P1-The Earth and the Universe
The Earth is one of eight planets in our solar system moving in almost circular paths around the Sun

This is together with other smaller objects orbiting the sun (asteroids, dwarf planets, comets) and moons orbiting several planets, all make up the solar system.

There are thousands of millions of galaxies, each containing thousands of millions of stars and all these galaxies make up the universe.

The sun is one of thousands of millions of stars in the Milky Way galaxy.

	
	Universe
	Galaxies
	Solar System
	Sun/ Stars
	Planets
	Moon
	Asteroids
	Comets

	What are they?
	Everything astronomers observe directly or indirectly.

Contains thousands of millions of galaxies.

Most of it is just empty space.

The universe is expanding and has been since the Big bang 13.7 billion years ago.
	A galaxy is made up of thousands of millions of stars and systems.

The solar system is part of a galaxy- the Milky way galaxy.

A cluster of galaxies is a group of galaxies.


There are hundreds of billions of galaxies in the universe.

Moving in space.



	A solar system refers to the star and all the objects that travel in orbit around it.

It is one of  thousands of millions stars in the Milky Way galaxy.

Most of the matter in galaxies is ‘dark’ matter 

Our solar system consists of 8 planets all orbiting around the sun, and their natural satellites such as moons, comets and dwarf planets.
	The sun is a hot ball of gases.

It is a star.

It’s the biggest object in our solar system.

It produces energy from the fusion of hydrogen nuclei, which happens at extremely high temperatures.

They are luminous and emit and produce their own heat and light
Everything else we see is by reflected light.

They move around the centre of our Milky Way galaxy but very slowly.
	Almost circular orbit.

They reflect light from the sun which falls on them.

Most planets have smaller moons in orbit around them.
	Natural satellites which are much smaller than planets.

They orbit planets in almost circular orbits.
	Made up of left over debris from the formation of the universe.

Made up of rock, rubble and dust.

Have an almost circular orbit.

Most are found in the asteroid belt between Mars and Jupiter but some close to Earth. This is because the rocks didn’t form a planet.


	Made up of left over debris from the formation of the universe.

Made up of rock, dust and ice.

They have an elongated elliptical orbit spending their time away from the sun.

As they are made of ice,  as the comet approaches the Sun, due to the hot temperatures the ice melts which leaves a bright tail of gas and debris which we can see from Earth which forms the comets tail.

These are similar in size to asteroids.




Formation of the solar system

The solar system was formed about 5 thousand million years ago.
It was formed over very long periods from swirling clouds of gases and dust in space.

As it formed, the Solar System gathered debris from a previous generation of dead stars. Except from hydrogen and helium, the chemicals elements that make up everything on Earth come from stars, we are made from stardust.

The sun was formed as (maybe an exploding star) caused one cloud of dust and gas to compress.

Gravity pulled the particles together, until the cloud collapsed under gravity, this means the particles are under a lot of pressure, increasing the temperature until it is hot enough for fusion to occur.

This releases energy and keeps the star hot.
The outward pressure from the expanding hot gases is balanced by the force of the star’s gravity.
This forms the Sun.

This happened about 5 thousand million years ago in the universe’s age of 14 thousand million years.


How stars and planets are formed

Around the Sun, material from the cloud containing hydrogen, helium and heavier elements started to clump together due to the pull of gravity  to form planets.

The oldest rocks on Earth are meteorites, which crashed into the solar Earth during the formation. So we know that the solar system is at least this old.

This process took millions of years.

The age of a solar system

As the universe forms, the solar system gathered debris from previous generations of dead stars.
Except from hydrogen and helium, the chemical elements that make up everything on Earth come from stars. We are made of stardust.

Sizes of the Universe:

· Diameter of the Earth 12,800km		
· Diameter of the Sun 109 times the Earths	
· Diameter of the Earth’s orbit 150 million km
· Diameter of the Solar System 
· Distance from the Sun to the nearest star 4 light years
· Diameter of the Milky Way 120,000 light years
· Distance from the Milky way to the nearest galaxy 2 million light years


Nuclear fusion

The sun is the source of nearly all the energy we receive, and this is because of the nuclear fusion which takes place in the sun.

In nuclear fusion, smaller nuclei come together and form larger nuclei. Hydrogen nuclei are joined together to make helium nuclei which releases enormous amounts of energy.

This happens when the centre of the core is hot enough- millions of degrees.

Hydrogen nucleus+ hydrogen nucleus  helium nuclei

This produces energy as heat and light.

Other fusion
In the sun, hydrogen nuclei are fused together to create helium nuclei. 

In stars larger than our Sun, helium nuclei can be fused together to create larger atomic nuclei.
This makes heavier elements such as carbon and oxygen.

Therefore, all chemical elements with atoms heavier than helium were made in stars by the fusion of different nuclei.

As the Earth contains many of the larger atoms, like carbon, oxygen and iron etc. scientists believe that our solar system was made from the remains of an earlier star.

Ages of the universe

Oldest rocks- 4,500 million years
Big bang- 14 thousand million years
Age of the universe-14 thousand million years
Age of the Earth- 5 thousand million years
Age of the Sun-5 thousand million years

Information about distant objects

The (electro magnetic) radiation that distant stars and galaxies produce/emit give us information about the distances to stars and about how they are changing.

It comes from the light and other radiations that they give out. This has become more difficult to see from the Earth’s surface as light pollution from towns and cities interfere with the observations of the night sky.

E.g surface colour tells us temperature

However- light pollution, dust and dampness in the air stop radiation getting through the atmosphere.

Looking back in time

Distances in space are measured using light years.
A light year is the distance light travels in a year.
Light travels through space, (a vacuum) at a very high but finite speed of 300,000 km/s.
It is a measure of distance, not time.

The finite speed of light means that very distant objects are observed as they were in the past, when the light we now see left them. 
This is because of the it takes a long time for it to travel as you have to travel a large distance.

Methods to measure distances

Method 1: Parallax method

1. The earth takes a year to orbit the sun (365 days) therefore in six months the Earth is halfway around the its orbit around the sun.
2. This means you would be able to see different views of different constellations at the different times in a year.
3. Powerful telescopes, show that if Earth is seen through a telescope, a nearby star will shit against the background of more distant stars and there will be a relative movement. 
4. The nearer the star the more it shifts.
5. This effect is called parallax.
6. The apparent movement of the star allows you to work how far away it is. Stars further away appear to move less, really distant stars don’t appear to move at all as the movement is too small to detect.
7. It provides a way of measuring distance and allows astronomers to measure distance to the nearest stars e.g Proxima Centuri.
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Method 2: Brightness method

When initial distances to stars were being established, more than one method was employed.

After establishing distances of nearby stars using the parallax method, the ‘brightness method’ was used to approximate distances to further stars.

1. We can estimate the distance to a star using its relative brightness.
2. If we know two stars which are the same type, the brighter a star appears to be, the nearer it must be.

However, we would need to know that the two stars were the same type. Astronomers can analyse the light from the stars to work out how hot and how they are.
Then we can deduce that if two stars are the same type, the one that must be fainter must be further away.

Otherwise, a star could be bright to us on Earth but a long way away or close but not that bright.

This assumes that two stars that appear similar really are the same type of star.

Each method depended on the results of the previous one so the final results were very uncertain.
But by making different measurements and comparing the results, astronomers eventually estimated the size of the Universe.
As methods were reliant on each other, a certain level of uncertainty is found in the results.


Problems with observing the sky

Since most of the information we know about comes from radiation and observations in the sky, this can cause many problems.

· The light can become difficult to see due to the Earth’s surface as light pollution from towns and cities interfere with the observations of the night sky.

· This is because light pollution is thrown upwards making it hard to see dim objects.

· Furthermore the dust can absorb some of the light coming from space before it can reach us.

· The atmosphere may contain some water which may refract the light .

· Also clouds can obstruct the view of observations of the sky from Earth.

Many telescopes are built in space so they can avoid light pollution, dust and clouds in the atmosphere.

Galaxies

Galaxies contain thousands of millions of stars and systems held together by gravity.
For many years, it was thought that our galaxy (the Milky Way) was the only one that existed and the blurry nebulae could be seen were clouds of dust and gas in the Milky Way.

Edwin Hubble showed that there were infact galaxies outside the Milky Way and that distant galaxies are moving away from us.

He measured the distance to many galaxies and the speeds with which they are moving away from us. He found a strong correlation between these factors.

This correlation showed that the speed at which the galaxy moves away from us is proportional  to the distance from us.

The causal link is that space itself is expanding.
As the Universe expands, galaxies that are already further apart will increase in separation even more and so more away at higher speeds.

Redshift

The development of powerful telescopes allowed astronomers to see distant galaxies.
The light observed was shifted towards the red end of the spectrum. This was the ‘red shift’. The wavelengths go towards the red end of the spectrum.

The amount of redshift- (the degree to which the light has been shifted) indicates how fast the galaxies are moving away.
The greater the red shift, the faster the galaxy is moving away from us as it is further away from us.

The motions of the galaxies themselves suggest that space itself is expanding as the galaxies further apart will increase in separation and even more so at higher speeds.
This means the Universe is getting bigger and bigger and space is expanding.

The ‘Big Bang’

Scientists believe the universe began with a ‘big band’ about 14 thousand million years ago. 

This is because at the moment all the galaxies seem to be moving at great speeds from a single point (red shift), so something must have started the movement- e.g a big explosion.

Scientists believe that the Universe was once hot, tiny and dense, and all the matter and energy it had was compressed into a small space.
Then it exploded, and started expanding and this expansion is still going on now.

The age of the universe can be estimated from the current rate of expansion. However it is difficult to measure this because it is hard to estimate how much the expansion has slowed down since the Big Bang, and at first scientists assumed galaxies have always moved apart at the same rate we see today.

Evidence for the ‘Big Bang’

· This theory suggested  that the Big band should, (if happened) fill the whole universe with microwaves. Microwaves were found by astronomers and were recognised as the cosmic background radiation that had been predicted.
· The oldest stars 12,000 million years old, are younger than the universe. `there would be a problem with this theory if they were older.
· A hot explosion explains why most of the universe was made up of hydrogen and helium.

The Ultimate fate of the Universe

The ultimate fate of the Universe is difficult to predict because it depends on 
· The large distances involved – the universe is large so its hard to accurately measure something which is far away to us.
· The mass of the universe – most of it is ‘invisible’ as dark matter, astronomers can only detect this by the way it affects the movement of the things we can see
· Studying the motion of very distant objects - they are far away so you have to make assumptions about their motions, and pollution may get in the way. It is difficult to measure the speeds of furthest galaxies.

The amount of matter is important as it greatly affects the fate of the universe. This is because all the mass is attracted by gravity, the more mass, the greater the pull, and the greater the slowing down of the universe’s expansion.

· IF the Universe has a high mass, is gravity may cause it to eventually stop expanding and begin contracting, where it collapses into a ‘big crunch’.
· If there is not enough mass in the universe, the gravity won’t stop the expansion and it could expand forever, with the Universe becoming more spread out into eternity.

Because the evidence and measurements are so uncertain, there are several theories of the ultimate fate of the Universe, a better idea of the mass of the Universe would lead to better predictions.

How is the Earth Changing? P1.2

Evidence from rocks

Rocks provide evidence for changes in the Earth.
James Hutton presented his ideas of a rock cycle taking place over long periods of time, making massive changes to the Earth’s surface.

Wegener’s theory

Wegener proposed the theory of continental drift which was the idea that the Earth’s continents were once joined together (Pangaea) but gradually moved apart over millions of years.
The single landmass began to crack and divide, due the the slow currents of magma beneath it although at the time he didn’t know this mechanism.

This offered an explanation of the existence of similar fossils  (animal and plants) and rocks on continents that are far apart from each other.
Before it was thought that the continents had been linked by ‘land bridges’ which had been sunk or covered by water as the Earth cooled.

His evidence for  continental drift was:
· The same types of fossilised animals and plants found in South America and Africa
· The east coast of South America fits the west coast of Africa like pieces in a jigsaw puzzle- it had a geometric fit.
· Matching layers in the rock formations and mountain chains are found in South America and Africa. 

Mountain building

Before Wegener developed his theory, it was thought that mountains were formed because the Earth was cooling down, and in doing so it contracted and formed ‘wrinkles’ of mountain chains on the Earths crust.
However, if this was correct we would know mountains would be spread evenly over the Earths surface which isn’t the case, and the heating effect of radioactive materials inside the Earth prevents it rom cooling.

Wegener’s theory accounted for mountain building as it suggested that mountains were formed when the end of drifting continents collided with another, causing it to crumple and fold. For example the Himalayas were formed when India came into contact with Asia.

Primary rejection of Wegener’s theory

At the time, Wegener’s theory wasn’t accepted by geologists of his time.
· The movement of the continents wasn’t detected. He claimed the continents movements could be caused by tidal forces and the Earths rotation but this was impossible.
· Wegener was an outsider to the community of geologists as he was a trained meteorologist so many geologists didn’t think he had the right background to judge geological theories.
· Also it was too big an idea from limited evidence and there were simpler explanations e.g land bridges from the same evidence.

Seafloor spreading 

1. As the oceanic plates move apart( due to convection currents in the Earth’s core) , the Earths solid mantle rises up but as it approaches, pressure falls so some of it melts to form magma. (molten rock)
2. Movements in the mantle, caused by convection, pull the ridge apart .
3. This magma rises up in between the cracks through the seafloor, solidifies and forms underwater mountains (an oceanic ridge), which are roughly symmetrical, either side of the ridge. This evidence suggested that the seafloor was spreading by 10 cm per year.
4. As the rock cools, the iron particles in the rock align themselves with the direction of the Earth’s magnetic field at the tine.
5. The Earth’s magnetic field changes with time and sometimes even reverses its direction every half a million years or so.
6. These changes are recorded in the rocks, they have bands of alternate magnetic polarity, which are symmetrical on the ridge.
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Acceptance of Wegener’s theory

· Evidence from magnetism in the ocean floor showed that the seafloors were spreading by a few cm each year. This showed movement of large parts of the Earth’s crust was possible and this evidence allowed Wagener’s theory to be accepted.
· New sea floor was being created and continents were moving apart.

The structure of the Earth

The Earth is almost spherical and has a layerd structure.
· The crust is relatively thin, there are two types, continental and oceanic crust
· The lithosphere consist of the rigid upper mantle and the crust.
· The lower mantle has the properties of a solid but can flow very slowly . 
· Heat from the core in radioactive decay causes the mantle to flow in convection currents. The currents in the lower mantle carry the plates along.
· The outer core is made from liquid nickel and iron.
· The inner core is made from solid nickel and iron.
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Plate tectonics

The ocean floor grows wider at an oceanic ridge by seafloor spreading.
The ocean floor is destroyed where the plate moves beneath an oceanic trench.
The result is that the rigid plates move slowly around the surface of the Earth, in places they move apart but elsewhere they push together or slide past one another.

The movement of tectonic plates explains:
· Parts of the rock cycle
· Most earthquakes
· Most volcanoes
· Mountain-building.

Earthquakes

If plates are moving sideways and slide past eachother, the shunting of the Earths plates causes friction to build up along fault lines. Eventually the friction is released so the rocks locked together break, and allow plate movement. 
Seismic waves are released causing the ground to shake.

Mountain-building

Collision between tectonic plates causes mountains to be formed. There are three ways this can happen.

1. An oceanic plate subducts underneath a continental plate, volcanic peaks may form at the surface.
2. At destructive margins, mountain chains can be formed as plates push against each other, causing rocks to buckle up forming a mountain chain.
3. Sometimes an ocean closes completely and two continents collide in slow motion. The edges of the continent crumple together and pile up forming mountain chains.

Volcanoes 

If the plates are moving apart as a mid ocean ridges, volcanoes are produced as molten magma is allowed to escape.

Rock Cycle

Earthquakes and seismic waves

Earthquakes produce wave motions (shock waves), which travel on the surface of the Earth and inside the Earth.

These are detected by instruments located on the Earth’s surface and the vibrations that are detected are known as seismic waves.

The information is collected from seismometers in many places around the world.

P waves and S waves

A wave is a disturbance, caused by a vibrating source that transfers energy in the direction that the wave travels, without transferring matter.

These are the two different types of seismic waves that travel through the Earth.

	P waves
· Arrive at the detector first P= primary

	S waves
· Arrive at the detector after S= secondary

	· They travel through solids and liquids
	· They travel through solids only

	· They are longitudinal waves
	· They are transverse waves
· 





	Longitudinal waves

	Transverse waves

	The vibrations are along the same direction as the wave is travelling

	The vibrations are at 90 degrees to the direction of travel to the wave

	Sound and ultrasound, P waves
	Light waves, water waves and all other EM waves and S-waves

	Forwards and backwards movements
	Side-to –side movements



Distance (m) = wavespeed (m/s) x time (s)

How do we know the structure of the Earth using seismic waves?

· Scientists have set up seismometers at different sites around the world. This allowed them to detect earthquakes that occurred anywhere on the Earth.

· They noticed that both S and P waves reached seismometers close th the earthquake centre but only P waves reached seismometers on the other side of the Earth.

· There was a large ‘shadow zone’ where S- waves were never reached.

· Only p-waves can be detected on the other side of the Earth as they can travel through solids and liquids whereas S-waves can only travel through solids.
· This means there must be a liquid core which blocks the passage of S-waves.

· Also,  when seismic waves reach a boundary between different layers of the Earth, some waves will be reflected.

· The waves also change speed as the properties of the mantle and the core change. The change in speed causes the change in direction which is refraction.

· When the properties change slowly, the wave speed changes abruptly and the path shows this.

· The seismograph tells us that P-waves change direction abruptly half way through the mantle to the core. This indicates there is a change in properties.

· Together with the S-wave shadow zone, it suggests that there is a solid inner core as P-waves travel slightly faster through the middle of the core.

· The size of the shadow zone meant we could work out the size of the core.

· S-waves do travel through the mantle which shows it is solid.

Waves- the basics
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The frequency of a wave is the number of waves each second that are made by the source, or that pass through any particular point. This is measured in hertz (Hz)

The wavelength of a wave, is the distance between the corresponding points on two adjacent cycles.

The amplitude of a wave, is the distance from the maximum displacement, to the undisturbed position. 

Frequency and wave speed are two different things.
The frequency depends on the source and how many times it vibrates every second.
Once the wave has left the source, its wave speed depends only on the medium of the material the wave is travelling through.


Wave speed (M/s) = Frequency (Hz) x wavelength (m/s)

For a constant wave sped, the wavelength of the wave is inversely proportional to the frequency.
Waves with low frequencies have longer wavelengths
Waves with high frequencies have shorter wavelengths



P2: Radiation and Life

Electromagnetic radiation

Light is one of a family of radiations called the electromagnetic spectrum

Just as visible light can be spread out to form the spectrum from red to violet, electromagnetic radiation can spread out to form the electromagnetic spectrum

Radiation is a transfer of energy, like light is a transfer of energy to the Earth.

There are 7 different types of EM radiation:

All types of electromagnetic radiation travel at the same high but finite speed of  300,00km/s through a vacuum.


How does EM radiation travel?

1. An object that emits EM radiation is called a source.

1. When radiation travels outwards from the source it can be:
1. Reflected- waves hit a barrier and bounces back off.
1. Transmitted-  when radiation hits an object, it may go through it
1. Absorbed- the energy is transferred to the material these are called detectors e.g out eyes are light detectors
1. Or a combination of these by the mateirals it encounters

1. Radiation may affect another object some distance away when it is absorbed, and this is called a detector.

Photons- the transfer of energy

A beam of electromagnetic radiation transfers energy in ‘packets’ called photons.

As radiation is just a transfer of energy, photons deliver different quantities of energy with radio photons delivering the smallest amount, and gamma photons delivering the greatest amount of energy.

A higher frequency of electromagnetic radiation means that more energy is transferred by each photon.

Intensity

When radiation is absorbed by matter, the photos transfer their energy to the matter.
The energy deposited by a beam of photons depends on how many photons there are and the energy of the photons.

Total energy= number of photons x energy of each photon

The intensity of  a beam of EM radiation is the energy arriving at a square metre of surface each second.
It is measured in W/m2- watts per square metre

The intensity of a beam decreases with distance from the source because:
1. The beam spreads out
1. The beam gets partially absorbed as it travels

As the distance increases, the photons spread out from the source so they are more thinly spread out when they reach the detector.
It may also be partially absorbed by the medium it travels through.
So there will be less energy deposited on the surface area.

Source- an objects which gives out electromagnetic radiation
Detector- something which is affected by the radiation
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Absorbing radiation 

When materials absorb electromagnetic radiation, energy is transferred to them by the photons and they gain energy.
What the effects are depends on the type of radiation.
1. Radiation can cause a varying electric current in a metal wire
1. Radiation can have a healthy effect – as if it increases the vibration of particles, the material may get warmer which may be beneficial
1. Radiation can cause chemical changes. If the radiation carries enough energy, the molecules that absorb it become more likely to react chemically. This is what happens in photosynthesis
1. Ionisation can occur damaging living cells- if the radiation carries a large amount of energy, it can remove an electron from an atom or molecule creating charged particles called ions. The ions can take part in other chemical reactions which may damge living elle.


Ionising Radiation  
If photons have enough energy, they can break molecules into bits called ions by removing an electron  therefore changing the atom or molecule creating charged particle called ions.
This process is called ionisation.
These types of radiation are called ionising radiation.
This radiation can move electrons from atoms in its path.

In the Em radiation the ionising radiation have the most photon energy and are:
1. Gamma rays- produced by some radioactive materials		
1. Ultraviolet- found in suns beam
1. X-rays- used in medical imaging machines
Sources of these radiations pack a lot of energy into enough photon.
A single photon has enough energy to ionise an atom or molecule by knocking of an electron, creating charged particles called ions.

Risks of ionising radiation

These changed atom or molecules can go on to initiate other chemical reactions.
Your cells in your body are very important especially DNA molecules which contain all the instructions for the cells especially for cell division.
If these chemical reactions are in cells of your body, the cells can die or become cancerous as the exposure to the ionising radiation will cause the cell to start dividing over and over again- cancer.

Very high doses can lead to cell death- this is what happens in ‘radiation sickness’.

An increased exposure to ionising radiation, the damage to living cells increases eventually leading to cancer or cell death.

Some materials (radioactive materials) emit ionising gamma radiation all the time.


Reducing the risk of ionising radiation

Physical barriers can absorb some ionising radiation
X-rays are absorbed by dense materials e.g lead 

X-Rays
1. A beam of X-rays is shone through the patient and detected on the other side using an X-ray camera.
1. As the beam passes through the patient, it is partly absorbed.
1. Bone is a stronger absorbed than flesh so bones show up as ‘shadows’ on the final image.
1. The intensity of the beam is reduced as it is absorbed.
1. Gamma rays is used like X rays for imaging a patient’s internal organs and can be used to destroy cancer cells.
1. X-ray machines are used in airport security checks (like bone) metal objects absorb X-rays strongly so reduce the intensity of the beam. This means it will show up on shadow pictures produced.

Reducing the risk
1. Time- the shorter the exposure the less radiation is absorbed so the smaller the change of damage to cells.
1. Distance- intensity decreases with distance as it spreads out from the source
1. Shielding- materials such as lead and concrete absorb the radiation strongly
1. Sensitivity- use a detector that is more sensitive so that less radiation is needed to produce a shadow image

Physical barriers absorb some ionising radiation

During X-rays, the radiographer puts lead shields over the parts of your body which aren’t being investigated. The lead absorbs X-rays protecting you from unnecessary exposure.

Radiographers wear lead aprons and stand behind concrete to protect them

Pregnant women or small children usually outweigh any benefit, so aren’t usually given X-rays as the radiation is more damaging to cells that are rapidly dividing in a growing fetus and a small child.

The ozone layer

The ozone layer protects living organisms from some of the harmful effects of ultraviolet radiation.
However, some of it is still present in sunlight.

Ultraviolet is ionising and can cause skin cancer which can kill or can kill the cells altogether.

	Benefits of sunlight
	Disadvantages of sunlight

	1. Contains vitamin D which human skin absorbs and this strengthens bones and muscles, and the immune system.
1. It can alter your mood chemically and reduce the risk of depression
1. Get a tan
1. Enjoyable-social activity
	1. Can lead to skin cancer, its ionising radiation causing cells to divide
1. Sunburn



Reducing the effects of UV radiation

Sun-screens and clothing can be used to absorb some of the ultraviolet radiation from the sun and prevent it from reaching the sensitive cells of the skin.
Also, you can seek shade from the sun.


Non-ionising radiation

1. Visible light, infrared, microwaves and radio waves are all non-ionising radiations because a single photon does not have enough energy to ionise (remove an electron) an atom or molecule.
1. Therefore, the main effect of these radiations is warming as all forms of EM radiation deliver energy.
1. This will heat the material that absorbs the radiation.
1. The lower the photon energy is, the smaller the heating effect of each photon. 


The amount of heating depends on the intensity of the radiation and also the length of time the 
radiations is absorbed for. 
The more intense the radiation and the longer the exposure, the greater the heating effect.
This heating effect can damage living cells.


Microwave ovens

Some microwaves are strongly absorbed by water molecules, and so can be used to heat objects containing water.
There is water in all food substances, so microwaves can be used to heat up food.

1. Microwave ovens use microwave radiation to transfer energy to absorbing materials.
1. Once the material has absorbed the radiation it ceases to exist as radiation.
1. Molecules of water, fat and sugar are good absorbers of microwave radiation. 
1. When they absorb microwave radiation, they vibrate strongly and their temperature rises.

Heating a potato:
1. A potato contains water molecules so can absorb microwave radiation.
1. The water molecules are made to vibrate by the molecules , so the temperature of the potato rises, heating it .
1. The intensity of the radiation decreases as it passes into the potato. 
1. The particles of glass or crockery absorb very little energy from the radiation so it does not increase their vibrations meaning that bowls and mugs are not heated directly by the microwave radiation, they are heated by the hot food or drink inside them.

They have different power rating, more powerful ovens produce higher intensity radiation so less time is needed to produce the same heating effect so the food cooks more quickly.

Safety features of a microwave.
1. Has a metal grid  and case on the door to reflect or absorb the microwave radiation back into the oven to protect the users from the radiation.
1. A hidden switch prevents the oven from operating with its oven open.


Health risks

Some people have concerns about health risks from low intensity microwave radiation, for example from mobile phone handsets and masts.

Using these appliances such as mobile phones, causes microwave radiation to be emitted. Some of this radiation may be absorbed by your body and can cause the heating of your body tissues which all contain water- which strongly absorbs microwaves so can heat substances up containg water.
Mobile phone masts cause a concern to nearby people as they emit microwave radiation too.

Heating tissues in your body like the brain and jaw, could increase the risk of some medical conditions including cancers.
Fairly thick bones of your skull  absorb some of the radiation but some reaches your brain and warms it ever so slightly.

However, there is no evidence to show this as the heating effect is very minor due to the low intensity radiation.
Also, any health problems for this may take a long time to emerge, so we might not know for many years.


The Atmosphere and EM radiation

The atmosphere absorbs some radiation of the electromagnetic spectrum, but some is transmitted.

Light, some infrared, some ultraviolet and microwaves pass through the atmosphere and reach the Earths surface.

Gamma rays, X-rays, most of the Ultra-violet and some of the infrared are absorbed or reflected by the atmosphere and do not reach the Earth’s surface

The Greenhouse effect

1. The Earth is surrounded by an atmosphere which allows some of the Em radiation emitted (visible light, infrared, ultraviolet and microwaves) by the Sun to pass through.
1. This radiation warms the Earth’s surface when absorbed but some is reflected back into space.
1. The Earth’s surface radiates infrared back to space.
Most of the radiation emitted from the Earth is infrared radiation- heat. It is at a lower frequency than emitted by the sun because the Earth is cooler.
1. A lot of this infrared radiation is absorbed by the atmospheric gases including carbon dioxide, methane and water vapour. This warms up the Earth.
1. These gases re-radiate heat in all directions including back towards the Earth.
1. This keeps the Earth warmer than it otherwise would be, and couldn’t support life.

The ozone layer
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The ozone layer absorbs ultraviolet radiation emitted by the sun, producing chemical changes in that part of the atmosphere.

The atmosphere is a mixture of gases, including oxygen. In the upper atmosphere, some of the oxygen atoms combine in threes to make the gas ozone. This forms the ozone layer. 03.

The ozone layer is good at absorbing UV radiation. 
When UV radiation is absorbed, its energy can break ozone molecules, making free atoms of oxygen.
These chemical changes are reversible. Free atoms of oxygen in the ozone layer are constantly combining with oxygen molecules to make ozone.

The ozone layer protects living organisms from some of the harmful effects of ultraviolet radiation.

Ozone holes

Some synthetic chemicals such as CFCs used in fridges, have been escaping into the atmosphere. 
They turn ozone back into ordinary oxygen so more UV radiation reaches the Earth’s surface.
More UV radiation can reach the Earth’s surface through the ‘hole in the ozone layer’

These chemicals are not in use anymore and the ozone layer is gradually returning to normal, however this will take a number of years more to return to its original thickness.


Carbon Cycle

The amount of carbon dioxide in the atmosphere is controlled by the carbon cycle
Photosynthesis, respiration, decomposition, combustion Like nitrogen, it makes up the bodies of living organism
1. Carbon dioxide is taken out of the atmosphere by photosynthesis. Also as it dissolves into oceans. The plants use carbon to produce food molecules such as glucose. Plants can incorporate this carbon into carbohydrates, fats and proteins as well.

1. Eating other animals passes the carbon compounds in the plants along to animals in the food chain.

1. While the plants and animals are alive, they respire which releases carbon dioxide back into the atmosphere, as the glucose from photosynthesis is broken down.

1. When a plant or animal dies, its organic compounds which contain carbon, are broken down by microorganisms. This is called decomposition. The carbon atoms them become part of a new organism in a system. The decomposers that break down the organic compounds, release carbon dioxide  back into the air by respiration.
1. Lots of carbon gets locked up underground in the form of fossil fuels, as well as carbonaceous rocks such as limestone and chalk.

1. Carbon dioxide is also added to the atmosphere by combustion which is the burning of fossil fuels. This releases carbon dioxide as well as other pollutants back into the air.

For thousands of years the amount of carbon dioxide in the Earth’s atmosphere was constant because these processes had all balanced out as carbon dioxide has been removed from the air and added to the air in approximately equal quantities.

However, during the past 200 years, the amount of carbon dioxide in the atmosphere has increased steadily because:

1. Burning increased amounts of fossil fuels as an energy source  which means more carbon dioxide is being released into the air.
This is mainly because we use more electricity and travel more cars and planes and all of this needs energy.
1. Cutting town or burning forests to clear land- deforestation , which means that tere is less photosynthesis removing carbon dioxide from the air .
The land may need to be removed to build new houses or grow new crops

This means that carbon dioxide is being released faster than it is being removed.

Global Warming

Nature or humans?

Polar ice caps are frozen records of the past, ice can be used as a record of the atmosphere in the previous years. 
It shows that the climate has always changed, there have been ice ages and warmer periods but temperatures have never increased so fast during the past 50 years.

Natural causes:
1. Amount of radiation from the sun changes in cycles
1. The Earth’s orbit changes distance to the Sun
1. Volcanic eruptions increase atmospheric carbon dioxide levels

However these factors cause much slower changes than those we are seeing today but they still have to be taken into account when scientists try to determine whether human activities are causing the climate to change.

Climate modelling

Climate scientists use computer models to predict the effect of increasing carbon dioxide levels.

The atmosphere and the oceans control climates
Climate models use everything climate scientists know about how the oceans and atmosphere behave.
Computer models are tested using data about the Earth’s climate in the past, if they can correctly account for this data, it is more likely that their predictions for the future will be accurate.

These computer models show that human activities contribute more to climate change than natural factors.
We know that the Earths climate varies naturally but climate modelling over the last few years have slow that the natural changes don’t explain the massive increase- which must be due to human activity.
It also shows it the carbon dioxide concentration rises much further, climate change may become irreversible.

The greenhouse effect and climate change

Increasing the co2 in the greenhouse gases, affects climate change.
This is because the carbon dioxide traps more heat, which warms up the Earth’s surface.
Global warming is a type of climate change.

Effects of global warming

Scientists agree that the Earth is getting warmer, and human societies depend on stable climates.

1. It could result in it being impossible to continue growing some food crops in particular regions because climate change causes extreme weather conditions in some regions. Reduced rainfall may make it impossible to grow crops in some areas.
1. It is likely to be more extreme weather events. This is because higher temperatures will cause greater convection in the atmosphere and result in more evaporation of water from both oceans and the land.
1. Rising sea levels as water in the oceans will expand as it gets hotter. In addition, continental ice sheets may melt adding to the volume of the oceans. Low lying land will be flooded causing a problem to people who live on low lying islands.


EM waves and communication

Electromagnetic radiation of some frequencies can be used for transmitting information because:

1. Some radio waves and microwaves are not strongly absorbed by the atmosphere so can be used to carry information for radio and TV programmes
1. Light and infrared radiation can be used to carry information along optical fibres because this radiation travels long distances through glass without being significantly absorbed.

Infrared, light microwaves and radio waves can all be used to transmit information.

Radio waves

Radio waves are used mainly for communications on Earth.
They are used to transmit information for television and radio programmes. 

These can travel long distances through the air because they are only weakly absorbed by the atmosphere.

Longer wavelength radio waves are reflected from an electrically charged layer of the atmosphere.
This means they can reach receivers which are not in the line of sight because of the curvature of the Earth’s surface.
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Microwaves
Microwave radiation is used for satellite communication, it can be used to transmit signals such as mobile phone calls.

Certain microwave radiation wavelengths pass through the Earth’s atmosphere can be used to transmit information to and from satellites in orbit as they are weakly absorbed by the atmosphere.

A signal is transmitted from Earth, which is absorbed by a satellite dish, which then transmits the signal back to Earth in a different direction.


Infrared and light

Information such as computer data and telephone calls can be converted into infrared signals and transmitted by optical fibres.

They bounce waves of the sides of a thin inner core of glass or plastic.
The waves enters one end of a fibre and is reflected repeatedly until it emerges at the other end.


1. Optical fibres are able to carry more information than an ordinary cable of the same thickness.
1. The signals they carry do not weaken too much as it travels over long distances because glass doesn’t absorb much of the infrared or light radiation due to the high-purity glass.


Analogue and digital signals

Carrying information

Before information is transmitted,  it can be superimposed on to an electromagnetic carrier wave to create a signal.
It is sent using a carier wave.

Carrier wave +information = signal

It is then sent out as either an analogue signal or a digital signal.
The receiver must then decode the signal to produce a copy of the original information or sound.

	Analogue signal

Vary continuously in frequency and amplitude.

	Digital signal

Can only take a small number of discrete values (usually two) in a digital transmission the code is made up of just two symbols.0 or 1 

	Can take any value within its range
	Information is transmitted by switching the EM carrier wave on and off, creating short bursts of pulses.
0= no pulse
1=pulse


	More affected by noise, when the signal is amplified to get rid of the noise the noise is also amplified, so the signal becomes harder to decode.
	Carry more information per second


	
	Maintain their quality better over long distances




Analogue vs. Digital

Analogue

1. Analogue signals vary continuously in frequency and amplitude.
1. An analogue signal can take any value in its range,
1. It is more affected by noise than a digital signal.


Digital signal

1. Can only take a small number of discrete values (usually two).
1. In digital transmission, the digital code is made up of just two symbols ‘0’ and ‘1’.
1. The coded information can be carried by switching the electromagnetic carrier wave on and off to create short bursts of waves (pulses) where 0 is no pulse and 1=pulse
1. When the waves are received, the pulses can be decoded to produce a cop of the original sound wave or image.
1. Sound and images can be transmitted digitally

Noise and signals

All signals get weaker as they travel long distances as noise ‘interference’ is added in, as they pick up extra signals.

These signals are amplified along their route.

When a digital signal picks up noise, it can be recovered more easily.  
This is because the noise is usually in lower in amplitude than the ‘on’ states of digital signal.
As a result, the electronics in the amplifiers can ignore the noise and it does not get passed along. It knows the value of the signal must be either 0 or 1 not varying in frequencies like an analogue signal. A value close to 0 is corrected to 0 and a value close to 1 is corrected to one so It would take a very large amount of noise before it became difficult to tell the 0s and 1s apart.

As the noise does not get passed on, the quality of the digital signal is maintained.


However, when an analogue signal is amplified the noise is amplified as well.
Gradually, the signal becomes less and less like the original signal and eventually it may be impossible to recover the original information.

Advantages of digital signals:
1. Digital signals can carry more information per second than analogue ones as you can send several signals at once
1. Digital signals can be processed by microprocessors (as computers and phones)
1. The information can be stored in memories that take up little space as in computers, phones and mp3 players.
1. Digital signals can be delivered with no loss of quality, analogue signals loose quality which can’t be restored.- amplification and noise

Coding and storing information 

Coding involves converting information from one form to another.
All types of information can be coded into a digital signal.
Digital signals are a series of pulses of just two values, and the sound is converted into a digital code by 0s and 1s and this coded information controls the short bursts of waves produced by a source.

When waves are received, the pulses are decoded to produce a copy of the original image or sound.

Amount of information

The amount of information needed to store an image or sound is measured in bytes (B).
In general, the more information stored, the higher the quality of the sound or image.
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Figure 5. Scheratic fiagram of magnelic anoralies on the sea-floor. Black represents
normal polarity: white is reversed polarity.
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