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AQA Combined 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 T
e Energy
e Electricity
e Particle model of matter 1 hr 15 mins 70
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

- Gravitational potential energy stores Hequired Pracifeal: Speckfic Heat Canatity—

2 :tmehc energy and elastic potential energy Peteriine the SHC 0f a:metal block l:)f knr:wn e

i E,::fgsy dissipation by m-easuring the energy transferred to the block

- Energy and efficiency and its temperature rise, and the use of the
equation for SHC

- Electrical appliances

- Energy and power

3. Energy resources

- Energy demands

- Energy from wind and water

- Power from the Sun and Earth
- Energy and the environment

- Bigenergy issues

Electricity

5. Electricity in the home
- Alternating current

- Cables and plugs
- Electrical power and potential difference

- Electrical current and energy transfer
- Appliances and efficiency

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: I-V Characteristics — Correctly

assemble a circuit and investigate the current-
potential difference characteristics of circuit

components



Particle Model of Matter

6. Molecules and matter

- Density

- States of matter

- Changes of state

- Internal energy

- Specific latent heat

- Gas pressure and temperature

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




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.

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

| can use quantitative
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.

I 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.

| 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

| can state the factors that —_— ; ;

afct o domotakinet. | | ECSIeGUtathe e | | Fuohing e rerandement

energy store of an object. 9y s . 9y
equation.

| can state the factors that | can calculate the elastic i'nf;aoTv?:grrtohn: r:ﬁ::‘?g:::wim

Kinetic and affect the elastic potential potential energy store of a of the elastic potential energy

elastic stores

energy store of a spring.

stretched spring.

equation.

| can describe energy
transfers involving elastic
potential energy and kinetic
energy stores.

| can investigate the
relationship between the
energy stored in a spring
and the kinetic energy store
of an object launched from
it.

| can perform a wide range of|
calculations involving
transfer of energy.

| can identify useful and
wasted energy in simple
scenarios.

| can analyse energy
transfers to identify useful
and less useful energy
transfers.

| can use a wide range of
energy stores and physical
processes to decide on
wasted and useful energy
transfers.

| can describe energy

Energy | can describe energy T : | can apply the concept of
dissipation dissipation in terms of dissipation and “°Y" i 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 . | can describe design
transfer as one that transfers | cancalculals the efficiency features that can be used to
of a range of energy ; :
more energy by a useful i improve the efficiency of an
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%.
I 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.
I can list some electrical I can rank electrical devices Lca_n cor_nptare eletf:trlcal
liances in terms of their power. Svices hiomiy e
app ' efficiency.
. | can survey a range of | can compare mains- ;
E]echal electrical devices and their powered and battery- :)?2: ‘;Iatlai‘.‘#ii: ?:Viifgmency
appliances | gperation. powered devices. ’
. . : | can evaluate in detail an
| can Palcziu!ate the ?fﬁmefncy | ;:ran mvest;gaﬁ;?; efficiency investigation to
of a simple energy transfer. efficiency of a ; justify conclusions.
| tate th it of | can calculate the energy | can compare the power
Caﬂ e E:t e dul?'ll 0 ;:iower transferred by an electrical ratings of devices using
s e N And IowEL device. standard form.
| 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

| 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.

Energy
transfer by
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.

I 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.

I 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.

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

| 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 the rate of energy
loss from the home.

insulating
buildings

| 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

Energy
demands

| 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.

| can identify activities that
require large energy
transfers.

| 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.

Energy from
wind and
water

| 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.

| 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.

Power from
the Sun and
the Earth

| 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.

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

| can describe the operation
of a solar power tower.

I 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.

Energy and
the
environment

| 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.

| 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
| can use base load and
start-up time data to explain | can use capital and
| can rank the start-up times why some power stations operational costs of energy
of various power stations. are in constant operation resources to evaluate their
whereas others may be usefulness.
switched on and off.
Big energy ;E:;ni:ggsa;igome REiha | can compare energy | can form persuasive
{esiies disadvantages of various resources in terms of capital arguments for or against a

energy resources.

and operational costs.

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.




Chapter 1: Conservation and &mmmﬂm_ﬁma: of energy

Knowledge organiser

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

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

. Energy transfers
energy an o._..._.mnﬁ has becauseitis

Energy can be transferred to and from different

kinetic ming Sine
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
potential stretched or compressed object with a lower temperature.
energy an object has because of its
thermal(or  temperature (the total kinetic and Wiives
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,
fuels, and the chemicals in batteries Electricity
Y e energy stored in the nucleus of an An electric current transfers energy.
atom
< energy a magnetic object has when it
iy is near a magnet or in a magnetic field Forces (mechanical work)
energy a charged object has when Energy is transferred when - force moves or
slectyoetatc near another charged object changes the shape of an object.

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.

Examples of energy transfers

When you stretch a rubber band, energy #r..:.wo..._.‘.n.rm.am.&_
store is mechanically transferred to the rubber band’s elastic
potential store.

s bssrasnans

L L Y T T T e s b C e

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

T T L T X TPy

D P

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.

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

R N i e L

.
.
.
.
.
.

Work done

When an object is moved by a force work is done .2.._. the object. The force transfers .m_._mﬁw..no..._..:m..osmnﬁ The amount of energy
transferred is equal to the work done, You can calculate 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)

r: object’s gravitational potential energy store de pends
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

e T T L P e S Y

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)

@ m_.lwfs_x

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

elastic potential
energy (J)

_ 0.5 x spring constant
~ (N/m) x (extension)? (m)

E.= w...k €* (assuming the limit of propartionality
has not been exceeded)

4

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

© g

wark done (J
time (s

s Y
Pimiy

power (W) =

® Key terms

Useful and dissipated energy
Energy cannot be created or destroyed - it can only be
transferred usefully, stored, or dissi pated (wasted).

b, energy translerred
by light waves

energy

transferred to the
thermal store of the
surroundings

Energy is never entirely transferred usefully - some

energy is always dissipated, meaning it is 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
.m_.a_._....o.._.._.,&__._.n.m. s

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.

T T Y T T s T

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)
2ciency; ‘totalinput energy transfer (J)

@ or

.n.an__n_._nzn useful power output (W)

“total power input (W)
| Togive 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




| Chapter 1: COnservatlon and

_dissipation of energy

Retrieval questions

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.

P1 questions
= [ . i

merfhe-fi"ve'.;energy stores-

o Name the four ways in whlch energy can be
transferred.

(3 i_-w,!_-}at,ls:a-._s_ys_tem_?

o What is a closed system?

‘j’ls-work done?

0 What is the unit for energy?

@ _'-'i‘.-'f_'?f_hatj;is?d_n_e_jo:u le of work?

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

® Describe the energy transfer when a ball is fired
using an elastic band.

@ } De sr:rlbe the energy transfer when a battery -

i powered toy caris used

@ Describe the energy transfer when a falling apple
hits the ground.

® f Name the unit that represents one }oule
, transferred per second.

@ A motor is 30% efficient. What does that mean?

Answers

: kl netic, gravrta onal pot
‘thermal, chemical

srssatssatnan

aJay Jaded 1“.6. J

heating, waves, electric current, mechanically (by
forces)

D

asystem whe_r.e no energy can be transferred to or from
the surroundings - the total energy in the system stays
the same

a;edre&ed:nq

sesamsansns

,energy transferred when a force moves an object

joules (J)

318y Je&edqnd /

the work done when a force of 1N causes an object to
"move 1m in th__.dlrectuon ofthe force

alay Jaded 1na'_7

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

EEFssssineane

v arer__q rJJéémd )

sebmneann

energy is transferred mechanically from the elastic
: _ store of the elastic band to the kinetic store of the
band - some energy is dissipated to the thermal
store of the surroundmgs

-.& w1

transferred ele;tncally from the ""'hemucal

_?-energy-;i'

energy is transferred from the kinetic store of the apple
and dissipated to the thermal store of the surroundings
by sound waves

asxssnnne

Sl ol
[}
-
o
=
o
D
=
L)

R ey

.e]e'n-r‘.r.eded.md:

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



n__m_u_nm_. 2: Energy transfer by heating

Knowledge organiser

The thermal conductivity of a material Heating bills can be expensive so it is important to reduce the rate of
tells you how quickly energy is transmitted heat loss from buildings.

through it by thermal conduction, ‘Some factors that affect the rate of heat loss from a building include:
You can test the thermal conductivity of

rods fade of different metals using this 1 the thickness of its walls and roof
m i e ng S
experimental set-up, Each rod must have the 2 the thermal conductivity of its walls and roof.

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
One end of each rod is covered in wax and using thermal insulators.

the other ends are heated equally. The A thermal insulator is a material which has a low thermal conductivity.

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

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.

loft \
insulation

aluminivm foil
between a radiator
panel and the wall

double-glazed
window

Specific heat capacity

When a substance is heated or cooled the ﬁ_._r__um@»ca.
change depends on;

i The m.:miw.. transferred to the thermal store of a substance
 canbe calculated from the substance’s mass, specific heat
* thesubstance's mass : capacity, and temperature change:
* the type of material u change in thermal energy (J) = mass (kg) x specific
= howmuch energy is transferred to it. . heat capacity (J/kgC) x temperature change (°C)
Every type of material has a specific heat capacity - ” AE = m c a6
the amount of energy needed to raise the temperature
of 1kg of the substance by 1°C. .

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.

absorb specific heat capacity thermal conductivity thermalinsulator




Chapter 2: Energy transfer

by heating

Retrieval questions

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.

(4) ‘What factors affect the rate of heat loss from a




n__w_unm-. u m:oqmc qmm!.:._nmm

Knowledge organiser

The main ways in which we use the Earth’s Some energy resources are more reliable than others. Reliable energy

energy resources are: resources are ones that are available all the time (or at predictable

*  generating electricity times) and in sufficient quantities.

: H._mmc:m; Both renewable and non-renewable energy resources have some EANNOtSHpRY _._uﬁn.ms_m demand.
* transport. ._

kind of environmental impact when we use them.

Most of our energy currently comes from
fossil fuels - coal, oil, and natural gas.

hydroelectric generating

low running cost
water flowing no fuel costs

downhill turns

% ....m.x.vf:m?m to build :mnqom_m.ﬁin

dams
flood a large area behind the dam,

energy electricity i mm___wn_.u” J.“M.%ﬂﬁ%: destroying habitats and resulting
e ro ¥ 2
Non-renewable energy resources Renewable energy resources in greenhouse gas production from
. — demand rotting vegetation
* notreplaced as quickly as they are used * canbereplaced at the same rate as they are used I nnm_ au:ummm.
* will eventually run out = will not run out I % nxm_._wm Prarine habitate and ean
For example, fossil fuels and nuclear fission. For example, solar, tidal, wave, wind, geothermal, i .63.. m__:_._._mw
biofuel, and hydroelectric energies. I , =lE Rm.a_ X aCcess and can be
Itidal energy _,.Mm»:a_”..mnn_.nﬂm. ik iy== 0] vn_m..wma_._w for boats.
i 4 | o i
3 cc__a and maintain
Non-renewable energy resources )
EEE >n_¢m_._nm_mmm O_mmae_m:nmnmm _ =32 ries m_um_.a,smo_._ _._.._._m
i g ailablg j 1 =00 e . :
: : e ey t :ama:m mm:mqmnoa“
=0 i generating. _ gt - change marine habitats and can
electricity _ 5 harm animals
oil transport : . ; floating generators ‘oW running cost - restrict access and can be
._...m.m:z Y af wave energy mw:m@.ﬂ ne voi.mqmﬁ_ by ihqmm no fuel nwmﬁ dangerous for boats
A heating — | S L m_._!____._w upan no pollution/greenhouse  _ expensive to build, install,
: . Benerating: | . wn gases produced and maintain
natural gas | i
R _ dependent on weather
TR . :o.vc__:uzw gases. i produces mmn_.mum‘mimﬂm_ .z:_n: is: cannot supply large scale demand
or W_.mmﬁ_—u_u_.-wm gases . n_mq..Wm—QEM m,_.__uv—v- d vm:ﬂm QJ ecmwn_gmﬂ e
mining Froduced ’ * difficult and expensive to dispose of lgenere mbnoﬂwoh Muﬂﬂnmﬂﬂ«g
naturally S alabe e el Torpar B e ‘wind energy ireder e deriand
: occurring current energy demands s ¥  large sca an
nuclear generating : ; to dispose of. L i fo
fission electricity elements, * large amount of energy clear power plants are expensive to: ican) produce noise pollution for
such as transferred from a very g ld i s enen ¢ N ey P =S SRR R e AT W ingarbyesidentsT O
uranium and small mass of fuel * buildand run ~ radioactive low rinning cost .
plutonium + reliable - supply can * decommission (shut down). eeothermial musm«wﬂ.im m_.mcm.ssnmunmmu e et mxumamzm. to m‘mn up :
be controlled to meet sl electricity  within the Earth : only possible in a few suitable
demand 3 heating transfer heatenergy N0 Pollution/greenhouse | oo world
. tothe surface

biofuel carbon neutral

hydroelectric

environmental impact
non-renewable

fossil fuel
renewable

geothermal
reliability

‘biofuels

gases produced

i_mmw_m and u:§ canbe. *ozmnﬁ are cleared *a_. mqosa:w

- expensive to produce biofuels

5 nai_zm.c_&:mﬂm requires a lot of

controlled to meet demand  Piofuel 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.

P3 questions

o [ What is a non-renewable energy resource?
9 Wha_t is a renewable energy resource?

o What are the main renewable and non-renewable
resources available on Earth?

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

@
e

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

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

6

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

e What are the main advantages of using solar energy?

o

‘What are the main disadvantages of usmg solar
‘energy?

@ What are the main advantages of using tidal power?

What are. the main disadvantages of using
“tidal power?

®
12
®
15

CB

What are the main advantages of using wave
turbines?

What are the main disadvantages of usmg wave
turbmes7

Wh_at are the main disadvantages of using wind
turbines?

What are the advantages and the d[sadVantages
of using geothermal energy?

What are the main advantages and disadvantages
of using biofuels?

®

What are the main advantages and disadvantages
of using hydroelectric power?
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itis being used :
will not run out, itis being (or can be) replaced at the
same rate as which it is used

renewable: solar, tidal, wave ‘wind, geothermal biofuel,
hydroelectr:c :
non-renewable: coal, oil, 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 contributes

‘to climate change, releases sulfur d|o>(|de which causes

acid rain ]

lot of energy released from a small mass, reliable, 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

cannot lncrease supply w : n. needed amount of energy

‘varies on time of monith, hazard for boats

no polluting gases produced, no waste pro.duc__ts', low
running cost, no fuel costs

_ unrellable, 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 pollutlon

advantages no pollutlng gases low running cost

-dlsadvantages mittal set up expensive, available i m 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, rellable can be controlled to

: meet demand

dlsadv-a_nta_ges: initial set up expensive, dams can harm/
destroy marine habitats



P4 Electric circuits — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Current and
charge

I 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.

| can draw and interpret
simple circuit diagrams.

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

I can perform a range of
calculations, including
rearrangement of the
equation Q=It,

| 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.

Potential
difference and
resistance

| 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.

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

| can calculate the
resistance of a component.

| can rearrange equations for
resistance and potential
difference.

| 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.

Component
characteristics

I 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.

| can identify components
from simple /-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.

Series circuits

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

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

| 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.




P4 Electric circuits — Paper 1

Lesson

Aiming for 4

Aiming for 6

Aiming for 8

Parallel
circuits

| can identify parallel
sections in circuit diagrams.

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

I 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

Alternating
current

| 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.

| 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.

| 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.

Cables and
plugs

| 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.

I 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.

| can identify simple and
obvious hazards in electrical
wiring.

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

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

Electrical
power and
potential
difference

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

I can calculate the power of
systems.

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

| 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 elecitrical
devices in simple terms.

| can select an appropriate
fuse for a device.

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

Electrical
currents and
energy
transfer

| 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.

| can perform calculations
involving rearrangement of
the equations Q = /ffand E =
va.

| 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.

| 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.
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Lesson Aiming for 4 Aiming for 6 Aiming for 8
| can describe the factors L ean convert heowean
that affect the cost of using | can calculate energy relevant units during
various electical devices. transfer in kilowatt-hours. glg::::lons of energy
Appliances | can convert between | can analyse the use of a
and | can calculate energy efficiencies stated in variety of electrical devices to
ffici transfer in joule. percentages and those determine their costs of
elncency stated in decimal forms. 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.
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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.

| 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.

I 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.

I 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.
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Lesson Aiming for 4 Aiming for 6 Aiming for 8
| can state that heating a | 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 calculate the latent . .
) I can descrlpe energy haat-of fuslon-and laient | can combine variety of
Specific changes during melting and Lost AiCan g or & equations to solve problems
latent heat | vaporisation. substancep involving heating.
| can evaluate the
ng? ;;ﬁzsz;?sg;rl‘agspt | can measure the latent reproducibility of a
pm— P heat of fusion for water. measurement of latent heat
’ based on collated data.
| can state that as the ; ;
temperature of a gas in a | can describe the behaviour lr :IZ?i odnzs;]c;nbt? e::’ig:ear
sealed container increases, of particles in a gas as the id
the pressure of the gas gas is heated changis intemporatiires and
iharonass ’ pressure for a gas.
G : | can outline Brownian l o egplaln Brownlan_
as | can describe a gas as wation:and Row this motion in terms of particle
pressure consisting of a large number sovidas evidence Tor e behaviour and collisions,
and of rapidly moving particles. particle hahite. of fatiae relating the speeds of smoke
temperature P ' particles and air molecules.

| can describe pressure as
being caused by collisions of
gas particles with the walls
of its container.

| can describe the
relationship between an
increase in the temperature
of a fixed volume of a gas
and the increase in pressure
of the gas.

| can describe in detail how
the relationship between the
pressure of a gas and its
temperature can be
investigated.




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

I 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.

I 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.

Changes in
the nucleus

| 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 describe how isotopes
are atoms of the same
element with different mass
numbers.

| 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

I 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

J ionising.

| can describe the process
of ionisation.

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

Aiming for 4

Aiming for 6

Aiming for 8

Activity and
half-life

| can state that the activity of
a radioactive sample will fall
over time.

I can find the ratio of a
sample remaining after a
given number of half-lives.

| can compare a physical
model of decay with the
decay of nuclei, noting the
limitations of the model.

| can define half-life in simple
terms such as 'the time it
takes for half of the material
to decay’.

| can state that all atoms of
a particular isotope have an
identical chance to decay in
a fixed time.

| can outline how the age of
organic material can be
determined by using
radioactive dating.

| can find the half-life of a
substance from a graph of
count rate (or nuclei
remaining) against time with
support.

| can plot a graph showing
the decay of a sample and
use it to determine half-life.

| can calculate the changes
in count rate or nuclei
remaining by using an
exponential decay function.




Chapter 4: Electric circuits

Knowledge organiser

Resjstance Current-potential difference graphs

When n__m.naa _..._..oem.ﬁ:_.o:w.: a A graph awm.im:._..ﬁ:acm:.u.noanoam:ﬂmmu__aﬂ the p.d. across it
circuit, they collide with the ions and (I-V graph), is known as the component characteristic.
atoms of the wires and components

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 coulomb of charge flow per second

; e I Current is directly The current through a diode
Charge (C) = current (A) x time (s) in the circuit. This causes resistance proportianal to only flows in one direction
to the flow of charge. on v | thep.d.inan - called the forward
In circuit diagrams, current flows from the positive terminal of a cell or battery to the negative terminal. This is known The unit of resistance is the ohm (Q). ohmic conductor direction. There needs to be
as conventional current. Along wire has more resistance ata constant

ohmic conductor

aminimum voltage before

In a single closed loop, the current has the same value at any point in the circuit.

than a short wire because electrons

temperature. ! any current will flow.
Metals are good conductors of electricity because they contain delocalised electrons, which are free to flow through collide with more ions as they pass - : The resistance is
thalastia - 1 through a longer wire. constant.

. The resistance of an electrical ) As more current flows through the filament, its temperature
component can be found by increases. The atoms in the wire vibrate mare, and collide more
measuring the current and SH—— | often with electrons flowing through it; so resistance increases as

Potential difference (p.d.) is a measure of how much energy is transferred between two points in a circuit, The unit of voﬁ:....m_ difference: temperature increases. The resistance of a thermistor decreases
potential difference is the volt (v). potential current’ resistance flamentlamp | 219 temperature increases. The resistance of a light dependent
= The p.d. across a component is the work done on it by each coulomb of charge that passes throughit. a_moaﬂ._m_._.nm = () x () resistor (LDR) decreases as light intensity increases.

T e sl by he srry vrfred o colon o hrge ot s s v D eresreotohmcndoranbeundoy csing

For electrical charge to flow through a circuit there must be a source of potential difference. gradient at that point and taking the inverse:

R R R T N T R

1

- e

sistance = : -
.
.

e
_ ¢

.l|:||,..u=

|

Potential difference (V) = energy transterred (J)/ charge (C)

Rarallel circuits

Series circuits
An atom has no charge because it has 35_. numbers of positive protons and negative electrons. . _

: | LAA |--- .‘ |— battery In a series circuit, the components are A parallel cireuit is made up of two or more
When electrons are removed from an atom it becomes positively charged. When electrons are added to an atom it connected one after the other in a single loop. laaps through which current can flow. If ane
becom gatively charged : _ ’ I If one companent in a series circuit stops branch of a parallel circuit stops warking, the
€s negatively charged. = e——aWilteh | working the whale circuit will stop working. other branches will not be affected.

V.
A | Yoy [ ﬁni._w
@ B il
| |
|
| — — edresistor |

variable resistor |

— = s |
_ ‘@i diode _
| |ﬁl thermistor |

light-emitting _ Vit Vs Vi | | R =Ry 4 Byt ... The total resistance of two or more compenents

fow =1+ 1

current splits
al a junction

BT, Y
Vigoty =¥y = ¥y q 1,

diode {LED) . : in parallel is always less than the smallest
Components with a higher resistance will resistance of any branch. This is because
transfer a larger share of the total p.d. adding a loop to the circuit provides another
light dependent | | Because V= JR (and current is the same route for the current to flow, so more current
resistor (LDR) | through all companents). can fiow in total even though the p.d. has not
@ | 1 changed. Adding more resistors in parallel
| 7’%5333 the total resisiance of & circuit.
ammeter | |
|
ampere charge coulomb current. electrostatic force LDR parallel
potential difference resistance series thermistor ‘@I voltmeler !

- T Y Y
D R
Lerssansnm




Ch apt.er 4: Electric circuits

- Retrieval questions

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.

P4 questlons Answers

,_e,-of'flew ofcharge ol

i U Y . )
R : AEar 23
o What unu;s a;e charge, curfent. andtms i = coulombs (C), amperes (A), seconds (s) respectively
~measured in’ 3
i, current
BCHARES : . e i
(B
row
o 'u\:hat must therebeina cLosed circuit so that i2  source of potential difference (p.d.)
electrical charge can flow P2

What happens to the current if the re5|stance is
mcreased but the p d. stays the same‘?

@

e What happens to the resistance of a frlament lamp §
asits temperature increases? i B
- 4 'y & i e a

L17)

resistance increases

1s to the resustance of ath _'

TS
g 1

resistance decreases
@ What happens to the re5|stance of a light dependent

)

= - L

: & resistance decreases
resnstor when light tntens:ty mcreases? 1D

i

e

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




| n_.m_unm_. 5: Electric

:c in the home

Knowledge organiser

Why do transformers improve efficiency?

Acell or a battery provides a direct
current (dc). The current only flows
inone direction and is produced by a
direct potential difference.

The Earth wire is 8 safety
wire to siep the appliance
g live, The
difference of the Earth wire
s OV, It only carries 2
current if there 15 a fault,

Fuse connected to the

Tve wirg, If the live wire
inside an appliance

touches the neutral wire

@ very large current flows.
This is called a short circuit.
When this happens the fuse
melts and disconnects the
live wire from the mains,
keeping the appliance safle.

Mains electricity provides an alternating
current (ac). The current repeatedly

reverses direction and is produced by an The neutral wire

. . : completes the circuit.
alternating potential difference. .@ it his B polsntial The live wire is dangerous
difference of OV. because it has a high potential

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

cause a large current to fiow
through you if you touched it.

Plastic is used for the wire
coalings and plug case because
It 15 a good electncal insulator,

Most electrical appliances in the UK
are connected Lo the mains using a
three-core cable. Copper is used for the
wires because it is a good elsctrical
conductor and it bends easily.

The frequency of the mains electricity
supply in the UK is 50 Hz and its voltage
is 230V

difference of 230V. This would

A Em:._uo.»m_._zm_ difference across .".ro transmission
cables means that a lower current is needed to
transfer the same amount of power, since:

Alower 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 potential difference (V) power (W) = current? (A) x resistance ()

P=1v © P=1IR )
¢ This makes the National Grid an efficient way to transfer
: energy.
1f 100% efficiency is assumed:;
ﬂﬁ:ﬁ.ﬂu__.mangﬁw_ e v&:.ﬁa.. =t _r‘ m <i u.x__
difference- current. r'e wie

-co-o-o-«-va.o.c.v-...a.ccunuuccoonvuno--oc-vo.--b..ocn---..o---.:.-.-.--.-

The National Grid
The National Grid is a nationwide network of cables and transformers that link
power stations to homes, offices, and other consumers of mains electricity.

Transformers are devices that can chan

ge the potential difference of an
alternating current.

e R N T E T T . R T T "

Electrical appliances transfer energy. You can calculate the charge flow using the equation:
@ charge fiow (C) = current (A) x tirme (s)
Q=1

For example, an hairdryer transfers
energy electrically from a chemical
store (e.g., the fuelin a power

Power slations penerate electricity
at an alternating potential
difference of about 25000V,

The cables in the National Grid transfer
electrical power at a pok
aof up to 400000V,

Homes and offices use electrical power
lied at a ¢ ial difference of 230V,

1 it

Step-up transformers are used to increase the patential

Step-down transformers are used to decrease the potential
difference from the power station to the transmission cables,

ditference from the transmission cables to the mains supply
in hames and offices so thal it is safe to use.

S S

station) to the kinetic energy store
of the fan inside the hairdryer and
to the thermal energy store of

the heating filaments inside the

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

hairdryer. + @ energy transferred (J) = charge flow (C) x potential difference (V)
When you turn an electrical E=qv
appliance on, thepotential ... aveieives O D g A L T O T

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)

By making the grid potential difference much higher, asmaller current is needed to transfer the same power,
Therefore, the National Grid is an efficient way to transfer power due to less heating loss in the wire.

alternating current alternating potential difference

fuse National Grid

short circuit

charge flow coulombs direct current

step-up transformer

direct potential difference
step-down 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.

W'hy is the current provided by a cell called a direct
i current (d.c.)?

o

e What is an alternating current (a.c.)?

6 | What kind of current is supplied by mains electricity?

What is the frequency and voltage of mains
electricity?

o
e

_'ln,a _ hree -core cable?

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

What is the function of the neutral wireina
‘three-core cable?

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

0@00

‘Wheniis there a current in the earth wire?

8

Why is the live wire dangerous?

gt sl

® ’thi -

-is-:t'ﬁ.e.Nfa't_i.on-al-_.sri.d?-

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

_' Vhat are step-down transformers used for in the
_-:onal Grid? E

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

ey

\ _?ttwo things does energy transfer to an
app iance depend on? ;

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

®

"What colours are the, llve _neutral and earth w:res o

cemamas

iy aded g

ssrernasvasvane

alayiadeding

amsnas

Jnd  asey taded Ing

"O:JE;u.J;!dEd :}hd '_

sEBPRsmT R nane

aJay Jaded nd

scesmisnsesnany

Heerrneenn

T

senesmnnaan

“completes the circuit

whenthereisafault

. aay Jaded 1hq" ~ aleyJadeding

asay saded Ingd.

‘power of appliance,

Answers

S AN TR TS

only flows in one direction

current that repeatedly reverses direction
alternating current
50 Hz, 230V

live = brown neutral ,blue,earth green andyeltow _

: stri pes

carries the alternatmg potential dlfference from the
supply

safety wire to stop the appliance becoming live

1IN

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

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

large 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

timeitis switchedonfor

=N A 0 2l

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



n:m_:_m.. 6: Molecules and matter

Knowledge organiser

Changes 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 and kinetic energy

When the temperature of a substance is increased, the
kinetic energy store of its particles increases and the
particles vibrate or move faster.

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

Density

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

mass (kg)
volume (m?*)

. m
r=y O

b e o e,

density (kg/m?) =

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
potenitial energy the particles have n_._.n to their
positions relative to each other.

Latent heat

In a graph showing the change in pa_.:um_uﬁ_..a ofa -
substance being heated or cooled, the flat horizontal
sections show when the substance is n_z._._m__._n state.

The energy transfers taking place during a change in
state do not cause a chan ge in temperature, c_.; do
change the internal energy of the substance.

R )

temperature

boiling
point

particles are spread out
* almost no forces of attraction

Arrangement  between particles _
« large distance between particleson |
i average ——— :
Movement  « particles move randomly at high speed
e low density . .
Properties | no fixed volume or shape

* can be compressed and can flow |
< spread outto fill all available space |

* particles are in contact with each o other |
Arrangement - forces of attraction between
: particles are weaker than in solids

« particles are free to move randomly
around each other
! « usually lower nmzmé than solids
- Properties -« fixed volume
m *_shape s not fixed so they can flow

Movement

* particles held next to each other in s

- Arrangement fixed positions by strong forces of
attraction I
Movement  « particlesvibrate about fixed positions |
= high density
| Properties ¢ fixed volume _

« fixed shape (unless deformed by |
an external force) _._}

e i I A Y

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

Specific latent heat - the ‘energy required to change 1kg
of a substance with no change in 833383.

Specific latent heat of fusion - the energy required to
melt 1 kg of a substance with no change in temperature.

Specific latent heat of vaporisation - the energy required

. toevaporate 1 kg of a substance with no change in

temperature.

The energy needed to change the state of a substance can
be Qﬂﬁ_uﬁu.:wmam_a:wﬁncw:oa

.ﬂsu:ﬁm,.nsn&u.aa . specific
achangeinstate = :HMW X latent heat
) (Jrka)

E=mx|{

Gas temperature

The particles in a gas are constantly moving in
random directions and with random speeds.

The temperature of a gas is related to the average

kinetic energy of its particles, * the number of these impacts per second increases,
When a gas is heated, the particles gain kinetic exerting more force overall.
energy and move faster, so the temperature of —

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 gas increases.

,.* 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 to its surroundings.

Gas pressure

The pressure a gas exerts on 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.

condensation
internal energy

boiling conservation of mass

latent heat melting

density  evaporation
specific latent heat

fusion
vaporisation

freezing
sublimation




--Chapter 6:

: ;Retneva‘l_'questtons

V olecules and matter

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.

P6 questlons

sesssna

be

e What happens to the part|cles ina substance |f its 2
temperature isincreased? ‘e

- (T

(3] ' \ ly\iare:_.é_ha nges _o_i‘ state physical changes? ‘v
: i3

o Why is the mass of a substance conserved when |t : 'i
changes state? : 2

(5} ';:'-WI;L he_ internal energy of asubstance? ®
why does a graph showing the change in temperature e

as a substance cools have a flat section when the : %
substa‘nce is changing state? i o

i What |s the name gwen to the energy transferred when

sssnare

"e.ua:u Jede_t_i:f;nd_

suma

9 What is the specific latent heat of a substance?

L

‘-'he specrflc Iatent heat of fusron a substance'?

EIER

L IR

aiay Jade._'d. nd

What is the specific latent heat of vaporisation of a
substance?

@

what property of a gas is related to the average kmetlc
energy of its particles?

@

without changing its temperature

Answers

. 11 Dl 6 THANE - Wi e Tl WY > d
they move faster and the energy in thelr kinetic energy
store mcreases

no new substa
will have the sa

is reve_rse_d_

the number of p_ar_t_i'ele's does not change

the total kinetic energ
articles in thes

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

=
et

'iatent heat

the energy requrred to change the state of one kllogram of
that substance w:th no change in temperature

the energy requlred to change one kilogram of the
substance from liquid to vapour at its boiling point,

temperature is

temperature



Knowledge organiser

John Dalton thought
the atom was a
neutral solid sphere
you cannot divide into
smaller parts,

The discovery of negatively
charged electrons led to the
. plum pudding model -
" cloud of positive charge with
electrons m:.._uman_mn_ init.
electron

_Chapter 7: Radioactivity

Positively charged alpha particles were fired
ata thin sheet of gold foil.
A

= ¢ Most went straight through

* Some were deflected by small amounts
* 1in 100000 deflected through large angles

incident o

To explain the results, scientists

deduced that there is a small

_[J.:F\. positively charged nucleus at the
centre of the atom where most

of the mass is concentrated. The

negative electrons orbit the nucleus.

The nucleus, which is 10 000
times smaller than the radius
of the atom, consists of two
particles:

* positively charged protons
¢ neutrons which are neutral

chemical __|
symbaol

mass number
= number of protons + neutrons
atoms of the same element
can have different numbers
of neutrans, o they can have
different mass numbers

atomic number

S =rumberof protons

An atom is uncharged overall
and has equal numbers of
protons and electrons.

all atoms of the same element
have the same number of protons
in the nucleus, so they have the
same atomic number

morn mcmwmmamn_ n_s m_mnﬂozmo&z
at specific distances called energy .UW.
levels.

Isotopes are atoms of the same element, with the same
number of protons but a different numbers of neutrons.

Radioactive decay

Radioactive decay is when nuclear radiation is emitted by unstable atomic nuclei so that they become more stable. It is The half-life of a radioactive sourceis ~ ao00- =
a random process. This radiation can knock: electrons out of Rosm in a process called ion mzo_.. the time g
i « for half the number of :_._m.uEm._.En_w_.
Typeofiradiation | wmwﬂq_...mnﬂm_”m _W_W_MMW [ Rangeinair | Stopped by Decay equation inasample to decay
_ * forthe count rate or activity of a- N aherthe firsthatlife the aciviy
Q nucleus loses highest travels aTaw source to :w?m.. * [P\ has haived from 2000 to 1000
alpha particle Mz:m MMUSE ionising | centimetres | “wﬂﬂﬁﬂ ,.._w mmn MN lm.» % M y+4 jo The haif-life o_ﬂw..ua_.__,omﬁ: befound .
(two protons and two | power in air _ pap froma graph of its count rate or activity
neutrons) neutrons against time.
= SRET Lo X — = = A To find the reduction in m&sG u#m_. a
a neutron ] = U e v T ET T T
; high stopped by a few given number of haif-lives: 30 ) 50 50 10 8
@ il st momE_._m it Bm___""w:mmna_“ of Ax Ay + 1 calculate the activity after each pme lyeas]
beta particle & proton and power in air aluminium ZAh 72+ - half-life for the activity to halve i
{fast-moving electron) | an electron ) | 2 subtract the final activity from the e of this substance,
J\ some energy virtuslly stopped by several original activity. i :
Tl "is transferred —OEMO_.__‘.&:W e centimetres of A A 0 .p.--Oovuno..ooo-o-lv._..ooo-c-o.t-.-nnh-rllcttua..o-.-.-n-oo....-cua._uu--...
gamma radiation | away fromthe | power umied | tickleador | zX =7 X+0y (HT only) Net decline can be given 35 a ratio: et daccline = £42CHON 11 activity
{short-wavelength, high- iseleis range in air metresof concrate | original mnm_:av.
frequency EM radiation) | Sk |

Activity and count rate

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

1 Bq=1 decay per second

Detectors (e.g,, Geiger-Miiller tubes)
record a count rate (number of decays

e
Geiger- _.“_Gn_.z_vo

Aot Serene] et atom alpha  activity  atomicnumber  beta  count rate  electron gamma ,
Window! Geiger-Miiller tube  half-life  ionisation irradiation isotope  massnumber  net decline
count rate after nhalf-lives = mealiiy centaalicinas : o .
: tube wire {mainky neutron plum pudding model proton radiationdose  radioactive decay
initial count rate argon)

on




Retrieval questions

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.

P7 quest|ons Answers

sphere of positive charge with negative electrons
embedded init

equal numbers of pOSltIVG protons and negatlve
electrons

'._around 1*19'"’111 R ey |
) g2l .
1 & process which adds or removes electrons from an atom
i)

2l

e Whlch pamcle do atoms of the same element always :
have the same number of’

.

rizadi

sessantnsess
=

‘aia Jaded ind

° most ofthe mass ofan atom is concentrated
: in'the nucleus

:© e nucleusis positivelycharged

@ What were the two main conclusions from the alpha
particle scattering expe_riment?

tesssbnasaeans

WA ST i S A L 911 Y 3 %[ul
@ What are the equation symbols for alpha and beta : i
part:cles? et
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Physics Equations Sheet

GCSE Combined Science: Trilogy (8464)
and GCSE Combined Science: Synergy
(8465)

FOR USE IN JUNE 2025 ONLY

HT = Higher Tier only equations

b —

kinetic energy = 0.5 x mass x (speed)? Exr==—mv
1
elastic potential energy = 0.5 x spring constant x (extension)? Ee= S ke
gravitational potential energy = mass x gravitational field strength x height Ep=mgh
change in thermal energy = mass x specific heat capacity x temperature change AE=mc AO
energy transferred E
power = L - P=-=
time t
work done W
power = —— P
time 4
useful output energy transfer
efficiency = - 2 o
total input energy transfer
useful power output
efficiency = p - =
total power input

charge flow = current x time O=1I1

potential difference = current x resistance V=IR

power = potential difference x current P=VI

power = (current)? x resistance P=ER

energy transferred = power x time E=Pp

Physics Equations Sheet—
GCSE Combined Science: Trilogy (8464) and GCSE Combined Science: Synergy (8465)
FOR USE IN JUNE 2025 ONLY

Turn over b




HT

HT

HT

energy transferred = charge flow x potential difference E=0QV
potential difference across primary coil *x current in primary coil = VI=V.I
potential difference across secondary coil x current in secondary coil LA
density = mass e m
enstty = volume |4
thermal energy for a change of state = mass x specific latent heat E=mL
weight = mass x gravitational field strength W=mg
work done = force x distance (along the line of action of the force) W=Fs
force = spring constant x extension F=ke
distance travelled = speed x time s=vi
_ change in velocity Ay
acceleration = : 0= =
time taken !
(final velocity)? — (initial velocity)? = 2 x acceleration x distance Vit =2ds
resultant force = mass x acceleration F=ma
momentum = mass x velocity p=my
. T,_ I
periog= frequency f
wave speed = frequency x wavelength v=F A
force on a conductor (at right angles to a magnetic field) carrying a current = F=BII

magnetic flux density x current x length

Physics Equations Sheet —
GCSE Combined Science: Trilogy (8464) and GCSE Combined Science: Synergy (8465)
FOR USE IN JUNE 2025 ONLY

Copyright & AQA and its licensors. All rights reserved.




Q1.

The figure below shows a person using a zip wire to move from a tree to the ground.

Zip wire
/

S SRS

As the person moves down the zip wire, the block moves upwards.

{a) What happens to the gravitational potential energy of the person as the person
accelerates down the zip wire?

Tick (V) one box.

Decreases

Stays the same

Increases

(b) What happens to the kinetic energy of the person as the person accelerates down

the zip wire?

Tick (V) one box.

Decreases

Stays the same

Increases

Page 1 of 85

(4

(1

3j._mv_on_:_mw,a3mao<m§mm_8c_.a€:m=Emumao_.__mm:_..mao:oao::m zip
wire.

mass of block = 2.5 kg

gravitational field strength = 9.8 Nikg

Calculate the gravitational potential energy of the block.
Use the equation:

gravitational potential energy = mass x gravitational field strength » height

Gravitational potential energy = J

(2)
The trolley is a seat suspended from wheels which can roll along the zip wire.

(d) When the person reaches the end of the zip wire, the person gets off the trolley.
The block falls downwards pulling the trolley back to the top of the zip wire.
maximum speed of block = 4.8 m/s

mass of block = 2.5 kg

Calculate the maximum kinetic energy of the block.

Use the equation:

kinetic energy = 0.5 x mass x (speed)?

Maximum kinetic energy = J

(2)
(e) As the trolley moves, work is done against friction.

What is the effect of this?

Page 2 of 85
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(d) The temperature of the water reaches 42 °C Tick (v) one box.

The temperature then stays constant even though the fire continues to burn.

It is greater than the downward force.

Explain why the temperature of the water stays constant.

force.

It is less than the downward force.

Itis the same size as the downward

(1

(b) Why is the weight of the gymnast represented by an arrow?

(2) _
(Total 8 marks) Tick (v) one box.

Q3. Weight is a constant.

The diagram shows a gymnast on a piece of gymnastic equipment.

The equipment consists of two bars at different heights. Weight is a scalar.

N 7\ Weight is a unit.

W/
K%w_ Weight is a vector.

%
A

Weight Crash mat Tick (v/) one box.

] Centre of force

(a) The gymnast exerts a downward force on the bar. Centre of mass

What is the size of the upward force acting on the gymnast from the bar? .
Centre of tension

Centre of weight

Page 5 of 85

(1)

(c) The diagram above shows the weight of the gymnast acting from a point.

What name is given to this point?

(1

Page 6 of 85



Gg jo g abed

(1)

‘pasn-al si pue paddey) si ABiaua pajsem ay|

‘sBuipunosuns
ay) o) pasaysuel s| ABiaus pajsem ay|

‘sayjofo au) o} pauajsuel) st ABiaua pajsem ay)

X0Q U0 YOI |

;ABiaua paisem ay) ||e 0] suaddey Alemuana jeypy (1)

(1)

‘sayjo|o
ay) Buuuids uaym saisem aulyoew Buiysem ay) ABisus jo adA) suo sweN ()

(z)

‘ABiaus |njasn ojul pasaysuel) si Abisus
‘sayjojo ay) suids auyoew Buiysem ayl uauyp
punos oAUy (LRI EETE] |esiwaya
‘90uBuas 8y} 819|dwoo 0} X0gq By} WOoJ) SPIOM JO81I0D BY) 3S() (1

“JlEM BU) JO BLUIOS
2AOLLIBI O] S8Y]0|0 BU) SuIds uay) pue sayjojo AuIp saysem aulyoew Buiysem v

(syiew L1 [e3oL)
(z)

1seuwAb ay) o) Juepodil si uoneIaj@2ap ay) Bulonpal Aym urejdx3

‘aoepns pJey e uo Buijey yim
pasedwon 1seuwAB au) jo uoness|eosp abeiane ay) saonpal jew yseso ayy uo buyied

¥

(e)

0 (2)

0

g8 Jo / sbed

‘sleq ay) Usamiaq sarow ays se abueyo 1seuwAb ay)
jo auoys ABiaua onaury ay) pue aiols ABisua |enualod |euonenaelb ayy moy aquosaqg

‘SN [BJOASS JBq JaYI0 ay) 0} Jeq auo woyy sbums 1seuwib syl (8)

N = biap

yiBuans pjay jeuonenaesb x ssew = Jybiam
:uonenba ay) asn

"1seuWwAB ayy jo wbiam ay) ajenojen

BY/N 8'6 = Uibuans pjay |euonennelb

By G jo ssew e sey Jseuwhbayl  (p)



(b)

Qs.

Figure 1 shows a child's toy.

A child pushes down on the toy to compress the s

The table shows information about two different washing machines, A and B.

Washing Washing

machine A machine B
Cost to buy £269 £249
Maximum wash load 8 kg 7 kg
Energy transferred
in one wash cycle Uk L
Water used in one ; ;
wash cycle 48 litres 50 litres

Use the information in the table to give one advantage and one disadvantage of
washing machine A compared with washing machine B.

Advantage

Disadvantage

into the air.

(a)

Spring

Figure 1

()
(Total 6 marks)

pring. The spring then launches the toy

- Toy with spring compressed

A student measured the maximum height reached by the toy.

The student placed a vertical metre rule near the toy, and observed the height

reached by the toy.

The student repeated the experiment, observing from a different position.

Figure 2 shows the toy at its maximum height and the two positions of the student.

Page 9 of 85

Figure 2

Metre rule .

- -

Position A Position B

Observing the toy from position B instead of position A affected the measurement
of the maximum height reached by the toy.

Explain how.

(2)
(b)  The greatest height reached by the toy was 64 cm.

The gravitational potential energy of the toy at this height was 0.049 J.
gravitational field strength = 9.8 N/kg

Calculate the mass of the toy.

Use the Physics Equations Sheet.

Give your answer to 2 significant figures.

Mass of toy (2 significant figures) = kg

Page 10 of 85
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(5)

(c) As the child bounces on the trampoline the child does work.
What is the work done by the child equal to?

Tick (V') one box.

The average force applied by the child

The maximum force applied by the child

The total energy store of the child

The total energy transferred by the child

(1)
(Total 10 marks)

Q7.

A person uses a stairlift to go upstairs. The stairlift is powered by an electric motor.

The Sankey diagram shows the energy transfers for the electric motor.

Page 13 of 85

4 1 1 1 1 1 l 1 I i
| 111 ] 1 I T
: - . — - -
i T 1 “ !
0 Wasted energy
) I : I _ 3000J
Electrical = N .
energy input HEE] { 4
50004 N . =
|
I na
1 {
1 m T
1
_ 1
Useful energy lifting
person and chair
20004
(a) Complete the following sentence.
The electric motor wastes energy as energy.
(1)
(b) Use the equation in the box to calculate the efficiency of the electric motor.
) useful energy transferred by the device
efficiency = - -
total energy supplied to the device
Show clearly how you work out your answer.
Efficiency =
(2)

(Total 3 marks)

Q8.

A student investigated how the area of a solar panel affected the output potential
difference of the solar panel.

The student placed different sized solar panels under a lamp.

The photograph shows a solar panel under a lamp.

Page 14 of 85
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Efficiency = Q9.

(2) The figure below shows a circuit diagram. The circuit contains a battery and two lamps, X
and Y.
{f)  Solar power is a renewable energy resource.
+
Complete the sentence. “ _11- _
Choose the answer from the box.
burned replenished consumed
A renewable energy resource is one that is asitis used.
! X Y
(g) Some homes have solar panels which generate electricity. X Y
On a sunny day the potential difference across a solar panel is 31 volts. (a) How does the current in lamp X compare with the current in lamp Y?
A charge of 490 coulombs flows through the solar panel. Tick (v) one box.
Calculate the energy transferred by the solar panel.
The current in lamp X is smaller.
Use the equation:
energy transferred = charge flow x potential difference The current in both lamps is the same.
Give your answer to 2 significant figures.
The current in lamp X is greater.
(1)
(b) Lamp X and lamp Y are not identical.
The potential difference across the battery is 4.5 V.
The potential difference across lamp X is 1.5 V.
Energy transferred = J
@ Calculate the potential difference across lamp Y.
(h)  Why do solar panels on homes help reduce the environmental impact of using
electrical devices?
Tick (V) one box.
Potential difference across lamp Y = Vv
1
Less electricity is used in the home. M
The current in lamp X is 1.2 A.
Less fossil fuel is burned. The potential difference across lamp X is 1.5 V.
The electricity from the solar panels is () Calculate the power of lamp X.
cheaper. Use the equation:
(1) _ -
(Total 11 marks) power = potential difference x current
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(3)

Current in the secondary coil =

Why is the current in each street lamp less than the current in the secondary coil in

(2)
(c)
transformer Y?

Reason

(Total 11 marks)
Tick (v') one box.
Current is used up in the cables between Y and each street

lamp.
Some of the current is dissipated to the surroundings.

Q1o.

Figure 1 shows how the National Grid transfers energy from a power station to some
The cables between Y and the street lamps have electrical

street lamps.
Figure 1
Transmission cables
Transformer _ Transformer
_____. Street _m_._._hum resistance.
To L / 5
power ---— [v] k The street lamps are connected in parallel.
station == =, —
a) Explain how transformer X increases the efficiency of the National Grid.
@ B 4 (d) Figure 2 shows the top of a street lamp.
Figure 2
@& ———— Light sensor
T~ Lamp
(3)
(b) The potential difference across the primary coil in transformer Y is 400 000 V.
The potential difference across the secondary coil is 11 000 V.
The current in the primary coil is 660 A. The light sensor detects if it is day or night.
Calculate the current in the secondary coil of transformer Y. Figure 3 shows part of the circuit in the light sensor.
Use the Physics Equations Sheet. Figure 3
.f_ _|||;_ [T
_ I
e
R o
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(c) Figure 1 shows the results for five different lengths of the wire.

Resistance
of wire
in ohms

Figure 1

0.10

0.20

0.30

0.40

Length of wire in metres

0.50 0.60

Describe the relationship between the length of the wire and the resistance of the

wire.

A glucometer uses the resistance of a blood sample to calculate the glucose

concentration in a person’s blood.

A blood sample is put into a small tube, which is put inside the glucometer. The blood then
acts like a resistance wire.

Figure 2 shows the relationship between the resistance of a blood sample and the
glucose concentration.

Figure 2

Page 25 of 85

Resistance
of blood
sample
in ohms

{ | 4 { { 1 |
0.6 0.7 08 09 10 1.4 1.2 1.3
Glucose concentration in grams/litre

(d) The glucometer applies a potential difference of 0.90 volts across a blood sample.
The glucose concentration of the blood sample is 0.98 gramsilitre.

(2)
Determine the current in the blood sample.

Current = A
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Percentage
energy loss
e e
201 2012 2013 2014
Year
(e) Describe the changes in percentage energy loss.
(f) Calculate the mean percentage energy loss per year in Figure 3.
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Mean energy loss per year =

(Total 10 marks)

Q13.

A student finds some information about energy-saving light bulbs.

(@)

(b)

A 30W light bulb uses 600J of electrical energy in a certain period of time. In that
time, it produces 450 J of light energy. The rest of the energy is wasted.

0]

(ii)

(iii)

(iv)

Calculate the energy wasted by the light bulb in this period of time.

Wasted energy =

What happens to the energy wasted by the light bulb?

Calculate the efficiency of this light bulb.

Efficiency =

Calculate the period of time, in seconds, during which the 600 J is provided
to the 30 W light bulb.

Time =

A company that makes light bulbs provides information about some of their
products.

The table shows some of this information.

Power in watts

Lifetime in hours

Cost of bulb in £

Filament bulb

60

1250

2.00

LED bulb

12

50 000

16.00
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(d) As the container is lowered into the sea, the temperature of the air in the container
decreases.

Complete the sentence.

Choose the answer from the box.

decreases stays the same increases

Sfm_.__3m_m3umﬁmﬁcao:jmmm::Emno_.zmimamoﬂmmmmm.ﬂ:mmcmqmmmmummaoq
the air particles :

(1)

(e) After the temperature of the air in the container had decreased, the computers were
switched on.

The computers caused the temperature of the air to then increase.

Describe how the air pressure in the container changed as the temperature
decreased and then increased.

(2)
(f)  The container has a length of 12 m.

The container has a cross-sectional area of 7.5 m2.
Calculate the volume of the container.
Use the equation:

volume = length % cross-sectional area

Volume = m?

(1
Use the Physics Equations Sheet to answer parts (g) and (h).

Page 33 of 85

(g) Write down the equation that links density (p), mass (m) and volume (V).

(1)
(h) The average density of the container and its contents is 1100 kg/m?,
Calculate the mass of the container and its contents.
Use your answer to part (f)
Mass = kg
(3

(Total 11 marks)

Q1s.

A student determined the density of a cube made of bronze.
The student used a balance to measure the mass of the bronze cube.
Figure 1 shows the balance before the cube was added.
Figure 1
NS 2

429

(a) What type of error is shown on the balance?

9]

(b)  How could the student get a correct value for the mass of the cube from the
balance?

(1
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Qi1s.

Table 2 shows information about the discs used to make each coin.

Table 2
Disc Mass in g | Density in g/lcm® | Thickness in cm
Old penny 3.6 8.9 0.16
New penny 36 X 0.17

The discs used to make the old and the new coins have the same cross-sectional
area.

Calculate value X in Table 2.
Give your answer to 2 significant figures.
The volume of a disc can be calculated using the equation:

volume of a disc = cross-sectional area x thickness

Density (2 significant figures) =

(Total 13 marks)

A piece of steel is heated until it has all melted.

(a)

Calculate the change in thermal energy when the temperature of the piece of steel is
increased by 50 °C.

mass of steel = 4.0 kg

specific heat capacity of steel = 420 J/kg °C

Page 37 of 85

glem?

Use the equation:

change in thermal energy = mass x specific heat capacity x temperature change

Change in thermal energy = J
(2)
(b)  The internal energy of the steel increases as the steel is heated.
What is meant by ‘internal energy of the steel'?
Tick (V') one box.
The change in energy of the steel particles as the steel
melts.
The energy added to the steel particles as they are
heated.
The total kinetic energy and potential energy of the
steel particles.
(1)
{c) Solid steel cannot be poured.
Which statement about the particles in a solid gives the reason why?
Tick (v') one box.
The number of particles always stays the
same.
The particles are close together.
The particles are in fixed positions.
The particles have a fixed size.
(1)

(d) Complete the sentence.
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Q17.
(a)

(b)

Use the Physics Equations Sheet.

Specific latent heat of fusion of steel = Jikg

(3)
(Total 14 marks)

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

of matter.
O

O 1 O

X Y Z

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

Write the correct answer in the box.

(1)

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

Write the correct answer in the box.

1

Draw a ring around the correct answer in each box to complete each sentence.

vibrating in fixed positions.

(i) In a gas, the particles are | moving randomly.

not moving.

1

_ stronger than —

Page 41 of 85

(ii)

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 puddle of water in a road, after a rain shower.

(

=

(ii)

Q18.

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 puddie into the air?

Draw a ring around the correct answer.

condensation evaporation radiation

(1

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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(c)

(d)

Use the Physics Equations Sheet.

The air also contained oxygen, nitrogen and carbon dioxide.

Mass of ice =

Oxygen boils at -183 °C and freezes at =218 °C
Nitrogen boils at =195 °C and freezes at -210 °C
Carbon dioxide sublimates at -78 °C

The scientist continued to cool the air to a temperature of -190 °C

What is the state of each substance at =190 °C?

Tick (v') one box for each row of the table.

Substance

Solid

Liquid

Gas

Oxygen

Nitrogen

Carbon
dioxide

The air also contained a small amount of argon.

As the temperature of the air decreased from 20 °C to —190 °C the argon changed

from a gas to a liquid to a solid.

kg

Explain the changes in the arrangement and movement of the particles of the argon
as the temperature of the air decreased.
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3)

(2)

Q20.

(6)

(Total 14 marks)

The particle model can be used to explain the properties of gases.

(a)

(b)

(c)

Describe the direction of motion of the particles in a gas.

Explain why heating a gas increases the average speed of the gas particles.

Water can exist as either a liquid or a gas at 100 °C.

Page 46 of 85

(1)

(3)



68 Jo gy abed

‘sjyeuaq Y)|eay pey SadUejsqns aAloBoIpE) 1By} yuly) o} pasn ajdoad awog

(syrew gy je101)
(v

‘slajiog Buisuapuoo
-uou Jap|o o} pasedwos siajioq BuisUBpPUOD Jo INoAe} Ut sjuawnbie auy) JO SWOS 3AID

“Jajiog ay) Buuajua Jsjem pjod auy) 1eayaid
0] pasn si Ja|10q 8y} Ul paleay sl JsIem ayj usum paonpoid Jnodea Jalem SISBA

‘S8SUBPUOD JBJEM USYM pases|al
s1 1ey) ABiaua s jo abejueape axe) sigjioq Buieay [enuad Buisuapuod UIBPOW

“Jo1em 1B8Y 0] paseajas ABiaua ay) asn pue seb uing siajiog Bunesy [enusd

(s)

r = paseajal ABisug

120

(@)

(z)

g Jo Ly abed

‘SWLI0J UOIESUBPUOD 8y} UBuMm pasesjal Abiaua ay) ale|noje)

‘BY /[ 501 x 922 = Jaiem jo uonesiioden Jo jeay jusie| ay1oadg
< / 6% 0001 = Jalem jo Aisuag
*JOMIW B} UO SULIO) UOIJBSUSPUOD JO ¢ -0} x G JO SWN|OA Y

sabew| Ayeguewyosy Wbimg @

*JOMIW WOOJYIE] PIOD B UO UOIESUSPUOD SMOYS mojaq ainbiyj ay |

‘j002 Aay) uaym ajels abueyo saseq) ‘seb e s| Jnoden Jajem

‘9, 001 1& Jalem pinbi| jo ssew [enba
ue uey) AB1aua 0w SUIBIUOD D, 001 1B Jejem snoaseb Jo ssew e Aym uiejdx3

P



100 years ago, a company made toothpaste containing the radioactive isotopes radium-
228 and radium-226.

Figure 1 shows the symbols for these isotopes.

Figure 1

228 226
ggRa sgRa

(a) How are atoms of radium-228 different from atoms of radium-226?

Tick (V') one box.

Radium-228 atoms have one more
neutron and one more proton.

Radium-228 atoms have two more
neutrons and two more protons.

Radium-228 atoms have two more
neutrons.

Radium-228 atoms have two more
protons.

(b)  Figure 2 shows how the activity of a sample of radium-228 changed over time.

Figure 2
=

200 _ !
Activity 1501
N jopfiieiE :

g et =1

o i |

g 1 2 3 5 6 7 8
Time in years

What is the approximate half-life of radium-2287

Tick (v) one box.
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(1)

6 years
7 years
14 years
100 years
(1)
A scientist investigated whether the toothpaste in four tubes of the 100-year-old
toothpaste is equally radioactive.
Figure 3 shows the equipment used.
Figure 3
Stand
lm_ Clamp
Detector
Count rate meter
20 cm
— Sample of
o toothpaste
(c)  When the equipment was arranged as shown in Figure 3, it was not possible to
detect alpha particles from the toothpaste,
Suggest how the scientist adjusted the equipment to detect alpha particles from the
toothpaste.
(1

(d) The scientist adjusted the equipment and determined the activity of the toothpaste
from each tube.

The table below shows the results.
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(e) A teacher wanted to find out what nuclear radiation is emitted from a source.

The teacher placed different barriers between the source and a detector.

The teacher recorded the count for 30 seconds after each barrier was put in place.

The table below shows the results.

o | ol | Coumtake
None 985
Paper 0.1 149
Aluminium 5.0 0

Lead 20.0 0

Explain what nuclear radiation was emitted by the source.

(d) The graph below shows how the activity of four different radioactive isotopes,
A, B, C and D, changes over time.
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(2)

(4)

4507

400-

3501~

300

Activityin 220N
Becquerels
CQUETESS 00,

150+

100

25

Write the isotopes A, B, C and D in order of increasing stability of their nuclei.

Explain your answer.

Least stable

Explanation

Most stable
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(3)
(Total 11 marks)
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Orbiting electrons

Nucleus

Describe the differences between the two models of the atom.

(Total 4 marks)

Q25.

Different radioactive isotopes emit different types of nuclear radiation.

A polonium-210 (Po) nucleus emits an alpha particle (a) and turns into a lead (Pb)
nucleus.

This can be represented by the equation:

210 A
ge PO — ,Pb+a

(a) What is the value of A in the equation?

Tick (v) one box.

A =206 A =208 A=210 A=211

(b) What is the value of Z in the equation?

Tick (v) one box.

Z=80 Z=82 Z=85 Z=86
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(1

(c)

(d)

(e)

(1

A strontium-89 nucleus (Sr) emits a beta particle (B) and turns into an yttrium
nucleus (Y).

This can be represented by the equation:
89 A
g SF — ,Y + B

What are the values of A and Z in the equation?

(2)
Gamma radiation is another type of nuclear radiation.

What does gamma radiation consist of?

Tick (v) one box.

High energy neutrons

Electromagnetic waves

Particles with no charge

Positively charged ions

(1

Explain the differences between the properties of alpha, beta and gamma
radiations.
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After how many years will the source need replacing?
(3) X
Show clearly your calculation and how you use the graph to obtain your answer.
(b) The chart shows how the count rate recorded by the detector varies over a short
period of time.

Count rate Number of years =

(2)
(Total 7 marks)

-

|.|'
Time

Use the graph to explain how the thickness of the foil changes, and how the control
system responds to this change.

(2)

(c) When first used, the radiation source contains 6 micrograms of strontium-90.

The graph shows how the mass of the strontium-90 will decrease as the nuclei
decay.

6

5 N

b h !

Mass of ™

strontium-90 3
in micrograms

2 <

0O 10 20 30 40 50 60 70 80 90
Time in years

The control system will continue to work with the same source until 75 % of the
original strontium-90 nuclei have decayed.
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¥ the sum of the kinetic energy and gravitational potential energy is

constant

(f)  reduces the force exerted
ignore impact

the risk of injury to gymnast is reduced
allow so the gymnast does not get injured

Q4.

(a) (i) electrical
answers must be in the correct order

kinetic

(ii) any one from:
- thermal (energy)
. sound (energy).
allow “heat” (energy)

(i) The wasted energy is transferred to the surroundings

(b) advantage of A:
answers must be comparative

any one from:
. bigger wash load
. uses less energy
allow uses less electricity
. uses less water.

disadvantage of A:
higher cost (to buy)

Q5.
(a) the measurement will be more accurate
allow parallax error is reduced

because (in position B) the eye is level with (the maximum height of) the toy

(b) B4cm=064m

0.049=mx9.8x0.64
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(11

(c)

Q6.

[6}

1 (b)

allow a correct substitution using an incorrectly /
not converted height

0049
M= 98x064

allow a correct rearrangement using their
incorrectly / not converted height

m = 0.0078125 (kg)

allow an answer consistent with their incorrectly /
not converted height

m=0.0078 (kg)

this mark can only be scored if the equation E, =
m g h has been used

energy from the toy is dissipated (to the surroundings / air)

allow energy from the toy is transferred to the
surroundings / air

(but) in a closed system the total energy remains constant

Child
gravitational potential energy decreases

kinetic energy increases and then decreases to zero

Springs
elastic potential energy increases
ignore references to kinetic energy of the springs

Surroundings
internal / thermal store of energy increases
allow energy is dissipated
allow (average) kinetic energy of the particles increases

ignore descriptions of energy transfers before the child
reaches position A

At position A
4.9=0.5 x k x 0.056°

2x49
k= 0.0582 = 3125 (N/m)
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(e) Q=1.2x40

48 (C)
(f) the temperature of each lamp increases
(g) lamp X no longer emits light

because the circuit is no longer complete
dependent on MP1
allow because there is no current

Q10.
(a) potential difference is increased
allow transformer X is a step up transformer

(and) current decreases

(so) energy/power losses in the transmission cables decrease

allow (so) there is less heating in the
tfransmission cables

(b) 11000 x I, = 400 D00 x 660

|, = 400000 x 660
T 11000

- =24 000 (A)
(c) the street lamps are connected in parallel

(d) resistance (of the LDR) increases
allow resistance (of the circuit) increases

(s0) the current decreases

allow so the LDR has a greater (share of the)
potential difference

(so) the potential difference across R decreases
dependent on MP1
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[11]

(e)

Q11
(a)

(b)

(c)

20 mA =0.020 A

6.0=00202xR

allow a correct substitution using an incorrectly /
not converted value of current.

R=_50
0.020°

allow a correct re-arrangement using their
incorrectly / not converted value of current.

R = 15000 (Q)

allow an answer consistent with their incorrectly /
not converted value of current

OR
20 mA =0.020 A (1)

6.0

2 0.020

= 300 (1)

R= 0
= o020 (1
R = 15000 (Q) (1)

[14]

(the variable resistor) changes the resistance of the circuit
to keep the current the same

so the temperature of the wire is kept constant
allow to control the temperature of the wire

¥+0.1840.15
017 = 3

allow X = 3 x 0.17 - 0.18-0.15
X=0.18 (V)

resistance is directly proportional to length
allow length is directly proportional to resistance

allow as length increases resistance increases
for 1 mark

allow positive correlation for 1 mark
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Q14.
(a)

(b)

(c)

(d)

(e)

(f

(9)

(h)

[10]

metal has a high thermal conductivity

6 particles all spread apart irregularly within the box

e.q.

OOOO

O

air particles collide with the walls of the container
decreases
(the pressure) decreased as temperature decreased

(the pressure) increased as temperalure increased
allow 2 marks for it decreased then increased

90 (m?)
1
. _ mass
Hesly = volume
or
=
Y
1
m
1100 = T
allow ecf from part ()

mass =90 x 1100

99 000 (kg)

[11]
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Q15.
(a)

(b)

(c)

(d)

(e)

(f

Zero error
allow systematic error

reset the balance to zero g

allow subtract the reading shown on the balance
from the reading taken

resolution
this answer only

place the measuring cylinder on a horizontal surface

view with eye in line with the level of the water
allow read from the bottom of the meniscus

add several coins to the measuring cylinder

allow a minimum of 5 coins if a number of coins
is given

measure the change in the water level in the measuring cylinder

divide by the number of coins added

36
T 0.16
llow 8.9 = 2
A 7 Volume
i 3.6
area = §9%0.16
allow area = 2.5(28...) (cm’)
36
density = S e %017
36
allow

their calculated area x 0.17

density = 8.37... (g/cm?)

allow a correct calculation using their calculated
area

density = 8.4 g/cm®
this mark can only be scored for a correct
rounding of a value of density calculated using
correct equations
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(b)

(c)

Q19.
(a)

(b)

(iv}]  convection
(v) conduction

in the middle above halfway up (above line joining top of spacers)
below the surface of the liquid

by particles vibrating more
particles shake more or move more
do not credit they start vibrating

they pass on the energy or vibrations
do not credit heat

[10]

pressure decreased

because molecules have less (kinetic) energy
allow less speed/velocity

so fewer collisions (with the wall/container each second)
allow collide with less force

allow less force on the walls

0.70 =m x 330

or

700 = m x 330 000
070

T 330
or
700
330 000

allow correct rearrangement using converted value(s) of E to
J and/or L to Jikg

m=

m = 0.0021 (kg)
allow 0.0021(212121..)
allow correct calculation using converted value(s) of E andfor
L
an answer of 0.0021(212121...) scores 3 marks
3 marks can only be awarded for m = 0.0021(212121...) (kg)
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(c)

(d)

Substance Solid Liquid Gas
Oxygen N

Nitrogen v
Carbon N

dioxide

2 correct answers scores 1 mark.
if more than one tick in a row, neither can score a mark

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

cooling

. as the argon cools the particles slow down

. particles in a liquid move slower than particles in a gas
. particles in a solid move slower than particles in a liquid
. as the liguid/solid cools the particles get closer together
. as the liquid/solid cools the density increases

gas to liquid

. particles change from being spread apart to touching each other

. particles will (collide with other particles more often and) change
direction more often

liquid to solid

. particles change from a random arrangement to a regular pattern

¥ particles change from moving freely to fixed positions

. particles change from moving freely/randomly to vibrating

explanation
. (internal) energy (of the argon) decreases
. (kinetic) energy (of the particles) decreases with temperature

. (potential) energy (of the particles) changes with change of state (of the
argon)
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and (some) radiation passes through paper but is stopped by aluminium

so the source emits beta radiation (but does not emit gamma)
MP4 dependent on MP3

(d) DBAC
all four letters must be in the correct order
explanation only scores if correct order given

explanation

a substance with a longer half-life has more stable nuclei

allow the more stable a nucleus, the less likely it is to decay
(in a given time)

so answers are in order of increasing half-life

Q23.

(a) electron
atom
nucleus
orbit
(b) positive charge is provided by protons

(every atom of the same element contain the) same number of protons

do not accept same number of protons and
neutrons

ignore reference to electrons

(1)
o ~300000000x| 155 |

allow any correct method of determining 7% of
300 000 000

v = 21 000 000 (m/s)
allow 2.1 * 107 (m/s)

Page 81 of 85

(d)

Q24.

an answer of 21 000 000 scores 2 marks

r=6x25x10"
alfow a ratio in the range of 5.7-6.3 or

measurements that would give this range,
correctly substituted

r=15x10"° (m)
allow 1.4 x 10-0 tg 1.6 x 10~

their ratio x 2.5 x 10" correctly calculated
scores 1 mark

an answer in the range 1.4 x 10~ to 1.6 x 10-1
scores 2 marks

[10]

any two pairs from:

(11

Q25.
(a)

(b)

()

to gain credit it must be clear which model is being described

do not accept simple descriptions of the diagram without
comparison

nuclear model mass is concentrated at the centre / nucleus (1)

accept the nuclear model has a nucleus / the plum pudding
model does not have a nucleus for 1 mark

plum pudding model mass is evenly distributed (1)
nuclear model positive charge occupies only a small part of the atom (1)
plum pudding model positive charge spread throughout the atom (1

nuclear model electrons orbit some distance from the centre (1)

accept electrons in shells / orbits provided a valid
comparison is made with the plum pudding model

plum pudding electrons embedded in the (mass) of positive (charge) (1)
do not accept electrons at edge of plum pudding

nuclear model the atom mainly empty space (1)

plum pudding model is a 'solid’ mass (1)
[4]
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passing through and change in thickness
1

(b) foil thickness increases then decreases (then back to normal / correct thickness)
a description of count rate changes is insufficient

gap between rollers decr , then incr (then back to correct size)
or

pressure from rollers increases then decreases
accept tightness for pressure

answers may link change in thickness and gap width for full
credit ie:

foil thickness increases so gap between rollers decreases (1)
foil thickness decreases so gap between rollers increases (1)

(c) 56 (years)
accept any value between 55-57 inclusive

allow 1 mark for correct calculation of mass remaining as 1.5
(micrograms)

allow 1 mark for a mass of 4.5 micrograms plus correct use
of graph with an answer of 12

maximum of 1 compensation mark can be awarded
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