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Topic 1 Structure of the atom
1/2000 amu -1
Protons 1 amu +1
Neutron 1 amu zero

Mass number
(protons + neutrons)

a.m.u. = Atomic Mass Unit

7

Li

Element symbol

3

A neutral atom contains the same number of electrons as it does protons.

Proton / Atomic number
1.1

3

P2

Topic 1 Static electricity

Conductor:

Insulator:

‘sea’ of electrons

Only insulators can gain a static charge.

Friction / rubbing a rod will result in either a LOSS of (-ve) electrons (resulting in a POSITIVE charge) or
GAIN of (-ve) electrons resulting in a NEGATIVE overall charge. The cloth will gain or lose an EQUAL charge.

Like charges:

1.2 1.3
1.4

repel

Unlike charges:

attract
4
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Topic 1 Static charge

The static charge on the balloon, comb
or cloud induces
an opposite
charge in the
wall, paper
or ground.
Opposite charges attract, resulting in the objects
being attracted to each other or even sparks of electrons
jumping between them.

1.5

Clouds become charged due
to friction with ice crystals
moved by convection
currents inside the cloud.
The negative charge on the
underside induces a positive
in the ground

5
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Topic 1 Static - uses and dangers
Refuelling aircraft:
Spray painting:

All the spray particles have the same charge so
they will repel each other and spread out. This
produces an even spray. The charge on the
spray induces an opposite
charge on the item being
sprayed. Opposites
again attract
producing
an even
coating.
1.7 1.8

An aeroplane on rubber tyres can build up a static
charge due to friction with the air in flight
Fuel flowing down a rubber pipe can rub off
electrons and cause charges to build up in the nozzle
Electrons could jump from the fuel pipe to the plane
as a spark, causing an explosion. Earthing or
Grounding the plane and the tanker prevents a build
up of charge and allows excess electrons to flow
along the wire to (or from) the ground
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Topic 1& 2 Formulae

charge = current x time

Q=Ixt

P=IxV

Q = Charge (coulomb, C)
I = Current (ampere, A)
t = Time (seconds, s)

V = Potential Difference (volts, V)
I = Current (ampere, A)
P = Power(watts, W)

potential difference = current x resistance

(For the same P if V goes UP, I goes DOWN)

energy transfer = current x voltage x time

V=IxR
V = Potential Difference (volts, V)
I = Current (ampere, A)
R = Resistance (ohms, Ω)
(So for the same V, as R goes UP, I goes DOWN)

1.11 2.8
2.15 2.16

power = current x voltage

Formulae (given to you):

E=IxVxt
V = Potential Difference (volts, V)
I = Current (ampere, A)
E = Energy (joules, J)
t = Time (secs, s)
7
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Topic 2 Electrical circuits

Power supply

Voltmeter
(in parallel)
measures potential
difference in Volts

V
Filament lamp

Cells (such as photovoltaic)
and batteries provide
direct current (d.c.)
1.9 1.10 1.11 1.12 1.13
2.1 2.2 2.3 2.4 2.5(H)

Current at a junction:
The bigger the potential
difference, the larger
the current (for the
same resistance)

A
Ammeter (in series)
measures current in
Amps
Potential difference (volts) is
the energy transferred per unit
charge passed and hence the
volt is a joule per coulomb.

variable resistor

Current is the rate of flow of
charge(s). Current in a wire is a
flow of electrons.
The sum of the current leaving a
junction must equal the sum of
the current entering the junction
A variable resistor is used to
control the current in a circuit.
8
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Fixed resistor

It is a straight line
graph. I and V are
directly proportional.

2.9

Topic 2 Electrical components
Diode

Once a threshold voltage is
reached, as V goes up, I goes
up in proportion.
Current only flows in one
direction.

Filament lamp

As V goes up, I goes up but it
is not directly proportional.
The line curves because the
resistance is increasing with
increasing heat.
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Topic 2 LDR & Thermistor
Thermistor

LDR
Light
Dependent
Resistor

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.
2.10 2.11

Temperature (ºC)

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.
10
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Topic 2 Resistance
Metal lattice

Electrons
(negative charges)
Metal ions / atoms
Electrons (negative charges) collide with the (positive) ions in the metal lattice.
Electrical Energy is transferred to Thermal (Heat) Energy.
Be able to discuss the advantages and disadvantages of the heating
effect of an electric current – link to energy loss / efficiency
2.12 2.13(H)
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Topic 3 Vectors

FORCE

Unbalanced forces
result in acceleration
Free-body
force diagram

Vector quantities –
have magnitude and
direction:
ACCELERATION

VELOCITY

Action and reaction
forces are equal in size
and opposite in
direction.
DISPLACEMENT
3.1 3.7
3.8
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Topic 3 Forces

Resultant force not zero.
The plane is slowing down / decelerating

(The plane’s weight is large but only a small unbalanced
force will be needed for acceleration or deceleration in
a forwards direction, weight is balanced by lift.)

When forces are
unbalanced, the diver will
speed up or slow down.

3.9 3.10
3.11 3.17

Resultant force zero .
The person is stationary

When forces are balanced
a constant (terminal)
velocity is reached
13
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Topic 3 Distance vs. time graph
Speed is the gradient of a
distance vs. time graph
Velocity is the gradient of a
displacement vs. time graph

Speed = distance / time

v=s/t

3.2 3.3
3.4

Velocity is speed in a stated direction

v = speed (m/s)
s = distance (m)
T = time ( s)
14
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Topic 3 Velocity vs. time graph
Acceleration is the gradient
of a velocity vs. time graph

Acceleration = velocity change
time taken

a = (v-u) / t

The area under a velocity vs. time
graph is distance travelled
3.5 3.6(H)

t = time (s)
a = acceleration (m/s2)
v-u = change in velocity (m s-1)
15
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Topic 3 F=ma
For the same force:

Force = mass x acceleration

F=ma
The larger the force, the
greater the acceleration.

F = force (newton, N)
m = mass (kilogram, kg)
a = acceleration (metres per second2, m/s2)

The greater the mass,
the less the acceleration

In air, resistance increases with increasing speed.
Weight = mass x gravitational field strength

W=mg

3.12 3.13
3.14 3.16 3.17

In a vacuum, all
bodies accelerate
at the same rate.

W = force / weight (newton, N)
m = mass (kilogram, kg)
g = gravitational field strength (newtons per kilogram, N/kg)
16
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Topic 4 Stopping distances

Thinking distance:
Distance travelled before putting a
foot on the brake.

Braking distance:
Distance travelled between putting the foot
on the brake to coming to a complete stop.

Stopping distance of a vehicle is made up of the sum of the thinking distance and the braking distance.
4.1

17
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4.2

Topic 4 Factors affecting stopping
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Topic 4 Momentum

Momentum is a vector quantity. Velocity has
direction so it too is a vector, mass isn’t.

Momentum = mass x velocity

Momentum is conserved so the momentum
going into a collision (m1v1) will always equal the
momentum coming out of the collision (m2v2)

mass (kilogram, kg)
velocity (metre per second, m/s)
Momentum (kilogram metre per second, kg m/s)

Anything that will increase the time of collision
will reduce the forces / energy experienced.
Bubble wrap, seat belts, air bags and crumple
zones are all designed to make a crash take
longer.
Force = change in momentum
time

4.4 4.5
4.6 4.7 4.9(H)

F = (mv – mu)
t
19
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Topic 4 Formulae

Kinetic energy = ½ x mass x velocity 2

power = work done / time taken

KE = ½ m x v2

P=E/t

v = velocity ((metre per second)2, ms-2)
KE = kinetic energy (joule, J)
m = mass (kilogram, kg)

t = time taken (seconds, s)
E = energy (joule, J)
P = power (watt, W)

When a vehicle is braking, the work done in bringing the vehicle to rest equals
the initial KE – energy is conserved

work done = force x distance

E=Fxd
d = distance (metre, m)
F = force (newton, N)
E = energy (joules, J)
(Note: work done is equal to energy transferred)

4.10 4.11 4.12 4.13 4.14 4.16 4.17 4.18(H)

Power is the rate of doing work, measured in watts
One watt is equal to one joule per second J/s

GPE = mass x gravitational field strength x vertical height

GPE = m x g x h
h = height (metre, m)
m = mass (kilogram, kg)
GPE = gravitational potential (joule, J)
g = gravitational field strength (newton per kilogram, N/kg)
20
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Topic 5 Isotopes and ions

mass (nucleon) number
12

C
6

14

C
6

Isotopes have the same number of
protons but different numbers of
neutrons. They have the same atomic
numbers but different mass numbers.

atomic / proton number
Alpha and beta particles and
gamma rays are ionising radiations
emitted from unstable nuclei in a
random process.
An ion is an atom that has gained
or lost an electron
5.1 5.2
5.3
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Topic 5 & 6 α, β, γ

symbol

type

Mass /
amu

charge

Ionising

Penetration Danger

α

Alpha particle

4

+2

Helium nucleus ! ! ! ! !

!

2

β

Beta particle

1/2000

-1

Electron

!!!

!!!

1

γ

Gamma ray

0

0

EM wave

!

!!!!!

3

Alpha particles are slower moving helium nuclei with a 2+ charge. They are highly ionising (can knock
electrons of other molecules – like DNA) but cannot even penetrate the outer layers of dead skin.
Beta particles are electrons from the nucleus with a 1- charge and various energies. They will penetrate
varying distances into a body. Though they are less ionising than alpha, they are more dangerous.
Gamma waves are high frequency electromagnetic waves given off when the protons and neutrons in a
nucleus re-arrange. They easily penetrate the body but are unlikely to have a collision on the way. You
need a high density of gamma radiation to guarantee ionising collisions.
5.3 5.4
5.5, 6.9
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Topic 5 Sources of nuclear energy
Fusion

Fission

Penetration 1
Ionising
3

Radioactive decay
Penetration 2
Ionising
2

5.6

Penetration 3
Ionising
1
Neutron - > proton = β- electron
23
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Topic 5 Fission (splitting)
Slow
‘thermal’
neutron

Control rods:
Capture neutrons,
controlling the chain
reaction:

Absorbed

Unstable
nucleus

Two or
more, fast
moving,
neutrons.
ENERGY
Radioactive daughter
nuclei produced x 2

Moderators:
Slow down the fast neutrons so that they can be
absorbed by more U-235 triggering a chain reaction.
5.7 5.8
5.9 5.11 5.13
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Topic 5 Nuclear power station

Nuclear energy > Thermal energy > Electrical energy

5.10
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Topic 5 Fusion (joining)
Deuterium and Tritium are isotopes of hydrogen.
Fusion is the energy source for our Sun and other
stars.

The temperatures and pressures required are
difficult to achieve on earth and it can be very
difficult to contain the reaction

High temperature and pressure are required to overcome the
electrostatic repulsion of like-charged protons and to give the particles
sufficient kinetic energy to collide and fuse. This kinetic energy would
be insufficient to overcome electrostatic repulsion at low temperatures
and the chances of successful collisions increase with pressure.
5.12 5.13
5.14(H) 5.15(H)
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Topic 6 Background radiation

Background radiation can come from many
sources. It will vary from place-to-place and will
have an impact on any radiation reading.
Background must be measured before and after
an experiment and subtracted.

Radon gas given off by granite rocks is one
significant source of background radiation.
Hospitals, the Sun, buildings and even living
things all contribute to the background count.

6.1 6.2

27

P2

Topic 6 Uses of ionising radiation

Cancer diagnosis & treatment

αβγ

α

Irradiating food

γ

Sterilising of
equipment

γ

Smoke alarm
Gauging thickness

β
6.3
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Topic 6 Radioactive half-life
The half-life of a radioactive substance is
the time taken (read off the bottom axis)
for the number of un-decayed nuclei, or
the Activity measured in Becquerel (Bq),
(read off the vertical axis) to fall to half
its original value.
This information can be used to carry
out some simple calculations
Doesn’t reach zero

6.4 6.5
6.6 6.7

t1/2
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Topic 6 Perceived risk

Never again loose your atomic golf ball, see
your watch in the dark, eat radium butter or
chocolate. Drive out uric acid, glow in the
dark or watch your toes wiggle.
Previous generations believed the adverts
and didn’t know any better! It can take a
very long time for the damage to show.

6.10
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Topic 6 Nuclear waste

The dangers of long-term storage, transport and
disposal of nuclear waste are all significant
problems, as is security.
Vitrified waste is stored in glass.
. advantage and disadvantage of nuclear power
The
and the problem of waste is a common question.

6.11
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