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Classification - putting living things into groups based on
structure and characteristics.
1. Carl Linnaeus - developed the binominal system (organisms
have 2 parts to their name) where organisms are grouped into:
kingdom phylum  class  order  family  genus  species
(Kids Prefer Candy Over Fried Green Spinach)
e.g. Panthera leo = lion Panthera = the ‘genus’ leo = the ‘species’
New ways of classification were developed because:
• microscopes improved so scientists knew more about cells
• biochemical processes were understood better
A species - a group of organisms that can reproduce together to
produce offspring that are fertile (can also reproduce).
2. New evidence from genetic studies led to - a three-domain
system being developed by Carl Woese where organisms are
classified into 3 groups:
• archaea e.g. early bacteria living in extreme environments
• bacteria e.g. true bacteria such as E.coli
• eukaryota e.g. protists, fungi, plants and animals
Evolutionary trees - show us how closely organisms are related.
They use current classification data for living organisms and
fossil data for extinct organisms.
Extinction - when there is no remaining member of the species
left alive due to:
• new predators (slow)
• new diseases (slow)
• new, more successful competitors (slow)
• a single catastrophic event e.g. volcanic eruption. (rapid)

Charles Darwin - published ‘The Origin of
The Species’ in 1859.
He proposed the theory of evolution (the gradual
change in organisms over time) through natural
selection:
1) There is VARIATION between different organisms
of the same species (caused by SEXUAL reproduction
and by random MUTATIONS)
2) Some organisms will have a selective advantage for
that particular environment and they will be more likely
to SURVIVE
3)If they survive, they can REPRODUCE and pass on
the GENES for these characteristics to their offspring
4) This means there will be more organisms with that
characteristic in the next generation, leading to a
gradual change in the species, which we call
EVOLUTION.
(Very Silly Monkeys Stop Rabbits Getting Eggs)
The theory of evolution by natural selection was only
gradually accepted because:
• the theory challenged the idea that God made all the
animals and plants
• there was insufficient evidence at the time
• the mechanism of inheritance and variation was not
known until 50 years after the theory was published.

1. Fossils - the ‘remains’ of organisms from millions of years ago, which are found in rocks, which show us how much or how little
different organisms have changed as life developed on Earth (i.e. how they have evolved).
The fossil record – provides evidence for Charles Darwin’s theory of evolution through natural selection
Fossils may be formed:
• from parts of organisms that have not decayed because moisture (water) or oxygen are absent
• when parts of the organism are replaced by minerals as they decay
• as preserved traces of organisms, such as footprints, burrows and rootlet traces.
Scientists cannot use fossil as evidence for how life began on Earth because:
• Many early forms of life were soft-bodied, which means that they have left few traces behind. What traces there were have been
mainly destroyed by geological activity.
2. Antibiotic resistance:
• bacteria undergo random mutations in their genes, which mean that they are no longer destroyed by an antibiotic
• these resistant bacteria are more likely to survive
• they are more likely to reproduce quickly through binary fission (asexual reproduction)
• bacteria pass on these genes for antibiotic resistance to the next generation
• antibiotics are quickly ineffective at destroying resistance bacteria

Mid 19th century - Gregor Mendel
- breeding experiments on plants
- characteristics were passed down in ‘units’
- discoveries were not accepted until after his death because:
➢ he was a monk, not a scientist working at a prestigious university and he
did not publish his work in a well-known journal
Late 19th century - behaviour of chromosomes during cell division was
observed. This correlated with Mendel’s idea of ‘units’.
Mid 20th century - the structure of DNA was determined and genes
were discovered = gene theory

Other theories of evolution:

1. Jean Baptiste Lamarck - The idea
that changes that occur in an organism
during its lifetime can be inherited e.g.
a giraffe’s neck gradually stretches in
its lifetime to reach taller tress. This
tall neck is then passed on to offspring.
2. Alfred Russel Wallace independently proposed the theory of
evolution by natural selection in 1858,
which encouraged Darwin to publish his
ideas. He also did lots of work on the
idea of speciation
Speciation - the formation of a completely
new species due to evolution:
1. Separation - e.g. a lake separates half
the population
2. Adaptation - e.g. each population adapts
slightly differently to their new
environment
3. Reproductive isolation - e.g. the two
populations are now so different they
cannot interbreed successfully

Advantages

Disadvantages

It reduces diseases

It can reduce genetic
diversity of species

It can increase the
quality of a product

It can result in
inbreeding where some
breeds are more proneLe Cha
to diseases or defects

It can create new
varieties of organism
that are
fitter/stronger

It can impact on
evolution

Selective breeding (artificial
selection) - the process by which
humans breed plants and animals
for particular Le
genetic
Cha
characteristics.
Natural selection can be speeded
up by humans in selective breeding
to increase food production.
The steps are:
1. Choose parents with the desired
characteristic
2. Breed them together
3. Choose the offspring with the
best characteristics
4. Continue over many generations
The uses of selective breeding are:
• To produce food crops
• To domesticate animals.
The characteristic can be chosen for
usefulness or appearance:
• Disease resistance in food crops.
• Animals which produce more meat
or milk.
• Domestic dogs with a gentle nature.
• Large or unusual flowers.

Homeostasis - homeostasis is the regulation of the internal conditions of a cell
or organism to maintain optimum conditions for enzyme to work and all cells to
function.
Three things controlled by homeostasis are: blood glucose concentration,
body temperature, water and ion levels
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Genetic engineering - a process which involves modifying the genes of an organism
by introducing a gene from another organism to give a desired characteristic.
Examples:
- Plant crops resistant to diseases or to produce bigger better fruits.
- Bacterial cells to produce useful substances such as human insulin
- Steps:
1. selection of the desired characteristic
2. isolation of the gene responsible for the characteristic (enzymes are used to
cut the gene out)
3. insertion of the gene into another organism called a vector (usually a bacterium)
4. replication of the transgenic organism
Advantages
•
It is easier to create high
quantities of insulin
•
Insulin is less likely to cause an
adverse reaction because it is
not taken from a pig.
•
More nutritious food produced
•
Herbicide resistant crop plants
increase the yield for farmers.
•
High yield of food can be
produced for poorer countries.

Disadvantages
•
GM (genetically modified)
crops could affect wild flowers
and insects.
•
The effects of eating GM
crops on human health have not
been fully explored.
•
Crossbreeding with and
contaminate of wild plants.
•
GM organisms can be expensive

Fertility – how easy it is to become pregnant
Contraceptives reduce fertility e.g. oral contraceptive, injection, implant,
skin patch, condoms, diaphragms, intrauterine devices, spermicides,
abstinence, sterilisation
IVF – in vitro fertilisation (egg fertilised by sperm outside of the body)
• Mother is given FSH and LH to stimulate the maturation of several eggs.
• Eggs fertilised by sperm in the lab
• Fertilised eggs develop into embryos
• Embryos inserted into mother’s uterus

Central Nervous System – CNS (brain, spinal cord and neurones)
Allows humans to react to surroundings quickly for short periods of
time using electrical impulses sent along neurones.
Steps:
stimulus (e.g. smell of food)  receptor (e.g. in nose)  sensory
neurone  CNS  motor neurone  effector (e.g. muscle or gland) 
response (e.g. muscle contracts and arm moves)
Reflex actions – by-pass the CNS so that we can respond quickly
without consciously deciding what to do
Steps:
stimulus (e.g. temperature)  receptor (e.g. in skin)  sensory neurone
 relay neurone  motor neurone  effector (e.g. muscle)  response
(e.g. muscle contracts and arm moves away from flame quickly)
Adaptations:
• neurones are long so can reach distant parts of the body
• neurones have dendrites which allow them to connect to other
neurones
• neurones are insulated so that impulse travels quickly

Thermoregulatory centre – area of brain (in the hypothalamus) which monitors and controls body temperature
using information from its own receptors in and receptors in the skin
Temperature too high:
• Blood vessels vasodilate (get wider) = more blood flows to skin and energy is lost
• More sweat produced = sweat evaporates from surface of skin and energy is lost
Temperature too low:
• Blood vessels vasoconstrict (get narrower) = less blood flows to skin so less energy is lost
• No sweat produced
• Shivering = skeletal muscles contract and relax repeatedly to release energy through respiration
Endocrine system - composed of glands which secrete chemicals called hormones directly
into the bloodstream. The blood carries the hormone to a target organ where it produces an
effect. Compared to the nervous system the effects are slower but act for longer.
Hormones - chemical messengers that travel around the bloodstream and target an organ,
causing the organ to do something.
Pituitary gland - a ‘master gland’ which secretes several hormones into the blood,
which act on other glands to stimulate other hormones to be released;

Blood glucose too high:
• Pancreas releases insulin
• Liver and muscle cells take in and store glucose
as glycogen
Blood glucose too low:
• Pancreas releases glucagon
• Liver and muscle cells convert glycogen back to
glucose and release it into blood
Negative feedback - a way of our body ensuring
that any changes are reversed and set back to the
correct level e.g. glucagon interacts with insulin in
a negative feedback cycle to control blood glucose
(sugar) levels
Type I diabetes - pancreas fails to produce
sufficient insulin leads to:
- uncontrolled high blood glucose levels and is
- normally treated with insulin injections.
Type II diabetes - body cells no longer respond
to insulin produced by the pancreas. Treatment:
- carbohydrate controlled diet
- exercise regime are treatments as
- obesity is a risk factor.

Water is lost from
- the lungs when we breathe
- our skin when we sweat
- and (along with ions and urea) in the urine.
If body cells lose or gain too much water by osmosis they do
not function efficiently.
Deamination – converting excess amino acids into ammonia and
then urea in the liver
Kidneys contain millions of small tubes called tubules where
water, ion and urea levels are controlled
The kidneys produce urine by filtration of the blood and
selective reabsorption of useful substances such as glucose,
some ions and water.
Water levels too low (blood too concentrated):
• pituitary gland releases ADH (antidiuretic hormone)
• kidney permeability increases
• more water reabsorbed into blood
Water level too high (blood too dilute):
• pituitary stops releasing ADH
• kidney permeability decreases
• less water reabsorbed
People who suffer from kidney failure may be treated by organ
transplant or by using kidney dialysis.

Menstrual cycle - 28 day cycle where one egg matures and is released during ovulation
Hormone

Produced

Role

Oestrogen

Ovaries

Makes the lining of the uterus grow again after
menstruation

Follicle stimulating
hormone (FHS)

Pituitary gland

Causes egg to mature

Luteinising hormone (LH)

Pituitary gland

Stimulates the release of the egg (ovulation)

Progesterone

Follicle in the
ovaries

Maintains the lining of the uterus after fertilisation
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Type of
bonding

Occurs
between
…

Movement of
electrons

Bond

Structure

Example

Properties

Reason for property

Ionic

Metals
and nonmetals

Electrons
transferred
from outer
shell of metal
to outer shell
of non-metal.
Both metals ion
and non-metal
ion have a full
outer shell

Strong
electrostati
c force
between
positive
metal ion
and negative
non-metal
ion

Giant ionic
lattice

Sodium
chloride

Solid at room temperature

They have high melting points

High melting and boiling points

Ions are held together by strong electrostatic
forces – a lot of energy is needed to overcome
these forces

Do not conduct electricity when
solid

Ions (charged particles) cannot move

Do conduct electricity when molten
or in solution

Ions (charged particles) are free to move

Atoms share
pairs of
electrons

A shared
pair (or
multiple
pairs) of
electrons
between
atoms

Liquids or gases at room
temperature

Low melting and boiling points

Low melting and boiling points
NB: the larger the molecules the
higher the melting/boiling point
(intermolecular force increases
with size of molecule)

Weak intermolecular forces between the
molecules

Do not conduct electricity

No free/delocalised electrons nor are the
molecules charged

Solid at room temperature
High melting and boiling point

All atoms are linked to others by strong covalent
bonds

Hard

Each carbon atom formed four strong covalent
bonds with other carbon atoms

Does not conduct electricity

No free (no delocalised) electrons

High thermal conductivity

There are strong covalent bonds between atoms.
When one carbon atoms vibrates it causes all
four neighbouring atoms to vibrate

Soft and slippery

Each carbon atom is bonded with three carbon
atoms resulting in a layered structure. There are
weak intermolecular forces between the layers
meaning they can easily slide over each other

Covalent

Nonmetals

Lithium
bromide
Calcium oxide

Simple
covalent
molecules

Giant
covalent
lattice

Chlorine Cl2
Oxygen O2
Water H2O
Methane CH4
Ammonia NH3
Hydrochloric
acid HCl

Diamond

Graphite

Conducts electricity
Silicon
dioxide

Metallic

Metals
(element
s)
Alloys
(mixture
s of
metals)

Metals in outer
shell are
delocalised and
so are free to
move
throughout the
whole
structure

Electrostati
c attraction
between the
delocalised
electrons
and positive
metal ions

Regular
arrangement
(lattice) of
positive ions
held together
by strong
electrostatic
attraction to
delocalised
electrons

All metals
All alloys

Occurs in a fractionating column.
Crude oil is heated so that it
evaporates and moves up the column.
Because of different boiling points,
different fractions will then condense
at different points in the column
allowing the fractions to be
separated.
Fractions at the top =
*short chain
*flammable
*low boiling points
*not viscous

Fractions at the top =
*short chain
*flammable
*low boiling points
*not viscous

One electron from each carbon atom is
delocalised

Hard

Strong covalent bonds hold the oxygen and
silicon atoms together

Does not conduct electricity

No free (no delocalised) electrons

High melting and boiling points

Strong metallic bonds between positive ionic
lattice and delocalised electrons

Good electrical

Delocalised electrons are charge carriers

Good thermal conductors

Delocalised electrons can transfer thermal
energy

Fractions at the bottom =
*long chains
*not flammable
*high boiling points *More Viscous

Crude oil is a fossil fuel extracted
from the Earth’s crust.
It is:
Finite: it will run out and isn’t easily
replaced
A Mixture of different
hydrocarbons (alkanes and alkenes)
Separated using Fractional
Distillation

✓ Cracking= Hydrocarbons can be broken down
(cracked) to produce smaller, more useful
molecules.
✓ Methods: catalytic cracking and steam cracking.
Conditions: High temperature and pressure (and a
catalyst if using the catalytic method)
✓ The products of cracking include alkanes and
another type of hydrocarbon called alkenes.

Functional groups:

✓ Carboxylic acids are weak acids
when dissolved in water as they
only partially ionise/dissociate.
-ol
-oic
acid
-alkyl
halide

✓ 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.
✓ Unsaturated = The hydrocarbon chain contains at
least one double bond
✓ Saturated = The hydrocarbon chain contains only
single bonds
✓ Alkene general formula = Cn H2n

Esters: used to give distinct smells in perfumes or flavourings
Ethyl ethanoate

Alkene Reactions:
✓ They react with oxygen in combustion reactions in the
same way as other hydrocarbons, but they tend to burn
in air with smoky flames because of incomplete
combustion.

✓ Alkane general formula = Cn H2n+2
✓ Test for Alkene (unsaturated hydrocarbon): Add
bromine water, if the bromine water changes from
Orange to Colourless then an alkene is present.

✓ Alkenes react with hydrogen, water and the halogens, by
the addition of atoms across the carbon-carbon double
bond so that the double bond becomes a single carboncarbon bond
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✓ Condensation polymerisation involves monomers
with two functional groups.

Alkenes can be used to make
polymers such as poly(ethene) and
poly(propene) by addition
polymerisation.
Addition polymerisation
reactions= many small molecules
(monomers) join together to form
very large molecules (polymers).

✓ When these types of monomers react they join
together, usually losing small molecules such as
water, and so the reactions are called condensation
reactions.
✓ The simplest polymers are produced from two
different monomers with two of the same functional
groups on each monomer

In addition polymers the repeating
unit has the same atoms as the
monomer because no other
molecule is formed in the reaction.

Plastics
Ethene can be polymerised to make low density or high
density polyethene.

Low Density polyethene:
The polymer chains have side branches that prevent the
molecules from lining up regularly forming a crystalline
structure
-> Low density
-> Weaker forces of attraction between molecules
-> Less strong
-> Lower melting point
High Density Polyethene
No side branches so molecules line up to give a
crystalline structure.
-> High density
-> Strong forces of attraction between molecules
-> Strong
-> High melting point

By controlling the amount of branching -> control
crystallinity -> change properties of the polymer.
HDPE

LDPE

Branches on polymer
molecules

Many

Few

Relative strength

Weak

Strong

Maximum useable
temperature

85°C

120°C

Property

Clay ceramics (e.g. pottery and bricks)
1) Shaping wet clay
2) Bake a starting material in a hot oven/kiln/furnace
*Hard and tough
*Can be glazed and then are waterproof
Glass
(most commonly soda-lime glass)
Made by heating sand, sodium carbonate and limestone together.
(less commonly borosilicate glass)
Made from sand and boron trioxide
Melts at higher temperatures than soda-lime glass. Doesn’t expand/contract with changes in temperature so less likely to
shatter.

Thermosoftening polymers – soften when seated and
can be shaped when hot.
NO crosslinks between polymer
chains. Chains can slide over each
other so flexible!
Thermosetting polymers – don’t soften when heated so
cannot be reshaped.
Crosslinks between polymer chains so NOT flexible.
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Keyword

Definition/Equation

Typical reaction time

between 0.2-0.9 seconds

Stopping distance

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.

Momentum

is defined by the equation:
momentum = mass × velocity
p=mv
- momentum, p, in kilograms metre per second, kg m/s - mass, m, in kilograms,
kg, - velocity, v, in metres per second, m/s

Factors that affect braking
distance

Adverse road/weather conditions – icy
Adverse road/weather conditions - wet
Poor condition of brakes
Poor condition of tyres

Factors that affect thinking
distance

Tiredness, drugs, alcohol

When a force is applied to the
brakes of a vehicle:

1.

work done by the friction force between the brakes and the wheel reduces the kinetic energy of the vehicle

2.

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.

Large decelerations may lead to…

…brakes overheating and/or loss of control.

The greater the braking force …

…the greater the deceleration of the vehicle.

All bodies (objects)

•
•
•
•

emit radiation
that the intensity and wavelength distribution of any emission depends on the temperature of that object
at constant temperature the object is absorbing radiation at the same rate as it is emitting radiation
have a temperature that depends on how much radiation

A perfect black body is an object
that

•
•
•

absorbs all of the radiation incident on it.
does not reflect or transmit any radiation.
is also the best possible emitter

Factors affecting Earth’s temp

the rates of absorption and emission of radiation, reflection of radiation into space.

Motion of particles in a gas is

constant random motion at various speeds

The temperature of the gas

Is determined by the average kinetic energy of the molecules.

Changing the temperature of a
gas, held at constant volume…

changes the pressure exerted by the gas.

Pressure changes can…

expand or contract a gas.

Changes of state

are physical changes because the material recovers its original properties if the change is reversed.
obey the law of conservation of mass

Heating a chemical either

Increases the temperature OR Produces a change of state

Law of conservation
of momentum

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

Gas pressure

This pressure produces a net force at right angles to the wall of the container.

The density of a
material

is defined by the equation:
density = mass / volume ρ = m / V
- density, ρ, in kg/m3 - mass, m, in kilograms, kg - volume, V, in metres cubed, m3

Internal Energy

is the total kinetic energy and potential energy of all the particles (atoms and
molecules) that make up a system.

Specific heat
capacity

is the amount of energy required to raise the temperature of one kilogram of the
substance by one degree Celsius

Latent Heat

is the energy needed for a substance to change state.

Specific latent heat

is the amount of energy required to change the state of one kilogram of the
substance with no change in temperature.

Equation for stored
heat energy

change in thermal energy = mass × specific heat capacity × temperature change
∆E=mc∆θ
• change in thermal energy, ∆E, in joules, J
• mass, m, in kilograms, kg
• specific heat capacity, c, in joules per kilogram per degree Celsius, J/kg °C
• temperature change, ∆θ, in degrees Celsius, °C

Equation for specific
latent heat

energy for a change of state = mass × specific latent heat
E=mL
- energy, E, in joules, J - mass, m, in kilograms, kg - specific latent heat, L, in
joules per kilogram, J/kg

Specific latent heat
of fusion

Energy required change of state from solid to liquid of one kilogram of the
substance with no change in temperature.

Specific latent heat
of vaporisation

Energy required change of state from liquid to vapour of one kilogram of the
substance with no change in temperature.

Triple only: Force
and momentum:

F=m∆v
∆t

Triple only: For a
fixed mass of gas
held at a constant
temperature:

pressure × volume = constant
p V = constant OR p1V1=p2V2
• pressure, p, in pascals, Pa
• volume, V, in metres cubed, m3

Triple only: Pressure
at surface of a solid
or liquid

pressure = force normal to a surface p = F
area of that surface
A
-pressure, p, in pascals, Pa -force, F, in newtons, N -area, A, in metres squared, m2

Triple only: Fluid

Either a liquid or gas.

Triple only: Pressure
in a column of fluid
•
•
•
•
Triple only: Upthurst

Density of different states

where m∆v = change in momentum.

pressure = height of the column × density of the liquid × gravitational field
strength
p = hρg
pressure, p, in pascals, Pa
height of the column, h, in metres, m
density, ρ, in kilograms per metre cubed, kg/m3
gravitational field strength, g, in newtons per kilogram, N/kg

A resultant force caused by the greater pressure on the bottom surface than on
the top surface of a partially (or totally) submerged object

Low density Mid density High density
Density can be measured by

•
•

Triple only: Safety Equipment

Examples: Air bags, seat belts, gymnasium crash mats, cycle helmets and cushioned surfaces for playgrounds.
How do they work?
Increase the time of a collision in order to reduce the force, because force is rate of change of momentum.

Triple only: Derivation of the
force and momentum equation

The equations F = m × a and a = v − u combine to give the equation F = m ∆ v
t
∆t

Triple only: Force is equal to…

the rate of change of momentum.

Triple only: Doing work on a gas…

increases the internal energy of the gas and can cause an increase in the temperature of the gas.

Triple only: The pressure in fluids
causes a force

normal (at right angles) to any surface

Triple only: As altitude
increases…

Atmospheric pressure decreases.

By using a balance and a ruler for a regular shaped object
By using a balance and the displacement technique for an irregular shaped object.
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•

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).

•

Typical reaction time is between 0.2-0.9 seconds

•

For a given braking force the greater the speed of the vehicle, the
greater the stopping distance.
Factors that affect
Factors that affect
braking distance
thinking distance

Adverse road/weather
conditions - icy

Tiredness

Adverse road/weather
conditions - wet

Drugs

Poor condition of brakes

Alcohol

Poor condition of tyres
•
1.

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

2. 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.

•

•
•
•
•

•

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
Triple only - Safety Equipment: Air bags, seat belts, gymnasium crash
mats, cycle helmets and cushioned surfaces for playgrounds.
How do they work? Increase the time of a collision in order to reduce
the force, because force is rate of change of momentum.

Law of conservation of momentum: In a closed system, the total
momentum before an event is equal to the total momentum after the
event.
Triple only Force is equal to the rate of change of momentum.
The equations F = m × a and a = v − u
t
combine to give the equation F = m ∆ v
∆t
where m∆v = change in momentum.

Fluid Pressure (triple only)
All bodies (objects)
• emit radiation
• that the intensity and wavelength
distribution of any emission
depends on the temperature of
that object
• at constant temperature the
object is absorbing radiation at
the same rate as it is emitting
radiation
• Have a temperature that depends
on how much radiation
A perfect black body is an object
that
• absorbs all of the radiation
incident on it.
• does not reflect or transmit any
radiation.
• is also the best possible emitter.
The temperature of the Earth
depends on many factors including:
• the rates of absorption and
emission of radiation, reflection
of radiation into space.

The molecules of a gas are in
constant random motion.
• The temperature of the gas is
related to the average kinetic
energy of the molecules.
• Changing the temperature of a
gas, held at constant volume,
changes the pressure exerted by
the gas.
• A gas can be compressed or
expanded by pressure changes.
• The pressure produces a net
force at right angles to the wall
of the gas container.
Triple only • Doing work on a gas increases
the internal energy of the gas
and can cause an increase in the
temperature of the gas.
For a fixed mass of gas held at a
constant temperature:
pressure × volume = constant
p V = constant OR p1V1=p2V2
• pressure, p, in pascals, Pa
• volume, V, in metres cubed, m3
•

Changes of state:
• are physical changes because the material
• Equation for stored heat energy:
recovers its original properties if the change
change in thermal energy = mass × specific
is reversed.
heat capacity × temperature change
• obey the law of conservation of mass.
∆ E = m c ∆ θ
Internal Energy is the total kinetic energy and
• change in thermal energy, ∆E, in joules, J
potential energy of all the particles (atoms and
• mass, m, in kilograms, kg
molecules) that make up a system.
• specific heat capacity, c, in joules per kilogram
Specific heat capacity of a substance is the amount of
per degree Celsius, J/kg °C
energy required to raise the temperature of one
• temperature change, ∆θ, in degrees Celsius,
kilogram of the substance by one degree Celsius
°C.
Latent Heat: the energy needed for a substance to
change state is called latent heat.
• Equation for specific latent heat
Specific latent heat is the amount of energy required energy for a change of state = mass × specific latent heat
E = m L
to change the state of one kilogram of the substance
•
energy,
E,
in
joules,
J
with no change in temperature.
• mass, m, in kilograms, kg
• specific latent heat, L, in joules per kilogram,
Heating a chemical either
J/kg
• Increases the temperature
•
Specific latent heat of fusion – change of
OR
state from solid to liquid
• Produces a change of state
• Specific latent heat of vaporisation – change
of state from liquid to vapour

•
•

•
•
•

A fluid can be either a liquid or a gas.
The pressure in fluids causes a force normal (at right
angles) to any surface.
pressure = force normal to a surface
area of that surface
pressure, p, in pascals, Pa
force, F, in newtons, N
area, A, in metres squared, m2

p = F
A

pressure = height of the column × density of the liquid × gravitational field strength

•
•
•
•
•
•

p = hρg
pressure, p, in pascals, Pa
height of the column, h, in metres, m
density, ρ, in kilograms per metre cubed, kg/m3
gravitational field strength, g, in newtons per kilogram,
N/kg

Upthrust: A resultant force caused by the greater
pressure on the bottom surface than on the top surface
of a partially (or totally) submerged object
The atmosphere gets less dense with increasing altitude.

The density of a material is defined by the
equation:
density = mass / volume ρ = m / V
• density, ρ, in kg/m3
• mass, m, in kilograms, kg
• volume, V, in metres cubed, m3

Low density Mid density High density

•

Density can be measured:
• By using a balance and a ruler
for a regular shaped object
• By using a balance and the
displacement technique for an
irregular shaped object.

