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Topic 8: Energy transfers
Remember. Energy is 
not created or 
destroyed ςƛǘΩǎ 
conserved. So for 
every 100 joules of 
electrical energy in, 
100 joules will be 
transferred to other 
forms of energyς
there will be no net 
energy change.

Investigation: Conservation of energy

Electrical
energy

(100 joules)

Heat 
energy
(90 joules)

Light energy (10 joules)

Energy transfer 
(Sankey) 

diagrams can be 
quite complex.
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Topic 8: Energy changes

Work done by the 
electric motor 
increases the 
potential 
energy of 
the hay 
bale.

Chemical energy in 
the gas is converted to 
heat energy in 

the water 
and elastic 
potential 
energy in 
the steam

Chemical energy in the 
batteries, or electrical 
energy 
from 
the plug, 

is converted to sound.

Kinetic energy is used to 
wind the torch, stored in a capacitor 
and then converted to light.

In all examples:
the useful energy transfer 

will not be 100% efficient and energy 
will be lost to the surroundings 

(often as heat and sound)
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Topic 8: Work done

Formula you need to know:

work done  =  force x distance moved 

in the direction 
of the force

E = F x d
(joules, J) = (newton, N) x (metre, m)

Note: Work done is equal to energy transferred. Getting a student to calculate the 
energy transfer and then following this up with a 1 mark question asking how 
much work has been done (the same answer) is a very common occurrence.

Efficiency=  (useful energy transferred by the device)

(total energy supplied to device)

5video videovideo www www photo page:
8.6  8.15

https://www.youtube.com/watch?v=0Oeywu5IR6s&t=335s
http://www.youtube.com/watch?v=5PM6kTFOWVs
https://www.youtube.com/watch?v=Dw50SCHEzOM
http://www.youtube.com/watch?v=5PM6kTFOWVs
http://www.youtube.com/watch?v=5PM6kTFOWVs
http://www.youtube.com/watch?v=5PM6kTFOWVs


Topic 8: Work done examples

(Weight)Force

Distance 
moved 
in the 
direction 
of the 
force

Using a motor to lift a weight:
Electrical energy in = I x V x t
G.P.E. gained  = m x g x h

= Force x distance

There will be energy lost. The motor is not 100% efficient 
and some energy will be lost as heat and sound

Investigation: Investigate power by moving up the stairs, step-ups 
onto a low platform or lifting objects of different weights
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ɲGPE=  mass x gravitational field strength x ɲvertical height

ɲGPE = m x g xɲh
(joule, J) = (kilogram, kg) x (newton per kilogram, N/kg) x (metre, m)

Topic 8: KE & GPE
Formula you need to know:

Kinetic energy  =  ½ x mass x velocity 2

KE = ½ m x v2

(joule, J) = (kilogram, kg) x ((metre per second)2, (m/s)2)

Often questions will be asked about roller coasters, a swing, a pendulum or a 
bouncing spring. In each case the energy changes from GPE to KE and back again 
though the total energy of the system remains constant.
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Topic 8: Mechanical Power

power  =  work done / time taken

P = E/ t
(watt, W) = (joule, J) x (time taken, s)

Formula you need to know:

Power is the rate of doing work, 
measured in watts, W

One watt is equal to one joule per 
second, J/s

Roller coaters are great for 
asking questions ςwork done 
in raising the car to the top of 
the slope, GPE gained at the 
top or lost to KE at the bottom 
of the slope. You could even 
work out the velocity when the 
car reaches the bottom.
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Topic 9: How objects interact

Gravitational field acts on 
the mass of the apple.

Electrostatic:
Like charges 
repel, unlike 

charges attract

Magnetic fields

Friction is a 
contact force.

Unwanted energy transfer 
can be reduced through 

lubrication.

Pairs of forces
and normal contact 

forces can be 
represented in free body 

force diagrams

Terminal velocity
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Topic 9: Scalar & Vector
Commonscalar quantities VECTOR quantities 

have magnitude (size): have magnitude anddirection:

Distance (m) DISPLACEMENT(m)

Speed (m/s) VELOCITY (m/s)

ACCELERATION (m/s/s)

Mass (kg) FORCE (N)          WEIGHT (N) 

Density (kg/m3)

MOMENTUM(kg m/s)

Energy (J)

Time (s)

Just learn the 5 vectors, everything 
else will be a scalar !

Distance / Displacement and
Speed / Velocity have the same 
units

All forces can 
be resolved to one 
resultant (red) by 

adding the 
vectors+ =
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Topic 9: Forces interaction (H)
In this diagram, forces are in equilibrium: In this diagram there are net forces:

Plane flying at 500 m/s

Side 
wind 
80 m/s

Actual 
course over the ground
(scale diagrams only)

The plane is flying in a 
straight line but the side 
wind means that the 
resultant final direction 
is different:

LŦ ǘƘŜ ŦƻǊŎŜǎ ŀǊŜ ōŀƭŀƴŎŜΣ ǘƘŜǎŜ Ǝǳȅǎ ŘƻƴΩǘ ƳƻǾŜ
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Topic 9: Moments (Physics only)

moment  =  force  x  distance
(of a force)                                                       (normal to the 

direction of the force)

(Newton metre, N m) = (Newton, N) x (metre, m)

At equilibrium:
The sum of the clockwise moments equals the sum 
of the anticlockwise moments.
If the moments are unbalanced, rotation occurs

Levers and gears can be 
used to transmit the 
rotational effects of forces:
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Topic 10: Circuit components

Lamp

Ammeter

Voltmeter

Battery

Thermistor

Variable
resistor

Resistor

Switch

L.D.R.
Light Dependent Resistor

L.E.D.
Light Emitting Diode

Diode

Motor

+ -

Cell (DC) Fuse a.c.
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Topic 10: Simple circuits

Filament lamp

Power supply

Ammeter (in series)
measures current in 
Amps

A

V

Voltmeter (in parallel)
measures potential 
difference across a 
component in Volts

The bigger the potential difference (in 
Volts), the larger the current (for the 
same resistance). If there is a P.D. in a 
circuit, there will always be a current

Potential Difference (volts) is 
the energy transferred per unit charge 

passed and hence the 
Volt is a Joule per Coulomb

A variable resistor can change the 
current 

Greater resistance (R) = lower current (I)
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Topic 10: Series circuits

Christmas tree lights

Placing the lamps in series means that one switch 
controls all the lamps and the more lamps there are, 
the less bright each one is. 

LŦ ƻƴŜ ƭŀƳǇ ΨōƭƻǿǎΩΣ ǘƘŜȅ ŀƭƭ Ǝƻ ƻǳǘΦ

In a series circuit, net resistance is doubled 
because the current has twice the number of 
resistors to pass through

Current is the 
rate of flow of charge

(electrons in a metal) and the 
same everywhere in a 

series circuit.
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Topic 10: Parallel circuits
House lighting circuit

Fuse or 
circuit 
breaker

Placing the lamps in parallel allows each lamp to be 
switched independently. 
If one lamp blows it 
will not affect the 
others. 

In a parallel circuit, 
net resistance is halved 
because the current has 

two paths it can take.

The sum of the 
current leaving a junction 

must equal 
the sum of the current 
entering that junction.
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Topic 10: Energy and charge

Energy transferred = 
charge moved x potential difference

E = Q x V
(joule, J) = (coulomb, C) x (volts, V)

Formula you need to know:

charge = current x time

Q = I x t
(coulomb, C) = (ampere, A) x (seconds, s)
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Topic 10: Potential difference

Potential difference = current x resistance 

V = I x R
(volts, V) = (ampere, A) x (ohms, ɋ)

Formula you need to know:

This equation can be 
re-arranged to find the resistance: 

R = V / I

(So for the same V, as R goes UP, I goes DOWN)

(provided the temperature is constant)
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Topic 10: I vs V graphs
Filament lamp Diode Fixed resistor

As V goes up, I goes up. It 
is not directly proportional. 
The line curves because 
the resistance is  increasing 
with increasing heat.

Once a  threshold voltage 
is reached, as V goes up, I

goes up in proportion.
Current only flows in one 
direction.

This is a straight line 
graph. I and V are directly 
proportional, the gradient 
and therefore the 
resistance is constant.
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Current Current

Watch the axis!
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Topic 10: LDR and thermistor
LDR

Temperature (ºC)light level (lux)

As the light intensity increases, the 
resistance decreases. As the resistance 
decreases, the current increases. It is a 
curve, the rate of change is greatest at 

low light intensity.

Thermistor

As the temperature increases, the 
resistance decreases. As the resistance 
decreases, the current increases. It is a 
curve, the rate of change is greatest at 
low temperatures.

For a fair test, stir the water, place a 
thermometer close to the thermistor 
(better still use a digital thermometer) 
and allow the temperature to equalise.

For a fair test, darken the room or shield 
the LDR from background light.
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Topic 10: Current and heat

Metal ions / atoms

Electrons
(negative charges)

Metal lattice

Describe the advantages and disadvantages of the heating effect of an electric 
current ςlink to energy loss / efficiency and explain how to reduce unwanted loss 
through low resistance wires.

Electrons (negative charges) collide with the (positive) ions in the metal lattice. 
When there is an electric current, the kinetic energy of the electrons is transferred 
to thermal (Heat) energy in the resistor as the current does work against the 
electrical resistance.

Current flowing in a resistor results in an energy transfer

a.c. mains heating devices Batteries and motors
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Topic 10: Energy, power & time
Formula (given to you):

energy transfer =  current x p.d. x time

E = I x V x t
(joules, J) = (ampere, A) x (volts, V) x (secs, s)

Formula you need to know:

power  =  energy transferred / time taken

P  =  E / t
power (watt, W) = energy used (joule, J) / time (second, s)

tƻǿŜǊ ƛǎ ǘƘŜ άǊŀǘŜ ƻŦ ǘǊŀƴǎŦŜǊ ƻŦ ŜƴŜǊƎȅέΣ ƳŜŀǎǳǊŜŘ ƛƴ watts.
Low energy lamps use the same P.D. so to save energy they must use less current.
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Topic 10: Electrical power

electrical power = current x p.d

P = I x V
(watts, W) = (ampere, A) x (volts, V)

Formulae you need to know:

electrical power = current2 x resistance

P = I2
x R

(watts, W) = (ampere, A) x (volts, V)

(Electricity distribution: For the same Power, if V goes UP, I goes DOWN)

Investigate: Power consumption of low-voltage electrical items
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Topic 10: ac & DC

Alternating current/voltage (ac): The current or 
voltage is above and below zero.
The movement of charge changes direction.
(Generators and transformers)

Direct current/voltage (D.C.): Despite the 
same shape, the curve does not go  below 
the zero. Example: photocells
Movement of charge in one direction only.

Direct current / voltage (DC): 
The line is always positive. 
Examples: Cells batteries

0

0

0

+

+

+

-

-

-
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