Physics Topics:
2 Motion and forces
3 Conservation of energy
4 Waves
5 Light and the EM spectrum
6 Radioactivity
7 Astronomy (Physics only)
8 Energy & power
9 Forces and their effects
10 Electricity and circuits
11 Static electricity (Physics)
12 Magnetism and motor
effect
13 Electromagnetic induction
14 Particle model
15 Forces and matter

Here are some examples, they’re not great, try making your own?

NEWTON 1 - It won’t move unless you push it. It needs a force to stop it
NEWTON 2 - Unbalanced force results in acceleration
NEWTON 3 - Action and reaction are equal and opposite

THINKING + BRAKING = STOPPING
DISTANCES
Drink
Drugs
Distraction
increases
with speed
free body
force
diagram:

Tyres / Brakes
Road / Rain
Vehicle mass
increases with speed2

DISPLACEMENT (m)
Distance = speed x time

x=vt

Vectors have

MOMENTUM (kg m/s)
momentum = mass x velocity

ρ=mv

magnitude and direction

towards
the
centre

VELOCITY (m/s)
speed = distance / time

(in a collision,
momentum is
conserved)
centripetal
force

Gradient = speed

v=x/t

ACCELERATION (m/s/s)
acceleration = change in velocity / time

FORCE (N)
Force = mass x acceleration

F=ma
Unbalanced forces result in acceleration
Force is rate of change in momentum
WEIGHT (N)
Weight = mass x gravitational field strength
W = m g (g = 10 N/kg)

a = (v-u) / t

TOPIC 2
The area under the
graph represents
distance travelled

Some forces, like fields, act at a distance:
Gravitational
Electrostatic
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The Free Body
Force Diagram
(left) is not the
same as a
Newton’s Third
Law pair (below):

Forces
and their effect

Magnetic

600N

MOMENT (N m)
moment = force x distance
(distance moved normal to the
direction of the force)

Some forces act by contact:

Moments
have a
Force
turning
effect
sum of clockwise moments
distance

Newton’s First Law:

400N

The resultant force is 200 N
to the left.
It’s a vector so it has
magnitude and direction
(scalars only have magnitude)

Newton’s
Second Law:

=

Lubrication
reduces friction

Sum of anti-clockwise
Unbalanced forces result in acceleration

Gas
Nuclear*
Coal

Bio

Greenhouse gases
Global Warming
I.R. from the Sun is trapped
in the Earth’s atmosphere
causing a rise in temperature

Oil

NonRenewable
Renewable

Wind

Tidal
Solar

Geothermal

TYPES OF USEFUL
ENERGY STORAGE
Chemical Kinetic
Gravitational potential
Elastic potential Light
Sound Nuclear Thermal

GRAVITATIONAL POTENTIAL (J)
G.P.E. = mass x g x height

GPE = m g h

TOPIC 3
Energy
conservation

All the
energy
transfers
from GPE to
KE

EFFICIENCY (no units)

KINETIC ENERGY (J)

efficiency = useful energy / total energy

K.E. = ½ mass x velocity2

KE = 0.5 m v2
“Energy is lost to the surroundings as heat”

G.P.E. Energy due to height
K.E. Energy of movement
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Efficiency questions
will come up

Work Done (J)
Energy transfer = Work Done
Work Done = force x distance

Energy cannot be created or
destroyed. Total energy in a
closed system doesn’t change
Energy can changed:
by doing work:

DOING WORK
(Joules)

E=Fd

height or
distance

Power (W)
in electrical equipment:
and in heating:

Power = rate of energy transfer
P= E / t
One watt
is one
joule per
second

Force (N)
Mechanical processes
become wasteful when they
cause a rise in temperature
causing heat to be lost to
the surroundings.

Weight of the object

Weight = m g
The Work done is equal to the
G.P.E. gained (m g h)

WAVE SPEED (m/s)
wave speed = distance / time

v=x/t
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Waves transfer energy and information from
source to observer without transferring matter
LONGITUDINAL WAVE

Speed of sound in air = 330 m/s

Waves

Displacement is forwards-and-backwards
compared to motion. Sound

wave speed = frequency x wavelength

TRANSVERSE WAVE

v=fλ
Frequency (f) = number of waves per sec.

Displacement is up-and-down or side-to-side
compared to motion. Electromagnetic Spectrum

Toy car model
of refraction

REFRACTION is a change in direction due
to a change in speed (as light slows down
in glass it bends towards the normal)

Reflection
Transmission
Absorption
frequency
Longer wavelength
= colour
refracts less

Sound waves are the result of vibrations
of particles, picked up in the ear.
Infra

Prism:

< 20 – 20,000 Hz >

Meteors
Volcanoes

Ultra

SONAR
Foetal scan

TOTAL INTERNAL REFLECTION
At angles greater than the
critical, all light is
reflected Less than the
critical, light is refracted

Longer wavelength
refracts less
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Greenhouse gasses absorb more
Infra red, leading to Global warming

Light & the EM
spectrum

Increasing frequency / energy / danger

diverging
converging
Radio waves can be produced
Burns / cooking (TV remote)
by, or can themselves induce, To remain at a constant temperature, all
Heats water inside body / cooking
oscillations in electrical
bodies (including the Earth) need to
circuits
radiate the same power that they absorb.
Cataracts / kill bacteria, sterilise water
If not the temperature will rise, or fall.
Damage cells in body / sterilise medical kit
specular
diffuse
The speed of light (in a vacuum) = 3 x 108 m/s
Radio waves

Rutherford
alpha scattering
(Positive nucleus,
empty space & electrons)

Radioactivity

Nucleus (Nucleons)
Protons +2 1 a.m.u
Neutrons 0 1 a.m.u.

Mass / Nucleon
number
12
Atomic / Proton
number

C
6

Element
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Time
Distance
Shielding

Isotopes have the same Atomic / Proton
number and different Mass / Nucleon number
Neutral atoms contain the same
Absorption Spectrum
number of electrons as protons

Ions are atoms or molecules that
have gained or lost an electron

Emission Spectrum
Orbits

Highly ionising
Low penetration
Low risk

Doesn’t
reach
zero Nuclear electron: Medium ionising
Medium penetration
High risk
Tissue damage

Electrons -1 1/2000 a.m.u.
10-10m

Helium nucleus:

Positron:

Anti-matter

E.M. wave:

Low ionising
High penetration
Low risk
Granite rock Cosmic rays
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Fission = splitting of large nucleus

•
•
•
•
•
•

Radioactivity
(Physics only)

Slow moving neutron
Combines with U-235 nucleus
Becomes unstable and splits
Into 2 radioactive daughter products
Releasing energy and
ϒ photon
2 or more fast neutrons

P.E.T. Positron
Emission
Tomography

Fusion = joining 2 small nuclei - stars

plasma

• High temperature – means particles have high Kinetic
Energy (velocity)
• High pressure means particles are closer together
• More likely to result in collisions of sufficient energy
• To overcome the electrostatic repulsion of the protons

Control rods
β, with their range of
Capture neutrons
Because of low
energies, can be used
ϒ photon
controlling the chain
penetration, α
to guage thickness.
reaction
particles are used
Moderators
for smoke alarms
Slow the fast
neutrons so the
A gamma camera outside of the body and a computer, produce
can combine
an image. As well as diagnosing and treating cancer, ϒ rays kill
with more U-235 bacteria so are used to irradiate food and sterilise equipment

Mercury, Venus, Earth, Mars

Big Bang: Spreads out from the middle – decreasing density
Steady State: Constant density

Jupiter, Saturn, Uranus, Neptune

Planets orbit the Sun (stars) in roughly circular
orbits
Comets follow an elliptical orbit around the star,
travelling far into space
Moons / satellites orbit planets in roughly
circular orbits
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Changing
velocity

Centripetal force

Red Shift: The
waves from an
object moving
away are spread
out / shifted
towards the red.

Physics
Only

(Add life cycle of a star)
The nearer a satellite
is to a large mass, the
greater the attraction.
To compensate for
this, low-orbit
satellites / planets Weight =
must travel faster mass x g

Red Shift: is evidence of an expanding Universe
Cosmic Microwave Background:
Radiation left over
from a single ‘event’
Stars balance thermal expansion from the
reaction with the gravitational attraction of the mass
Heliocentric: Sun centred Geocentric: Earth centred
Sun, moon and
planets still seem
to rise in the
morning and set at
night – so why not!

Series
Resistance increases
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Potential Difference
=

current x resistance

Electricity and
circuits
Parallel
Resistance decreases

V=IR

Variable resistors change the current in a circuit.
If the resistance increases the current decreases.

Q=It

Electrical energy = charge x p.d.

E=QV

Q=It

with increasing p.d.
Resistance increases

Light intensity or
Temperature

Electrical energy = current x p.d. x time

E=IVt

(E = P t)

Electrical power = current x p.d.

P = I V but V = I R
P = I2 R

L.D.R.

Resistor
Current is directly
proportional to p.d.
Resistance constant

Also: Earth & fuses
Live wires and RCB

Potential difference (p.d.) is measured in Volts and is the energy transfer per unit charge
Current is the rate of flow of charge so:
Lamp:
Thermistor
Charge = current x time
Current increases

UK mains:
a.c. 230V 50Hz

The lamp can be
replaced by a
number of other
components

Diode
Current does not flow in the reverse
direction (resistance infinite). Only
flows after trigger voltage is reached

Insulators can be charged by friction
cloth

insulator
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Static
(Physics only)

Like charges repel, Unlike charges attract
Electrons are negative
Gaining a negative electron makes something negative
Loosing a negative electron makes something positive
If one object gains electrons then another object will
loose an equal number of electrons.
Due to friction, charges build up.
The charge will find the easiest way to earth hence
tall buildings (like churches) have Earth rods.
Petrol flowing in a pipe can build up a charge – so
refuelling cars and aeroplanes can be dangerous.
Sparks lead to explosions, this is why an Earth wire
is important

An electric field is
somewhere in space that an
electric charge experiences
a force.
Field goes from positive
towards negative.
A balloon with a negative
charge brought near a neutral
wall induces a positive charge
in the wall (It pushes the freemoving electrons in the wall
away). Opposite charges then
attract and the balloon sticks to
the wall.

TOPIC 12

unlike / opposite poles attract,
like / same poles repel
A plotting compass
can be used to
follow a
magnetic field

Magnetism &
motor effect

The closer together the field lines, the
stronger the magnet,
The larger the current, the stronger the
field
Field lines travel from North to South
The Earth’s north pole is
a magnetic south!

Remember Newton’s 3rd Law

Use the corkscrew rule, or a plotting compass,
to show the direction of the field lines
F=BIl

The two opposite forces on the wires
in a motor produce a turning effect

There is a field
for each wire of a
solenoid, these
add up to form a
strong uniform
field inside

Permanent magnets (cobalt, nickel)
never lose their magnetism.
Temporary magnets (iron and steel)
do when dropped, hit or heated.

Fleming’s left hand rule:

A magnet moving
in a coil of wire will
generate a current

Electromagnetic
induction

a.c. in one circuit induces an
Faster movement, larger magnets, alternating field which induces
p.d. across primary = number of turns in primary
more turns of wire will result in
a.c. in a second circuit
p.d. across secondary number of turns in secondary
larger currents. This ‘induced’
Vp = Np
Alternators produce a.c.
current generates a magnetic field
Vs Ns
Dynamos produce D.C.
that opposes the original.
(depends on the commutator)
Power in primary = Power in secondary
In a speaker,
Vp Ip = Vs Is
alternating
The National Grid uses transformers
current in
Transformers change alternating voltage
the coil
causes the
cone to
High voltage, low current
vibrate. It is
Low current, low heating
the reverse
Low heating, better efficiency
in a
coil
microphone
Link the above to earlier power equations: P = E/t, P = I V, P = I2 R
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Density = mass / volume

ρ=m/V

sublimate
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Particle model

Absolute zero
-273°C
(Particles
have no
energy)

Particles move randomly in a gas.
Collisions with (at 90° to) the wall
exert a small force over a small
area – this is pressure. As the
temperature increases, the speed
of the particles increases, so does
the pressure.

Work is done in
Specific Heat Capacity. The heat compressing a cylinder.
energy needed to raise 1kg of The increased pressure
material through 1°C
causes an increase in

Change in thermal energy =
mass x s.h.c. x temp change

temperature

ΔQ = m c Δϴ
As the energy stored in the
system increases, particles
move faster, bonds break
and the state changes from
solid towards gas.

Be able to discuss much of
this Topic in particle terms.

Specific Latent Heat. The heat
energy required to cause a change
in state, without a change in
temperature.
Thermal energy in =
mass x specific latent heat

Q=mL

kelvin to Celsius - 273
Celsius to kelvin + 273

If the volume is reduced, there
will be more regular collisions
with the walls and the pressure
will increase.
P1 V 1 = P 2 V 2
(So a pressure change will cause a
change in volume)

Forces and
matter
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plastic

The elastic
region is where
force is
proportional to
extension
(linear) and the
material returns
when the force
is removed.

Pressure = Force / area

P = F/A
Density (pressure) decreases with height in
the atmosphere but increases with depth.
(Increase density results in more collisions
with the wall which results in higher pressure)

Force on spring = spring
constant x extension

Upthrust is
equal to
the weight
of fluid
displaced

F = kx
Work done = spring
constant x extension2

E = ½ k x2

Pressure in column =
height x density x g

P = hpg
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