriate apparatus to make and record measurements of mass, time and
temperature accurately.

Physics AT 5 – use, in a safe manner, appropriate apparatus to measure energy changes/transfers
and associated values such as work done.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations to develop hypotheses.

WS 2.2 – plan experiments or devise procedures to make observations, produce or characterise a
substance, test hypotheses, check data or explore phenomena.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus, and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 2.7 – evaluate methods and suggest possible improvements and further investigations.

WS 3.1 – present observations and other data using appropriate methods.

WS 3.2 – translate data from one form to another.

WS 3.3 – carry out and represent mathematical and statistical analysis.

WS 3.4 – represent the distribution of results and make estimations of uncertainty.
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WS 3.5 – interpret observations and other data (presented in verbal, diagrammatic, graphical,
symbolic or numerical form), including identifying patterns and trends, making inferences and
drawing conclusions.

WS 3.6 – present reasoned explanations including relating data to hypotheses.

WS 3.7 – be objective, evaluate data in terms of accuracy, precision, repeatability and
reproducibility and identify potential sources of random and systematic error.

WS 3.8 – communicate the scientific rationale for investigations, methods used, findings and
reasoned conclusions through written and electronic reports and presentations using verbal,
diagrammatic, graphical, numerical and symbolic forms.

WS 4.2 – recognise the importance of scientific quantities and understand how they are
determined.

WS 4.3 – use SI units (eg kg, g, mg; km, m, mm; kJ, J) and IUPAC chemical nomenclature unless
inappropriate.

WS 4.6 – use an appropriate number of significant figures in calculation.

MS 2a – use an appropriate number of significant figures.

MS 2b – find arithmetic means.

MS 3b – change the subject of an equation.

MS 3c – substitute numerical values into algebraic equations using appropriate units for physical
quantities.

8.2.3 Required practical activity 3

Use a light microscope to observe, draw and label a selection of plant and animal cells. A
magnification scale must be included.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Biology AT 1 – use appropriate apparatus to record length and area.

Biology AT 7 – use a microscope to make observations of biological specimens and produce
labelled scientific drawings.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

MS 1d, 3a – use estimations to judge the relative size or area of sub-cellular structures.

8.2.4 Required practical activity 4

Investigate the effect of a range of concentrations of salt or sugar solutions on the mass of plant
tissue.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Biology AT 1 – use appropriate apparatus to record mass and time.
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Biology AT 3 – use appropriate apparatus and techniques to observe and measure the process of
osmosis.

Biology AT 5 – measure the rate of osmosis by water uptake.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use the theory of osmosis to create hypotheses on plant tissue.

WS 2.2 – plan experiments to test hypotheses.

WS 2.4 – have due regard for accuracy of measurements and health and safety.

WS 2.6 – make and record observations and measurements of mass.

WS 2.7 – evaluate the method and suggest possible improvements and further investigations.

WS 3.1 – present observations and other data in graphical form.

WS 3.2 – translate mass data into graphical form.

MS 1a, 1c – use simple compound measures of rate of water uptake.

MS 1c – use percentiles and calculate percentage gain and loss of mass of plant tissue.

MS 2b – find mean mass of plant tissue.

MS 4a, 4b, 4c, 4d – plot, draw and interpret appropriate graphs.

8.2.5 Required practical activity 5

Make observations to identify the suitability of apparatus to measure the frequency, wavelength
and speed of waves in a ripple tank and waves in a solid and take appropriate measurements.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Physics AT 4 – make observations of waves in fluids and solids to identify the suitability of
apparatus to measure speed, frequency and wavelength.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus, and materials to
select those appropriate to the experiment.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 3.8 – communicate the scientific rationale for investigations, methods used, findings and
reasoned conclusions through written and electronic reports and presentations using verbal,
diagrammatic, graphical, numerical and symbolic forms.

WS 4.2 – recognise the importance of scientific quantities and understand how they are
determined.

WS 4.3 – use SI units (eg kg, g, mg; km, m, mm; kJ, J) and IUPAC chemical nomenclature unless
inappropriate.
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8.2.6 Required practical activity 6

Investigate how the amount of infrared radiation absorbed or radiated by a surface depends on the
nature of that surface.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Physics AT 1 – use appropriate apparatus to make and record temperature accurately.

Physics AT 4 – make observations of the effects of the interaction of electromagnetic waves with
matter.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 3.8 – communicate the scientific rationale for investigations, methods used, findings and
reasoned conclusions through written and electronic reports and presentations using verbal,
diagrammatic, graphical, numerical and symbolic forms.

WS 4.2 – recognise the importance of scientific quantities and understand how they are
determined.

WS 4.3 – use SI units (eg kg, g, mg; km, m, mm; kJ, J) and IUPAC chemical nomenclature unless
inappropriate.

WS 4.6 – use an appropriate number of significant figures in calculation.

MS 2c – construct and interpret frequency tables and diagrams, bar charts and histograms.

8.2.7 Required practical activity 7

Use qualitative reagents to test for a range of carbohydrates, lipids and proteins. To include:
Benedict’s test for sugars, iodine test for starch and Biuret reagent for protein.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Biology AT 2 – safe use of a Bunsen burner and a boiling water bath.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, and health and safety considerations.

8.2.8 Required practical activity 8

Plan and carry out an investigation into the effect of a factor on human reaction time.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.
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Biology AT 1 – use appropriate apparatus to record time.

Biology AT 3 – selecting appropriate apparatus and techniques to measure the process of reaction
time.

Biology AT 4 – safe and ethical use of humans to measure physiological function of reaction time
and responses to a chosen factor.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

MS 4a – translate information between numerical and graphical forms.

8.2.9 Required practical activity 9

Investigate how paper chromatography can be used to separate and tell the difference between
coloured substances. Students should calculate Rf values.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Chemistry AT 1– use of appropriate apparatus to make and record a range of measurements
accurately.

Chemistry AT 4 – safe use of a range of equipment to purify and/or separate chemical mixtures
including chromatography.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

8.2.10 Required practical activity 10

Investigate the effect of light intensity on the rate of photosynthesis using an aquatic organism
such as pondweed.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Biology AT 1 – use appropriate apparatus to record the rate of production of oxygen gas produced;
and to measure and control the temperature of water in a large beaker that acts as a 'heat shield'.

Biology AT 2 – use a thermometer to measure and control temperature of a water bath.

Biology AT 3 – use appropriate apparatus and techniques to observe and measure the process of
oxygen gas production.

Biology AT 4 – safe and ethical use and disposal of living pondweed to measure physiological
functions and responses to light.
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Biology AT 5 – measuring rate of reaction by oxygen gas production.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations to develop hypotheses on how light intensity
affects the rate of photosynthesis.

WS 2.2 – plan experiments to test hypotheses.

WS 2.5 – recognise that multiple samples will be needed at each light intensity.

WS 2.6 – make and record observations of gas production.

WS 3.1 – present a graph of light intensity against rate of photosynthesis.

WS 3.2 – translate numeric data into graphical form.

MS 1a, 1c – measure and understand the rate of photosynthesis reactions.

MS 4a, 4c – plot and draw appropriate graphs of rate of photosynthesis against light intensity
selecting appropriate scale for axes.

MS 3d (HT) – understand and use inverse proportion; the inverse square law and light intensity in
the context of photosynthesis.

8.2.11 Required practical activity 11

Analysis and purification of water samples from different sources, including pH, dissolved solids
and distillation.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Chemistry AT 2 – safe use of appropriate heating devices and techniques including use of a
Bunsen burner and a water bath or electric heater.

Chemistry AT 3 – use of appropriate apparatus and techniques for the measurement of pH in
different situations.

Chemistry AT 4 – safe use of a range of equipment to purify and/or separate chemical mixtures
including evaporation, distillation.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.5 – recognise when to apply a knowledge of sampling techniques to ensure any samples
collected are representative.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 2.7 – evaluate methods and suggest possible improvements and further investigations.
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8.2.12 Required practical activity 12

Measure the population size of a common species in a habitat. Use sampling techniques to
investigate the effect of a factor on the distribution of this species.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Biology AT 1 – use appropriate apparatus to record length and area.

Biology AT 3 – use transect lines and quadrats to measure distribution of a species.

Biology AT 4 – safe and ethical use of organisms and response to a factor in the environment.

Biology AT 6 – application of appropriate sampling techniques to investigate the distribution and
abundance of organisms in an ecosystem via direct use in the field.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – develop hypotheses regarding distribution of a species as a consequence of a factor.

WS 2.2 – plan experiments to test hypotheses on distribution.

WS 2.3 – apply a range of techniques, including the use of transects and quadrats, and the
measurement of an abiotic factor.

MS 1d, 3a – estimates of population size based on sampling.

MS 2b – calculate arithmetic means.

MS 2d – understand principles of sampling.

MS 2f – understand the terms mean, mode and median as applied to ecological data.

MS 4c – plot and draw appropriate graphs selecting appropriate scales for the axes.

8.2.13 Required practical activity 13

Investigate the relationship between force and extension for a spring.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Physics AT 1 – use appropriate apparatus to make and record length accurately.

Physics AT 2 – use appropriate apparatus to measure and observe the effect of force on the
extension of springs and collect the data required to plot a force–extension graph.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations to develop hypotheses.

WS 2.2 – plan experiments or devise procedures to make observations, produce or characterise a
substance, test hypotheses, check data or explore phenomena.
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WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus, and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 3.1 – present observations and other data using appropriate methods.

WS 3.2 – translate data from one form to another.

WS 3.3 – carry out and represent mathematical and statistical analysis.

WS 3.5 – interpret observations and other data (presented in verbal, diagrammatic, graphical,
symbolic or numerical form), including identifying patterns and trends, making inferences and
drawing conclusions.

WS 3.8 – communicate the scientific rationale for investigations, methods used, findings and
reasoned conclusions through written and electronic reports and presentations using verbal,
diagrammatic, graphical, numerical and symbolic forms.

WS 4.6 – use an appropriate number of significant figures in calculation.

MS 2a – use an appropriate number of significant figures.

MS 2b – find arithmetic means.

MS 4a – translate information between graphical and numeric form.

MS 4b – understand that y = mx + c represents a linear relationship.

MS 4c – plot two variables from experimental or other data.

8.2.14 Required practical activity 14

Investigate the effect of varying the force on the acceleration of an object of constant mass and the
effect of varying the mass of an object on the acceleration produced by a constant force.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Physics AT 1 – use appropriate apparatus to make and record measurements of length, mass and
time accurately.

Physics AT 2 – use appropriate apparatus to measure and observe the effect of force.

Physics AT 3 – use appropriate apparatus and techniques for measuring motion, including
determination of speed and rate of change of speed (acceleration/deceleration).

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations to develop hypotheses.

WS 2.2 – plan experiments or devise procedures to make observations, produce or characterise a
substance, test hypotheses, check data or explore phenomena.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus, and materials to
select those appropriate to the experiment.
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WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 2.7 – evaluate methods and suggest possible improvements and further investigations.

WS 3.1 – present observations and other data using appropriate methods.

WS 3.2 – translate data from one form to another.

WS 3.3 – carry out and represent mathematical and statistical analysis.

WS 3.4 – represent the distribution of results and make estimations of uncertainty.

WS 3.5 – interpret observations and other data (presented in verbal, diagrammatic, graphical,
symbolic or numerical form), including identifying patterns and trends, making inferences and
drawing conclusions.

WS 3.6 – present reasoned explanations including relating data to hypotheses.

WS 3.7 – be objective, evaluate data in terms of accuracy, precision, repeatability and
reproducibility and identify potential sources of random and systematic error.

WS 3.8 – communicate the scientific rationale for investigations, methods used, findings and
reasoned conclusions through written and electronic reports and presentations using verbal,
diagrammatic, graphical, numerical and symbolic forms.

WS 4.2 – recognise the importance of scientific quantities and understand how they are
determined.

WS 4.3 – use SI units (eg kg, g, mg; km, m, mm; kJ, J) and IUPAC chemical nomenclature unless
inappropriate.

WS 4.6 – use an appropriate number of significant figures in calculation.

MS 2a – use an appropriate number of significant figures.

MS 2b – find arithmetic means.

MS 2g – use a scatter diagram to identify a correlation between two variables.

MS 4a – translate information between graphical and numeric form.

MS 4b – understand that y = mx + c represents a linear relationship.

MS 4c – plot two variables from experimental or other data.

8.2.15 Required practical activity 15

Use circuit diagrams to construct appropriate circuits to investigate the I–V characteristics of a
variety of circuit elements including a filament lamp, a diode and a resistor at constant
temperature.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Physics AT 6 – use appropriate apparatus to measure current and potential difference and to
explore the characteristics of a variety of circuit elements.
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Physics AT 7 – use circuit diagrams to construct and check series and parallel circuits including a
variety of common circuit elements.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations to develop hypotheses.

WS 2.2 – plan experiments or devise procedures to make observations, produce or characterise a
substance, test hypotheses, check data or explore phenomena.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus, and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.5 – recognise when to apply a knowledge of sampling techniques to ensure any samples
collected are representative.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 2.7 – evaluate methods and suggest possible improvements and further investigations.

WS 3.1 – present observations and other data using appropriate methods.

WS 3.2 – translate data from one form to another.

WS 3.3 – carry out and represent mathematical and statistical analysis.

WS 3.4 – represent the distribution of results and make estimations of uncertainty.

WS 3.5 – interpret observations and other data (presented in verbal, diagrammatic, graphical,
symbolic or numerical form), including identifying patterns and trends, making inferences and
drawing conclusions.

WS 3.6 – present reasoned explanations including relating data to hypotheses.

WS 3.7 – be objective, evaluate data in terms of accuracy, precision, repeatability and
reproducibility and identify potential sources of random and systematic error.

WS 3.8 – communicate the scientific rationale for investigations, methods used, findings and
reasoned conclusions through written and electronic reports and presentations using verbal,
diagrammatic, graphical, numerical and symbolic forms.

WS 4.2 – recognise the importance of scientific quantities and understand how they are
determined.

WS 4.3 – use SI units (eg kg, g, mg; km, m, mm; kJ, J) and IUPAC chemical nomenclature unless
inappropriate.

WS 4.6 – use an appropriate number of significant figures in calculation.

MS 2a – use an appropriate number of significant figures.

MS 2g – use a scatter diagram to identify a correlation between two variables.

MS 4b – understand that y = mx + c represents a linear relationship.

MS 4c – plot two variables from experimental or other data.
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8.2.16 Required practical activity 16

Use circuit diagrams to set up an appropriate circuit to investigate the factors affecting the
resistance of an electrical component. This should include:

• the length of a wire at constant temperature
• combinations of resistors in series and in parallel.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Physics AT 1 – use appropriate apparatus to measure and record length accurately.

Physics AT 6 – use appropriate apparatus to measure current, potential difference and resistance.

Physics AT 7 – use circuit diagrams to construct and check series and parallel circuits.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations to develop hypotheses.

WS 2.2 – plan experiments or devise procedures to make observations, produce or characterise a
substance, test hypotheses, check data or explore phenomena.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus, and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.5 – recognise when to apply a knowledge of sampling techniques to ensure any samples
collected are representative.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 2.7 – evaluate methods and suggest possible improvements and further investigations.

WS 3.1 – present observations and other data using appropriate methods.

WS 3.2 – translate data from one form to another.

WS 3.3 – carry out and represent mathematical and statistical analysis.

WS 3.4 – represent the distribution of results and make estimations of uncertainty.

WS 3.5 – interpret observations and other data (presented in verbal, diagrammatic, graphical,
symbolic or numerical form), including identifying patterns and trends, making inferences and
drawing conclusions.

WS 3.6 – present reasoned explanations including relating data to hypotheses.

WS 3.7 – be objective, evaluate data in terms of accuracy, precision, repeatability and
reproducibility and identify potential sources of random and systematic error.

WS 3.8 – communicate the scientific rationale for investigations, methods used, findings and
reasoned conclusions through written and electronic reports and presentations using verbal,
diagrammatic, graphical, numerical and symbolic forms.

AQA GCSE Combined Science: Synergy 8465. GCSE exams June 2018 onwards. Version 1.1 30 September 2019

Visit aqa.org.uk/8465 for the most up-to-date specification, resources, support and administration   173

http://aqa.org.uk/8465


WS 4.2 – recognise the importance of scientific quantities and understand how they are
determined.

WS 4.3 – use SI units (eg kg, g, mg; km, m, mm; kJ, J) and IUPAC chemical nomenclature unless
inappropriate.

WS 4.6 – use an appropriate number of significant figures in calculation.

MS 2a – use an appropriate number of significant figures.

MS 2b – find arithmetic means.

MS 4b – understand that y = mx + c represents a linear relationship.

MS 4c – plot two variables from experimental or other data.

MS 4d – determine the slope and intercept of a linear graph.

8.2.17 Required practical activity 17

Preparation of a pure, dry sample of a soluble salt from an insoluble oxide or carbonate, using a
Bunsen burner to heat dilute acid and a water bath or electric heater to evaporate the solution.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Chemistry AT 2– safe use of appropriate heating devices and techniques including use of a
Bunsen burner and a water bath or electric heater.

Chemistry AT 3 – use of appropriate apparatus and techniques for conducting chemical reactions,
including appropriate reagents.

Chemistry AT 4 – safe use of a range of equipment to purify and/or separate chemical mixtures
including evaporation, filtration, crystallisation.

Chemistry AT 6 – safe use and careful handling of liquids and solids, including careful mixing of
reagents under controlled conditions.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

8.2.18 Required practical activity 18

Investigate the variables that affect the temperature changes of a series of reactions in solutions,
eg acid plus metals, acid plus carbonates, neutralisations, displacement of metals.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Chemistry AT 1 – use of appropriate apparatus to make and record a range of measurements
accurately, including mass, temperature, and volume of liquids.
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Chemistry AT 3 – use of appropriate apparatus and techniques for conducting and monitoring
chemical reactions.

Chemistry AT 5 – making and recording of appropriate observations during chemical reactions
including changes in temperature.

Chemistry AT 6 – safe use and careful handling of gases, liquids and solids, including careful
mixing of reagents under controlled conditions, using appropriate apparatus to explore chemical
changes.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations to develop hypotheses.

WS 2.2 – plan experiments or devise procedures to make observations, produce or characterise a
substance, test hypotheses, check data or explore phenomena.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 2.7 – evaluate methods and suggest possible improvements and further investigations.

MS 1a – recognise and use expressions in decimal form.

MS 2a – use an appropriate number of significant figures.

MS 2b – find arithmetic means.

MS 4a – translate information between graphical and numeric form.

MS 4c – plot two variables from experimental or other data.

8.2.19 Required practical activity 19

Investigation of how changes in concentration affect the rates of reactions by a method involving
measuring the volume of a gas produced and a method involving a change in colour or turbidity.
This should be an investigation involving developing a hypothesis.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Chemistry AT 1 – use of appropriate apparatus to make and record a range of measurements
accurately, including mass, temperature, and volume of liquids.

Chemistry AT 3 – use of appropriate apparatus and techniques for conducting and monitoring
chemical reactions.

Chemistry AT 5 – making and recording of appropriate observations during chemical reactions
including the measurement of rates of reaction by a variety of methods such as production of gas
and colour change.
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Chemistry AT 6 – safe use and careful handling of gases, liquids and solids, including careful
mixing of reagents under controlled conditions, using appropriate apparatus to explore chemical
changes.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations to develop hypotheses.

WS 2.2 – plan experiments or devise procedures to make observations, produce or characterise a
substance, test hypotheses, check data or explore phenomena.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.

WS 2.7 – evaluate methods and suggest possible improvements and further investigations.

MS 1a – recognise and use expressions in decimal form.

MS 1c – use ratios, fractions and percentages.

MS 1d – make estimates of the results of simple calculations.

MS 2a – use an appropriate number of significant figures.

MS 2b – find arithmetic means.

MS 4a – translate information between graphical and numeric form.

MS 4b – understand that y = mx + c represents a linear relationship.

MS 4c – plot two variables from experimental or other data.

MS 4d – determine the slope and intercept of a linear graph.

MS 4e – draw and use the slope of a tangent to a curve as a measure of rate of change.

8.2.20 Required practical activity 20

Investigate the effect of pH on the rate of reaction of amylase enzyme.

Students should use a continuous sampling technique to determine the time taken to completely
digest a starch solution at a range of pH values. Iodine reagent is to be used to test for starch
every 30 seconds. Temperature must be controlled by use of a water bath or electric heater.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Biology AT 1 – use appropriate apparatus to record the volumes of liquids, time and pH.

Biology AT 2 – safe use of a water bath or electric heater.

Biology AT 5 – measure the rate of reaction by the colour change of iodine indicator.
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Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations and hypothesis on how pH affects amylase
activity.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements, and health and safety.

WS 2.5 – describe the appropriate sampling technique to ensure samples are representative.

WS 2.6 – make and record observations and measurements of time.

WS 3.1 – present a graph of amylase activity against pH.

WS 3.2 – translate numeric data into graphical form.

MS 1a, 1c – carry out rate calculations for chemical reactions.

8.2.21 Required practical activity 21

Investigate what happens when aqueous solutions are electrolysed using inert electrodes. This
should be an investigation involving developing a hypothesis.

Apparatus and techniques

In doing this practical students should cover these parts of the apparatus and techniques
requirements.

Chemistry AT 3 – use of appropriate apparatus and techniques for conducting and monitoring
chemical reactions.

Chemistry AT 7 – use of appropriate apparatus and techniques to draw, set up and use
electrochemical cells for separation and production of elements and compounds.

Key opportunities for skills development

In doing this practical there are key opportunities for students to develop the following skills.

WS 2.1 – use scientific theories and explanations to develop hypotheses.

WS 2.2 – plan experiments or devise procedures to make observations, produce or characterise a
substance, test hypotheses, check data or explore phenomena.

WS 2.3 – apply a knowledge of a range of techniques, instruments, apparatus and materials to
select those appropriate to the experiment.

WS 2.4 – carry out experiments appropriately having due regard for the correct manipulation of
apparatus, the accuracy of measurements and health and safety considerations.

WS 2.6 – make and record observations and measurements using a range of apparatus and
methods.
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10 Appendix B: Physics

equations

In solving quantitative problems, students should be able to recall and apply the following
equations, using standard SI units.

Equations required for Higher Tier papers only are indicated by HT in the left-hand column.

Equatio
n
number

Word equation Symbol equation

1 weight = mass × gravitational field strength g W = m g

2 work done = force × distance 
along the line of action of the force

W = F s

3 force applied to a spring = spring constant ×  extension F = k e

4 distance travelled = speed × time s = v t

5 acceleration = change in velocity 
time taken a =  ∆ vt

6 resultant force = mass × acceleration F = m a

7 HT momentum = mass × velocity p = m v

8 kinetic energy = 0.5 × mass × speed 2 Ek =  1
2m v2

9 gravitational potential energy = mass  
× gravitational field strength g × height

Ep = m g h

10 power =  energy transferred
time P =  Et

11 power =  work done
time P =  Wt

12 efficiency =  useful output energy transfer
total input energy transfer

13 efficiency =  useful power output
total power input

14 wave speed = frequency × wavelength v = f  
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Equatio
n
number

Word equation Symbol equation

15 charge flow = current × time Q = I t

16 potential difference = current × resistance V = I R

17 power = potential difference × current P = V  I

18 power = current 2 × resistance P = I2 R

19 energy transferred = power × time E = P t

20 energy transferred = charge flow × potential difference E = Q V

21 density =  mass
volume ρ =  mV

Students should be able to select and apply the following equations from the Physics equation
sheet.

Equations required for higher tier papers only are indicated by HT in the left-hand column.

Equatio
n
number

Word equation Symbol equation

1 final velocity 2 – initial velocity 2 = 2 × acceleration × distance v2 – u2 = 2 a s

2 elastic potential energy = 0.5 × spring constant × extension 2 Ee =  1
2  k e2

3 change in thermal energy = mass × specific heat capacity 
× temperature change

∆E = m c ∆θ

4 period =  1
frequency

5 HT force on a conductor at right angles to a magnetic field
 carrying a current = magnetic flux density × current × length

F = B I l

6 thermal energy for a change of state = mass 
× specific latent heat

E = m L

7 HT potential difference across primary coil × current in primary coil
= potential difference across secondary coil 
× current in secondary coil

V p I p = Vs Is

182   Visit aqa.org.uk/8465 for the most up-to-date specification, resources, support and administration

http://aqa.org.uk/8465

	Contents
	1 Introduction
	1.1 Why choose AQA for GCSE Combined Science: Synergy
	Our philosophy: science for all
	Two sections for two teachers
	Life and environmental sciences (4.1–4.4)
	Physical sciences (4.5–4.8)

	Inspire students with rich practical activities
	Straightforward exams, so students can give straightforward answers
	We don’t profit from education – you do

	1.2 Support and resources to help you teach
	Teaching resources
	Preparing for exams
	Analyse your students' results with Enhanced Results Analysis (ERA)
	Keep your skills up-to-date with professional development
	Help and support available


	2 Specification at a glance
	2.1 Subject content
	2.2 Assessments

	3 Working scientifically
	1 Development of scientific thinking
	2 Experimental skills and strategies
	3 Analysis and evaluation
	4 Scientific vocabulary, quantities, units, symbols and nomenclature

	4 Subject content
	4.1 Building blocks
	4.1.1 States of matter
	4.1.1.1 A particle model
	4.1.1.2 Density
	4.1.1.3 Gas pressure
	4.1.1.4 Heating and changes of state
	4.1.1.5 Meanings of purity

	4.1.2 Atomic structure
	4.1.2.1 Scientific models of the atom
	4.1.2.2 The size of atoms
	4.1.2.3 Sub-atomic particles
	4.1.2.4 Isotopes
	4.1.2.5 Electrons in atoms

	4.1.3 Cells in animals and plants
	4.1.3.1 Electron microscopy
	4.1.3.2 Cell structures
	4.1.3.3 Transport into and out of cells
	4.1.3.4 Mitosis and the cell cycle
	4.1.3.5 Meiosis
	4.1.3.6 Cell differentiation

	4.1.4 Waves
	4.1.4.1 Transverse and longitudinal waves
	4.1.4.2 A wave equation
	4.1.4.3 Electromagnetic waves
	4.1.4.4 Radio waves (HT only)
	4.1.4.5 Reflection and refraction of electromagnetic waves (HT only)


	4.2 Transport over larger distances
	4.2.1 Systems in the human body
	4.2.1.1 Respiration
	4.2.1.2 Exchange surfaces
	4.2.1.3 The human circulatory system
	4.2.1.4 Blood cells
	4.2.1.5 The human digestive system
	4.2.1.6 The human nervous system
	4.2.1.7 The human endocrine system

	4.2.2 Plants and photosynthesis
	4.2.2.1 Meristem tissue
	4.2.2.2 Plant structures
	4.2.2.3 Transpiration
	4.2.2.4 Chlorophyll and other plant pigments
	4.2.2.5 Photosynthesis
	4.2.2.6 Factors affecting the rate of photosynthesis
	4.2.2.7 Translocation
	4.2.2.8 Plant diseases


	4.3 Interactions with the environment
	4.3.1 Lifestyle and health
	4.3.1.1 Health and disease
	4.3.1.2 Risk factors for non-communicable diseases
	4.3.1.3 Treatments for cardiovascular disease
	4.3.1.4 Homeostasis
	4.3.1.5 Insulin and diabetes
	4.3.1.6 Human reproductive hormones
	4.3.1.7 Contraception
	4.3.1.8 Treatments for infertility (HT only)

	4.3.2 Radiation and risk
	4.3.2.1 Absorption and emission of radiation
	4.3.2.2 Radioactive decay
	4.3.2.3 Half-life
	4.3.2.4 Penetration properties of radiations
	4.3.2.5 Contamination and irradiation
	4.3.2.6 Ionising radiations
	4.3.2.7 Cancer

	4.3.3 Preventing, treating and curing diseases
	4.3.3.1 Spread of communicable diseases
	4.3.3.2 Human communicable diseases
	4.3.3.3 Defences against pathogens
	4.3.3.4 The human immune system
	4.3.3.5 Vaccination
	4.3.3.6 Medicines
	4.3.3.7 Testing new drugs
	4.3.3.8 Genetic modification
	4.3.3.9 Stem cells
	4.3.3.10 Interactions between different types of disease


	4.4 Explaining change
	4.4.1 The Earth’s atmosphere
	4.4.1.1 Development of the Earth’s atmosphere
	4.4.1.2 The carbon cycle
	4.4.1.3 The greenhouse effect
	4.4.1.4 Human impacts on the climate
	4.4.1.5 Climate change: impacts and mitigation
	4.4.1.6 Pollutants that affect air quality
	4.4.1.7 The water cycle
	4.4.1.8 Sources of potable water

	4.4.2 Ecosystems and biodiversity
	4.4.2.1 Levels of organisation in an ecosystem
	4.4.2.2 Interdependence and competition
	4.4.2.3 Factors that affect communities
	4.4.2.4 Field investigations
	4.4.2.5 Biodiversity
	4.4.2.6 Negative human impacts on ecosystems
	4.4.2.7 Positive human impacts on ecosystems

	4.4.3 Inheritance
	4.4.3.1 Chromosomes and genes
	4.4.3.2 Sex determination in humans
	4.4.3.3 Single gene inheritance
	4.4.3.4 Genotype and phenotype

	4.4.4 Variation and evolution
	4.4.4.1 Mutations
	4.4.4.2 Evolution through natural selection
	4.4.4.3 Evidence for evolution
	4.4.4.4 Identification and classification of living things
	4.4.4.5 Selective breeding
	4.4.4.6 Genetic engineering


	4.5 Building blocks for understanding
	4.5.1 The periodic table
	4.5.1.1 Atomic number and the periodic table
	4.5.1.2 Metals and non-metals
	4.5.1.3 Group 0
	4.5.1.4 Group 1
	4.5.1.5 Group 7

	4.5.2 Chemical quantities
	4.5.2.1 Chemical equations
	4.5.2.2 Conservation of mass
	4.5.2.3 Relative formula masses
	4.5.2.4 Amounts in moles (HT only)
	4.5.2.5 Calculations based on equations (HT only)
	4.5.2.6 Concentrations of solutions


	4.6 Interactions over small and large distances
	4.6.1 Forces and energy changes
	4.6.1.1 Forces as vectors
	4.6.1.2 Resolving forces (HT only)
	4.6.1.3 Work
	4.6.1.4 Mass and weight
	4.6.1.5 Gravitational potential energy
	4.6.1.6 Elastic deformation
	4.6.1.7 Energy stored in a stretched spring

	4.6.2 Structure and bonding
	4.6.2.1 Types of chemical bonding
	4.6.2.2 Ionic bonding
	4.6.2.3 Properties of ionic compounds
	4.6.2.4 Covalent bonding
	4.6.2.5 Properties of substances with covalent bonding
	4.6.2.6 Metallic bonding
	4.6.2.7 Properties of metals

	4.6.3 Magnetism and electromagnetism
	4.6.3.1 Magnets
	4.6.3.2 Magnetic fields
	4.6.3.3 The Earth’s magnetism
	4.6.3.4 The magnetic effect of an electric current
	4.6.3.5 The motor effect (HT only)
	4.6.3.6 Electric motors (HT only)


	4.7 Movement and interactions
	4.7.1 Forces and motion
	4.7.1.1 Speed and velocity
	4.7.1.2 Distance, speed and time
	4.7.1.3 Circular motion (HT only)
	4.7.1.4 Free fall
	4.7.1.5 Newton’s First Law
	4.7.1.6 Newton’s Second Law
	4.7.1.7 Newton’s Third Law
	4.7.1.8 Momentum (HT only)
	4.7.1.9 Kinetic energy
	4.7.1.10 Stopping distances

	4.7.2 Electricity
	4.7.2.1 Electric current
	4.7.2.2 Current, resistance and potential difference
	4.7.2.3 Series and parallel circuits
	4.7.2.4 Circuit elements
	4.7.2.5 Direct and alternating currents
	4.7.2.6 Mains cables
	4.7.2.7 Power
	4.7.2.8 Power and domestic electric appliances
	4.7.2.9 The National Grid

	4.7.3 Acids and alkalis
	4.7.3.1 Reactions of acids
	4.7.3.2 Making salts
	4.7.3.3 Energy changes and reactions
	4.7.3.4 The pH scale and neutralisation
	4.7.3.5 Strong and weak acids (HT only)

	4.7.4 The rate and extent of chemical change
	4.7.4.1 Factors that affect reaction rates
	4.7.4.2 The effect of surface area on rates of reaction
	4.7.4.3 The effect of temperature, concentration and pressure on rates of reaction
	4.7.4.4 Activation energy
	4.7.4.5 Bond breaking and bond forming (HT only)
	4.7.4.6 Catalysts
	4.7.4.7 Enzymes
	4.7.4.8 Reversible reactions
	4.7.4.9 Dynamic equilibrium
	4.7.4.10 Factors affecting the position of equilibrium (HT only)

	4.7.5 Atoms into ions and ions into atoms
	4.7.5.1 A reactivity series for metals
	4.7.5.2 Electrolysis
	4.7.5.3 Electrolysis of aqueous solutions
	4.7.5.4 Tests for gases
	4.7.5.5 Electron transfer reactions (HT only)


	4.8 Guiding Spaceship Earth towards a sustainable future
	4.8.1 Carbon chemistry
	4.8.1.1 Bonding and structure in forms of carbon
	4.8.1.2 Hydrocarbons in crude oil
	4.8.1.3 Fractional distillation of crude oil
	4.8.1.4 Cracking hydrocarbons

	4.8.2 Resources of materials and energy
	4.8.2.1 Metal extraction by reduction of oxides
	4.8.2.2 Metal extraction by electrolysis
	4.8.2.3 Metal extraction by biological methods (HT only)
	4.8.2.4 Energy resources
	4.8.2.5 Energy conservation and dissipation
	4.8.2.6 Preventing unwanted energy transfers
	4.8.2.7 Energy efficiency
	4.8.2.8 Life cycle assessment
	4.8.2.9 Recycling


	4.9 Key ideas

	5 Scheme of assessment
	5.1 Aims and learning outcomes
	5.2 Assessment objectives
	5.2.1 Assessment objective weightings for GCSE Combined Science: Synergy

	5.3 Assessment weightings

	6 General administration
	6.1 Entries and codes
	6.2 Overlaps with other qualifications
	6.3 Awarding grades and reporting results
	6.4 Resits and shelf life
	6.5 Previous learning and prerequisites
	6.6 Access to assessment: diversity and inclusion
	6.6.1 Students with disabilities and special needs
	6.6.2 Special consideration

	6.7 Working with AQA for the first time
	6.8 Private candidates

	7 Mathematical requirements
	8 Practical assessment
	8.1 Use of apparatus and techniques
	Biology
	Chemistry
	Physics

	8.2 Required practical activities
	8.2.1 Required practical activity 1
	Apparatus and techniques
	Key opportunities for skills development

	8.2.2 Required practical activity 2
	Apparatus and techniques
	Key opportunities for skills development

	8.2.3 Required practical activity 3
	Apparatus and techniques
	Key opportunities for skills development

	8.2.4 Required practical activity 4
	Apparatus and techniques
	Key opportunities for skills development

	8.2.5 Required practical activity 5
	Apparatus and techniques
	Key opportunities for skills development

	8.2.6 Required practical activity 6
	Apparatus and techniques
	Key opportunities for skills development

	8.2.7 Required practical activity 7
	Apparatus and techniques
	Key opportunities for skills development

	8.2.8 Required practical activity 8
	Apparatus and techniques
	Key opportunities for skills development

	8.2.9 Required practical activity 9
	Apparatus and techniques
	Key opportunities for skills development

	8.2.10 Required practical activity 10
	Apparatus and techniques
	Key opportunities for skills development

	8.2.11 Required practical activity 11
	Apparatus and techniques
	Key opportunities for skills development

	8.2.12 Required practical activity 12
	Apparatus and techniques
	Key opportunities for skills development

	8.2.13 Required practical activity 13
	Apparatus and techniques
	Key opportunities for skills development

	8.2.14 Required practical activity 14
	Apparatus and techniques
	Key opportunities for skills development

	8.2.15 Required practical activity 15
	Apparatus and techniques
	Key opportunities for skills development

	8.2.16 Required practical activity 16
	Apparatus and techniques
	Key opportunities for skills development

	8.2.17 Required practical activity 17
	Apparatus and techniques
	Key opportunities for skills development

	8.2.18 Required practical activity 18
	Apparatus and techniques
	Key opportunities for skills development

	8.2.19 Required practical activity 19
	Apparatus and techniques
	Key opportunities for skills development

	8.2.20 Required practical activity 20
	Apparatus and techniques
	Key opportunities for skills development

	8.2.21 Required practical activity 21
	Apparatus and techniques
	Key opportunities for skills development



	9 Appendix A: Periodic table
	10 Appendix B: Physics equations

