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AQA Physics Paper 1 content

For your End of Year exam, you will be sitting a full AQA GCSE Chemistry Paper 1. You will be examined on

the following topics.

What's assessed Time Marks available
e Energy
e Electricity .
e Particle model of matter 1 hr 45 mins 100
e Atomic structure

Energy and Energy Resources

1. Conservation and dissipation of energy 2. Energy transfer by heating
- Changes in energy stores - Energy transfer by conduction
- Conservation of energy - Specific heat capacity
- Energy and work - Heating and insulating buildings
) E;’:g:g::fl p:::jn;zls:izerg:ei\tt?riner Required Practical: Specific Heat Capacity —
o 8y P C gy Determine the SHC of a metal block of known mass
stor o by measuring the energy transferred to the block
- Energy dissipation : :
o and its temperature rise, and the use of the
- Energy and efficiency .
: . equation for SHC
- Electrical appliances
- Energy and power Required Practical: Thermal insulation — Use
different materials and different thickness of the
same material to insulate identical beakers of hot
water, and measure the change in temperature of
the water at regular intervals (Physics only)
3. Energy resources

Energy demands

Energy from wind and water
Power from the Sun and Earth
Energy and the environment

Big energy issues




Electricity

4. Electrical Circuits

- Electrical chares and fields (Physics only)
- Current and charge

- Potential difference and resistance

- Component characteristics

- Series circuits

- Parallel circuits

Required Practical: Resistance — Set up circuits and
investigate the resistance of a wire, and resistors in

series and parallel

Required Practical: |-V Characteristics — Correctly
assemble a circuit and investigate the current-
potential difference characteristics of circuit
components

5. Electricity in the home

- Alternating current

- Cables and plugs

- Electrical power and potential difference
- Electrical current and energy transfer

- Appliances and efficiency

Particle Model of Matter

6. Molecules and matter

- Density

- States of matter

- Changes of state

- Internal energy

- Specific latent heat

- Gas pressure and temperature

- Gas pressure and volume (Physics only)

Required Practical: Density — Measure the mass
and volume of objects and liquids and calculate
their densities using the density equation

Atomic Structure

7. Radioactivity

- Atoms and radiation

- The discovery of the nucleus

- Changes in the nucleus

- More about alpha, beta and gamma radiation
- Activity and half life

- Nuclear radiation in medicine (Physics only)

- Nuclear fission (Physics only)

- Nuclear fusion (Physics only)

- Nuclear issues (Physics only)




P1 Conservation and dissipation of energy — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Changes in
energy
stores

| can state some examples
of energy stores.

| can describe a wide range
of energy stores in different
contexts.

| can describe the nature of
energy stores in detail
including the relationship
between objects.

| can state the processes
that can transfer energy from
one store to another.

| can describe changes in
energy stores in terms of
the process that causes the
change.

| can explain factors that
affect the size of changes in
energy stores.

I can identify changes in
some energy stores using
simple systems.

| can use gquantitative
descriptions of changes in
energy stores.

| can represent energy
changes graphically,
accounting for changes in
all stores.

Conservation
of energy

| can state that energy is
conserved in any transfer.

| can apply the law of
conservation of energy in
straightforward situations.

| can apply the law of
conservation of energy to
explain why forces cause
heating effects.

| can state that energy is
dissipated (is no longer
useful) when it heats the
environment.

| can describe changes in
energy stores explaining

why energy ceases to be
useful.

| can describe closed
systems and the changes to
energy stores within them
using the principle of
conservation of energy.

| can investigate the energy
transfers in a pendulum and
bungee.

| can describe the energy
changes in a range of
experiments and account
for energy dissipation to the
surroundings.

I can evaluate in detail
experiments to investigate
energy changes.

Energy and
work

| can state that energy is
measured in joules (J).

| can describe the action of
frictional forces on objects
and the associated heating
effect.

| can use the principle of
conservation of energy and
forces to explain why objects
become heated by frictional
forces.

| can calculate the work
done by a force.

| can use the equation for
work done to calculate
distances or size of forces.

| can apply the equation for
work done in a wide range of
contexts.

| can measure the work done
by a force experimentally.

| can use repeat values to
measure the work done by
a force experimentally.

| can evaluate in detail an
experiment to measure
work done, explaining why
there is variation in the
measurements.

Gravitational
potential
stores

| can state the factors that
affect the change in the
gravitational potential energy
store of a system.

| can describe the effect of
different gravitational field
strength on the gravitational
potential energy store
changes of a system.

| can perform calculations
using rearrangements of the
gravitational potential energy
store equations.

| can calculate the
gravitational potential energy
store of a system using the
weight of an object and its
height.

| can calculate the
gravitational potential
energy store of a system
using the mass gravitational
field strength, and height.

| can apply gravitational
potential energy store
equations in a wide range of
contexts.

| can measure the
gravitational potential energy
store changes in a system
with a simple practical
activity.

| can describe energy
changes that involve a
heating effect as opposed to
movement of an object.

| can account for all changes
of energy during falls or
increases in height, including
health effects.




P1 Conservation and dissipation of energy — Paper 1

Lesson Aiming for 4 Aiming for 6 Aiming for 8
| can perform calculations
L;ng:ﬁ;i}?g :3312?‘;2? | can calculate the kinetic involving the rearrangement
energy store of an object. energy store of an object. of the‘klnetlc energy
equation.
Kinetic 3 I can perform calculations
oo d | can state the factors that | can calculate the elastic ineiving th reafrancement
;’gy.an affect the elastic potential potential energy store of a of the elg:astic otentia?l o
elastic energy store of a spring. stretched spring. : P ay
energy equation.
stores . | can investigate the
{rg?l:f(;?:?r:t)cﬁv?:eggstic relationship between the | can perform a wide range of
Stantialanes gn d kinetic energy stored in a spring calculations involving
gne & oresgy and the kinetic energy store transfer of energy.
ray ’ of an object launched from it
| can use a wide range of
| can identify useful and :g:gg?: :%Sﬁj:ssf?ﬂ el energy stores and physical
wasted energy in simple processes to decide on
: and less useful energy
scenarios. wasted and useful energy
transfers.
transfers.
Energy | can describe energy Lf;i? iﬁiﬁ”g: del?c?\:\?fhi s | can apply the concept of
dissipation dissipation in terms of P ; energy dissipation in a wide
: : reduces the capacity of a ;
heating the surroundings. range of scenarios.
system.
| can evaluate in detail an
| can measure the frictional | can investigate the factors experiment to measure the
force acting on an object. that affect frictional forces. frictional forces acting on an
abject.
| can describe an efficient i | can describe design
transfer as one that transfers ch::r:'::l:;u:;tee:: efficiency features that can be used to
more energy by a useful 9 oy improve the efficiency of an
transfers.
process. energy transfer.
| can use the law of
Energy and | | can state that the efficiency conservation of energy to | can rearrange the efficiency
efficiency of a simple energy transfer is explain why efficiency can equation to find input or total
always less that 100%. never be greater than output energy.
100%.
| can describe the energy | can describe the | can explain the operation of
transfers carries out by processes that waste electrical devices in terms of
electrical devices. energy in electrical devices. forces and electric current.
| can list some electrical | can rank electrical devices L:ﬂ:‘égg?:‘ptaer;;lt:?tncal
appliances. in terms of their power. efficiency.
; | can survey a range of | can compare mains- ;
Electrical | gjectrical devices and their powered and battery- | ;:an C?ICUI?teI Lhe sfficlency
appliances | operation. powered devices. of an electrical device.
| can calculate the efficiency | can investigate the L?ﬁac?e?\\;uij:\:zs:?igda?z: ?:
of a simple energy transfer. efficiency of a motor. justify conclusions.
; | can calculate the energy | can compare the power
Lgiﬂ;‘ﬁ;tzﬁ du:illtoﬂaﬁ?wer transferred by an electrical ratings of devices using
: device. standard form.
I can apply the efficiency
| can, with support, rank | can calculate the efficiency equation in a range of
Energy and | electrical appliances in order of a device from power situations, including
power of power. ratings. rearrangement of the

equation.

| can identify ‘wasted’ and
‘useful’ energy transfers in
electrical devices.

| can find the wasted power
of a device.

| can combine the electrical
power equation with other
equations to solve complex
problems.




P2 Energy Transfer by Heating — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Energy
transfer by
particles

| can describe materials as
good or poor thermal
conductors.

| can analyse temperature
change data to compare the
thermal conductivity of
materials.

| can explain the different
thermal conductivities of
materials using the free
electron and lattice vibration
explanations of conduction.

| can compare the thermal
conductivities of materials in
simple terms.

| can describe the changes
in the behaviour of the
particles in a material as the
temperature of the material
increases.

| can evaluate the results of
an experiment into thermal
conductivity in terms of
repeatability and
reproducibility of data, and
the validity of conclusions
drawn from the data.

| can relate the thermal
conductivities of a material to
the uses of that material in
familiar contexts.

| can apply understanding of
thermal conductivity in
reducing energy dissipation
through the choice of
appropriate insulating
materials.

| can justify the choices of
material involved in
insulation or conduction
using the concept of thermal
conductivity and other data.

Energy
transfer by
radiation

| can compare the cooling
and heating of different
coloured surfaces.

I can describe the cooling of
objects in terms of the rate
of emission of radiation.

| can explain why objects
stop cooling in terms of the
rate of absorption and
emission of radiation.

| can state that an object
cools by emitting IR radiation
and heats by absorbing IR
radiation.

| can describe the heating of
objects in terms of the rate
of absorption of radiation.

| can apply the concepts of
absorption and emission of
IR radiation to explain why
an object maintains a
constant temperature.

| can measure the difference
in cooling of objects of
different colours.

| can describe the cooling of
an object over a period of
time.

| can describe the changes in
the rate of cooling of objects
of different colours and
temperatures.

Radiation
and the
greenhouse
effect

| can state that infrared
radiation is electromagnetic
radiation with a wavelength
shorter than red light.

| can compare the emission
of infrared radiation with a
wavelength shorter than red
light.

| can describe factors that
affect the rate of emission of
infrared radiation, including
temperature and surface
area.

| can state that an object
cools by emitting infrared
radiation and heats by
absorbing infrared radiation.

| can outline the evidence
that changes in the
concentration of
atmospheric gases are the
likely cause of global
warming.

| can apply the concepts of
absorption and emission of
infrared radiation to explain
why an object maintains a
constant temperature.

| can describe the
greenhouse effect in simple
terms.

| can describe the
greenhouse effect in terms
of absorption and emission
of radiation.

| can fully explain the
greenhouse effect in terms
of absorption, emission, and
wavelengths of
electromagnetic radiation.




P2 Energy Transfer by Heating — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Specific heat
capacity

| can describe materials in
terms of being difficult or
easy to heat up (increase the
temperature of).

| can describe the effects of
changing the factors
involved in the equation.

| can evaluate materials used
for transferring energy in
terms of their specific heat
capacity.

| can state the factors that
affect the amount of energy
required to increase the
temperature of an object.

| can calculate the energy
required to change the
temperature of an object.

| can use the specific heat
capacity equation to perform
a wide range of calculations
in unfamiliar contexts.

| can, with some support,
measure the specific heat
capacity of a material.

| can measure the specific
heat capacity of a material
and find a mean value.

| can evaluate in detail the
results of an experiment to
measure specific heat
capacity.

Heating and
insulating
buildings

| can state some design
features used to prevent
energy transfer to the
surroundings in the home.

| can describe how some
design features used to
reduce energy dissipation
from a home work.

| can evaluate in detail
design features used to
reduce energy loss from the
home.

| can calculate the payback
time of a simple home
improvement feature,

| can compare home
improvement features in
terms of payback time.

| can decide on home
improvement features using
payback time and savings
beyond the payback time.




P3 Energy Resources — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

I can identify which fuels are
renewable and which are
non-renewable.

| can outline the operation of
a fossil fuel burning power
station.

| can compare energy use
from different sources and
different societies from
available data.

Energy
demands

| can identify activities that
require large energy
transfers.

I can outline the operation of
a nuclear power station.

| can compare fossil fuels
and nuclear fuels in terms of
energy provided, waste, and
pollution.

| can state that biofuels are
carbon neutral whereas
fossil fuels are not.

| can explain why biofuels
are considered carbon
neutral.

| can discuss some of the
problems associated with
biofuel use and production.

| can state that wind
turbines, wave generators,
hydroelectric systems, and
tidal systems are renewable
energy resources.

| can describe the operation
of a wind farm.

| can compare the operation
of hydroelectric, wave, and
tidal systems in terms of
reliability, potential power
output, and costs.

Energy from
wind and
water

| can state some simple
advantages or
disadvantages of renewable

energy systems.

| can describe the operation
of a hydroelectric system.

| can explain in detail the
purpose, operation, and
advantages of a pumped
storage system.

| can outline the operation of
a renewable energy source.

| can suggest the most
appropriate energy resource
to use in a range of
scenarios.

| can justify the choice of an
energy resource by using
numerical and other
appropriate data.

| can explore the operation
of a solar cell.

| can compare and contrast
the operation of solar cells
(photovoltaic cells) with
solar heating panels.

| can analyse the power
output of a variety of energy
resources.

Power from
the Sun and
the Earth

| can state one difference
between solar cells and
solar heating systems,

| can describe the operation
of a solar power tower.

| can calculate the energy
provided by a solar heating
system by using the
increase in water
temperature.

| can state that radioactive
decay is source of heating in
geothermal systems.

| can describe the operation
of a geothermal power
plant.

| can plan in detail an
investigation into the factors
that affect the power output
of a solar cell.

| can list some
environmental problems
associated with burning
fossil fuels.

| can describe the effects of
acid rain and climate
change.

| can evaluate methods of
reducing damage caused by
waste products of fossil fuels
and nuclear fuels.

Energy and
the
environment

| can identify the waste
products of fossil fuels and
nuclear fuel.

| can describe techniques to
reduce the harmful products
of burning fossil fuels.

| can discuss in detail the
problems associated with
nuclear accidents and the
public perception of nuclear
safety.

| can state simple
advantages and
disadvantages of a variety of

renewable energy resources.

| can compare a wide range
of energy resources in
terms of advantages and
disadvantages.

| can evaluate the suitability
of an energy resource for a
range of scenarios, taking
into account a wide range of
factors.




P3 Energy Resources — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Big energy
issues

| can rank the start-up times
of various power stations.

| can use base load and
start-up time data to explain
why some power stations
are in constant operation
whereas others may be
switched on and off.

| can use capital and
operational costs of energy
resources to evaluate their
usefulness.

| can compare some of the
advantages and
disadvantages of various
energy resources.

| can compare energy
resources in terms of capital
and operational costs.

| can form persuasive
arguments for or against a
variety of energy resources.

| can discuss the
construction of a power plant
in the local area in simple
terms by using information
provided.

| can debate the
construction of a power
plant in the local area by
using a wide range of
information, much of which
is provided.

| can debate the
construction of a power
plant in local area by using
a wide range of information,
much of which is
independently researched.




P4 Electric Circuits — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

I can label the constituents
on an atom (proton, neutron,
and electron) on a diagram.

| can compare the electrical
properties of protons,
neutrons, electrons, and
ions.

| can describe the shape of
the field and lines of force
around a point charge or
charged sphere.

Electrical
charges

| can describe the
interactions between
positively and negatively
charged objects.

| can use the concept of
electric fields to explain why
charged objects interact.

I can apply the concept of
electric fields to explain in
detail why the force between
charged objects decreases
with distance.

| can state that objects can
become electrically charged
by the action of frictional
forces.

| can describe how objects
become charged in terms of
electron transfer.

| can explain why sparks
can be produced by
charged materials in terms
of charge build-up.

| can identify circuit
components from their
symbols.

| can describe the operation
of a variable resistor and a
diode and their effects on
current.

| can explain the nature of
an electric current in wires in
terms of electron behaviour.

Electric
circuits

| can draw and interpret
simple circuit diagrams.

| can calculate the charge
transferred by a steady
current in a given time.

| can perform a range of
calculations, including
rearrangement of the
equation Q=/t.

| can construct a simple
electrical circuit.

| can construct an electrical
circuit and accurately
measure the current.

| can measure the current in
a circuit accurately and use
it to calculate the rate of flow
of electrons.

| can state that resistance
restricts the size of a current
in a circuit.

| can calculate the potential
difference.

| can describe potential
difference in terms of work
done per unit charge.

Potential

| can state Ohm's law and
describe its conditions.

| can calculate the
resistance of a component.

| can rearrange equations for
resistance and potential
difference.

difference and
resistance

| can measure the current
and potential difference in a
circuit to determined the
resistance.

| can measure the effect of
changing the length of a
wire on its resistance in a
controlled experiment.

| can investigate a variety
of factors that may affect
the resistance of a metal
wire, such as the current
through it, length, cross-
sectional area, and metal
used.

| can identify the key
characteristics of electrical
devices.

| can describe the
resistance characteristics of
a filament lamp.

| can explain the resistance
characteristics of a filament
lamp in terms of electrons
and ion collisions.

Component
characteristics

I can identify components
from simple I-V graphs.

| can describe the
characteristics of diode
and light-emitting diode.

| can determine the
resistance of a component
based on information
extracted from an /~V graph.

| can state the operation of a
diode in simple terms.

| can investigate the
resistance characteristics of
a thermistor and a LDR.

| can compare the
characteristics of a variety of
electrical components,
describing how the
components can be used.




P4 Electric Circuits — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Series circuits

| can state that the current in
any part of a series circuit is
the same.

| can find the potential
difference across a
component in a circuit by
using the p.d. rule.

I can explain, in detail, why
the current in a series circuit
is the same at all points by
using the concept of
conservation of charge
(electrons).

| can calculate the potential
difference provided by cell
combinations.

| can calculate the current
in a series circuit containing
more than one resistor.

| can analyse a variety of
series circuit to determine
the current through, p.d.
across, and resistance of
combinations of
components.

| can calculate the total
resistance of two resistors
placed in series.

| can investigate the
resistance of series circuits
with several components.

| can evaluate in detail the
investigation of series
circuits and explain
discrepancies.

Parallel
circuits

| can identify parallel
sections in circuit diagrams.

| can measure the p.d.
across parallel circuits and
explain any discrepancies.

| can analyse parallel circuits
in terms of current loops.

| can state the effect of
adding resistors in parallel
on the size of the current in
a circuit.

| can describe the effect on
the resistance in a circuit of
adding a resistor in parallel.

| can calculate the current at
any point in a circuit.

| can state that the p.d.
across parallel sections of a
circuit is the same.

| can investigate the effect
of adding resistors in
parallel on the size of the
current in a circuit.

| can evaluate in detail an
investigation into the effect
of adding resistors in parallel
on a circuit.




P5 Electricity in the home — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

| can state that the UK mains
supply is a high-voltage
alternating current supply.

| can describe the
characteristics of the UK
mains supply.

| can explain the process of
half-wave rectification of an
a.c. source.

Alternating

| can state simple
differences between a.c. and
d.c. sources.

| can compare a.c. traces in
terms of period and
amplitude (voltage).

| can analyse a.c. traces with
an oscilloscope to determine
the voltage and frequency.

current

| can describe how the trace
on an oscilloscope changes
when the frequency or
amplitude of the signal is
changed.

| can operate a cathode ray
oscilloscope to display an
a.c. trace.

| can compare and contrast

the behaviour of electrons in
a wire connected to d.c. and
a.c. supplies.

| can identify the live,
neutral, and earth wires in a
three-pin plug.

| can discuss the choices of
materials used in cables
and plugs in terms of their
physical and electrical
properties.

| can explain why it is not
necessary for some
appliances to be earthed.

Cables and
plugs

| can identify the key
components of a typical
three-pin plug and socket.

| can describe why a short
circuit inside a device
presents a hazard.

| can explain when there will
be a current in the live,
neutral, and earth wires of an
appliance.

I can identify simple and
obvious hazards in electrical
wiring.

| can identify a variety of
electrical hazards
associated with plugs and
sockets.

| can discuss in detail the
hazards associated with poor
electrical wiring.

| can state that the power of
a device is the amount of
energy transferred by it each
second.

| can calculate the power of
systems.

| can measure and compare
the power of electrical
devices and explain
variations in readings.

Electrical
power and
potential
difference

| can describe the factors
that affect the rate of energy
transfer by a current in a
circuit.

| can calculate the power of
electrical devices.

| can calculate the electrical
heating caused by
resistance.

| can explain why different
fuses are required electrical
devices in simple terms.

| can select an appropriate
fuse for a device.

I can combine a variety of
calculations to analyse
electrical systems.

| can state that an electric
current consists of a flow of
charge (electrons in a wire).

| can calculate the charge
transferred by a current in a
given time.

I can perform calculations
involving rearrangement of
the equations Q =ltand E =
vaQ.

Electrical
currents and
energy

| can identify the factors that
affect the energy transfers in
a circuit.

| can calculate the energy
transferred by a charge
passing through a potential
difference.

| can explain how energy is
conserved in terms of current
and p.d. during energy
transfers by an electric
current.

transfer

| can state that a battery or
power supply provides
energy to a current whereas
a resistor causes a transfer
of energy to the
surroundings.

| can apply the law of
conservation of energy in a
circuit.

| can use algebra to combine
the equations Q = /tand E =
VQ to form the relationships

E=Vitand P= V.




P5 Electricity in the home — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Appliances
and
efficiency

| can describe the factors
that affect the cost of using
various electrical devices.

| can calculate energy
transfer in kilowatt-hours.

| can convert between
relevant units during
calculations of energy
transfer.

| can calculate energy
transfer in joule.

| can convert between
efficiencies stated in
percentages and those
stated in decimal forms.

| can analyse the use of a
variety of electrical devices to
determine their costs of
operation.

| can state that energy
transfer can be measured in
kilowatt-hours.

| can calculate the power
rating of a device from the
energy transferred and the
time of operation.

| can compare a range of
electrical devices in terms of
efficiency using calculations
to support any conclusions.




P6 Molecules and matter — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Density

I can describe density as a
property of a material and
not a particular object.

| can explain why some
materials will float on water.

| can use the density
equation in a wide variety of
calculations.

| can state that the density of
a material is the mass per
unit volume.

I can calculate the density of
materials.

| can use appropriate
significant figures in final
answers when measuring
density.

| can calculate the volume of
some regular shapes and
the density of materials, with
support.

| can measure the density of
a solid and a liquid.

| can evaluate in detail the
experimental measurement
of density, accounting for
errors in measurements.

States of
matter

| can describe the simple
properties of solids, liquids
and gases.

| can describe the
arrangement of the particles
in a solid, liquid, and gas.

| can describe the forces
acting between particles in a
solid, liquid, and gas.

| can name the changes of
state.

| can explain the behaviour
of a material in terms of the
arrangement of particles
within it.

| can describe the changes in
the energy of individual
particles during changes of
state,

| can state that there are
changes in stores of energy
associated with a material
when its temperature is
increased.

| can describe the changes
in behaviour of the particles
in a material during changes
of state.

| can explain in detail why the
density of a material changes
during a change of state,
using a particle model.

Changes of
state

| can state that the melting
point of a substance is a
temperature at which it
changes from a solid to a
liquid and vice versa.

| can state that the melting
and boiling points of a pure
substance are fixed.

| can describe how the
melting and boiling points of
a substance can be changed.

| can state that the boiling
point of a substance is the
temperature at which it
changes from a liquid to a
gas and vice versa.

| can use the term ‘latent
heat' to describe the energy
gained by a substance
during heating for which
there is no change in
temperature.

| can describe in detail the
behaviour of the particles
during changes of state.

| can describe the process of
melting and boiling.

| can find the melting or
boiling point of a substance
by using a graphical
technique.

| can evaluate data produced
by a heating experiment to
discuss the reproducibility of
the measurement of a
melting point.

Internal
energy

| can state that the internal
energy of a system
increases as it is heated.

| can describe how the
internal energy of an object
can be increased by
heating.

| can use the concepts of
kinetic and potential energy
to explain changes in internal
energy.

| can identify which changes
of state are related to
increases in internal energy
and which are related to
decreases.

| can describe how the
behaviour of particles
changes as the energy of a
system increases.

| can describe the changes in
the size of intermolecular
forces during changes of
state.

| can outline the behaviour of
particles in solids, liquids,
and gases.

| can describe the energy
changes by heating
between objects within the
same system.

| can explain in detail why the
pressure of a gas increases
as it is heated.




P6 Molecules and matter — Paper 1

Lesson Aiming for 4 Aiming for 6 Aiming for 8
| can state that heating a I can describe the changes | can perform a variety of
material will increase its in particle bonding during calculations based on the
internal energy. changes of state. latent heat equation.
| can describe energy LEZT ;aflﬁ;il:;l:]eat:g :::::tt | can combine variety of
Specific changes during melting and s equations to solve problems
A heat of vaporisation for a ; ; :
latent heat | vaporisation. SEESHRED involving heating.
| can measure the latent | can evaluats the
Heat o b Grsation for | can measure the latent reproducibility of a
wa?e:) P heat of fusion for water. measurement of latent heat
: based on collated data.
| can state that as the 7 ;
temperature of a gas in a | can describe the behaviour : :;g odnesshﬁnbbeemiggear
sealed container increases, of particles in a gas as the » : pt
the pressure of the gas gas is heated. Changes ¥\ temperaluragand
; pressure for a gas.
increases.
. . | can explain Brownian
Gas | can describe a gas as | san Stiing Browr_uan motion in terms of particle
pressure consisting of a large number n:oot?dne:r::rigg\:gg'fsor the behaviour and collisions,
and of rapidly moving particles. pa Hicla rature o Eratier relating the speeds of smoke
temperature P ’ particles and air molecules.
| can describe the o :
| can describe pressure as relationship between an :hf?e?;fgéf; mbg‘tevt\z:a:ol:e
being caused by collisions of increase in the temperature - pas avid i
gas particles with the walls of a fixed volume of a gas fem erature an be
of its container. and the increase in pressure K tigated
of the gas. investigated.
| can state that the | can describe how the | can explain in terms of
temperature of a gas is prassure:of a gas oan particle behaviour why the
S change when it is )
related to the klnetlc energy compressed or allowed to pressure of a gas increases
of the gas particles. expand when its volume decreases.
Gas | can state that the pressure . .
pressure of a gas increases when it is I_can use the relationship pV | can calculate the pressure
= constant to calculate the
and volume | compressed (at a constant or volume of a gas.

temperature).

constant.

| can state that forces are
required to compress a gas.

| can explain why the
temperature of a gas
increases when it is
compressed.

| can solve a variety of
problems in which gas
pressure or volume
changes.




P7 Radioactivity — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Atoms and
radiation

| can name the three types
of nuclear radiation.

| can describe some safety
precautions used when
dealing with radioactive
materials.

| can describe in detail the
decay of an unstable
nucleus.

| can name the three sub-
atomic particles found in an
atom (proton, neutron, and
electron).

| can describe how a Geiger
counter can be used to
detect radiation.

| can explain the similarities
and differences between
nuclear radiation and visible
light.

| can identify some sources
of background radiation.

| can identify natural and
man-made sources of
background radiation.

| can describe the relative
penetrating powers of the
three types of nuclear
radiation.

The
discovery of
the nucleus

| can identify the Rutherford
(nuclear) model of an atom.

| can describe he plum
pudding model of the atom.

| can compare the plum
pudding model, Rutherford
model, and Bohr model of
the atom in terms of the
evidence for each model.

| can identify the locations of
protons, neutrons, and
electrons in the nuclear
model.

| can describe the evidence
provided by the Rutherford
scattering experiment.

| can explain how Rutherford
and Marsden'’s experiment
caused a rejection of the
plum pudding model.

| can state that electrons can
move between fixed energy
levels within an atom.

| can describe the properties
of protons, neutrons, and
electrons.

| can describe how the initial
evidence for the nuclear
model was processed and
how the model came to be
accepted.

Nuclear
reactions

| can identify the mass and
atomic number by using
nuclear notation.

| can calculate the number
of neutrons in an isotope by
using nuclear notation.

| can explain why particles
are ejected from the nucleus
during nuclear decay.

| can identify the type of
decay taking place from a
nuclear equation.

| can describe the
differences between
isotopes.

| can describe the changes in
the nucleus that occur during
nuclear decay.

| can state that isotopes are
atoms of the same element
with different atomic masses.

| can complete decay
equations for alpha and
beta decay.

| can write full decay
equations for example
nuclear decays.

More about

alpha, beta,

and gamma
radiation

| can rank the three types of
nuclear radiation in order of
their penetrating power,

| can describe how the
penetrating powers of
radiation can be measured.

| can describe in detail how
the thickness of a material
being manufactured can be
monitored by using a beta
source.

| can rank the three types of
nuclear radiation in order of
their range through air.

| can describe the path of
radiation types through a
magnetic field.

| can compare the ionisation
caused by different types of
nuclear radiation.

| can state that all three
types of nuclear radiation are
ionising.

| can describe the process
of ionisation.

| can evaluate in some detail
the risks caused by alpha
radiation inside and outside
the human body.




P7 Radioactivity — Paper 1

Lesson Aiming for 4 Aiming for 6 Aiming for 8
| can state that the activity of | can find the ratio of a Vol oom pire.# phigesical
. : ; L model of decay with the
a radioactive sample will fall sample remaining after a decay of nuclei, noting the
over time. given number of half-lives. linitations of the modal.
| can define half-life in simple | can state that all atoms of | can outline how the age of
Activit 3 terms such as ‘the time it a particular isotope have an organic material can be
i y_an takes for half of the material identical chance to decay in determined by using
half-life to decay’. a fixed time. radioactive dating.
| can find the half-life of a
substance from a graph of | can plot a graph showing i!ncsg uCnE:lS:tlzlsrt:ﬁcTLl?nges
count rate (or nuclei the decay of a sample and e ?
a B ; : ; : remaining by using an
remaining) against time with use it to determine half-life. A .
exponential decay function.
support.
. | can explain why alpha, | can describe the use of
Lcarl'ilcr:‘airon:ss; T;;?g:::?ie\!:e beta, or gamma radiation is radioactive implants and the
PP chosen for a particular hazards associated with the
substances. : = L ;
medical application. technigue.
| can describe how gamma | can discuss the factors that
Niiclaa | can state that the larger the rays can be used to destroy need to be taken into
I r dose of radiation, the more cancerous cells and the account when selecting a
radiation in | jikely harm will be caused. damage they may cause to medical tracer for a
medicine healthy tissue. diagnostic test.
| can describe some :
precautions used during L.can exlplam oy | can explain how a medical
y precautions to reduce ; d .
diagnoses or treatments siiboalre 6 patlants aht tracer is used including the
involving radioactive mé) dical 8 taffpwork function of a gamma camera.
substances. :
| can state that nuclear | can describe induced !
fission is the breaking of a nuclear fission in terms of | can _explam ht_)w_a slead){-
p state induced fission reaction
large nucleus to form two neutron impacts and S
. can be maintained.
smaller nuclei. release.

Nucl | can distinguish between | can explain how an Lgxezxrﬂf;?utrgﬁ dlé?crsrr:?nes
fil;(s:i?)?]r induced fission and escalating induced fission isotopes and enr?che d o
spontaneous fission. reaction occurs. hiiclaas fidln:

| can label the key | can outline the function of L?2nn?1’::ﬁalzirnﬁtshs?o?1p$:2tc:;

components of a nuclear the moderator, control rods, inchidina th ; !

reactor and coolant Ifeluseng i chou.:es of

' ' appropriate materials.

| can state that nuclear : | can explain why it is difficult

fusion is the energy Lﬁi{;gﬂﬂgﬁ,ﬁhe process of to carry out controlled

releasing process in the Sun. ’ nuclear fusion on Earth.

;ucsaenss(}g?ﬁstft\st ;Tl_?:)un | can complete a nuclear | can construct a variety of
Nuclear Ruftoaah nucl?ai kit i equation showing simple nuclear equations showing
fusion ydrog fusion processes. nuclear fusion.

nuclei.

| can state that very high
temperatures and pressures
are required for fusion to
take place.

I can describe the key
design features of a nuclear
fusion reactor.

| can compare the operation
of a nuclear fission reactor
and a nuclear fusion reactor.




P7 Radioactivity — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Nuclear
issues

I can identify sources of
radiation, including medical
and background radiation.

| can compare the risks and
damage associated with
alpha, beta, and gamma
radiation.

| can discuss the risks and
benefits of nuclear power
compared to other methods
of electricity generation.

| can describe the type of
damage caused by large-
scale nuclear accidents.

| can describe how damage
caused by radioactive
material can be reduced.

| can describe and explain
the safety precautions that
need to take place after a

large nuclear accident.

| can state that nuclear
waste is very dangerous and
must be stored safely for
very long periods of time.

| can discuss the difficulties
associated with the handling
and storage of nuclear
waste.

| can evaluate in detail a
variety of storage or disposal
solutions for nuclear waste.
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it L' s
Asystem is an object or group of objects.

Whenever anything changes in a system, energy is
transferred between its stores or to the surroundings.

energy an object has because it is

Energy transfers

er 1: onservation and dissipation

A closed system is one where no energy can escape to or
enter from the surroundings. The total energy in a closed
system never changes.

Kisee: Energy can be transferred to and from different
i maving stores by: :
gravitational  energy an object has because of its
potential  height above the ground - Heating
elastic energy an elastic object has when it is Energy is transferred from one object to another
_uo.n_...mmw ~ stretched or compressed object with a lower temperature.

energy an object has because of its
thermal {or  temperature (the total kinetic and Waves
internal) potential energy of the particles in the .

object) Waves (e.g., light and sound) can transfer energy.

energy that can be transferred by *
chemical chemical reactions involving foods,

] ,:._m_m. and the chemicals in batteries Electricity

Roclaar energy stored in the nucleus of an An electric current transfers energy.

atom

: energy a magnetic object has when it

HERnEYe is near a magnet or in a magnetic field Forces (mechanical work)

energy a charged object has when Energy is transferred when a force moves or
wlectrostatic near another charged object changes the shape of an object.

Examples of energy transfers

When you stretch a rubber band, energy from yo r chemical
store is mechanically transferred to the rubber band’s elastic
potential store.

When a block is dropped from a height, energyis
mechanically transferred (by the force of gravity) from the:
block’s gravitational potential store to its kinetic store.

When this block hits the ground, energy from its kinetic
energy store is transferred mechanically and by sound waves
to the thermal energy store of the surroundings.

Work done

When an object is moved by a force work is done on the
transferred is equal to the work done. You can calculate

*.............. et s T

. 4

The electric current in a kettle transfers energy to the heating
element’s thermal energy store. Energy is then transferred by
heating from the heating element’s thermal energy store to

the thermal energy store of the water.

g e A S b A e SR

When an object slows down due to friction, energy is
mechanically transferred from the object’s kinetic store to
its thermal store, the thermal store of the object it is rubbing
against, and to the surroundings.

object. The force transfers energy to the object. The amount of energy
: the work done (and the energy transferred) using the equation:
@ work done (J) = force (N) x distance moved along the line of action of the force (m)

An object’s gravitational potential energy store depends

of energy

on its height above the ground, the gravitational field
strength, and its mass.

gravitational gravitational
potential = mass (kg) x field strength x height (m)
energy (J) (N/kg)

) E =mgh

An object’s kinetic energy store depends only on its mass
and speed.

kinetic energy (J) = 0.5 x mass (kg) x (speed)” (m/s)
L E =imv

The elastic potential energy store of a stretched spring can
be calculated using:

elastic potential
energy (J)

_ O5xepring constant
~ (N/m) x (extension)* (m)

E = .m; e (assuming the limit of proportionality
has not been exceeded)

¥

Power is how much work is done (or how much energy is
transferred) per second. The unit of power is the watt w).

1watt =1 joule of energy transferred per second
power (W) = -Eherdy transferred (J)

time (s)
E
) P
I!l o or
_workdone (J)
P N e 5]
Py

t

@ Key terms ¥

Useful and dissipated energy

Energy cannot be created or destroyed - it can only be
transferred usefully, stored, or dissipated (wasted),

p, energy transierred
by light waves

energy
transferred to the
thermal store of the
u—-_%o:)n_-_hu __

Energy is never entirely transferred usefully - some
energy is always dissipated, meaning itis transferred to
less useful stores.

All energy eventually ends up transferred to the thermal
energy store of the surroundings.

In machines, work done against the force of friction
usually causes energy to be wasted because energy is
transferred to the thermal store of the machine and its
surroundings.

Lubrication is a way of reducing unwanted energy
transfer due to friction.

Streamlining is a way of reducing energy wasted due
to air resistance or drag in water.

Use of thermal insulation is a way of reducing energy
wasted due to heat dissipated to the surroundings.

Efficiency is a measure of how much energy is
transferred usefully. You must know the equation to
calculate efficiency as a decimal:

: _ useful output energy transfer (J)
efziency, total input energy transfer (J)

D) or
A Sl
: useful power output (W
eficieners total power input. o

To give efficiency as a percentage, just multiply the
result from the above calculation by 100 and add the %
sign to the answer.

chemical closed system dissipated efficiency elastic potential electrostatic
gravitational potential kinetic lubrication magnetic nuclear power
streamlining system thermal work done




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

Answers

L & X \J } - . _m.. 3 3
0 Name the four ways in Whlch energy can be T heatmg, waves, electric current mechanlcally (by
transferred : o forces)

="

% asystem where no energy can be transferred to or from
g the surroundings - the total energy in the system stays
® the s_am'e ]

| g
b 5 =

G what is the unit for energy"

© Wha. ?

one _jo_.u_l_';e of v.\rsirk?-

energy is transferred mechanically from the kinetic
store of the car to the thermal store of its brakes.
Some energy is dissipated to the thermal store of the
surroundings

amee

o Describe the energy transfer when a moving car
slows down.

a]ao saded 3nd

r 'rrent ina kettle transfers l‘g'_-y"t_d:__the-
heatmg element’s thermal store - energ;
transferred,- eating from the heating
thermal store to the thermal store of the water

ri e G AR et

awaa

e.raq -J'e;déa':lﬂd_ (i

energy is transferred mechanically from the elastlc
store of the elastic band to the kinetic store of the

@ Describe the energy transfer when a ball is fired

sesa

using an elastic band. { S band - some energy is dissipated to the thermal
E store of the surroundings
L __
i3 energyis transferred electrically from th"
@ Descnbe the energy transfer when a battery T  store of the battery to the kinetic store of he toy car =
powered toy car is used. ' _ A = some energy is dissipated to the thermal storeof the
. G et surroundings :
'S
g : {R energyis transferred from the kmetlc store of the apple
® Qescribe theenergy tansfer whenidigligEapals :3 and dissipated to the thermal store of the surroundings
hits the ground. S

by sound waves

rissmdmansann

'a;e.rq Jjaded 3ng

@ Name the unit that represents one Joule

watt W)

30% of the energy is usefully transferred and 70% is

; 5 5
@ A motor is 30% efficient. What does that mean? dissipated
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n__mvﬁmq Nu_n__.._m_._mc transfer by heating

- Knowledge organiser

ctivity of a material Heating bills can be expensive so it is important to reduce the rate of Infrared radiation is part of the electromagnetic spectrum. Ablack body is a theoretical object that
tell h ick i i ildings. dins
5 _..a:. ow quickly energy is transmitted heat loss from buildings All objects emit (give out) and absorb (take in)infrared radiatioi. ua.q,.o_.cm 100% of the radiation that falls
through it by thermal conduction. e onit.
Some factors that affect the rate of heat loss from a building include: The higher the t R iifrared radistion it
You can test the thermal conductivity of 1 the thickness of its walls and roof _,_._o,nm_m_ mmq :_.M: M_._.....,umqmn_._a REAmgnject. Wemoteinfransd radiation * A perfect black body would not reflect or
rods made of different metals using this emitsinag e

= : transmit any radiation, and would also be
experimental set-up, Each rod must have the 2 the thermal conductivity of its walls and roof.

A A good absorber of infrared radiation is also a good emitter. a perfect emitter of radiation.
same diameter and length, and the same lower thermal conductivity = lower rate of heat loss )

temperature difference between its ends. The thermal conductivity of the walls and roof can be reduced by For B ouject at aconstnt tamperdtups;

One end of each rod is covered in wax and using thermal insulators. * infrared radiation emitted = infrared aa_mn_mo: absorbed

the other ends are heated equally. The Athermalinsulator is a material which has a low thermal conductivity. * Infrared radiation is emitted across a continuous range of wavelengths.

faster the wax melts, the higher the thermal The rate of energy transfer through an insulator is low.

An object’s temperature will increase if it absorbs infrared radiation at a
higher rate than it emits it. This rule applies to the planet Earth.

conductivity of the metal. The energy transfer per second through a material depends on:

1 the material’s thermal conductivity
2 the temperature difference between the two sides of the material
3 the thickness of the material.

The temperature of the Earth depends on lots of factors, including the rate at which visible light and infrared radiation
are reflected, absorbed, and emitted by the Earth's atmosphere and surface.

left
insulation Greenhouse gases absorb infrared radiation emitted

by the surface of the Earth and prevent it escaping into
space. They then re-emit the infrared radiation back
towards the surface of the Earth, increasing the Earth’s
temperature. Greenhouse gases in
the Earth’s atmosphere include water
vapour, methane, and carbon dioxide.

aluminium tol
between a radiator
panel and the wall

some radiation emitted
double-glazed

window

longer wavelength radiation emited
by the Earth's surface s absorbed
by greenhouse gases in the
atmosphere

draught excluder

cavity wall insulation

|
|
|
|
|
|
|
_

radiation from the Sun

LR

D

Specific heat capacity
When a substarnice is heated or cooled the temperature

change depends on:
* the substance's mass

* the type of material
* how much energy is transferred to it.

greenhouse gases re-emit
radiation, increasing the
temperature of the Earth

The energy transferred to the thermal store of a substance
can be calculated from the substance’s mass, specific heat
capacity, and temperature change:
change in thermal energy (J) = mass (kg) x specific
heat capacity (Jikg’C) x temperature change (*C) Human activities such as burning fossil fuels, deforestation, and livestock farmin
AE = me Al greenhouse gases in the Earth’s atmosphere, This is causing the Earth's temperature to increase - a major cause

sE s ey

g are increasing the amount of
Every type of material has a specific heat capacity -

the amount of energy needed to raise the tem perature
of 1 kg of the substance by 1°C.

@ Key terms

absorb black body

: : of climate change.
This equation will be given to you on the equation sheet, @

but you need to be able to select and apply it to the
correct questions.

electromagnetic spectrum emit greenhouse gas infrared radiation specific heat capacity thermal conductivity thermalinsulator

4



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

Answers

8 thlckness of walls and roof thermal conductlwty of Walls
E.U ‘and roof, the temperature difference between the two
5= s;des of the wall/roof -

o What factors affect the rate of heat loss from a
bu:ldmg‘?

What can you tell about an object that absorbs and
rnlts mfrared radtation at the same rate7

theoretlcal object that absorbs 100% of the radtatlon

and is also the best emltterof radlatlon

(for example) deforestatlon burnmg fossil fuels
= llvestock fa rmlng

What human activities increase the levels of
greenhouse gases released?

K tem peraiu re?

To determlne the specn‘lc heat capacity of a substance S ppaae temperature Htkrand the fire taken

what do you need to measure? -

 that falls on it, does not reflect or transmit any radiation,



The main ways in ,.___:_nr we use the Earth’s
energy resources are:
* generating electricity

Some energy resources are more reliable than others. Reliable energy
resources are ones that are available all the time (or at predictable
times) and in sufficient quantities.

; ..m_wngnzm_

* heating Both renewable and non-renewable energy resources have some peaine
° transport. kind of environmental impact when we use them.
Most of aur energy currently comes from
fossil fuels - coal, oil, and natural gas.
hydroelectric generating
energy electricity
Non=renewable energy resources Renewable energy resources
* notreplaced as quickly as they are used * canbe replaced at the same rate as they are used
= will eventually run out *  will not run out
For example, fossil fuels and nuclear fission, For example, solar, tidal, wave, wind, geothermal,
biofuel, and hydroelectric energies. . ;
ERl ., generating
tidal mq_m.qm.v__ alat nnm..nv.
Non-renewable energy resources
A .. m»:m_..mz_._w..
: m_ma:n_a. ]
“ail i
g zmsm_uo:. _ generating
:amg.._m (4 Wave energy electricity
wm:mﬂnsm”
natural gas | m:.mn.._._n_a. :
' heati AT ot S S : s
* no polluting gases o_dn_:nmw ::n_mmq imnm s__:_nw_ is:
or greenhouse gases * dangerous
i praduced 5 H 4 !
mining . : * difficult and expensive to dispose of i
:m»__.__.m._ Yy iovgn m.cmzm_un__a s _.__“_imma - = stored for centuries before it is safe wind energy
nuclear generating M_nh..__‘__ﬂq_“m M.__.B_._”:mdqoﬁﬂa.m 3 to dispose of.
fission electrici ; ° large amount of energy. ive to:
5 ectricity et transferred from a very _._cn_.m.m_. power plants are expensive to;
uranium and small mass of fuel * build and run
plutonium » reliable - supply can * decommission (shut down). geothermal m_.mm_MWM_,__..m
be controlled to meet energy y
demand heating

biofuels
biofuel

‘electricity
carbon neutral ’

transport

environmental :__._vmn.u

fossil fuel
renewable

geothermal

hydreelectric non-renewable reliability

.m_._m-mw to mo.m_. nm__u

: ...u.._ m_..n n_.m:&na.
. energy to salar

heating panels

water flowing
downhill tums
generators

turbines on tidal
barrages turned by
water as the tide
comes in and out

floating generators
powered by waves
moving up and
down

turbines turned

by the wind

«can produce large .
‘amounts of electric ty

u_._a.m\_.ﬁma._“_.. e

wvery cheap to run once

“installed

no pollution/greenhouse
gases produced

low running cost

no fuel costs

reliable and supply can
be controlled to meet
demand

predictable supply as

there are always tides

no fuel costs

' no mo:.._aoz_.ﬁ.n.m..m....._:o:m_.m
‘gases produced :

low running cost
no fuel costs

no pollution/greenhouse
gases produced

low running cost
no fuel costs
no pollution/greenhouse

- gases produced.

radioactive
substances deep
within the Earth
transfer heat energy
to the surface

?.m_.__us.m_.._nmn._ from:

living or recently

living organisms,
for example, plants
‘and animal waste

low running cost
no fuel costs
no pollution/greenhouse

gases produced

can be carbon neutral - the
amount of carbon dioxide

released when the fuel is

burntis equal to the amount
of carbon dioxide m_umo&&
when the fuelis grown’
reliable and su vn_w canbe
controlled to meet demand

supply depends on weather
expensive to buy and install
cannot supply large scale demand

expensive to build hydroelectric
dams

flood a large area behind the dam,
destroying habitats and resulting
in greenhouse gas production from
__.on.iw vegetation

“tidal barrages:

- change marine habitats and can
~ harm animals

- restrict access and can be
dangerous for boats

- are expensive to build and maintain

‘cannot control supply-

supply varies depending on time
of month
floating generators:

- change marine habitats and can
harm animals

- restrict access and can be
dangerous for boats

- are expensive to build, install,
and maintain

dependent on weather
cannot supply large scale demand
supply depends on weather

large amounts of land needed to
‘generate enough electricity for

large scale demand

can produce noise pollution for

nearby residents

expensive to set up
only possible in a few suitable
locations around the world

expensive to produce biofuels
growing biofuels requires a lot of
land and water that could be used
for faod production

can lead to deforestation -

forests are cleared for growing
biofuel crops



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

e

resources avallable on Earth?

What are the main dlsadvantages of usmg
~coal as an energy resource?

© © @666 6000 @_@eo_eo__

P3 questions

LTSS

What is a non-renewable energy resource?

0
}_EM
! '8
What is a renewable energy resource? =)
LM s
What are the main renewable and non—renewable. A LE

What are the main advantages of using coal as an
energy resource?

St b e aloe

i

What are the main advantages of using nuclear
fuel as an energy resource?

What are the main d:sadvantages of usmg nuclear
fuel as an energy resource?

What are the main advantages of using solar energy?

What are the main disadvantages of using solar
energy?

aisyadeding

What are the main advantages of using tidal power?

What are the main disadvantages of using
tidal power?

alaly sadedng

cranenan

What are the main advantages of using wave
turbines?

What are the main disadvantages of using wave
turbines? '

“aisyededng

What are the main disadvantages of using wind
turbines?

What are the advantages and the disadvantages
of using geothermal energy?

What are the main advantages and disadvantages
of using biofuels?

alay saded ang

What are the main advantages and disadvantages
of using hydroelectric power?

siayseded ynd

Siay saded 0

Answers

will eventually run out, is not replaced at the same rate
itis being used

will not run out, it is being (or can be) replaced at the
same rate as which it is used

“renewable: solar, tidal, wave, wind, geothermal, blofuei

hydroelectnc

'non-renewable coal, orl gas nuclear

enough available to meet current demand, reliable, can
control supply to match demand, cheap to extract and use

will eventually run out, releases CO, which contnbutes
to climate change, releases sulfur dIOdeE which causes

acid rain

lot of energy released from a small mass, rellable can
control supply to match demand, enough fuel available
to meet current demand, no polluting gases

waste is dangerous and difficult and expensive to deal
with, expensive initial set up, expensive to shut down
and to run

can be used in remote places, no polluting gases, no
waste products, very low running cost

unreliable, cannot control supply, initial set up

~ expensive, cannot be used on a large scale

no polluting gases, no waste products, reliable, can
produce large amounts of electricity, low running cost,
no fuel costs

can harm marine habitats, initial set up expensive,
cannot increase supply when needed, amount of energy
varies on time of month, hazard for boats

no polluting gases produced, no waste products, low
running cost, no fuel costs

unreliable, dependent on weather, cannot control supply,
initial set up expensive, can harm marine habitats,
hazard for boats, cannot be used on a large scale
unreliable, dependent on weather, cannot control
supply, take up lot of space, can produce noise pollution

advantages: no polluting gases, low running cost

disadvantages: mmal set up expensive, available in few
locations
advantages: can be ‘carbon neutral’ reliable

disadvantages: expensive to produce, use land/water
that might be needed to grow food

advantages: no polluting gases, no waste products, low
running cost, no fuel cost, reliable, can be controlled to
meet demand

disadvantages: initial set up expensive, dams can harm/
destroy marine habitats
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L Chapter 4: Electric circuits

owledge organiser

E Current-potential difference graphs

When electrons move through a >.m_,m_u= of current through a component against the p.d. across it
circuit, they collide with the ions and (I=V graph), is known as the compenent characteristic.

eld around itself.
If a charged object s placed in the electric field of another

When electrons are removed from an atom it

charged object it experiences electro force. This atoms of the wires and components 7 | Currentis directly The current through 3 diode
becomes positively charged. When electrons are means that the two charged objects exert a non-contact in the circuit. This causes resistance | proportional to only flows in one direction
added to an atom it becomes negatively charged. force on each other- ; to the flow of charge. g V| the p.d.inan - called the forward

« like charges repel each other The unit of resistance is the ohm (). - ohmic conductor direction. There needs to be

3 il .:. J m itract sachiatier: A long wire has more resistance ohmic conducter | AL 2 CONStant a minimum voltage before

OPPOSIng charges attracteach other. . 5 than a short wire because electrons - temperature. any current will flow.

The electric field, and the force between twa charged objects, collide with more ions as they pass * The resistance is

gets stronger as the distance between the objects decreases, through a longer wire. constant.
because electrons are transferred from one material The resistance of an electrical = | As more current flows through the filament, its temperature
to the other. Materials that gain electrons become - = component can be found by increases. The atoms in the wire vibrate more, and collide more
negatively charged and those that lose electrons Drawing electric fields measuring the current and g 5V | often with electrons flowing through it, so resistance increases as
become positively charged. Electric fields can be represented patential _”__mmsznm. | temperature increases. The resistance of a thermistor decreases
Positive charges do not usually transfer between using a &.mﬂ....wi.f@ field lines. nﬂwﬁh”“m _ current _ resistance filavientiamp. | uan._ temperature increases. .:..m .«om_mwm,:nm of a light dependent
materials. o (A ) [lotione: ) resistor (LDR) decreases as light intensity increases.
Electric charge is measured in coulombs C, V=IR f\\._.,J The resistance of an ohmic conductor can be found by calculating the

gradient at that point and taking the inverse:

If two objects have a very strong electric field between
them, electrons in the air molecules will be strong
attracted towards the positively charged abject. If
the electric field is strong enough, electrons will be
pulled away from the air molecules and cause a flow of
electrons between the two objects - this s a spark.

1

.
. rESISTance = —————,
—ﬁ__—_n-_——___—_—___-- ;
.

. R
LTIQ:
"L,:-.-uA —lg.aa.

[7!!!(..0| switch

sulb {

When drawing electric fields,
- makesure:

Parallel circuits

_ +
In a series circuit, the components are
connected one after the other In a single laop.
If one component in a series circuil stops
working the whole circuit will stop working.

Series circuits

vays point away from —
: n_d__!.wnm..%a,Esu_..nm.:mma:ﬁ.n:.wﬁma.

A parallel circuit is made up of two or mare
loops through which current can flow. If one
branch of a parallel circuit stops warking, the
other branches will not be affectea.

Vivprly
—1s

D R R I I T e,

-..-su-:-ol.u...ooc.a.-..-ll.c.touu.-oou.--.---...o.---.oo..un.'o-.u.-.oan..-v,¢

A R R Q) Koy torms

m —— fed resister |

1

Electric current is when charge flows, The charge in an electric circuit is carried by electrons.
The unit of current is the ampere (amp, A},

1 ampere = 1 coulomp of charge flow per second

hag =y + 1

Charge (C) = current (A) x time (s) i variable resistor |
S el bt fed b ke e bt L L L L T 3 2 L 3y o P S A it e i L e E e sesrasans m:;ﬁmﬁﬁ [ n:=J=_mEm?
In circuit diagrams, current flows from the positive terminal of a cell or battery to the - | — T tuse | | | ehoin
negative terminal. This is known as conventional current. 9 7
Inasingle closed loop, the current has the same value at any point in the circuit. coulomb ]@I - _
Metals are good conductors of electricity because they contain delocalised electrons, which current
ar to f 5 i
@ free to flow through the structure. electric field ]l"ﬁ thermistor
electrostatic force & _ 1
Sl ¢ : e (o light-emitting _le,_ + V3= Vi | [Ru =R+ Ry ] | The total resistance of two of more companents
o = > | g | in lled is always less than th Hest
Potential difference (p.d.) is a measure of how much energy is transferred between two SedeLEDY™ || _ncaugz_z with a higher resistance will __s_w_w_ﬁ» “__ any Hﬂ.m”, This ;ﬂ«ﬁ:ﬁ
points in a circuit. The unit of potential difference is the volt V). parallel = _ _ a“u“? u:_nmn._mrma of the Eﬂ_ p.d. adding a loop to the circuit provides another
; : J light dependent | | because I = [R (and current is the same route for the current to flow, so more current
The p.d. across a component is the work done on it by each coulomb of charge that potential difference . ’@l .W_Hmawm”mha. _ | through all companents) can flow in total even though the p.d. has not
passes through it ) | | _ changed. Adding more resistors in parallel
* Thep.d. across a power supply or battery is the energy transferred to each coulomb of resistance [? st | | | decreases the total resistance of a circuit,
charge that passes through it. SaFlas _ |
For electrical charge to flow through a circuit there must be a source of potential difference. static Iel voltmeter [
Fotential difference (V) = energy transferred (J)/ charge (C) \_ thermistor ) =



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

How doc L a' materla! become‘charged? s

0 What Wlil two objects carrying the same type of
charge do if they are brought close to each other?

o What happens to the strength ofan electric field ;:F ;
as you get further from the charged ob;ect" i

s mseml

What units are charge, current, and time

81}
= - 3
= :
s A : % coulombs (C), amperes (A), seconds (s) respectively

B ctjrre'nt?

What must there be in a closed circuit so that
electrical charge can flow?

e
o
o
o
.
®
®
®
®
®

source of potential difference (p.d.)

Whlch two factors does current depend on and

what are their units? : reﬁis'tahte‘ j.-“'.olhms ('ﬁ},_ Pd'“ ‘-""'l_tzs-(v-)-.

What happens to the current |f the resistance is

creases
increased but the p.d. stays the same? current de

conductor where current is d irectly propo’rti'ohal to
the voltage so res:stance is constant (at constant
temperature)

'-e_Jaq.-Jaded g

What i;'s;'a;n,oh_rﬁit_ conductor?

= : : ‘o
What happens to the resistance of a filament lamp ¢ Et CCsistaice increngss
as its temperature increases? 8
. Dy
i . ;’ - T e o 3
What happens to the resistance of a thermlstor as RS s decrenses
its temperature increases? : % R
What happens to the resistance of a light- dependent M Getadod decraates
resistor when light intensity increases? -
1 : o fseni :
18 same current through each component, total p.d. of
BRI Tt 5 g el 1 & powersupply is shared between components, total
‘What are the main features of a series circuit? '3 R 2uRRY, - i :

resistance of all components is the sum of the resistance |
of each component

p.d. across each branch is the same, total current
through circuit is the sum of the currents in each
branch - total resistance of all resistors is less than the
resistance of the smallest individual resistor

(5

What are the main features of a parallel circuit?

e L
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Acell or a battery provides a direct

The Earth wire is a safety

Fuse connected to the
current (dc). The current only flows _ wire ssow. the appliance »
- . i s | becorming five. The potenti Miios
in one direction and is produced by a | diarenes of e £t one inside an appliance

touches the neutral wire

a very large current flows.

This is called a short circult,
‘When this happens the fuse |
malls and disconnects the

live wire from the mains,
keeping the appliance safe.

The live wire 15 dangerous
because it has a high potential
difterence of 230V, This would
cause a large current to fMow
through you of you touched it,

direct potential difference.

Mains electricity provides an alternating
current (ac). The current repeatedly
reverses direction and is produced by an
alternating potential difference.

18 OV It anly carries a
| current if there is 2 fault.

| ‘
The neutral wire

completes the circuil,
va It has 3 potential
_ dilference of OV.

_
live wire. It the live wire |

The positive and negative terminals of
an alternating power supply swap over |
with a regular frequency. !

Plastic is used for the wire
coalings and plug case because
i1 i5 3 good electneal insulatar,

Most electrical appliances in the UK
The frequency of the mains electricity are connected 10 the mains using a
supply in the UK is 50 Hz and its voltage _ giﬁﬁ“gh._mﬁw zﬂﬂxﬂ the
is 230V, _ conductor and it bends easily,

....-n-....t-..o|--n-.--o-.-.n.-.-:.oou.unn..nq..o....upl-no.. ..... SEssEsTassEm IR

The National Grid
The National Grid is a nationwide :m«!o_._eow : ......_.mm.man. "_.m.._m_.o:._._ma..m tlink
power stations to homes, offices, and other consumers of ‘mains electricity.
Transformers are devices that can change the 103_.;._1@.5«.3:% of an
alternating current. -

Power statians genarate electricity
at an alternating potential
difference of about 25000V,

The cables in the National Grid transfer
electrical power at a potential difference
of up to 400000V,

Homes and offices use electrical power
supplied at a potential difference of 230V,

o S— ||
= T 4

H:’l

Step-up translormers are used lo increase the potential

Slep-down transformers are used to decrease the potential
difference from the power station to the fransmissicn cables,

ditference from the transmission cables to the mains supply
in homes ana offices so that it is safe to use.

By making the grid potential &mmqmaoo.acn:._._ﬁ:mn asmaller current is needed to transfer nre.»mn_m power.
Therefore, the National Grid is an efficient way to transfer power due to less heating loss in the wire.

@ Keyterms

alternating current alternating potential difference

fuse National Grid short circuit

charge flow

Why do transformers improve efficiency?

Ahigh potential difference across the transmission
cables means that a lower current is needed to
transfer the same amount of power, since:

power (W) = current (A) x potential difference (V)

A lower current in the cables means less electrical power
is wasted due to heating of the cables, since the power
lostin heating a cable is:

power (W) = current? (A) x resistance (Q)

- ™y p=J m
P=1y ﬁ.\ : I*R -
: This makes the National Grid an efficient way to transfer
: energy.
1f 100% efficiency is assumed:
primary potential x Pprmary - secondarypotential secondary e
difference current, difference " current Vol o

SrmssrsrAlsssas s A nEm TS

b N T I T I T S (P U

Electrical appliances transfer energy.

You can calculate the charge flow using the equation:
@ charge flow (C) = current (A) x time (5)
Q=10

For example, an hairdryer transfers
energy electrically from a chemical
store (e.g., the fuel in a power
station) to the kinetic energy store
of the fan inside the hairdryer and
to the thermal energy store of

the heating filaments inside the
hairdryer.

You can find the energy transferred to an electrical appliance when charge
flows through it using:

+ @ energy transferred (J) = charge flow (C) x potential difference (V)

When you turn an electrical E=qv
appliance on, the potential
difference of the mains supply
causes charge (carried by electrons)

to flow through it.

You can find the energy transferred by an electrical appliance using the equation:
®“ energy transferred (J) = power (W) x time {s)

direct current

coulombs
step-down transformer

direct potential difference
step-up transformer




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

o

e

: What is the function of the neutral wireina :
'thrée core cable? -

‘What is the frequency and voltage of mains
electncuty7

What is the function of the live wire in a three-core
cable?

What is the function of the earth wire in a
three-core cable?

When is there a current in the earth wire?

Why is the live wire dangerous?

‘What s the National Grid?

What are step-up transformers used for in the
National Grid?

.-What are step -down transformers used for in the
;Nattonal Grld? :

How does having a large potential difference in
the transmission cables help to make the National
Grid an efficient way to transfer energy?

‘What two things does energy transfer to an
‘appliance depend on?

What are the units for power, current, potential
difference, and resistance?

o ey aa ey

‘ajey Jaded jng

ssapseasn
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alay saded 14
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alay Joded qn’é !
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3 -ajaq saded ang

sssend e

carries the aiternatin’g potential difference from the
supply

completes the circuit

safety wire to stop the appliance becoming live

when theres  fault

provides a large p.d. that would cause a large current to
flow through a person if they touched it

_natlonWIde network of cables and transformers that ilnk
power statlons to customers

increase the p.d. from the power station to the
transmission cables

decrease the p.d. from the transmnssnon cables to the
mains supply in buildings so that it is safe to use

1arge p.d. means a small current is needed to transfer
the same amount of power, small current in the

transmission cables means less electrical power is
wasted due to heating

power of appliance, time it is switched on for -

watts (W), amps (A), volts (V), ohms (Q)



ges of state and conservation of mass

Changes of state are physical changes because no new
substances are produced. The mass always stays the
same because the number of particles does not change.

Particles ant kinetic enorgy
When the temperature of a substance is increased, the

kinetic energy store of its particles increases and the
particles vibrate or mave faster.

If the kinetic store of a substance’s particles increases
or decreases enough, the substance may change state.
Dens

You can calculate the density of an object if you know
its mass and volume:

mass (kg)

s volume (m?)

_m
="V

©

Internal energy

Heating a substance increases its internal energy.

Internal energy is the sum of the total kinetic energy
the particles have due to their motion and the total
potential energy the particles have due to their
‘positions relative to each other, 1

s esseNNsEsvasneRanE

Latent heat

In a graph showing the change in temperature of a
substance being heated or cooled, the flat horizontal
sections show when the substance is changing state.

The energy transfers taking place during a nruzmm.i
state do not cause a change ___._.nm_.._.__.u.m.ﬂﬂ._.._m.m..u:.. do
change the internal energy of the substance.

temperature
bailing . ~ !.!.‘l\&u
point
w
=
=
e liquid
£©
melting | melting
point
salid
time

* particles are mmﬂamn out
* almost no forces of attraction

Arrangement between particles
* large distance between particles on
= = average N
Movement ¢ particles move randomly at high speed
- « lowdensity
Properties * no fixed volume or shape

* can be compressed and can flow

> particles are in contact with each other |

» forces of attraction between
_particles are weaker than in solids

* particles are free to move randomly

Mewsmest. | aesind eochother |

* usually lower density than solids

+ fixed volume

*_shapeis not fixed so they can flow

Arrangement

« particles held next to each other in

- Arrangement fixed positions by strong forces of
T attraction o
Movement * particles vibrate about fixed positions |
< highdensity )

« fixed volume
= fixed shape (unless deformed by
an external force)

Properties

e e T A P,

The energy transferred when a substance changes state is
called the latent heat.

Specific latent ...3».1..3.». energy required to change 1kg
of a substance with no ¢hange in temperature.

Specific latent heat of fusion - the energy required to
melt 1kg of a.u_.__uu*u:nm..s___.& no change in temperature.
Specific latent heat of vaporisation - the energy required
to evaporate 1 kg of a substance with no change in
temperature,

of a substance can

be calculated using the equation:

thermal energy for Sy specific
achangeinstate = (ka) x latent heat
9 Y ()

E=m x|

Gas temperature
The particles in a gas are constantly maoving in
random directions and with random speeds.
The temperature of a gas is related to the average
kinetic energy of its particles.
When a gas is heated, the particles gain kinetic
energy and move faster, so the temperature of
the gas increases.

A 4

If the temperature of a gas in a sealed container is

increased, the pressure increases because

* the particles move faster so they hit the surfaces
with more force

* the number of these impacts per second increases,
exerting more force overall,

4

If a gas is compressed quickly, for example, in a bicycle

pump, its temperature can rise. This is because

* compressing the gas requires a force to be applied
to the gas - this results in work being done to the
gas, since work done = force x distance

¢ the energy gained by the gas is not transferred
quickly enough ta its surroundings.

Gas pressure

The pressure a gas exerts an a surface, such as
the walls of a container, is caused by the force of
the gas particles hitting the surface.

The pressure of a gas produces a net force at right
angles to the walls of a container or any surface.

.a-l-l.o.cn.cuaoo-‘.n||a--.-.-o'o-.¢-.--o-..._-o.ot-ut..nov.aon.Ou.-..-.oo..uv..o.;u.. .

The relationship between volume and pressure in gases
If the volume of a fixed mass of gas at a constant temperature
is decreased, the pressure increases because

* the distance the particles travel between each impact with a
container wall is smaller

« the number of impacts per second increases, so the total
force of impacts increases.

The pressure and volume of a fixed mass of gas at a
constant temperature are linked by the equation:

pressure (Fa) x volume (m*) = constant

p * V = constant
" _mmu:.m:w__am.Eman_cmzo:m?mm”

constant
p v

constant

and V=

P

This shows that pressure is inversely proportional the
volume of a gas.

volume halved
TAAA)

EAL
5y

pressure doubled

Similarly, if the volume is increased, the pressure decreases.
This is because

* the distance the particles travel between each impact with
a wall of the container is greater

* the number of impacts per second decreases,
so the total force of the impacts decreases.

@ Key terms

boiling

condensation conservation of mass

latent heat

density  evaporation
specific latent heat

freezing
sublimation

fusion
vaporisation

internal energy melting




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

the density of a solld or hqmd"

What happens to the particlesin a substance if its
temperature is increased?

sasmanan

Why are changes of state physical changes?

sesesmvmalnbhien

.'-:'a;aq Jadg_d Ind

Why is the mass of a substance conserved when it
changes state?

‘Whatis the internal energy of a substance?

Why does a graph showing the change in temperature
as a substance cools have a flat section when the
substance is changing state?

sesssrssnmes

'-'What is the name given to the energy transferred wheno
a substance changes state?

What is the specific latent heat of a substance?

Cerrasssrrannna

What is the specific latent heat of fusion a substance?

container increases if its temperature is increased.

wavamasn e

'ajaq Jaded jnd

® 6 @@ 6 e _O_@ 0 ®© 6 6 6 ©0 O

Give two reasons why the temperature of a gas
increases if it is compressed quickly.

sanmrane

Explain why the pressure of a fixed mass of gas
decreases if the volume is increased and kept at
constant temperature.

6

anw

- aJaq Jadeding

No new substanc

is reversed

'the totalaklnetlc"

. auaysadeding

a1ay Jade:el '?"-'4

IgE
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e
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What is the specific latent heat of vaporisation of a : %

substance? i o

On a graph of temperature against time for a g

substance being heated up or cooled down, whatdo 2

the flat (horlzontal) sections show? ‘3

S

What property of a gas is related to the average kinetic : 3
energy of its particles? :

: ‘v

What causes the pressure of a gas on a surface? 3 f;

B

. ]

Give two reasons why the pressure of a gasin asealed : 3

@

they move faster and the energy in their kinetic energy
store increases

 produced and the substance
will have the same _ ropertlesas before if the change

the number of particles does not change

fgy and potehttal energy ef allthe _

the energy transferred during a change in state causes a
change in the internal energy of the substance

' latent heat

the energy required to change the state of one kilogram of
that substance with no change in temperature

the energyr reqmred to change one kilogram of the
substance from solid to liquid at its melting. pomt
wlthout changing its temperature

the energy required to change one kilogram of the
substance from liquid to vapour at its boiling point,
without changing its temperature

the tim e-._whei_;n the substance is changing state and the
temperature is not changing

temperature

the force of the gas particles hitting the surface

the molecules move faster so they hit the surfaces with
more force and the number of impacts per second
increases, so the total force of the impacts increases

the force applied to compress the gas results in work
being done to the gas, and the energy gained by the gas is
not transferred quickly enough to the surroundings

the distance the particles travel between each impact
with a wall of the container is greater, so the number of
impacts per second decreases, so the total force of the
impacts decreases
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To explain the results, s

John Dalton thought The discovery of negatively Positively charged alpha particles were fired

cientis The nucleus, which is 10 000 mass number
the atom was a charged electrons led to the at a thin sheet of gold foil. . deduced that there is a small times smaller than the radius = :cawxsq_uioa + neutrons
; ; ) P ; f toms of element
neutral solid sphere I_z plum n_._nn__q.._m, model - a _ el ¢ Mostwent straight through == = positively charged nucleus at the of z...m atom, consists of two il et
youcannotdivideinto " cloud of positive charge with "« Some were deflected by small amounts centre of the atom where most particles: A af neutrons, 5o they can have
smaller parts, electrons embedded in it * 1in 100000 deflected through large angles of the mass is concentrated. The * positively charged protons naa..w““ x different mass numbers
T e, electron Sk negative m_mn«_.._o_ﬁ orbit the nucleus. * neutrons which are neutral o 74 B “.._“..nn “ﬂﬂﬂhzm
T ey Ertities \mﬂ.\ atoms i the i An atom is uncharged overall Wit e ot
- e : @ : metal foll and has mncm_ numbers of have the same number of protons
o protons and electrons. in the nucleus, so they have the
same atomic number
Bohr suggested the electrons orbit )
at mumnmmm distances called energy ﬁ..w > Isotopes are atoms of the same element, with the same
levels. number of protons but a different numbers of neutrons.

bt R R R R R R B e e R,

Radioactive decay is when nuclear radiation is emitted by unstable atomic nuclei so that they become more stable. It is
arandom process. This radiation.can knock electrons out of atoms in a process called ionisation.

Typeofradiation |

Changein | lonising | - _
the NUcleus _ bowar | Range inair _ Stopped by .
|

_ _ #_

" Q [ ”“M_Mwwﬂ__”_”m | highest travelsafew | stopped biya A g "

alpha particle | ionising centimetres 7 W %% +50 - T o e
| {two protons and two | Sl fup power | inair _ sheet of paper Z Z 2 The half-life of a radioactive source is 2000
[ ko) neutrons the time ]
_ N T 1 | _ T = for half the number of unstable nuclei e Loctivity
_ m | Mrzwm_._,hmﬂ“ﬂzs | high _ travels=1m | StOPPed by afew A A 5 in a sample to decay . Aﬁi
__ beta particle aprotonand | 'OMSing [ Difimetenil: | zX Z+ cﬂ " =t * forthe count rate or activity of a 2 ook VNI e st el arerhe sy

(fast-moving electron) | anelectron | POWEr | aluminium source to halve. g A0 has hatved from 2000 o 1000
! -movin r
i e _ The half-life of a source can be found 1
_ | some energy | ’ | stopped by several from a graph of its count rate or activity 5004
_ i red | lowionising | Virtually i f against time
_ gamma radiation | is transfer | low ionising | unlimited | centimetres o _ \___N A X+ 0 gains| H 4
| .. awayfromthe power | e | thick lead or | BT E oY To find the reduction in activity after a 3l
| (short-wavelength, high- nucleus FARERINAIF | etres of concrete | v ber of half-lives: R T Rl e e S
| frequency EM radiation) 7 o @ | Biven number o ati-lives: 0 10 : 30 L] 50
: 1 calculate the activity after each 1ayears bine (yads)
half-life The time Brs._ for the actvity to halve 14
2 subtract the final activity from the YR TSI e iAol s syosfance

Activity and count rate

The activity of a radioactive source is
the rate of decay of an unstable nucleus,
measured in becquerel {Bq).

1Bq = 1 decay per second
Detectors (e.g., Geiger-Miiller tubes)

original activity.
B = ! chran ot d e CP e Tt B et Lol LT o T s D Sy S

(HT only ) Net decline can be given as a ratio: net daecline = G mn‘_n_ﬁz
onginal activity

record a count rate (number of decays
detected per second). thin mica
‘window’
count rate after nhalf-lives = metal central  gas
4 tube wire {mainky
initial count rate argon)
>
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Learn the answers to the questions below then cover the answers column

|
,‘2.‘.}5

Jn

ieval questions

=

1apter 7: Radioactivity

with a piece of paper and write as many as you can. Check and repeat.
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P7 questions

' Describe the basic structure of an atom.

Describe the plum pudding model of the atom.

What charges do protons, neutrons, and
electrons carry?

Why do atoms have no overall charge?

What is the radius of an atom?
What is ionisation?

What is the mass number of an element?

Which particle do atoms of the same element always
have the same number of?

What are isotopes?

What were the two main conclusions from the alpha
particle scattering experiment?

What are the three types of nuclear radiation?
Which type of nuclear radiation is the most ionising?

Whatis the range in air of alpha, beta, and gamma
radiation?

What are the equation symbols for alpha and beta
particles?

What is meant by the half-life of a radioactive source?

What is radioactive contamination?

Where does background radiation come from?

Why are gamma-emitting sources used for medical
tracers and imaging?

What is nuclear fusion?

How does nuclear fission occur?
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Answers

nucleus containing protons and neutrons, around which
electrons orbit in fixed energy levels/shells

sphere of positive charge with negative electrons
embedded in it

protons = positive, neutrons = no charge,
electrons = negative

equal numbers of positive protons and negative
electrons

around 1x107'°m
process which adds or removes electrons from an atom

number of protons + number of neutrons

protons

atoms of the same element (same number of protons)
with different numbers of neutrons

e most of the mass of an atom is concentrated
in the nucleus
e nucleusis positively charged

alpha, beta, and gamma

alpha

~afewcm, 1m, and unlimited, respectively

focand 9B

 time taken for half the unstable nuclei to decay or the

time taken for the count rate to halve

unwanted presence of substances containing
radioactive atoms on or in other materials

rocks, cosmic rays, fallout from nuclear weapons

testing, nuclear accidents

gamma rays pass through the body without causing
much damage to cells

when two light nuclei join to make a heavier one

an unstable nucleus absorbs a neutron, it splits into
two smaller nuclei, and emits two or three neutrons
plus gamma rays






Physics Equations Sheet
GCSE Physics (8463)
FOR USE IN JUNE 2025 ONLY

HT = Higher Tier only equations

N I
kinetic energy = 0.5 x mass * (speed)? By= Zm v
s
elastic potential energy = 0.5 x spring constant x (extension)? Ee= 3 k e*
gravitational potential energy = mass x gravitational field strength x height Ey=mgh
change in thermal energy = mass x specific heat capacity x temperature change AE=mc A0
energy transferred E
power = Y . P==
time {
work done /4
power = ————— =
time {
useful output energy transfer
efficiency = ‘ P L
total input energy transfer
. useful power output
efficiency = 3
total power input
charge flow = current x time O=1It
potential difference = current x resistance V=IR
power = potential difference x current P=VI
power = (current)? x resistance P=PR
energy transferred = power x time E=Pi
energy transferred = charge flow x potential difference E=0V
density = mass . m
ensity = Solume S
Physics Equations Sheet - GCSE Physics (8463) Turn over P

FOR USE IN JUNE 2025 ONLY




HT

HT

HT

HT

HT

HT

thermal energy for a change of state = mass x specific latent heat

E=mlL

For gases: pressure x volume = constant

p V= constant

weight = mass x gravitational field strength W=mg
work done = force x distance (along the line of action of the force) W=Fgs
force = spring constant x extension F=ke
moment of a force = force x distance (normal to direction of force) M=Fd
_ force normal to a surface _F
PreSSUre =~ rea of that surface P~y
pressure due to a column of liquid = 3
height of column x density of liquid x gravitational field strength p=hpg
distance travelled = speed x time s=vi
_ change in velocity Av
acceleration = a= —

time taken

(final velocity)? — (initial velocity)? = 2 x acceleration x distance

% 2
v-—u=2as

resultant force = mass x acceleration F=ma
momentum = mass x velocity p=my
change in momentum m Av
force = g. F=
time taken At
iod = ———— T= :
PeNod = frequency f
wave speed = frequency x wavelength v=f A
.. .. _ image height
magnification = object height
force on a conductor (at right angles to a magnetic field) carrying a current = F=BIl
magnetic flux density x current x length B
potential difference across primary coil _ number of turns in primary coil Vo 1y
potential difference across secondary coil ~ number of turns in secondary coil V. ns
potential difference across primary coil x current in primary coil = VoI =
pIp=Vs I

potential difference across secondary coil x current in secondary coil

Physics Equations Sheet - GCSE Physics (8463)
FOR USE IN JUNE 2025 ONLY

Copyright @ AQA and its licensors. All rights reserved.
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Calculate the power output of the girl. Q3.

(a) When an object is moving it is said to have momentum.

Use the Physics Equations Sheet. Define momentum.

(b) The diagram below shows one way of measuring the velocity of a bullet.
]
]
] /
' \
i '
) A
L) v
1
Power = w
(5)
(b) The total power output of the girl was greater than the answer to part (a).
Suggest two reasons why.
1.
2.
2)
(c) A boy took more than 1.40 s to run up the same stairs.
block of
The power output of the boy was the same as the power output of the girl. wood
What conclusion can be made about the boy's mass? bullet
Tick () one box. \
B —— | 3930ke
g after impact
The boy's mass was greater than the girl's mass. e
before impact
The boy's mass was lower than the girl's mass. A bullet is fired into a block of wood suspended by a long thread.
The bullet stops in the wooden block.
The impact of the bullet makes the block swing.
The boy's mass was the same as the girl's mass. The velocity of the wooden block can be calculated from the distance it swings.
o) In one such experiment the block of wood and bullet had a velocity of 2 m/s

immediately after impact. The mass of the bullet was 20 g and the mass of the

(ol B ks wooden block 3.980 kg.

(i) Calculate the combined mass of the block of wood and bullet.

Page 3 of 136 Page 4 of 136
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@ Purestock/Thinkstock

Arctic foxes have small ears.

How does the size of the ears help to keep the fox warm in a cold environment?

1. Wrap insulating material around the can.
2. Put a fixed volume of boiling water in the can.
3. Place the lid on the top of the can.

4. Measure the time taken for the temperature of the water to decrease by a fixed
amount.

5. Repeat steps 1 — 4 using the same thickness of different insulating materials.
(a) Identify the independent variable and the dependent variable in this investigation.

Independent
variable

Dependent variable

@)

The student used two different types of thermometer to measure the temperature
changes.

Figure 2 shows a reading on each thermometer.

Figure 2

Thermometer A Thermometer B

—3|e0

Q5.

A student investigated the insulating properties of different materials.

Figure 1 shows some of the equipment used by the student.

Figure 1

Jx\\ Thermometer

Lid

\ 0l
1} | Metaican

Insulation—
|~ Hot water
This is the method used:
Page 7 of 136

ﬂmqh °C ?

(2)
(Total 8 marks)

(b) What is the resolution of thermometer B?

Resolution = °C

(1
(c) Thermometer A is more likely to be misread.

Give one reason why.

(n

(d) For one type of insulating material, the temperature of the water decreased from
85.0 “Cto 65.0 °C.

The energy transferred from the water was 10.5 kJ.

specific heat capacity of water = 4200 J/kg "C

Calculate the mass of water in the can.

Page 8 of 136
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(c) Write down the equation which links energy (E), power (P) and time (t).

(d) The hydroelectric generator transfers electrical power of 3000 W to the village.

Calculate the energy transferred to the village in 60 minutes.

Energy transferred =

(e) The hydroelectric generator is turned by falling river water.

Figure 2 shows how the power output of the hydroelectric generator varied during

one year.
Figure 2
_ ! |
5000 1 _
4000 | 7
Power 30001 e S m -
output | _
in watts P .
20001 !
1000 +————
_ fiatsl
3 _ ” JTTiL]
Jan Feb Mar Apr May Jun Jul >_rm Sep Oct Nov Dec

Month

Page 11 of 136

Explain one reason why the power output varied.

(1)
(2)
(Total 10 marks)
Q7.
Light bulbs are labelled with a power input.
(a) What does power input mean?
(3) Tick (v') one box.

The charge transferred each second by the
bulb.

The current through the bulb.

The energy transferred each second to the
bulb.

The potential difference across the bulb.

(1)
(b) Write down the equation which links current, potential difference and power.
(1)
(c)  Alight bulb has a power input of 40 W
The mains potential difference is 230 V
Calculate the current in the light bulb.
Current = A
(3)
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()

Energy is transferred in heating the
surroundings.

Friction causes energy to be transferred in non-
useful ways.

The motor is connected to the mains electricity
supply.

The motor is more than 100% efficient.

There are only four people in the lift.

Figure 2 shows part of the circuit that operates the lift motor.

Figure 2

Page 15 of 136

Power
supply

@

Motor

(@) o2
The lift can be operated using either of the two switches.

Explain why.

2)

(d) Write down the equation that links gravitational field strength, gravitational potential
energy, height and mass.

(1)

(e) The lift goes up 14 m. The total mass of the people in the lift is 280 kg.

gravitational field strength = 9.8 N/kg

Page 16 of 136
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Power = MW

High level reservoir

(1

(i)  How is the temperature of the surroundings affected by the energy wasted by
the pumped storage power station?

()
(Total 10 marks)

Low level reservoir

NG Q11.
Nuclear power stations generate electricity through nuclear fission. Electricity can also be
generated by burning shale gas.

(a) Shale gas is natural gas trapped in rocks. Shale gas can be extracted by a process
called fracking. There is some evidence that fracking causes minor earthquakes.
When electricity is needed, the water in the high level reservoir is allowed to flow to Burning shale gas adds carbon dioxide to the atmosphere.
the low level reservoir. The flowing water generates electricity.

Describe the advantages of nuclear power compared with the use of shale gas to

Use the correct answer from the box to complete each sentence. generate electricity.
electrical gravitational potential  kinetic nuclear sound

The water in the high level reservoir stores energy.

The flowing water has energy.

The water turns the turbine which is connected to the generator.

The generator produces some , this is wasted energy.

(3)

(c) The total power input to a pumped storage power station is 600 MW.

The useful power output is 540 MW.

(3
(i) Calculate the efficiency of this pumped storage power station. !

(b) What is the name of one fuel used in nuclear power stations?

(1

Efficiency =

(2)

(ii) Calculate how much power is wasted by the pumped storage power station.
(c) Describe the process of nuclear fission.
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3 Stays the
Quantity Decreases Saihe Increases
Current in the circuit
Potential difference across
(2) the lamp
(romiSmmie Total resistance of the circuit
Q13 (3)
A student investigated how the current in a filament lamp varies with the potential (d) A charge flow of 15 coulombs passed through the filament lamp in a time of 60
difference across the lamp. seconds.
Figure 1 shows the circuit used. Calculate the current in the lamp.
Figure 1 Use the equation:
P charge fiow
+ =
A I* _----_ 1 o o current _—
®\ Current = A
(2)
\\I/ () When the current in the filament lamp is 0.12 A, the potential difference across the
/K\ lamp is 6.0 V.
Calculate the resistance of the filament lamp.
(a) What is component P? P
Use the equation:
1 tential difference
M resistance = 2
current
(b) Complete the sentences.
Choose answers from the box.
charge current energy %.mwmn””.._.w_m power
Resistance = Q

The ammeter in the circuit measures

(2)
The voltmeter in the circuit measures

(2)

(c) How will increasing the resistance of the variable resistor in Figure 1 affect each of . ) ) )
the following quantities? (f)  The student repeated the investigation after replacing the lamp with a resistor at
constant temperature and then a diode.
Tick (v') one box in each row.
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Figure 3 shows the results.

Figure 3
800000y
6000001
Potential
difference 400000
in volts _
2000004
0 _ - —~ "
0.00 0.05 0.10 0.15 0.20 0.25 030
(3) Distance between cable and earth in metres
(b) Itis dangerous for a person to fly a kite near an overhead power cable. (c) The data in Figure 3 gives the relationship between potential difference and

distance when the air is dry.
Figure 2 shows a person flying a kite.
When the humidity of air increases the air becomes a better conductor of electricity.

Figure 2

Draw a line on Figure 3 to show how the potential difference changes with distance
if the humidity of the air increases.

(d) Figure 4 shows a cross-section through a power cable.

Figure 4

The person could receive a fatal electric shock if the kite was very close to, but not
touching the power cable.

A 1 metre length of a single aluminium wire is a better conductor than a 1 metre

Explain why. length of the steel wire.

The individual wires behave as if they are resistors connected in parallel.

(3)
Explain why the current in the steel wire is different to the current in a single

A scientist investigated how the potential difference needed for air to conduct charge aluminium wire.

varies with the distance between a cable and earth.
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What does this statement mean?

Tick one box.

LED lamps have a similar power output to
filament lamps.

LED lamps waste a smaller proportion of the
input energy than filament lamps.

LED lamps have a higher power input than
filament lamps.

LED lamps waste a larger proportion of the input
energy than filament lamps.

(1)

(Total 5§ marks)

Q16.

A hair dryer contains three heating elements.
The figure below shows the circuit diagram for the heating elements in the hair dryer.

In the figure the heating elements are represented by resistor symbols.

Power
supply
S
i e
| LN
S;

mu\
T

(a) Complete the sentence.

The three resistors in above diagram are connected in with the
power supply.

(b) Which switch must always be closed for the hair dryer to work?

Page 31 of 136

(1

Tick (V) one box.

S

Sz

S

(1)
(c) Which switches must be closed for the hair dryer to work at maximum power output?

Tick (v') one box.

Siand S:

Siand Ss

S:,5:2and Ss

(1
Use the Physics Equations Sheet to answer parts (d) and (e).

(d) Write down the equation which links energy transferred (E), power (P) and time (t).

(1)
(e) The heating elements have a maximum power output of 1200 W.

The energy transferred to the heating elements to reach normal operating
temperature is 3600 J.

Calculate the time taken for the heating elements to reach normal operating
temperature at maximum power output.

Time = s
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(b) When there were three lamps in the circuit the ammeter reading kept changing
between 0.35 A and 0.36 A.

What type of error would this lead to?

Tick (v') one box.

Random error

Systematic errar

Zero error

Figure 3 shows a circuit with five ammeters and three identical lamps.

Figure 3

@
&

(c) Complete the table below to show the readings on ammeters Az and As.

Ammeter A, A A Ay As

Current in amps 0.36 0.12 0.12

(d) The resistance of one lamp is 15 Q0.
The current in the lamp is 0.12 A,
Calculate the power output of the lamp.
Use the eguation:

power = (current)? x resistance
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Power = w
(2)
(Total 8 marks)
Q18.
(a) Complete the sentence. Choose answers from the box.
potential
charge difference power temperature time

(1)

The current through an ohmic conductor is directly proportional to the

across the component, provided

that the remains constant.

(2)
(b) Figure 1 shows a current — potential difference graph for a filament lamp.

Figure 1

Current

Potential difference

Explain how the resistance of a filament lamp changes as the potential difference
across it increases.

(2)

(3)
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Use the Physics Equations Sheet to answer parts (b) and (c).
(b)  Which equation links charge flow (Q), energy (E) and potential difference (V)? (e}

Tick (v/) one box.

(3)

The electrical circuit was left switched on while the ice changed from a solid to a
liquid and increased in temperature to 5 °C.

Explain the changes in the arrangement and movement of the particles as the ice
melted and the temperature increased to 5 °C.

v
E=—
Q
E=QV
_Q
E=v
(M
E=—
Q
(1)
{(c) Calculate the charge flow through the 12 V battery when the battery transfers 5010 J
of energy.
Charge flow = C
(3) (6)
(Total 14 marks)
(d) Ice forms on the windscreen at a temperature of 0 °C.
The electrical circuit transfers 5010 J of energy to the ice. Q20.
Most electric kettles use the ac mains electricity supply.
A mass of 0.015 kg of ice melts. ¥ SUpply
(a) Complete the sentence.
Calculate the specific latent heat of fusion of water. ) )
The ac mains supply has a potential difference that continuously
Use the Physics Equations Sheet. .
polarity
(1)

Jikg

Specific latent heat of fusion of water =

Page 39 of 136

Figure 1 gives the power output of three electric kettles.

Figure 1
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Q21.

The figure below shows how electricity is supplied to consumers by the National Grid.

Overhead
transmission cables

Power station

CErrrrrn

Transformer

fa) Explain why transformer X is used in the National Grid.

(b) Explain why transformer Y is used in the National Grid.

(c) The town of Hornsdale in Australia has electricity supplied by a huge battery.
On one day the battery transferred 3.24 x 10" J of energy to the town.

The potential difference of the town s electricity supply is 230 V.

Calculate the charge flow to the town on this day.
Use the Physics Equations Sheet.

Give your answer to 3 significant figures.
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4)

(2)

Charge flow (3 significant figures) = Cc

(4)
(Total 10 marks)

Q22.

Figure 1 shows a static electricity generator.

Figure 1

Metal dome

Rubber belt

Movement of belt

Motor

The rubber belt is turned by a motor.
As the rubber belt moves, charge is transferred from the rubber belt to the metal dome.
Figure 2 shows a student touching the metal dome of the static electricity generator.

The dome is negatively charged.

Figure 2
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(d) The air between the dome and the earthed conductor is an insulator.
Complete the sentence.

Choose the answer from the box.

efficiency resistance temperature

The air between the dome and the earthed conductor has

a high

The earthed conductor is moved closer to the metal dome.
A spark jumps from the dome to the earthed conductor.
{e) Complete the sentence.

Choose the answer from the box.

earthed ionised

neutral \_

The spark jumps because the air around the charged dome has

become

(fy Which particles are transferred when the spark jumps from the negatively charged
metal dome to the earthed conductor?

Tick (v') one box.

Electrons

Neutrons

Protons

(g) The potential difference between the metal dome and earth is 300 000 V.

When the spark jumps there is a charge flow of 0.000 002 C.

Calculate the energy transferred by the spark.
Use the equation:

energy transferred = charge flow x potential difference
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(1

(1

(1)

Q23.

Energy transferred = J

(2)
(Total 8 marks)

Figure 1 shows a plastic rod being rubbed with a cloth.

The plastic rod becomes negatively charged.

(a)

(b)

Figure 1

Cloth

Plastic rod
Complete the sentences.
Choose answers from the box.

Each answer may be used once, more than once or not at all.

protons \_

electrons neutrons

The plastic rod becomes charged because it gains

The cloth also becomes charged because it loses

(2)

What charge is left on the cloth?

Tick (v') one box.

A negative charge

A neutral charge

A positive charge

M
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(a) Describe the force that acts on the student’s hair in Figure 1. Calculate the resistance of the person’s chest.

2

(b) An earthed conductor was brought near the charged student.
A spark jumped between the conductor and the student.

The potential difference between the conductor and the student was 2.5 kV
The energy transferred by the spark was 0.0050 J

Calculate the charge transferred by the spark.
9 y s Resistance = Q

(5)
(Total 10 marks)

Q25.
ch - c (a) A student takes off his nylon fleece and feels a small electric shock.
AEga:= @ He realises that this happens because his fleece becomes charged.
(c) A defibrillator can transfer a charge to regulate a person’s heartbeat.
Figure 2 shows a defibrillator.
Figure 2
Explain why the fleece becomes charged.
When the defibrillator is in use, a potential difference of 4800 V is applied across the @

person’s chest.

A charge of 0.16 coulombs passes through the person’s chest in 4.0 ms
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The average mass of air passing through the blades of one wind turbine is 51 000 kg per
second.

The density of airis 1.2 kg / m®

(b) Write down the equation that links density, mass and volume.

(c) Calculate the volume of air passing through the blades of one wind turbine in one
second.

Give the unit.

Give your answer to 2 significant figures.

Volume in one second = Unit

(d) The average power output from one of the wind turbines in the diagram is 1.6 x
100 W

The average power output of a nuclear power station is 2.4 x 10° W

Calculate the number of wind turbines needed to generate power equal to one
nuclear power station.

Number of wind turbines =
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(e)
(1)
(1)
Q27.
(a)
(5)
(b)

(2)

The UK requires a minimum electrical power of 2.5 x 10 W at any time.

Give two reasons why wind turbines alone are uniikely to be used to meet this
requirement.

1.

(2)
(Total 11 marks)

A company is developing a system which can heat up and melt ice on roads in the
winter. This system is called ‘energy storage’.

During the summer, the black surface of the road will heat up in the sunshine.
This energy will be stored in a large amount of soil deep under the road surface.
Pipes will run through the soil. In winter, cold water entering the pipes will be
warmed and brought to the surface to melt ice.

The system could work well because the road surface is black.

Suggest why.
(1)
(i) What is meant by specific latent heat of fusion?
(2)
(ii) Calculate the amount of energy required to melt 15 kg of ice at 0 °C.
Specific latent heat of fusion of ice = 3.4 x 10° Jlkg.
Energy = J
(2)
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Q

28.
(a

)

Extra space

(6)
(Total 18 marks)

The diagrams, X, Y and Z, show how the particles are arranged in the three states
of matter.

O

(i) Which one of the diagrams, X, Y or Z, shows the arrangement of particles in
a liquid?

X Z

Write the correct answer in the box.

M

(i) Which one of the diagrams, X, Y or Z, shows the arrangement of particles in
agas?

Write the correct answer in the box.
(1)
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(b) Draw a ring around the correct answer in each box to complete each sentence.

U}

(i)

vibrating in fixed positions.

In a gas, the particles are | moving randomly.

0]

(i)

not moving.
(1)
stronger than
In a solid, the forces between the particles are equal to the
weaker than
forces between the particles in a liquid.
(1)
(c) The picture shows a puddie of water in a road, after a rain shower.
During the day, the puddle of water dries up and disappears. This happens
because the water particles move from the puddle into the air.
What process causes water particles to move from the puddle into the air?
Draw a ring around the correct answer.
condensation evaporation radiation
n
Describe one change in the weather which would cause the puddle of water
to dry up faster.
(1)
(Total 6 marks)
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Q30.

The table gives information about some methods of conserving energy in a house.

Conservation method Installation cost Annual saving on
ing energy bills in £
Cavity wall insulation 500 60
Hot water tank jacket 10 15
Loft insulation 110 60
Thermostatic radiator 75 20
valves
(a) Explain which of the methods in the table is the most cost effective way of saving

energy over a 10 year period. To obtain full marks you must support your answer
with calculations.

(3)

(b) Describe what happens to the energy which is ‘wasted' in a house.

2
(Total 5 marks)
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Q31.

Figure 1 shows water being heated. Eventually the water changed into steam.

Figure 1

wﬁw_._..f.f 1

(a) Complete the sentences.
Choose answers from the box.

Each answer may be used once, more than once or not at all.

greater than less than the same as

The distance between the particles in steam is the

distance between the particles in liquid water.

The density of steam is the density of liquid water.
(2)

Figure 2 shows how the temperature of the water varied with time.

Figure 2

Temperature

Time
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decrease to 0.025 m®.
No helium leaves the balloon.

Calculate the new pressure in the balloon.

New pressure = Pa
(4)

(c) The temperature of the helium in the balloon was increased.
The mass and volume of helium in the balloon remained constant.

Explain why the pressure exerted by the helium inside the balloon would increase.

(4)
(Total 10 marks)

Q33.
A student investigated how the pressure of a gas varied with the volume of the gas.
The mass and temperature of the gas were constant.
Figure 1 shows the equipment the student used.

Figure 1
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(a) What is the resolution of the syringe?

cm?®

The student compressed the gas in the syringe and read the pressure from the pressure

gauge.

Figure 2 shows the student's results.

Pressure
in kPa

Figure 2

100

8 8 10 11 12
Volume in cm?
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(d)

(e)

Workers in nuclear power stations must be aware of nuclear irradiation and

radioactive contamination.

Draw one line from each term to an example of the term.

Term

Radioactive
contamination

Nuclear irradiation

Why are workers required to walk across a sticky floor before leaving the nuclear

power station?

Tick (v') one box.

To remove alpha particles from their shoes.

To remove gamma radiation from their shoes.

To remove radioactive dust from their shoes.
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Example

Exposure to a beam of
gamma rays

Exposure to ultraviolet
radiation from the Sun

Accidental transfer of
plutonium onto a
human body

Using a mobile phone

(1

(2)

W

(M)

(9)

The places where people work and live contribute to the nuclear radiation they are

exposed fo.

Table 2 shows the mean daily dose of radiation caused by two different jobs.

Table 2
Job Mean daily dose in mSv
Aeroplane pilot 0.072
Nuclear power station
warker 0.00050

Calculate the number of days a nuclear power station worker must work before

receiving the same dose that an aeroplane pilot receives in one day.

Number of days =

The process of nuclear fission takes place in nuclear power stations.
The process of nuclear fusion takes place in the Sun.

Draw one line from each process to its fuel.

Process Fuel
_ Hydrogen
Nuclear fission
7 Iron
_ Lead

Nuclear fusion

7 Uranium
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(2)

2
(Total 11 marks)



9EL Jo s sbed

(swiew g} |e301)
(2)

‘woje ue ul sjaas| ABiaua usamiag umop pue dn saow ued uoJio8ja ue moy uiejdxg

(1)

¢ WOJE 3] JO [9pOL JBB[INU BY) WO JUBIBYYIP WOJE BY) JO [3POL Jyog Y} SI MOH

(1)

‘aoeds Ajdwsa Apsow si woe ay)

“SU0J}D3J puE SUCKNaU ‘sucjold SUIBJUOS WOje By

'SN3jonu e sulejuod woje sy

"X0q 8u0 () %11

¢anoge ainbily ay) Ul 9 pue 4
'3 'a seponed eydje Ag uaye) syied ay) WO WOJE 8y} INoge paonpap aq ued 1BUM

(z)

"0 3oied

)]

(s)

(z)

(p)

eydie jo yied ayy ueyy paaino Ajybn siow si g sjoiped eydie jo yjed ay) Aym uieidxg  (2)

(z)

9EL Jo g/ sbed

‘anoqe aunby ay) ui umoys yied ay) seve) y ajoied eydie Aym uieidxg  (q)

¢ e
iR
> S5 *d
N .
~ \\ -
: S "
r/... .fJ.f;lIIIl. x
N r.v-r T ——— ~——e8
i) — ——a
snajonu pjog) sajoiped eydyy

‘D pUB 4'3'Q'D g 'V ‘sapiued eydie usaas Aq uaye) suyjed ay) smoys mojaq anbiy ay |
‘|04 plob jo 128ys e je pajoasp alam ssjaiued eyd)y

‘Juswiiadxa Buusyess spied eydie ue Buisn pasAcoSIp Sem SNaNU Y|

g6l uojold

0Z6l

snajonp

LiBl uoJinan

1681 uosa3|3
A1anoosip
10 JeaA 3joiued

‘PaJanodsip sem )i Jeak ay) o) sjonted yoes woyy auy auo meig  (e)

"PBISA0ISIP BIBM SBJ0ILIEd MBU SE WOJE BY) JO S|SpoW mau padojaAap SIsUaIng

‘'SED



Q36.

Some isotopes emit nuclear radiation.

(a) Carbon-14 and carbon-12 are isotopes of carbon.

Compare the structure of an atom of carbon-14 with the structure of an atom of

carbon-12.

(b) Carbon-14 is a radioactive isotope.

Carbon-14 has a half-life of 5700 years.

What does ‘a half-life of 5700 years' mean?

The table below gives the half-life of some other radioactive isotopes.

Isotope Half-life in seconds
Nitrogen-18 0.62
Nitrogen-17 417
Fluorine-17 64.37
Fluorine-18 6584.34

(c) A sample of fluorine-17 has an activity that is one quarter of its original activity.

Calculate the age of the sample of fluorine-17.
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(3)

(1

(d)

(e)

(f)

(g)

All of the isotopes in the table above emit beta radiation.

Explain which isotope would cause the biggest risk to a person’s health based only
fe of each isotope.

People who work in the nuclear power industry need to be aware of irradiation and
contamination.

Describe the difference between irradiation and contamination.

Give one health risk to a person working close to a source of nuclear radiation.

Workers in nuclear power stations are monitored to check the radiation they emit.
A worker stands 1 cm away from a radiation detector.

The amount of radiation the worker emits is recorded.

Explain why the worker needs to stand close to the radiation detector.
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(1)
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(ii) It is impossible for the alpha decay of bismuth-212 to produce the same
element as the beta decay of bismuth-212.

(6) Explain why.
(Total 10 marks)

Q3s.
(a) Atoms of the isotope bismuth-212 decay by emitting either an alpha particle or a
beta particle.
The equation represents what happens when an atom of bismuth-212 decays by
beta emission into an atom of polonium-212. @)

(Total 7 marks)

212 212
Bi —— Po + beta particle
83 84
Q39.

(i) The bismuth atom and the polonium atom have the same mass number A teacher investigated the radiation emitted by two different radioactive sources, A and B.

(212).

Wht is the mass number of an-atom? Figure 1 shows a radiation detector positioned near one of the radioactive sources.

Figure 1

(1) Radioactive source
(ii) Beta decay does not cause the mass number of an atom to change.

Explain why not.

2
(b) When an atom of bismuth-212 emits an alpha particle, the atom decays into an
atom of thallium.
An alpha particle is the same as a helium nucleus.
The symbol below represents an alpha particle. The teacher measured the count rate at different distances for each radioactive source.
4 Figure 2 shows the results.
He ¢
2 Figure 2
(i) The equation below represents the alpha decay of bismuth-212.

Complete the equation by writing the correct number in each of the two boxes.

Bi ——

4
TI + He
83 2

22 L]
]

2
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Determine the activity of the radioactive sample at 300 seconds. (d) A new type of power station is being developed that will generate electricity using
nuclear fusion.

Give the unit.
Explain how the process of nuclear fusion leads to the release of energy.
Activity = Unit ()
4) , _ ) _

(Total 11 marks) (e) Nuclear fusion power stations will produce radioactive waste. This waste will have a
much shorter half-life than the radioactive waste from a nuclear fission power
station.

Q40. _ o . )
Radioactive waste from nuclear power stations is a man-made source of background Explain the advantage of the radioactive waste having a shorter half-life.
radiation.
(a) Give one other man-made source of background radiation.
(1)

Nuclear power stations use the energy released by nuclear fission to generate electricity. @
(b) Give the name of one nuclear fuel. (Total 10 marks)
) Q41.

Nuclear fission and nuclear fusion are two processes that release energy.
(c) Nuclear fission releases energy.
(a) (i) Use the correct answer from the box to complete each sentence.
Describe the process of nuclear fission inside a nuclear reactor.
Geiger counter nuclear reactor star
Nuclear fission takes place within a
Nuclear fusion takes place within a
(2)
(ii) State one way in which the process of nuclear fusion differs from the
process of nuclear fission.
(1)

(4) (b) The following nuclear equation represents the fission of uranium-235 (U-235).

1

235 236 14 a2 1
Nt g —* oY — gbBa + Kr o+ 3,n + energy

56
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(d)

(e)

Some atomic nuclei are unstable and decay by emitting an alpha particle or a beta
particle.

Complete the symbols for an alpha particle and a beta particle.

Use answers from the box.

-1 0o 1 2 4

Alpha He

(3)
Doctors may use nuclear radiation to diagnose certain types of illness.
The table below gives data about three radiation sources used.

Each source emits beta radiation.

601
€
Count rate
incounts 40
per minute - !

Explain why oxygen-15 is likely to pose the least risk to a patient.

Radiation source

Half-life in minutes

Carbon-11 20
Nitrogen-13 10
Oxygen-15 2
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(2)
(Total 9 marks)

Different radioactive isotopes have different values of half-life.

What is meant by the ‘half-life’ of a radioactive isotope?

(1

Figure 1 shows how the count rate from a sample of a radioactive isotope varies
with time.

Figure 1

80

20

0 20 40

Time in days

Use information from Figure 1 to calculate the half-life of the radioactive isotope.
Show clearly on Figure 1 how you obtain your answer.

Half-life = days

(2)

The table below shows data for some radioactive isotopes that are used in
schools.

Radioactive Type of radiation Half-life in
isotope emitted years
Americium-241 Alpha and gamma 460
Cobalt-60 Gamma 5
Radium-226 Alpha, beta and 1600
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Q44.

Atoms are different sizes.
One of the heaviest naturally occurring stable elements is lead.

208

206
Pb Pb

Two of its isotopes are lead-206 ( 82 ) and lead-208 ( 82 ).

(a) (i) \What is meant by ‘isotopes'?
206
i . Pb
(i) How many protons are in the nucleus ofa 82 atom?
206
. Pb
(i) How many neutrons are in the nucleus ofa 82 atom?

(b) A nucleus can be accelerated in a particle accelerator and directed at a large

nucleus. This produces a heavy nucleus that will decay after a short time.

This is shown in Figure 1.

Figure 1

—35=C

Nucleus Large nucleus Heavy nucleus

(i) In 1984, nuclei of iron (Fe) were directed at nuclei of lead (Pb). This
produced nuclei of hassium (Hs).

Complete the equation for this reaction by writing numbers in the empty
boxes.
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(it)

(iii)

(2)

1

(iv)

(1)

o
L L

265 1
- Sme + ox
(3)

Use the correct answer from the box to complete the sentence.

an electron a proton a neutron

The particle X in part (b)(i) is

(1)

After acceleration the iron nuclei travel at a steady speed of one-tenth of the
speed of light.

The speed of light is 3.00 x 10° m/s.

Calculate the time taken for the iron nuclei to travel a distance of 12 000 m.

Time taken = s

(2)

Linear accelerators, in which particles are accelerated in a straight line, are
not used for these experiments. Circular particle accelerators are used.

Suggest why.

(3)

265

H

S
(c)  Hassium-265 (108 ) decays by alpha emission with a half-life of 0.002
seconds.
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Include in your answer a brief description of the process used to generate electricity How long will it take for the number of iodine-131 atoms to decrease to 1257
from nuclear fuels.

Answer = seconds

(3
(Total 4 marks)

(4)
(b) In the UK, most electricity is generated in power stations that emit carbon dioxide
into the atmosphere. The impact of these power stations on the environment could
be reduced by the increased use of 'carbon capture' technology.
Describe how ‘carbon capture' would prevent the build-up of carbon dioxide in the
atmosphere.
(2)
(Total 6 marks)
Q46.
The first commercial nuclear power station in the world was built at Calder Hall in
Cumbria.

The atoms produced by the fission of uranium are also radioactive. The used fuel is sent
to a reprocessing plant where it can be safely treated.

(i) Calder Hall power station is next to the Sellafield reprocessing plant. Suggest an
advantage of having the two plants close together.

(1

(i) One of the radioactive products is iodine-138. This has a half-life of 6 seconds.
A sample of radioactive material contains 2000 atoms of iodine-138.
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Q4.
(a)

Marks awarded for this answer will be determined by the Quality of Written
Communication (QWC) as well as the standard of the scientific response.
Examiners should also refer to the information in the Marking quidance.

0 marks
Mo relevant content.

Level 1(1-2 marks)

There is a basic explanation of one feature

or

a simple statement relating reduction in energy transfer to one feature.

Level 2(3-4 marks)

There is a clear explanation of one feature

or

a simple statement relating reduction in energy transfer to two features.
Level 3(5-6 marks)

There is a detailed explanation of at least two features

or

a simple statement relating reduction in energy transfer to all four features.

Examples of the points made in response
extra information
accept throughout:
heat for energy
loss for transfer
plastic cap:

. plastic is a poor conductor
accept insulator for poor conductor

. stops convection currents forming at the top of the flask so stopping
energy transfer by convection

. molecules / particles evaporating from the (hot) liquid cannot move
into the (surrounding) air so stops energy transfer by evaporation

. plastic cap reduces / stops energy transfer by conduction / convection
| evaporation

glass container:

. glass is a poor conductor so reducing energy transfer by conduction
. glass reduces / stops energy transfer by conduction

vacuum:

. both conduction and convection require a medium / particles

. so stops energy transfer between the two walls by conduction and

Page 99 of 136

[13]

(b)

Q5.
(@)

(b)

(c)

(d)

convection
. vacuum stops energy transfer by conduction / convection
silvered surfaces:

L silvered surfaces reflect infrared radiation
accept heat for infrared

. silvered surfaces are poor emitters of infrared radiation
. infrared radiation (partly) reflected back (towards hot liquid)

. silvered surfaces reduce / stop energy transfer by radiation

(the ears have a) small surface area
ears are small is insufficient

so reducing energy radiated / transferred (from the fox)
accept heat lost for energy radiated
do not accept stops heat loss

(8]

independent variable: (type of) insulation / material
do not accept thickness of material

dependent variable: time
0.1 (°C)

viewing angle affects measurement
or
parallax error
allow judgement needed in reading the position (of the liquid
in the thermometer)
aliow the level of the liquid may be between lines
allow number of lines may be miscounted
ignore harder to read
ignore lines are close together
ignore human error

E=10500(J)

10500
M= 3300 x (85-65)
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allow light bulbs emit infrared radiation as well as washing machine

,,:.m__.Em light ) : four circled including correct three scores 1 mark
ignore so people know how bright the bulb is five circled scores zero

the efficiency of the light bulb also 3mma,m to be considered (b) Appliances only transfer part of the energy usefully
allow the cost to power the light bulb depends on 1
the efficiency
allow to see how much energy is wasted The energy transferred by appliances makes the surroundings warmer
1 1
[11] [5]
s Q10
p 120000 : = _
(@) 80 (a) geotherma ;
1
nuclear
P =15000 (W) 1
1
an answer of 15 000 (W) scores 2 marks biofuel
1
(b) energy is transferred in heating the surroundings o )
1 (b) gravitational (potential)
1
friction causes energy to be transferred in non-useful ways e
1 kinetic
1
{c) the switches are in parallel
1 sound
1
s0) closing either switch completes the circuit
(=) ¢ ° 1 (c) (i) 90% or 0.9(0)
an answer of 0.9(0) with a unit gains 1 mark
(d) gravitational potential energy = mass x gravitational field strength x height 2
allow E,=mgh »
1 (i) 60 (MW)
allow 10%
(e) E,=280x%9.8x14 1
1
increased

E:. =38 416 (J) !
1 [10]
E, = 38 000 (J)
an answer that rounds to 38 000 scores 2 marks Q11.

(a) any three from:
an answer of 38 000 scores 3 marks

[10] . no carbon dioxide emitted (to produce electricity)
no greenhouse gases is insufficient
Qs. ’ doesn't cause global warming
(a) fan allow climate change or greenhouse effect for global warming

¢ nuclear power doesn't cause earthquakes

gl . more energy released per kg of fuel (compared to shale gas)
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(9)

Q4.
(a)

(b)

Fismient ng

2 marks for all 3 correct

1 mark for 1 or 2 correct

additional line from a box on the left negates the mark for that box

a Zero error

(very high p.d. means) very low currents

which means less (thermal) energy is transferred to surroundings
allow less power loss in cables

which increases the efficiency of power transmission

electric field strength is very high

causing the air to become ionised
allow the air breaks down
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(c)

(d)

Q15.
(a)

(b)

(c)

[13]
(d)

Q16.
(a)

(b)

(c)

(d)

allow the air becomes a conductor
allow the air conducts charge

(the kite / string) conducts charge to the person / earth

ignore answers referring to the kite touching the
power cables

straight line passing through the origin

line drawn below existing line for all values

the potential difference across the wires/cable is the same

(but) the resistance of the steel wire is greater (and so less current in the steel)

o]

0.08 (s)

the current goes higher than normal value
allow the current goes (too) high

or
the current goes higher than 1.5 A

P=15x24

P =36 (W)
an answer of 36 (W) scores 2 marks
LED lamps waste a smaller proportion of the input energy than filament lamps

[51

parallel

Ss

S1, Sz and Sy

energy transferred = power * time
or
E=Pxt
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(q)
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(b)

(c)

(d)

(e)

change
E=qQV
5010=Q =12

5010
Q= 12

Q=417.5(C)
alfow 418 (C)

5010=0.015x L

5010
L= o=

0.015
L =334 000 (Jkg)

Level 3: Relevant points (reasons / causes) are identified, given in detail and
logically linked to form a clear account.

Level 2: Relevant points (reasons / causes) are identified, and there are
attempts at logical linking. The resulting account is not fully clear.

Level 1: Points are identified and stated simply, but their relevance is not clear
and there is no attempt at logical linking.

No relevant content

Indicative content

. particles in a solid are in a regular pattern
. particles in a liquid are in a random arrangement

. particles in a solid are vibrating about fixed positions
. particles in a liquid are moving freely

. as the ice changes to water the temperature remains constant
. because as the ice changes to water the potential energy of the particles
increases

. as the water warms the particles move faster
. so the kinetic energy of the particles increases

. internal energy is the total kinetic and potential energy of all the particles
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34

Q20.
(a)

(b)

(d)

(e)

U]

Q21.
(a)

ignore any references to density of ice vs liquid water
ignore any references to spacing of particles

changes
allow reverses

dependent

kettle C
or
2.8 kW

highest power (output)
allow higher power (output)

values for gradient calculation shown on graph or on
answer lines

power input = 2200 (W)
accept an answer that rounds to 2200 (W) for 2 marks

charge flow = current % time

allow Q =1t
2400 = | x 250
- 2400
250
1=96(A)

an answer of 9.6 (A) scores 3 marks

transformer X increases potential difference

and decreases current

do not accept if student states that potential difference
decreases

reducing (thermal) energy transfer to surroundings
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(b)

(c)

Q2s.
(a)

0.0050=Q

_ 0.0050

Q 2500

an answer of 2.0 x 10-° (C) scores 3 marks
an answer of 2 x 10-? (C) scores 2 marks

x 2500

this mark may be awarded if pd is incorrectly or
not converted

this mark may be awarded if pd is incorrectly or
not converted

Q=2.0x10*(C)

or

Q = 0.0000020 (C)

these answers only

an answer of 120 ((2) scores § marks

0.16=1=40x107

or
=

0.186

4.0x107

I =40 (A)

this mark may be awarded if time is incorrectly /

not converted

this value only

4800=40xR

4800
Lt

allow 4800 = their calculated | x R

allow R = 4800 / their calculated |

R=120(0Q)

allow an answer consistent with their calculated |

fleece rubs against shirt

it refers to the fleece
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[10]

friction (between fleece and shirt)

(causing) electrons to transfer from one to the other
accept a specific direction of transfer
do not accept charge for electrons
positive electrons negates this mark
movement of protons negates this mark

(b) Electrical charges move easily through metals.

An electric current is a flow of electrical charge.

(c) (i) copper
reason only scores if copper chosen

(good electrical) conductor
accept it is a metal
any mention of heat conduction negates this mark

(ii) lower than

(i)  accept any sensible suggestion,eg:
*  too many variables (to control)
+ lightning strikes / storms are random / unpredictable
= do not know which building will be struck
« do not know when a building will be struck
+  do not know when lightning will happen
«  (very) difficult to create same conditions in a laboratory

+  lightning storms are not the same
it is not safe is insufficient
do not accept lightning does not strike the same place twice

(8]

Q26.

(a) minimum distance between wind turbines is at least 500 m
in all directions

turbines can rotate to face into wind and still maintain the
minimum distance

(b) density = mass/volume
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. digging up earth and disrupting habitats
salt spreading
advantages:

* easily available
. cheap

disadvantages:

& can damage trees / plants / drinking water / cars
. needs to be cleaned away

undersoil heating
advantages:

. not dependent on weather
. can be switched on and off

disadvantages:

Q2s.

. costly
. bad for enviranment
6
[18]
(a) (i) Z
1
(i) X
1
(b) (i) moving randomly
1
(i) stronger than
]
(c) (i) evaporation
1
(ii) any one from:
. becomes windy
. temperature increases
accept (becomes) sunny
“the sun"” alone is insufficient
. less humid
1
(6]
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Q29.
(a) the gradient for ice is steeper than the gradient for water (liquid)

allow the temperature of the ice increased faster
than the temperature of the water

which means that less energy is needed to increase the temperature by a
fixed amount

(b) water took more time to vaporise than the ice took to melt

which means that less energy is needed to change the state from solid to
liquid (than from liquid to vapour)

(c) any two from:

. ice/water would take more time to increase in temperature

allow gradients would be less steep
. ice/water would take more time to change state
. the change in temperature with time would not be linear

allow horizontal lines would be longer
(d) E=69000(J)

69 000=0.030 x L

allow a correct substitution of an incorrectly/not
converted value of E

69000
~ 0030

allow a correct rearrangement using an
incorrectly/not converted value of E

k

L =2 300 000

or

L=2.3x10°
allow a correct calculation using an
incorrectly/not converted value of E

Jikg

allow a unit consistent with their numerical
answer

eg 2300 kJ/kg

Q30.
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(b)

(c)

Q34.
(a)

(b)

()

(d)

pressure is inversely proportional to volume

data to prove inversely proportional relationship
eg 8 x 200 = 1600
and 10 = 160 = 1600

if no other marks score allow for 1 mark: as volume
decreases pressure increases

(as the gas is compressed) the volume of gas decreases

(so there are) more frequent collisions of gas particles with
container walls

(and) each particle collision with the wall causes a force

(so there is a) greater force on walls

protons
this order only

neutrons

the time taken for half the nuclei in a sample to decay

carbon-18

Term Example

Exposure 10 a beam of gamma rays _

1

_ Radicactive contamination

Expasura 10 ultravioiet radiation
from the Sun

Accidental wansfer of piutonium
onto a human body

_\ Nuclear rracation

— Using a maobie phone

1 mark for each correct line

additional line from a box on the left negates the mark for that box
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(8]

(e)

U]

(9)

Q3s.
(a)

to remove radioactive dust from their shoes

0.072
number of days =

number of days = 144

Process

1 mark for each correct line

additional line from a box on the left negates the mark for that box

0.00050

Particle Year of discovery
Electron 1897
Neutron 1911
Nucleus 1920
Proton 1932

4 correct for 2 marks

2 or 3 correct for 1 mark

additional line from a box on the left negates the mark for that box
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allow 'inside a person’ for 'on an object / person’

(f)  any one from:
. cancer / tumours
. DNA [ genetic mutation

ignore mutates cells
. damages / kills cells
. radiation poisoning / sickness / burns

ignore death
(g) some radioactive materials emit alpha radiation

which has a (very) short range (in air)

MP2 dependent on scoring MP1 allow weakly
penetrating for short range (in air)

(n) pilot's dose in 24 hours = 0.072 (mSv)

0.072

number of days = 0.00050

number of days = 144
OR
nuclear power worker hourly dose = 0.0000208... (mSv) (1)

0.0030
0.0000208 M

number of days =
number of days = 144 (1)
OR

hourly dose _ 0.0030
daily dose  0.00050

=6(1)
number of days = 6 x 24 (1)
number of days = 144 (1)

[17]
Q37.

(a) (an equal amount of) positive charge
do not accept charge on the atom / nucleus is positive

(b) (i) a (significant) number of alpha particles were scattered by more than
4°
or
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(c)

alpha particles deflected backwards
accept (some) measurements / results were unexpected

measurements / results could not be explained by ‘plum pudding’ model
or
measurements / results did not support predictions

can be explained by the nuclear model is insufficient

accept measurements / results did not support hypothesis

(ii) many / (over)100 000 measurements / results taken
accept Rutherford(and Marsden) were respected scientists
ar
scientists were respected
accept measurements / results taken over several months
the experiment was repeated many times is insufficient

Marks awarded for this answer will be determined by the Quality of Written
Communication (QWC) as well as the standard of the scientific response.
Examiners should also refer to the information on page 5 and apply a ‘best-fit’
approach to the marking.

0 marks
no relevant content

Level 1 (1-2 marks)
A brief description is given with some particles correctly named

Level 2 (3—4 marks)

A description is given with all three particles named

plus either

the polarity of charge associated with the

three particles

or

the relative mass of the three particles

or

the relative mass for one particle and the relative charge for one particle given

Level 3 (5-6 marks)

A more detailed description is given, naming the particles and polarity of
charge

and either

the relative mass is given for at least two particles

or

the relative charge is given for at least two particles

Examples of the points made in the response
brief description
contains protons, neutrons and electrons

protons are positive
electrons are negative
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(e)

Q40.
(a)

(b)

(c)

allow no eating / drinking (while radioactive source is in the
lab)

allow do not touch the source (with bare hands)
ignore wear a mask

ignore wear safety glasses

ignore protective clothing unqualified

ignore wear a hazmat suit

ignore wear PPE unqualified

tangent drawn on line at 300 s
do not allow a line drawn that crosses the graph line

attempt to calculate gradient of the tangent
allow missing power for Ay

activity = 7.1 x 102
allow a value between 6.5 and 7.6 x 10%°

becquerel / Bq
ignore decays/second

Any one from:
. (medical) x-rays
allow CT scans
. radiotherapy
. nuclear weapons (testing)

allow nuclear fallout
. named nuclear disaster e.g. Chernobyl / Fukushima / Three Mile Island.

ignore radioactive / nuclear waste

uranium / plutonium
ignore any number given
alfow thorium

neutron absorbed by a uranium nucleus

nucleus splits into two parts
allow an atom splits into two parts if 1% marking point doesn't score

and (2/3) neutrons (are released)

and gamma rays (are emitted)
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(d)

(e)

Q41.
(a)

(b)

lighter nuclei join to form heavier nuclei
allow specific examples

some of the mass (of the nuclei) is converted fo energy (of radiation)

activity decreases quickly

allow nuclei / waste will decay at a greater rate
ignore waste is radioactive for less time

risk of harm decreases quickly

allow burial site doesn’t need to be monitored for as long
ar

doesn't need to be buried underground for as long

or

may not need to be buried underground

(i) nuclear reactor

star

(ii) nuclei are joined (not split)
accept converse in reference to nuclear fission
do not accept atoms are joined

(i) any four from:

. neutron
. (neutron) absorbed by U (nucleus)
ignore atom
do not accept reacts
do not accept added to
. forms a larger nucleus
. (this larger nucleus is) unstable
. (larger nucleus) splits into two (smaller) nuclei / into Ba and Kr
. releasing three neutrons and energy

accept fast-moving for energy

(ii) 56 (Ba)

57 (La)
if proton number of Ba is incorrect allow 1 mark if that of La
is 1 greater
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(iy 124

() (0

1 mark for each correct box

(i) (a) neutron

(i)  4.0x10“(s)
or
0.0004

300%x108x0.1=12000/t
gains 1 mark

(iv)  particles need to travel a large distance

equipment would have to be very long

with circular paths long distances can be accommodated in a smaller

space

(c) (i) the average time for the number of nuclei to halve

the time for count rate to halve

261 4
Sg + a

Gy | 106 2

1 mark if top boxes total = 265
and bottom boxes totfal = 108
1 mark for 4 and 2 for alpha

(d) (i) 3 plotted points
+ ¥ small square
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Q45.
(a)

(b)

Q46.
()

(i)

best line through points

(ii) 190-205 (pm)
or correct from student’s line

answers must be in terms of nuclear fuels

concentrated source of energy

idea of a small mass of fuel able to generate a lot of

electricity

that is able to generate continuously
accept it is reliable

or can control / increase / decrease electricity generation
idea of available all of the time / not dependent on the

weather
ignore reference to pollutant gases

the energy from (nuclear) fission

is used to heat water to steam to turn turbine linked to a generator

carbon dioxide is not released (into the atmosphere)

but is (caught and) stored (in huge natural containers)

sensible answers e.qg. risk of radioactive leak during transport e

cheaper transport

4 half-lives 4 x 6 = 24 seconds
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