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6.1 Energy

The concept of energy emerged in the 19t century. The idea was used to explain the work output
of steam engines and then generalised to understand other heat engines. It also became a key tool
for understanding chemical reactions and biological systems.

Limits to the use of fossil fuels and global warming are critical problems for this century. Physicists
and engineers are working hard to identify ways to reduce our energy usage.



Content Key opportunities for
skills development

The link between work done
(energy transfer) and
current flow in a circuit is
covered in Work done and
enerqy transfer (page 146).

WS 4.5

WS 1.2,4.3,45,4.6
MS 1a, ¢, 3b, c

Content Key opportunities for

skills development

WS 1.2,43,4.4,46
MS 1a, ¢, 3b, c




Content

]

Key opportunities for
skills development

MS 3b, ¢

Students should be able to
recall and apply this
equation.

]

MS 3b, ¢

Students should be able to
apply this equation which is
given on the Physics
eqguation sheet.
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Content

MS 3b, ¢

Students should be able to
recall and apply this
equation.

AT1

Investigate the transfer of
energy from a gravitational
potential energy store to a
kinetic energy store.

Key opportunities for
skills development
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Key opportunities for

skills development
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MS 3b, ¢

Students should be able to
apply this equation which is
given on the Physics
eqguation sheet.

This equation and specific
heat capacity are also
included in Temperature
changes in a system and
specific heat capacity (page
137).
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6.1.2 Conservation and dissipation of energy

6.1.2.1 Energy transfers in a system

Content

Key opportunities for

skills development

MS 3b, ¢

Students should be able to
recall and apply both
equations.

Key opportunities for

skills development

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

Students should be able to describe with examples where there are
energy transfers in a closed system, that there is no net change to
the total energy.

Students should be able to describe, with examples, how in all
system changes energy is dissipated, so that it is stored in less
useful ways. This energy is often described as being ‘wasted’.




Content

Key opportunities for

skills development

Students should be able to explain ways of reducing unwanted
energy transfers, for example through lubrication and the use of
thermal insulation.

The higher the thermal conductivity of a material the higher the rate
of energy transfer by conduction across the material.

Students should be able to describe how the rate of cooling of a
building is affected by the thickness and thermal conductivity of its
walls.

Students do not need to know the definition of thermal conductivity.

6.1.2.2 Efficiency

WS 1.4
AT1,5

Investigate thermal
conductivity using rods of
different materials.

Key opportunities for

skills development

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

use f ul output energy transf er

ef fICIenCy ~ total input energy trans f er

Efficiency may also be calculated using the equation:

use ful power output

ef fIC|enCy = total power input

MS 3b, ¢

Students should be able to
recall and apply both
equations.

MS 1a, ¢, 3b, c

Students may be required
to calculate or use efficiency
values as a decimal or as a
percentage.

(HT only) Students should be able to describe ways to increase the
efficiency of an intended energy transfer.

(HT only) WS 1.4



6.1.3 National and global energy resources

The main energy resources available for use on Earth include: fossil | WS 4.4
fuels (coal, oil and gas), nuclear fuel, bio-fuel, wind, hydro-
electricity, geothermal, the tides, the Sun and water waves.
A renewable energy resource is one that is being (or can be)
replenished as it is used.
The uses of energy resources include: transport, electricity
generation and heating.
Students should be able to:
» describe the main energy sources available
» distinguish between energy resources that are renewable and
energy resources that are non-renewable
» compare ways that different energy resources are used, the
uses to include transport, electricity generation and heating
» understand why some energy resources are more reliable
than others
» describe the environmental impact arising from the use of Ws13 1.4
different energy resources
WS 3.5

explain patterns and trends in the use of energy resources.

Descriptions of how energy resources are used to generate
electricity are not required.

Students should be able to:

consider the environmental issues that may arise from the use
of different energy resources

show that science has the ability to identify environmental
issues arising from the use of energy resources but not
always the power to deal with the issues because of political,
social, ethical or economic considerations.

6.2 Electricity

Electric charge is a fundamental property of matter everywhere. Understanding the difference in
the microstructure of conductors, semiconductors and insulators makes it possible to design
components and build electric circuits. Many circuits are powered with mains electricity, but
portable electrical devices must use batteries of some kind.

WS 13,14, 44
MS 1c, 2c, 4a

Electrical power fills the modern world with artificial light and sound, information and entertainment,
remote sensing and control. The fundamentals of electromagnetism were worked out by scientists
of the 19t century. However, power stations, like all machines, have a limited lifetime. If we all



continue to demand more electricity this means building new power stations in every generation —
but what mix of power stations can promise a sustainable future?

6.2.1 Current, potential difference and resistance

6.2.1.1 Standard circuit diagram symbols

Content Key opportunities for
skills development
Circuit diagrams use standard symbols. WS 1.2
—o\o— switch (open) 4®— lamp
—Q—0—— switch (closed) ——3— fuse
—+| — cell
voltmeter
—+| |----| — battery
@— ammeter
—@— diode
_|¢|_ thermistor
— }— resistor
>
% variable resistor 4@7 LDR
<
—@— LED
Students should be able to draw and interpret circuit diagrams.

6.2.1.2 Electrical charge and current

Content Key opportunities for

skills development

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




Electric current is a flow of electrical charge. The size of the electric
current is the rate of flow of electrical charge. Charge flow, current
and time are linked by the equation:

charge flow = current x time

[Q =1t]

charge flow, Q, in coulombs, C

current, I, in amperes, A (amp is acceptable for ampere)
time, t, in seconds, s

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

6.2.1.3 Current, resistance and potential difference

MS 3b, ¢

Students should be able to
recall and apply this
equation.

The current (I) through a component depends on both the
resistance (R) of the component and the potential difference (V)
across the component. The greater the resistance of the component
the smaller the current for a given potential difference (pd) across
the component.

Questions will be set using the term potential difference. Students
will gain credit for the correct use of either potential difference or
voltage.

Current, potential difference or resistance can be calculated using
the equation:

potential dif ference = current x resistance

[V=IR]

potential difference, V, in volts, V

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

resistance, R, in ohms, Q

MS 3b, ¢

Students should be able to
recall and apply this
eqguation.




Content

Current

Potential
difference

Current
Potential
difference
Current
Potential

difference

Key opportunities for
skills development




Key opportunities for

skills development

The resistance of a thermistor decreases as the temperature
increases.

The applications of thermistors in circuits eg a thermostat is
required.

The resistance of an LDR decreases as light intensity increases.

The application of LDRs in circuits eg switching lights on when it WS12 14
gets dark is required.

Students should be able to:

* explain the design and use of a circuit to measure the AT 6
resistance of a component by measuring the current through,
and potential difference across, the component

» draw an appropriate circuit diagram using correct circuit
symbols.

Investigate the relationship
between the resistance of a
thermistor and temperature.

Investigate the relationship
between the resistance of
an LDR and light intensity.

Students should be able to use graphs to explore whether circuit WS12,14
elements are linear or non-linear and relate the curves produced to

. . : MS 4c, 4d, 4e
their function and properties.

Content Key opportunities for
skills development




MS 1c, 3b, 3c, 3d

AT 7
WS 1.4




Content Key opportunities for
skills development

WS 1.5

Content Key opportunities for

skills development

MS 3b, ¢
WS 45

Students should be able to
recall and apply both
] eqguations.
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Content

Key opportunities for
skills development
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MS 3b, ¢

Students should be able to
recall and apply both
equations.

WS 1.4

WS 1.2

Key opportunities for
skills development




Content Key opportunities for
skills development

WS 1.4

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

6.3 Particle model of matter

The particle model is widely used to predict the behaviour of solids, liquids and gases and this has
many applications in everyday life. It helps us to explain a wide range of observations and
engineers use these principles when designing vessels to withstand high pressures and
temperatures, such as submarines and spacecraft. It also explains why it is difficult to make a good
cup of tea high up a mountain!

Key opportunities for

skills development

MS 1a, b, ¢, 3b, C

Students should be able to
recall and apply this
equation to changes where
mass is conserved.
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Key opportunities for

skills development

WS 1.2

Content

Content

WS 1.2

Key opportunities for
skills development

Key opportunities for
skills development




Content

Key opportunities for
skills development

I
I

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

Students should be able to
apply this equation, which is
given on the Physics
eqguation sheet, to calculate
the energy change involved
when the temperature of a
material changes.

This equation and specific
heat capacity are also
included in Energy changes

in systems (page 123).

Key opportunities for
skills development




Key opportunities for

skills development

MS 1a, 3b, c, d

Students should be able to
apply this equation, which is
given on the Physics
eguation sheet, to calculate
the energy change involved
in a change of state.

MS 4a
AT5

Perform an experiment to
measure the latent heat of
fusion of water.

I
et

Content

WS 3.5

Key opportunities for

skills development

WS 1.2

6.4 Atomic structure

WS 1.2

lonising radiation is hazardous but can be very useful. Although radioactivity was discovered over
a century ago, it took many nuclear physicists several decades to understand the structure of
atoms, nuclear forces and stability. Early researchers suffered from their exposure to ionising
radiation. Rules for radiological protection were first introduced in the 1930s and subsequently



improved. Today radioactive materials are widely used in medicine, industry, agriculture and

electrical power generation.

Content

Key opportunities for

skills development

MS 1b
WS 4.4

Students should be able to
recognise expressions
given in standard form.

Key opportunities for

skills development

(Mass number) 23 N
(Atomic number) 11

WS 4.1



Content Key opportunities for

skills development

WS11,1.6

This historical context
provides an opportunity for
students to show an
understanding of why and
describe how scientific
methods and theories
develop over time.

WS 1.2

WS1.1

WS 1.2




Key opportunities for
skills development

WS 14,15
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Content

Key opportunities for
skills development

WS 1.2, 4.1
MS 1b, c, 3c

Key opportunities for
skills development




Content

Key opportunities for

skills development

WS 1.2

MS 4a

Content

(HT only) MS 1c, 3d

Key opportunities for
skills development

WS 1.5

WS 1.5

WS 1.5

WS 1.6



