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3(a) – Useful Energy and Efficiency
It is useful for energy consultants to be able to compare the efficiency of different devices in
our homes and workplaces. Energy is transferred by different devices, and the rate at which
energy is transferred is called ‘power’. Architects and energy consultants use U values to
measure how effective different materials used in buildings are as insulators. That is, how
effective they are at preventing heat energy from transmitting between the inside and the
outside of a building. Many people are concerned about the environmental problems
caused by traditional methods of producing electricity and by the potential dangers of
nuclear fuels. These concerns have given rise to the use of alternative methods for the
generation of useful energy.

Efficiency
The Principle of Conservation of Energy
The principle of conservation of energy states that:
“Energy cannot be created or destroyed. Energy can be transferred from one form to
another but the total of energy in a closed system will not change”
Example:
Not all the energy that is input into a motor is converted to useful energy (e.g. Kinetic
energy). It can’t be destroyed but it can be converted into less useful forms of energy such
as sound and heat.

When we talk about how well energy is transferred we can talk about it in terms of
efficiency. The more useful energy you get out of a machine, the more efficient it is:

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =

𝑈𝑠𝑒𝑓𝑢𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡
𝐸𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡

Efficiency can be written in terms of power:

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =

𝑈𝑠𝑒𝑓𝑢𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
𝐼𝑛𝑝𝑢𝑡 𝑃𝑜𝑤𝑒𝑟
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Example:
A TV has a useful power output of 50.7 W. If its efficiency is 89.1%, Work out its power
input
You know that: efficiency =

𝑈𝑠𝑒𝑓𝑢𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
𝐼𝑛𝑝𝑢𝑡 𝑃𝑜𝑤𝑒𝑟

Which you can rearrange to make: input power =

𝑈𝑠𝑒𝑓𝑢𝑙 𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

Efficiency is always between 0 and 1, so when you have a percentage, divide it by 100 first.
50.7

Input Power = 0.891 = 56.902 … = 56.9 𝑊

Methods of Improving Efficiency
There are many ways efficiency can be improved. To improve
energy efficiency in the home you could:






Put insulation in the loft
Upgrade your boiler to a more energy efficient model
Put double glazing on all windows
Put a thermal insulation cover round your hot water tank
Use energy saving bulbs

Thermal Transfer
Thermal transfer is when energy is transferred into heat energy.
This can be both helpful and unhelpful.

Thermal Insulation Cover

Some examples of when heat transfer needs to be maximised are:






An electric heater
An electric kettle
An electric stove
An electric boiler
An electric shower

Some examples of when heat transfer needs to be minimised are:






A phone charger
A bulb
A battery
A TV
A game console and other similar electronics
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U-Values
U-values measure how effective a material is an
insulator. The lower the U-value is, the better the
material is as a heat insulator. For example, here
are some typical U-values for building materials:




a cavity wall has a U-value of 1.6 W/m²
a solid brick wall has a U-value of 2.0 W/m²
a double glazed window has a U-value of
2.8 W/m².

The cavity wall is the best insulator and the double
glazed window is the worst insulator. Note that
you do not need to remember any U-values for
the exam or know the equation used to calculate
U-values.

Most household heat is lost through the windows and roof

U values can be calculated using the formula:

Generating energy
Energy can be generated in a number of ways and form
a number of sources. The 3 main types of energy are
fossil fuels, nuclear fuels and renewable energy.
Fossil Fuels
There are 3 types of fossil fuels, coal, oil and natural gas.
Nuclear Power Station
Each of the fossil fuels are burned to produce heat. This
heat will be used to heat water which will then produce
steam. The steam is used to turn a turbine which will produce energy.

Nuclear Fuels
Heavy elements such as uranium-235 or plutonium-239 are used in a process of nuclear
fission in which energy is released. This energy is used to heat water, produce steam and
power the turbines to create energy.
Renewable energy
Renewable energy is produced from unlimited sources such as the wind and tidal power.
This makes it different to fossil fuels and nuclear fuels as it will never run out.
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Renewable energy sources include:
Hydroelectricity:
1) Hydroelectric power usually involves
flooding a valley by building a big dam.
2) Rainwater is caught and allowed out
through turbines.
3) There is a big impact on the
environment due to the flooding of the
valley and possible loss of habitat for
some species.
4) A big advantage is immediate response
to increased electricity demand. More
water can be let out through the turbines to generate more electricity.
5) Initial costs are often high but there are minimal running costs and it’s a renewable
energy source
Wave Power:
1) Waves can provide an up and down motion
which can be used use to drive a generator.
2) Wave power is fairly unreliable since waves
tend to die out when the wind drops.
3) Most electricity generated from wave power
uses waves close to the shore. Waves further
out in the ocean are much more powerful.
Offshore wave farms are now being
developed to harness this power.
4) Wave power is never likely to provide energy
on a large scale but it can be useful on small
islands.
Tidal Barrages:
1) Tidal barrages are big dams built
across river estuaries, with turbines
in them.
2) As the tide comes in it fills up the
estuary to a height of several
metres. This water can then be
allowed out through turbines at a
controlled speed. It also drives the
turbines on the way in.
3) Even though it can only be used in a few of the most suitable estuaries, tidal power is
a reliable energy source that has the potential to generate a significant amount of
energy.
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Wind Power:
1) Each wind turbine has its own generator inside
it so the electricity is generated directly from
the wind turning the blades which turn the
generator.
2) There's no pollution (except for a little bit
when they're manufactured).
3) But they do spoil the view and they can be
very noisy, which is annoying for people living
nearby.
4) They only work when it's windy, so it's not
always possible to supply more electricity
when there's extra demand.
Solar Cells:
1) Solar cells are usually used to generate
electricity on a relatively small scale.
2) Solar power is often used in remote places
where there aren't many other ways to
generate electricity, and in satellites.
3) In sunny countries, solar power is a very
reliable source of energy, but only in the
daytime. Solar power can still be costeffective even in cloudy countries like
Britain.
Geothermal Energy:
1) This is only possible in certain places where hot
rocks lie quite near to the surface. The source of
much of the heat is the slow decay of various
radioactive elements including uranium deep
inside the Earth.
2) Water is pumped in pipes down to the hot rocks
and it returns as steam to drive a generator.
3) This is actually brilliant 'free' energy with no real
environmental problems.
4) The only big drawbacks are the high setup cost
and the fact that there are very few places
where this seems to be an economic option.
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Biomass:
1) Biomass can be anything from farm waste,
animal droppings and landfill rubbish to
specially grown forests.
2) The waste material is burnt in power stations
to drive turbines and produce electricity. Or
sometimes it's fermented to produce other
fuels such as 'biogas' (usually methane) or
ethanol.
3) The plants that grew to produce the waste (or
to feed the animals that produced the dung)
would have absorbed carbon dioxide from the
atmosphere as they were growing. When the
waste is burnt this CO2 is re-released into the
atmosphere. So using biomass to generate
electricity has no overall effect on
atmospheric CO2 levels. This means it is
carbon neutral.

Measuring Efficiency
You can carry out an investigation into the efficiency of an electric
motor as it lifts a mass through a measured vertical distance. In
this experiment, electrical energy from the motor is converted into
kinetic energy (as the mass rises) and gravitational potential
energy (due to the height increase of the mass). Once the mass
has reached its highest point and the motor is stopped, all of the
energy will be in the form of gravitational potential energy. As the
mass is raised, use an ammeter to measure the current through
the motor. You can then find the electrical energy of the motor
using the equation E = IVt, where I is the current you've measured, V is the voltage of the
power supply and t is the time taken to raise the mass. You can find the final gravitational
potential energy of the mass using E = mg∆h, Where m is its mass, g = 9.81 ms-2 and ∆h is
the height through which it has been raised.
The efficiency of the motor can be calculated using the equation:
𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =

𝑢𝑠𝑒𝑓𝑢𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑖𝑡
mg∆h
=
𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡
𝑉𝐼𝑡
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3(b) – Electricity and circuits
Electric circuits are found in a huge number of devices. Electrical and electronic engineers
are able to alter the properties of an electrical circuit by adding different components.

Current
The current in a wire is like water flowing in a pipe. The amount of water that flows depends
on the flow rate and the time. It's the same with electricity - current is the rate of flow of
charge. In an electrical circuit, the charge is carried through the wires by electrons.

The coulomb is the unit of charge. One coulomb (C) is defined as the amount of charge that
passes in 1 second when the current is 1 ampere. You can work out the amount of charge
passing through a circuit using the equation above.
Example:
A component has a current of 0.430 A passing through it. Calculate the charge passing
through the compound in exactly 3 minutes.
First convert the time taken in to seconds:
3 minutes × 60 seconds in every minute = 180 Seconds
Then substitute the values for the current and time taken in to the charge formula:
∆Q = I × ∆t
= 0.430 × 180
=77.4 C
You can measure the current flowing through a
part of a circuit using an ammeter. The
ammeter always needs to be connected to
ensure the same current passes through
component and the ammeter.
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Potential Difference/Voltage
To make electric charge flow through a circuit, you need to transfer energy to the charge.
This energy is supplied by the power source, e.g. a battery. When a charge flows through
the power source it is 'raised' through a potential and energy is transferred to the charge as
electrical potential energy.
When energy is transferred, we say that work is done. This means the power source does
work to move the charge around the circuit. The potential difference (p.d.), or voltage,
between two points is defined as the work done in moving a unit charge between the
points.

The potentioal differencce across a component is 1 volt when you
convert 1 joule of energy moving 1 coulomb of charge through the
component.

1𝑉 = 1 𝐽 𝐶 −1

Example:
Here you do 6 J of work moving each coulomb of charge through the resistor, so the
potential difference across it is 6 V
𝑉=

𝑊 6
= = 6𝑉
𝑄 1

The energy gets converted into heat

You can measure the portential difference across an electrical component
by using a voltmeter. You always need to attach a voltmeter in parallel.

Power
Electrical Power is the Energy Transferred per Second
1) Electrical appliances are useful because they take in electrical energy and convert it into
other forms of energy, e.g. a light bulb turns electrical energy into light (and heat) energy.
2) The electrical power of an appliance tells you how quickly it transfers electrical energy.
ELECTRICAL POWER is the Energy Transferred per Second.
3) The units of power are watts (W). The higher the power of your appliance, the more
energy is transferred every second. So a 100 W light bulb is brighter than a 60 W bulb.
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Measuring the Current and Voltage Can Tell You the Power
You can calculate the power of any component in a circuit using this simple experiment:
1) Make a circuit with an ammeter, switch, battery and your test component (e.g. a
resistor) in series. This means they're all in one loop. The ammeter will measure the
current flowing through the circuit.
2) Connect a voltmeter in parallel, across the component you're investigating. The
voltmeter will measure the voltage across the component.
3) Close the switch to complete the circuit — you'll see a reading on both the ammeter
and voltmeter. Record these numbers then use them to calculate the power of the
component using this formula
EXAMPLE: A current of 0.2 A flows through a lamp when it is connected to a 3 V
battery. Calculate the power of the lamp. ANSWER: P=I x V= 0.2 x 3 = 0.6 w

Resistance
If you put a potential difference (p.d.) across an electrical component, a current will flow.
How much current you get for a particular potential difference depends on the resistance of
the component.
You can think of a component's resistance as a measure of how difficult it is to get a current
to flow through it. Resistance is measured in ohms (Ω). A component has a resistance of 1 Ω
if a potential difference of 1 V makes a current of 1 A flow through it. This equation defines
resistance:

Example:
The potential difference across a component is 230 V. The current flowing through the
component is 12.4 A. Calculate the resistance of the component.
To answer this question just put the numbers into the equation:
R =V÷I
= 230 ÷ 12.4
= 18.548 = 19 Ω
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The heating effect of a current
Ohm’s Law states that an increase in current through
a component will increase its temperature.
The wires that connect the components of a circuit also
get hotter with increasing current. The more current passing
through the wire, the hotter it gets. A very hot wire
can melt or set fire to its insulation.

Fuse

A fuse is made from a thin piece of wire that is designed to melt when a current passes
through it that is higher than the fuse's rating. In this way the fuse protects the rest of the
circuit from damage caused by too high a current. To find the reason why current has
a heating effect, we must look at the resistance of the wire itself.
When electrons move through the wire, some electrons collide with the ions of
the material in the wire. It is these collisions that cause electrical resistance. With
each collision, some energy is lost to the wire as heat. This explains the heating effect
of current.
When the current through a wire increases, the number of collisions between
the electrons and the ions increases and the wire gets hotter.
You also need to know that the rate of heat loss = I2 R = Current2 x Resistance

Circuits
We use circuit symbols to represent different electrical components. Here are some of the
basic ones:

The lines inbetween the symbols represent wires. Components can be drawn in series or in
parrallel.
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Series:

Parallel:

Kirchhoff’s Laws
To understand the behaviour of currents, voltage, resistance etc in
different circuits, you must first understand Kirchhoff’s laws.
Gustav Kirchhoff was a German scientist who developed a set of
laws for the current and potential difference of different
components in a circuit. Conservation of current is known as his
first law.
Kirchhoff's first law
The total current entering a junction = the total current leaving it.

Conservation of energy:
Energy is conserved. You already know that. In electrical circuits, energy is transferred round
the circuit. Energy transferred to a charge is e.m.f. and energy transferred from a charge is
potential difference (p.d.). In a closed loop, these two quantities must be equal if energy is
conserved.
Kirchhoff's second law:
The total e.m.f. around a series circuit = the sum of the
p.d.s across each component.
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Applying Kirchhoff’s laws
You need to remember the following rules for your exam:
Series Circuits:
 There will be the same current at all points of the
circuit. This is because there are no junction
 The e.m.f is split between the components
(Kirchhoff’s 2nd law) so:
ε = V 1 + V2 + V3
 The voltage splits proportionally to the resistance, as V =IR
Example:
If you had 1 Ω resistor and a 3 Ω resistor, you’d get ¼ of the p.d. across the 1 Ω
resistor and ¾ across the 3 Ω
 V = IR, so if I is constant:
IRT = IR1 + IR2 +IR3 where RT is the total resistance
 Cancelling the ‘I’s gives:
RT = R 1 + R2 + R3
Parallel Circuits:
 The current is split at each junction:
I = I1 + I2 + I3
 There is the same p.d. across all components. There are 3 separate loops and within
each loop the e.m.f equals the sum of the individual p.d.s. So:
𝑉
𝑉
𝑉
𝑉
=
+
+
𝑅𝑇
𝑅1 𝑅2 𝑅3
 Cancelling the ‘V’s gives:
1
1
1
1
=
+
+
𝑅𝑇
𝑅1 𝑅2 𝑅3
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Potential dividers
What is a potential divider?
At its simplest, a potential divider is a circuit
with a voltage source and a couple of
resistors in series. The potential difference
across the voltage source (e.g. a battery) is
split across the resistors in the ratio of the
resistances.
You can use potential dividers to supply a potential difference, V out, between zero and the
potential difference across the power supply. This can be useful, e.g. if you need a varying
p.d. supply or one that is at a lower p.d. than the power supply.
You can find the equation relating Vs and Vout using V = IR
The total resistance in the external circuit is R = R 1+ R2, as the resistors are in series. The
total voltage across the resistors is Vs and the current through them is I, so Vs = I(R1 + R2).
Which when rearranged gives:
𝐼=

𝑉𝑠
𝑅1 + 𝑅2

You can also write I in terms of Vout, as Vout = V2, and the resistance across R2.
Vout = IR2 → I =

𝑉𝑜𝑢𝑡
𝑅2

Substituting I into the previous equation and rearranging gives:
Vout = 𝑅

𝑅2

1 +𝑅2

𝑉𝑠

Using Variable Resistors
Replacing one of the fixed resistors with a variable resistor would
allow you to vary Vout

Light and temperature sensors
A light-dependent resistor (LDR) has a very high resistance in the dark, but a lower
resistance in the light. An NTC thermistor has a high resistance at low temperatures, but a
much lower resistance at high temperatures (it varies in the opposite way to a normal
resistor, only much more so). Either of these can be used as one of the resistors in a
potential divider, giving an output voltage that varies with the light level or temperature.
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Potentiometers
A potentiometer has a variable resistor
replacing R1 and R2 of the potential divider, but
it uses the same idea. You move a slider or turn
a knob to adjust the relative sizes of R1, and R2,
which is useful when you want to change a
voltage continuously, like in the volume control
of a stereo.

Conductors
Conductors are a group of materials that are good
conductors of electricity. This is because they have
lots of free flowing charge carriers (i.e. electrons).
The “sea” of delocalised electrons allows electricity
to easily flow through. Resistance can be decreased
by cooling the material down in most cases.

Semiconductors
Semiconductors are a group of materials that aren't as good at conducting electricity as
metals, because they have far fewer charge carriers (i.e. electrons) available. However, if
energy is supplied to a semiconductor, e.g. by an increase in temperature, more charge
carriers can be released and the resistivity of the material decreases. This means that they
can make excellent sensors for detecting changes in their environment. Three common
semiconductor components are thermistors, diodes and light dependent resistors (LDRs).

Superconductors
Normally, all materials have some resistivity. Even really good conductors like silver and
copper have resistivity. That resistance means that whenever electricity flows through
them, they heat up, and some of the electrical energy is wasted as heat.
You can lower the resistivity of many materials like metals by cooling them down. If you cool
some materials down to below a critical temperature called the 'transitional temperature',
their resistivity disappears entirely and they become a superconductor. Without any
resistance, none of the electrical energy is turned into heat, so none of its wasted.
Most 'normal' conductors, e.g. metals, have critical temperatures below 10 kelvin (-263 °C).
Getting the temperature that low can be hard to do and also expensive. Solid-state
physicists all over the world are trying to develop room-temperature superconductors.
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Thermistors
A thermistor is a component with a resistance that depends on its
temperature. NTCs are the only thermistors that will come up in
your exam. This stands for ‘Negative Temperature Coefficient. This
means that resistance decreases as the temperature goes up

Graphs of V against I
The term 'I-V characteristic' is a way of saying “a graph which
shows how the current (I) flowing through a component changes
as the potential difference (I) across it is increased”. The
shallower the gradient of a characteristic I-V graph, the greater
the resistance of the component.

Tip!
LDRs have a similar resistance
curve to thermistors. Only
instead it’s an increase in light
intensity, not temperature, which
causes the resistance to drop
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Resistance Graphs
Thermistor: Does not obey Ohm’s Law (is not a straight line)
and a reverse of the filament lamp. More current = Steeper
graph, More heat = more free electrons to carry the current =
increased current = reduced resistance

Filament Lamp: Does not obey Ohm’s Law (it is not a straight
line). More current = more heat = atoms vibrating faster,
increasing collisions with electrons = increased resistance
(shown by the flattening out of the graph)

LDR: A semiconductor. Increase in light = more electrons
carrying current = Increasing current = reduced resistance,
little light = less electrons carrying current = reducing current =
increased resistance

Diode: Does not obey Ohm’s Law (is not a straight line).
Connected in a forward direction = low resistance, Connected
in reverse direction = high resistance
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3(c) – Dynamics
Many types of scientists and engineers use Newton’s laws of motion to predict the motion
and interaction of objects. For instance, automotive engineers when designing crumple
zones in cars and sports scientists in suggesting improvements in athletic abilities.

Newton’s First Law
Newton’s 1st law of motion states that:
"The velocity of an object will not change unless a resultant force acts on it."
This means a body will stay still or move in a straight line at a constant speed, unless there's
a resultant force acting on it. If the forces acting on a body aren't balanced, the overall
resultant force will make the body accelerate. This could be a change in direction, speed, or
both.
Example:
An apple sitting on a table won't go anywhere because the forces on it are balanced.

Inertia
The mass of an object is the amount of 'stuff' (or matter) in it. It's measured in kg. The
greater an object's mass, the greater its resistance to a change in velocity (called its inertia).
The mass of an object doesn't change if the strength of the gravitational field changes.

Newton’s Second Law
Newton's 2nd law of motion says that:
“The acceleration of an object is proportional to the resultant force acting on it”
This can be written as the well-known equation:

This equation says that the more force you have acting on a certain mass, the more
acceleration you get. It also says that for a given force, the more mass you have, the less
acceleration you get.
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Try to remember:





The resultant force is the vector sum of all the forces
The resultant force is always measured in newtons.
The mass is always measured in kilograms.
The acceleration is always in the same direction as the resultant force and is
measured in ms-2.

W = mg
Weight is a force and is measured in newtons (N). Weight is the force experienced by mass
due to a gravitational field. The weight of an object can vary depending on the size of the
gravitational field acting on it.
𝑊𝑒𝑖𝑔ℎ𝑡 = 𝑀𝑎𝑠𝑠 × 𝐺𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑖𝑒𝑙𝑑 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ (𝑊 = 𝑚𝑔)

Newton’s Third Law
There are a few different ways of stating Newton's 3rd law, but the simplest way is:
"If an object A exerts a force on object B, then object B exerts an equal but opposite force
on object A."
You'll also hear the law as "every action has an equal and opposite reaction". But this can
wrongly sound like the forces are both applied to the same object. (If that were the case,
you'd get a resultant force of zero and nothing would ever move anywhere.)
The two forces actually represent the same interaction, just seen from two different
perspectives:
If you push against a wall, the wall will push back against you, just as hard. As soon as you
stop pushing, so does the wall.
If you pull a cart, whatever force you exert on the rope, the rope exerts the exact opposite
pull on you.
When you go swimming, you push back against the water with your arms and legs, and the
water pushes you forwards with an equal-sized force.
Newton's 3rd law applies in all situations and to all types of force. But the pairs of forces are
always the same type, e.g. both gravitational or both electrical. Sometimes it looks like
Newton's 3rd law is being applied, but it's not.
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Example:
Both forces are acting on the book, and they're not of the
same type. These are two separate interactions. The forces
are equal and opposite, resulting in zero acceleration, so this
is showing Newton's first law.

Newton’s third law of motion is closely related to the laws of conservation of momentum

Momentum
The linear momentum of an object depends on two things. These are mass and velocity. The
product of these two values is the momentum of the object.

Momentum and velocity are vectors, so you need to remember to think about direction
when doing calculation

You also need to know that F = Delta momentum divided by time

F=∆p/t
Force and momentum are quite closely linked.
You saw Newton’s second law earlier, written like this:

Newton’s second law can also be written in terms of momentum. To show this, remember
that acceleration is just the rate of change of velocity:
𝐹 = 𝑚𝒂 = 𝑚 ×

∆𝑣
∆𝑡
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A change in momentum could also happen due to a change in mass, so you can replace m∆v
with ∆(mv), giving:
𝐹=

∆(𝑚𝑣)
∆𝑡

The product of mass and velocity is just momentum, so this means that resultant force
equals the rate of change of momentum:

∆(mv) is the change in momentum:

The Principle of linear momentum
Assuming no external forces act, linear momentum is always conserved. This means the
total linear momentum of two objects before they collide equals the total linear momentum
after the collision. This can be used to work out the velocity of objects after a collision.
Example:
A skater with a mass of 75 kg and a velocity 4.0 ms-1 collides with a stationary skater of
mass 55 kg. The two skaters join together and move off in the same direction. Calculate
their velocity v after impact.
Momentum before = Momentum after
(75 × 4.0) + (55 × 0) = 130v
300 = 130v
So v = 2.307
= 2.3 ms-1

The same principle can be applied in situations that don't involve a collision, like explosions.
For example, if you fire an air rifle, the forward momentum gained by the pellet is equal in
magnitude to the backward momentum of the rifle, and you feel the rifle recoiling into your
shoulder.
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Elastic and inelastic collisions
An elastic collision is one where momentum is conserved and kinetic energy is conserved —
i.e. no energy is dissipated as heat, sound, etc. Kinetic energy is the energy that an object
has due to its motion. The equation for kinetic energy is:

Example:
A bowling ball of mass 5.00 kg is travelling at a velocity of 5.00 ms-1 when it collides with a
stationary bowling ball of mass 3.00 kg. The velocity of the lighter ball after the collision is
6.25 ms-1 in the same direction as the heavier ball before the collision. Show that the
collision is elastic.

Momentum is conserved, so momentum before = momentum after
(5 × 5) + (3 × 0) = (5 × v) + (3 × 6.25)
25 = 5v + 18.75
V = 1.25 ms-1

Momentum is conserved, so momentum before = momentum after
(5 × 5) + (3 × 0) = (5 × v) + (3 × 6.25)
25 = 5v + 18.75
V = 1.25 ms-1
Check to see if kinetic energy is conserved:
1

1

Kinetic energy before = (2 × 5 × 52 ) + (2 × 3 × 02 ) = 62.5 J
1

1

Kinetic energy after = (2 × 5 × 1.252 ) + (2 × 3 × 02 ) = 62.5J
So total kinetic energy is conserved in the collision. This means it is an elastic collision
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If a collision is inelastic, it means that some of the kinetic energy is converted into other
forms during the collision. Linear momentum is always conserved in inelastic collision
though.
Example:
A toy lorry (mass 2 kg) travelling at 3 ms -1 crashes into a toy car (mass 0.8 kg), travelling in
the same direction at 2 ms-1. The velocity of the lorry after the collision is 2.6 ms -1 in the
same direction. Calculate the new velocity of the car and the total kinetic energy before
and after the collision.

Momentum is conserved, so:
Momentum before collision = Momentum after collision
(2 × 3) + (0.8 × 2) = (2 × 2.6) + (0.8 × v)
7.6 = 5.2 + 0.8v
2.4 = 0.8b
V = 2.4 ÷ 0.8 = 3 ms-1

Kinetic energy before = KE of lorry + KE of car
= ½mv2 (lorry) + ½mv2 (car)
= ½(2 × 32) + ½(0.8 × 22)
= 10.6 J

Kinetic energy after = ½(2 × 2.62) + 1/2 (0.8 × 32)
= 10.36 = 10.4 J

The difference in the two values is the amount of kinetic energy dissipated as heat, sound,
or in damaging the vehicles. This is an inelastic collision
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Equations of motion
The equations of motion relate to the following five quantities:






u - initial velocity
v - final velocity
a - acceleration
t - time
s - displacement

Of the above u, v, a, and s are vector quantities. As such, remember to make vectors going
in one direction positive and vectors in the opposite direction negative.
Time (t) is a scalar quantity.
If any three of the five quantities are known then the other two may be calculated using the
following three equations:
1. v = u + at
2. s = ut + ½at2
3. v2= u2+ 2as
The equations of motion can only be used for an object travelling in a straight line with a
constant acceleration.
Speed – How fast something is moving, regardless of direction
Displacement – How far an object’s travelled from its starting point in a given direction
Velocity – The rate of change of an object’s displacement (its speed in a given direction)
Acceleration – The rate of change of an object’s velocity
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Acceleration on Displacement-Time Graphs
The gradient of a displacement-time graph shows velocity. Acceleration is the rate of change
of velocity, so on a distance-time graph, acceleration is the rate of change of the gradient.
A graph of displacement against time for an accelerating object always produces a curve. If
the object's accelerating at a uniform rate, then the rate of change of the gradient will be
constant. Acceleration is shown by a curve with an increasing gradient (like the one in the
example above). Deceleration is shown by a curve with a decreasing gradient.
Changing the acceleration of the panther in the example on the previous page would change
the gradient of the displacement-time graph like this:

Gravitational Potential energy – GPE
There are different types of potential energy, e.g. gravitational and elastic. Gravitational
Potential Energy is thee energy something gains as you lift it up.
To work it out you can do:

Example:
A man with a mass of 82.5 kg climbs up a cliff and gains 28.5 kJ of GPE. How high did he
climb?
Assume that g = 9.81 Nkg-1
You can rearrange ∆Ep = mg∆h to get ∆h =

∆𝐸𝑝
𝑚𝑔

Then you put the numbers in to the equation:
∆ℎ =

28500
= 35.214 = 35.2𝑚
82.5 × 9.81
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Kinetic Energy – KE
The principle of conservation of energy nearly always comes up when you are doing exam
questions about changes between kinetic and potential energy.
Kinetic energy is the energy of anything moving, which you can work out using the formula:

Example:
A car with a mass of 903 kg is travelling at a steady 20.6 ms -1. How much Kinetic energy
does it have?
To work this out you can just put the numbers into the equation
𝐸𝑘 =

1
1
𝑚𝑣 2 = × 903 × 20.62 = 191 598.54 = 192 𝑘𝐽
2
2

Power in a Mechanical System
P = E/t
 E is the energy transferred in kilowatt-hours, kWh
 P is the power in kilowatts, kW
 T is the time in hours, h
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Revision Checklist
3(a)

Useful Energy and Efficiency

Topic
the meaning of ‘efficiency’
why efficiency is important and why a device
can never be 100% efficient
methods of improving the efficiency of a
system or device
the formula:

Revised?

the importance of efficiency in making the
best use of available energy
ways in which efficiency can be increased in
mechanical and thermal systems
examples of situations where thermal transfer
needs to be maximised and situations where it
needs to be minimised
the meaning of U values
the formula:

the generation of useful energy through the
use of a range of different sources, such as:
fossil fuels
nuclear fuels
renewable fuels such as:
solar power (both heat and light)
wind power
wave power
tidal power
traditional hydroelectric power
geothermal sources
biomass
the advantages and disadvantages of these
sources and their suitability for use in a range
of contexts
Experiments related to measurement of
efficiency.
3(b)

Electricity and Circuits

Topic
calculating current, voltage, power and
resistance in a range of electrical circuits
calculating the heating effect of a current
the formulas:
I = Q/t

Revised?
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P = IV
I = V/R
rate of heat loss = I2 R
the behaviour of electric current, voltage and
resistance in series and parallel circuits
calculating the total resistance of a circuit
which contains resistors in series, resistors in
parallel and a combination of both
the formulas:
Rtotal = R1 + R2 + R3
1/Rtotal = 1/R1 + 1/R2 + 1/R3
uses of potential divider circuits
free electrons and the electrical behaviour of
conductors and semiconductors
the effect of temperature on the resistance of
conductors and semiconductors
the behaviour of thermistors and lightdependent resistors (LDRs)
graphs of V against I to find resistance
graphs of voltage against current for a range of
components including standard resistors,
thermistors and lamps
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3(c)

Dynamics

Topic
application of Newton’s First Law of Motion to
both stationary and moving objects
inertia
Newton’s Second Law of Motion
the formula:
F = ma
weight = mg as an example of Newton’s
Second Law of Motion
Newton’s Third Law of Motion including its
relationship to the Law of Conservation of
Momentum
the meaning of ‘momentum’
the formulas:
p = mv

Revised?

applying the Law of Conservation of
Momentum to a range of situations including
collisions and/or the motion of objects
the formulas:
(average) v = s/t
v = u + at
v2 = u2 + 2as

representing motion through the use of graphs
of displacement against time and velocity
against time
calculating the gravitational potential energy
of an object
the formula:

calculating the power of a mechanical system
the formula:
P = E/t
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