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RADIOACTIVITY

Radioactivity comes from atoms that have UNSTABLE NUCLEI.  The nucleus gives off radiation to become stable.
If an atom gives off radiation, we call it RADIOACTIVE DECAY.

neutron

proton

electron

AN ATOM

C
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Mass number
(number of protons + neutrons)

Atomic number
(number of protons)

There are 3 types of radiation:

Alpha Radiation: Alpha radiation is made of 2 protons + 2 neutrons
(helium nuclei).  Very heavy.
Positive charge (+2)
VERY ionising (dangerous!)
Not very penetrative (stopped by thin layer of air/paper/skin)

Beta Radiation: Beta radiation are electrons given off by atom.
Negative charge (-1)
Stopped by Aluminium

Gamma Radiation An electromagnetic wave (from EM Spectrum)
Very penetrative – stopped by Lead
Has no mass

Radiation is detected by a
GEIGER COUNTER

Gives us a count rate.
Can work out the counts per min (CPM)

The dose of radiation a person receives is measured in Sieverts (Sv).

NB An isotope is an element that has different numbers of
neutrons in their nucleus.  E.g 16 O

8
O17

8
and

Ionisation

Radiation “knocks off” electrons.
Causes atoms to be IONS – have a charge

The damage caused by ionisation affects DNA in cells.
This can cause cells to turn cancerous and tumours to grow.
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RADIOACTIVITY

Radiation
(alpha, beta or gamma)

B

radium radon

A substance gives off radiation (decays) and when it has done this, becomes a different atom.
e.g Radium decays to become Radon.

Half life the time taken for half of the atoms of a substance to decay. 
OR
The time it takes for the count rate from a sample, to halve from its original value.

Half Life

Example 1
Calculate the half life of the substance showed
In the graph.

Original count rate = 80 counts per minute
How long does it take to go down to 40 cpm?
2 days.  The HALF LIFE is 2 days.

Radon

Radon occurs naturally:  Uranium decays to form radium, and radium decays to form radon.
Radon is a radioactive gas – it gives out alpha radiation.
The gas can get trapped in our houses. If we have too much, we can get lung cancer.

Radon gets into your house through:
1. Cavity walls 2.  Cracks in walls   3.  Gaps in skirting   4.  Through timber and concrete floors.

Levels of radon are high in Cornwall/Scotland due to Granite rocks (contain uranium).

To prevent high radon levels you should:
1.  Improve ventilation
2.  Seal major gaps in walls etc
3.  Increase underfloor ventilation
4.  Add a fan assisted sump to get rid of radon.

Example 2

Polonium -218  has a half life of 3 minutes.  If you start with 20 grams of polonium, how long will it take for

only 1.25 gram to remain?  (NB. IGNORE the 218 – this is just part of the name!!!!)

ANSWER -

At beginning (0mins) = 20 grams, After 3 minutes = 10 grams, 6 mins = 5 grams, 9 mins = 2.5 grams 

12 mins = 1.25 grams.  

Therefore it takes 12 minutes for 1.25 grams to remain.
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RADIOACTIVITY

Uses of Radioactive Materials

1.  Radioactive Tracers Radioactive substance (tracer) is swallowed or 
injected.
The radioactive substance gives off radiation 
which we then detect outside the body. 
You can see where the tracer becomes 
concentrated, or where it doesn’t go.
MUST have a short half life (so it decays quickly
and so radiation is only given off for a short time)

2.  Radiotherapy

Radiation is used to kill cancer cells.
A beam of radiation is focused on the cancerous cells and moved
around the patient to ensure that healthy cells receive a small dose
so they aren’t damaged, but a focused beam hits the cancerous cells.

3.  Radiocarbon Dating
All plants and animals take in carbon when they are alive.  One type of carbon taken is in Carbon -14 = 
radioactive.  When plants/animals die, they stop taking in Carbon-14.  The carbon-14 present in them 
decays and so the amount decreases over time.  Scientists measure how much C-14 is present in an 
object  (e.g corpse) and use it to tell them how old that thing is.

4.  Detecting Leaks

Add substance that emits gamma radiation into pipe.
Geiger counter is used to detect radiation above ground.
If geiger counter detects an increase in radiation at a certain point,
then there is a leak at that point.
Gamma needs to be used! – alpha and beta would not pass through
the soil!  

5. Thickness Control 

Sheets of aluminium/paper etc have their thickness monitored
by using radiation.
A geiger counter detects how much radiation is getting through the sheet.
If it detects an increase in radiation the material is too thin and the rollers
move apart.  If it detects a decrease in radiation, the material is too thick,
and the rollers move together.  Beta radiation is used when monitoring
the thickness of aluminium.

6.  Smoke Alarms
The smoke alarm contains Americium-241 which gives out alpha radiation.
The alpha radiation ionises the air in the alarm, and a current flows.
If there is smoke in the room, the smoke absorbs the radiation, no current flows
and an alarm sounds.

7.  Sterilising Surgical Equipment/Food

Radiation kills bacteria on equipment or in food.
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8.  Nuclear fission
Nuclear fission (splitting an atom)  in nuclear power stations creates large amounts of energy – used to make electricity

RADIOACTIVITY

neutron

atom

Neutron + atom causes 
atom to split

Atom split into 2
This gives out a huge amount
of energy.  It also frees another
2 neutrons, that go on to split another
2 atoms – this results in a “chain reaction”

Protection from Radiation
1.  In schools, radioactive materials are stored in a lead lined box.

2. When using radioactive materials, point the substances AWAY from people.

3. Hospital workers dealing with radiation wear film badges to monitor how much radiation they are receiving.

4. Radiographers work behind lead screens to reduce their dose.

Background Radiation

The natural level of background radiation around us.

- from space

- from ground/buildings

Radon –
From rocks/soil

Medical – x-rays etc

Food and drink

Gamma from
Ground and buildings

Cosmic rays-
From space

Other –
e.g nuclear
accidents

Consumer products
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Electricity
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ELECTRICITY

-

-

-

- Current: The flow of electrons in a circuit.
Measured with an ammeter
Measured in AMPERES (AMPS)
You measure the current THROUGH a device

Voltage: Energy is a measure of the difference in 
electrical energy between two points in a circuit.
Big difference = big voltage.
Measured using a voltmeter
It is measured in VOLTS
You measure the voltage ACROSS a device V

Diode

Microphone

Bell

loudspeaker

buzzer

SYMBOLS

UK Mains Voltage Supply

Our mains voltage is 230V.  
As this is dangerous, why not go to a safer 120V as in other countries?

Very expensive to change all appliances in UK to run on 120V.  Appliances would need thicker
wires (as low voltage means higher current needed).
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Resistance

Resistance is a measure of the opposition of the flow of electrons in a circuit.
i.e High resistance means electrons do not pass through a wire easily.

Low resistance means electrons pass through a wire easily.

Resistance is measured in OHMS

We calculate resistance from the voltage and the current:

Resistance = Voltage
Current V

CR

Ohms Law:  The current is directly proportional to the voltage, as long as the temperature is constant.

This graph shows a component that
obeys ohms law – straight line graph

Current

voltage voltage

Current

This graph shows a component that does not obey ohms
law. E.g light bulb (a light bulb heats up and so the temperature
is not constant!)

You could also use an ohmeter or
multimeter to measure resistance.

ELECTRICITY

“directly proportional” means that if you double the voltage, the current also doubles.

Resistors

NB
A long wire has a higher resistance than a short wire.
A thin wire has a higher resistance than a thick wire.

You can add resistors to a circuit which will decrease the current in a circuit.
e.g. a dimmer switch.  To make bulbs dim, you increase resistance, and to make them bright, you decrease resistance 
(using a variable resistor)

Resistors either have a set resistance or can be changed.  A rheostat is a resistor whose resistance can be changed.

A Rheostat

Sliding contact

Coil of wire

By moving the contact along the coil of wire, you increase or 
decrease the resistance by allowing the current to pass through 
more or less wire (longer wire = higher resistance)

Resistors get hot.  Larger resistance = more heat.  Sometimes, so much heat is produced, it glows white and gives
off light
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ELECTRICITY

Wiring a Plug

bLue - Left

bRown - Right

Fuses
A fuse contains a thin wire.  If a large current flows, it will heat up, melt and break.
As the circuit is now broken, no electricity flows.

Different devices need different currents to work.
The fuse is there to ensure the correct current goes to the device and stops it overheating
by having too great a current going to it.
There are therefore different fuses – 3A, 5A, 13A.

The earth wire – This is a wire connected from the metal case of a device.  
If a live wire touches the metal case of a device, the electricity will pass through the earth wire, rather than through
you, saving you getting an electric shock!

Which fuse?
Example
If an appliance has a rating of 1000W, which fuse should be put into it? (don’t forget
mains electricity is always 240V.

Current = power/voltage
Current = 1000/230 = 4.35A.
The device runs on a current of 4.35amps.  
Use a 5 Amp fuse.  (A 3 amp fuse would be useless as the devide needs 4.35A to work!)

Further Safety with Electricity

1. Extension leads
Always unroll the wire fully when using the extension lead.  This helps the wire keep cool.  Else it will overheat.

2. Miniature Circuit Breakers (MCB)

MCB are used in consumer units in peoples houses.
They replace fuses.
Contain an electromagnet – if current exceeds certain value, strength of electromagnet
separates the contacts.  Circuit is therefore switched off.
Advantages: 1.  Better than fuses as can be reset.  2.  They are faster.

3. Residual Current Device (RCD)

Protects against electric shock.
It measures the current in the live and neutral wires.  If all is working, both are the same.
If a live wire is touched (e.g you mow over the lawn mower wire), there will be a smaller
current in the neutral wire than the live wire as some current flows through your body to earth.
The RCD detects the change, and breaks the circuit using a switch.  It is sensitive.
Always to be used when dealing with power tools, and working outside.

Your house is fitted with an earth wire.  It connects to a copper rod driven into the ground.  It is also connected
to gas pipes or water pipes made from metal.  
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Forces and Motion
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FORCES AND MOTION

Speed = Distance
Time

d

ts

d = metres
t = seconds (s)
S = metres per second (m/s)

d = kilometres (km)
t = hours (h)
S = kilometres per hour (km/h)

OR

Acceleration – speed is increasing
Deceleration – speed is decreasing

Acceleration = change in speed
time taken

Measured in m/s2

Example:
An object travelling at 20m/s accelerates to a speed of
50m/s in 2 seconds.  Calculate its acceleration.

Change in speed =            50 – 20 30 = 15 m/s2

time =                 2 2

NB If object is slowing down, you will get a –ve number which means
DECELERATION ( e.g -3m/s2 means decelerating by 3m/s2)

Speed

Acceleration

Distance – Time Graphs

0
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15
20
25
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40
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ce

 (m
)

Steeper the line – faster the object
Flat line – object stopped.
Line down – object going back in opposite direction.

a b

c

d

e

In example above:
a – steady speed 
b – stopped
c – faster than a (line is steeper)
d – stopped
e – object/person returning where they came from

The gradient/slope of the graph is the SPEED.

In example above:
For section a of above – person has gone 10m in 5 seconds.
Speed = d/t = 10/5 = 2m/s

For section c of above, person has gone from 10m to 35m (25m), in 
5 seconds.

Speed = d/t = 25/5 = 5m/s

d

t

A curved line means the speed is accelerating
(or if the other way, decelerating)

NB straight line = constant speed
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Speed – Time Graphs

FORCES AND MOTION

Time (seconds)

Speed
m/s

a

b

c

Slope represents the ACCELERATION
Steep slope – accelerated quickly.
Sloping downwards – decelerated
Straight horizontal line – constant speed

The gradient of the slope is the acceleration

The area under the graph can be used to calculate the distance travelled.

10

5 10 15

Example

Calculate the acceleration during point a on the graph.

Acceleration = change in speed/time = (10-0)/5 = 2m/s2

Example
Calculate the distance the object went during section b.

Area underneath part b is a rectangle.
Area of rectangle is
Base x height
= 5 x 10
= 50 metres.

Calculate the distance the object went during section a of the 
journey.

Section a is a triangle
Area of a triangle is
= ½ x base x height
= 5 x 10
= 25metres

5

10

10

5
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FORCES AND MOTION

Balanced and Unbalanced Forces
Forces have a size and direction.
The arrow represents the size of the force.  Ie long arrow = big force.  short arrow = small force

The size of a force is measured in NEWTONS (N)

If the forces in different directions are equal, we say the forces are BALANCED.
If the forces in different directions are NOT equal (like the above picture), we say the forces are UNBALANCED.

The RESULTANT FORCE is the “net” force, or the “overall” force, taking into account direction.
e.g in the tug of war above, there is 100N force left, 500N force right, and therefore the “net” force is 400N right.
The resultant force is 400N right.

100N
500N

Affect of forces on objects
1.  A resultant force acts on a moving object it causes it to speed up or slow down.
NB the arrows do not mean the car is going forward, but that the car is accelerating!!!

moving
2.  A resultant force acting on a stationary object causes it to speed up in one direction.

3.  If the forces are balanced on a stationary object, the object stays stationary

4.  If the forces are balanced on a moving object, the object goes at a constant speed

Naming Forces

thrustdrag

Nb Drag = resistance (air resistance, water resistance etc)
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FORCES AND MOTION

Resultant Force (N) = Mass (kg) x acceleration (m/s2)

F

m a
x

Example:
What is the size of the force needed to give a car of mass 800kg an acceleration of 2 m/s2

F = ma = 800 x 2 = 1600 N

Mass vs Weight
Mass is how much “stuff” or “matter” an object is made up of.  It is measured in kilograms. 
It would be the same on earth and on the moon!

Weight is a force.  Weight depends on gravity.  Weight is measured in Newtons.
Weight = gravitational field strength x mass.

The gravitational field strength on earth is 9.8N/kg
Therefore, if your mass is 65kg, your weight on earth is 65 x 9.8 = 637N.

On the moon, the gravitational field strength is about 1.6N/Kg.
Therefore, if your mass is 65kg, your weight on the moon is 65 x 1.6 = 104N

Terminal Speed
Terminal speed is the maximum constant speed that an object will get to – e.g a falling sky diver.

Stages of a skydiver

1. Just jumped.
Air resistance small
and weight large.
Person accelerates.

2. More air hits the person
per second due to faster speed.
Air resistance becomes equal to weight
Person travels at a constant speed.
This is called TERMINAL SPEED

3.  Parachute opened.
More air pushing upwards.
Air resistance bigger than weight
Person decelerates.
(another terminal speed will be
reached)

Streamlining

Making an object shaped to reduce drag.
e.g. car shaped to push air over the top.
Cyclist helmets are streamlined
Cyclists shave their legs
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FORCES AND MOTION

If you move an object a certain distance, we say that you do “work”.
Work is measured in Joules.
The WORK DONE depends on how far you push the object and the weight.
(don’t forget that weight is a force! The work done, is the same as “energy transferred”)

Work done (J) = Force (N) x Distance (m)

W

f d
x

Example
A weight lifter lifts a weight of 25N to a height
of 1.5 metres.  How much work is done?

W = f x d = 25 x 1.5 = 37.5J

Work Done

Safety in Cars

The distance it takes for a car to stop is dependant on two things:
1. Thinking distance – time it takes the driver to see hazard, and push brakes.

Affected by:
Speed of the car
Drivers reaction time (drugs, tiredness will increase this!)
Distractions - looking at signs/using a mobile (including hands free!)

2. Braking distance – how long it takes the car to come to a stop after the brakes are pushed.
Affected by:

Speed of car
Mass of car (lorries take longer to stop)
Condition of brakes
Conditions of tyres (good grip?)
Condition of road (slippery surface?)
Weather (icy? Wet roads?)

Total Stopping distance = thinking distance + braking distance

Ah. I had 
better 
brake

Stopping Distances:

Government Strategies:

1. Speed cameras
2. Road width restrictions (block half of road, so only one car goes through at one time)
3. “Sleeping policeman”
4. Low speed limit in residential areas

Car Maker Strategies:
1. Crumple Zone: Cars are designed to collapse gradually on impact. The energy from the crash is put into crumpling

the car, rather than being transferred directly to the passengers.

2. Safety Cage: Protects occupants in centre of car.

3. Seatbelts

4. Airbags

Crumple zones
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FORCES AND MOTION – higher only

Energy transfers

When you lift a book up, you have transferred energy to it.  This 
energy stored is called Gravitational Potential Energy.
(If you drop the book, the stored energy will transfer to kinetic energy)

Gaining GPE

When you change the shape of an object, eg string of a bow/catapult,
we say that the stretched elastic has stored Elastic Potential Energy.
(if you let go of the elastic, the energy turns into kinetic energy)

EPE

Gravitational Potential Energy/Change in potential energy = mass x gravitational field strength x change in height.

Kinetic Energy = ½ x mass x speed 2
KE = ½ x m x s 2

Example
A roller coaster has a mass of 1000kg.  It drops from 120m to 20m.  What is its change in potential energy?
(gravitational field strength = 10N/kg on earth.

Change in PE = mass x gravitational field strength x height
= 1000 x 10 x 100
= 1 000 000J (1 mega joule - 1MJ)

Gravitational Potential Energy

Kinetic Energy

Example
A car of mass 1000kg has a speed of 20m/s.  What is its kinetic energy?
KE = ½ x mass x speed 2
KE = ½ x 1000 x 20 2
= 200 000J
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