P7-Further Physics

P7.1 Naked eye astronomy

Movement across the sky

· The sun appears to travel east-west across the sky once every 24 hours
· Stars appear to travel east-west across the sky once in a very slightly shorter time period 23 hours 56minutes
· The moon appears to travel east-west across the sky in a slightly longer time period 24 hours 49 minutes 

The stars appear to move because the earth is spinning on its axis, therefore will face a different direction of the sky, showing different positions of the stars.

The sun  appears to be moving across the sky is due to the fact that the s Earth is spinning on its axis. However it isn’t the sun that moves, it is the rotation of the Earth that makes it appear to move.

The moon appears to be moving across the sky because the earth is spinning on its axis but also the moon is slowly orbiting the Earth.

The reason the Sun and Moon appear to move more slowly is because of the orbit of the moon around the Earth and the orbit of the Earth around the sun.
It takes longer because the moon is orbiting the Earth in the same direction that the Earth is rotating therefore it takes longer than 24 hours for it to appear to move across the sky.

Sidereal and solar days

Sidereal day  the time taken for the Earth to rotate once 360 degrees on its axis, and for a star to appear in the same position in the sky. 
This is 23hours 56 minutes and is 4 minutes shorter than a solar day.

Solar day the time taken for the sun to move across the sky/ for it to appear in the same position at the highest point in the sky to the highest point the following day.
This is 24 hours.

A sidereal day is 4 minutes shorter than a solar day.
This is because as well as rotating on its axis, the Earth is also orbiting the sun in the same direction.
This means the Earth has to make more than one whole rotation for the sun to move across the sky and appear at the same position in the sky, as it has moved a short distance around the orbit.
Therefore it must move 4 minutes worth for the sun to appear in the same direction as the day before.


Observing planets (retrograde motion)

The five planets can be seen with a naked eye from here, Mercury Venus, Mars, Jupiter and Saturn.

These were recognised as stars long before.

These planets all appear to move with the stars but also to change their position against the fixed background of stars.

Retrograde motion is when planets appear to slow down and go into reverse, relative to the observations of Earth.

These planets appear to move with retrograde motion relative to the background of ‘fixed stars’ .

This happens because both the Earth and the planets are orbiting the sun.
Their orbits lie in approximately the same plane.
Each planet takes a different amount of time to orbit the sun.
The planets furthest from the sin take the longest time.

When we see the movement, we are seeing the motion of the planet relative to Earth.
The slower moving planets appear to change direction as the Earth moves faster and ‘overtakes’ the planets.

Phases of the moon

The moon appears to travel east-west across the sky once every 24hours 49 minutes.

The moon takes a longer time to appear in the sky then the sun because the moon orbits the Earth as well in the same direction the Earth is spinning on its axis.

The moon orbits the Earth from West to East and a complete orbit takes 28 days.

At any time, half of the moon is lit up by the sun rays, this is because the moon reflects light from the sun.
The half facing the sun is lit up and illuminated, the other half is in the shadow.

As the moon orbits the Earth, we see different views of the moon depending on where it is around its orbit.

Full moon When the moon is on the opposite side of the Earth to the sun,  so the side that faces the Earth is fully illuminated.

New moon When the moon is in the direction of the sun, the side that is in darkness (shadow)  faces the Earth. 
The rest of the phases are in between the two extremes, it depends on the way that light from the sun falls on the moon as it changes position around the Earth.
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Solar and Lunar eclipses

There are two types of eclipses, solar and lunar.

Solar eclipse

A solar eclipse happens when the moon passes directly between the Sun and the Earth on the same axis.
The moon blocks out the Sun’s light, this is called a solar eclipse.
This casts a shadow of the Moon on the surface of the Earth.
This would happen during the new moon phase of the lunar cycle.

If the moon completely obscures the Sun when viewed from earth, it is called a total eclipse. For some parts of the Earth is completely blocked

If the moon partially obscures the Sun it is a partial eclipse.
For some parts of the Earth the Sun will only be partially blocked.
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Lunar eclipse

A lunar eclipse occurs when the Moon moves into the Earth’s shadow.

This is when the Earth passes directly between the Sun and the moon, casting a shadow of the Earth on the surface of the moon, blocking the sunlight so almost no light is reflected from the moon.
This would happen during a full moon.

A total lunar eclipse is where no direct sunlight can reach the Moon.
More often the Moon isn’t in the Earth’s shadow so only part of it appears dark creating a partial lunar eclipse.
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Low frequency of eclipses

The moon orbits the Earth once a month so you might expect to see a lunar and solar eclipse every month.
However they are much rarer than this.

This is because usually, Earth, Sun and moon are not in a line so no eclipse occurs.

Solar eclipses do not occur during every month of the new moon.
This is because the moon does not orbit the Earth in exactly the same plane as the Earth orbits the Sun. 
The plane in which the Earth orbits the Sun is called the ecliptic plane.
During most of the new moons, the Moon is above or below the ecliptic plane.
A solar eclipse can only occur when the moon passes through the ecliptic plane during a new moon.

The moon orbit the Earth at an angle to the Earth’s orbit around the sun, so most of the time the moon and the Earth do not line up in the same axis to cause eclipses.

Partial eclipses happen more often because the moon doesn’t have to line up perfectly for this to occur against the Earth’s orbit around the sun.
However the total solar eclipses are rarer, and there is only a small region on Earth from which it can be seen.

Viewing solar eclipses with the naked eye is dangerous, it can burn the retina and lead to permanent damage in the eye.
The safe way to look towards the sun is by using a pinhole viewer.
Do not look through the pinhole only at the image made on the paper.


Constellations

The Earth orbits the sun, a complete orbit takes 365 days (a year).
As the Earth moves around the sun, the direction it faces will be different.
This means it will face a different direction, and will face a different patch of constellations (group of stars) will be visible from different positions.
As the Earth orbits the Sun, different stars will be visible from a position on Earth at different times in the year.
On the same day each year, the Earth will face a different direction so can see different stars in the night sky.

Constellations seen on a winter night are different to a summer night as the Earth is at different ends of its orbit.
Therefore it faces a different direction and sees stars that are in the opposite direction.

Positions of objects

· The celestial sphere is the imaginary sphere with the Earth at its centre and the stars fixed to the surface of the sphere.

· The celestial equator is an extension of the Earth’s equator.

· The pole star is the star that doesn’t seem to move because it is directly above the North Pole of Earth 

The positions of astronomical objects are described in terms of two angles relative to the point on Earth.

· Declination  celestial longitude, refers to whether the object is above or below the celestial equator (measured in degrees)
· Right ascension  celestial latitude,  refers to the measurement of the angle east from the vernal equinox point (measured in degrees or minutes) 

P7.2 Light, telescope and images

Refraction

The speed of a wave is affected by the density of the medium it passes through.
The wave speed will change if a wave moves from one medium to another.
When a wave crosses a boundary between a less dense to a more denser medium it changes speed.


A change in the speed of a wave causes a change in the wavelength.
Wave speed=frequency x wavelength
The frequency of the wavelength cannot change and is fixed for each type of wave.
Therefore if the wave speed changes then the wavelength must change.
The change in speed and direction causes a change in the direction known as refraction.

Refraction of light

If a light wave hits the different medium  boundary ‘face on’ the light wave slows down but carried on in the same direction.
It has a shorter wavelength but the same frequency, and slows down.
As it enters the previous medium, its speed and wavelength  increase to its original values

If light hits the different medium at an angle, then part of the wave hits the boundary first and slows down, while another part carries on at a different speed.
The speed and direction of the wavelength changes, therefore it has been refracted, the light rays bend towards the normal.
As they leave the medium, they speed up and bend away from the normal.

Convex (converging) lenses

A converging lens uses refraction (when a light ray changes direction) to bend the light rays coming out of it inwards, focusing the light towards a point called the focal point to form an image of the object. 
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As the light ray hits the lens, and passes from one medium to another medium (air to glass) it is refracted due to the lens shape, as it slows down and causes the light ray to change direction and bend towards the normal.

When the light ray leaves the lens, speeds up and the direction changes as it moves away from the normal.

The curvature of the lens mean that all parallel rays parallel to the principal acis hitting the different parts of the lens are converge and bend towards a point known as the focal point where the image is formed.

Features of a convex lens

The distance from the centre of the lens to the focus is called the focal length.
The longer the focal length of a lens, the larger the real image that the lens produces. 

A lens with a long focal length has surfaces that are not very strongly curved.
A lens with a short focal length will have surfaces that are strongly curved.

A lens with a short focal length will have a  greater curvature of the surface , and will therefore bend the rays of light more and have a higher power.
Power and focal length are inversely proportional.

A lens with a more curved surface is more powerful than a lens with a less curved surface of the same material. 

Telescopes

Astronomical objects are so distant that light from them reaches the Earth as e parallel sets of rays.
The light from distant stars will be very faint therefore a large telescope will be needed to collect enough light to make a visible image.

A simple refracting telescope will have two converging lenses of different powers.
· The eyepiece lens next to your eye which produces a magnified image of the image from the objective lens that we can see and is the more powerful of the two lenses 
· The objective lens or mirror to collect light from the object being observed and forms an image of it as it focuses the parallel rays of light to a focal point.
The two lenses have to have the same principal axis

The distance between the lenses will be the sum of the two focal lengths of the lenses.

1. The objective lens collects light from a distant object
2. Parallel rays of light enter the objective lens from a point on the distant object
3. These parallel rays of light refract and bend towards and then away from the normal
4. Each set of parallel rays are then focused by the objective lens so a real image is formed
5. The eyepiece is used to produce a magnified image of the image from the objective lens, so that the viewer can see. 

Magnification:

The magnification produced by a refracting telescope depends on the lenses from which its made and can be calculated using the formula:

angular magnification = focal length of objective lens/focal length of eyepiece lens

IF tgiven powers it is power eye over power objective

Concave mirrors 

A  concave mirror is used to collect parallel rays from the object and form an image at the focal point.
Concave mirrors focus light at a focal point using reflection. 

The telescope is a reflecting telescope.
They do this as they are shiny on the inside of the curve, therefore parallel rays of light shining on a concave mirror are reflected to a focal point.
Parallel rays from another direction are focused to a different point.

The convex eyepiece lens is then used to magnify this image produced so the viewer can see.
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Advantages and disadvantages

Most astronomical telescopes have concave mirrors not converging lenses as their objectives.
Advantages

This is because:
· A mirror reflects all rays of all colours in exactly the same where whereas a simple converging lens focuses different colours of light at slightly different points producing an unclear image
· A mirror can be made very smooth so the image is undistorted
· Suitable reflectors can be used to focus most types of electromagnetic radiation-glass lenses only focus visible light other em radiation is completely absorbed or goes through
Disadvantage of converging:

· Making large objective lenses with a big diameter is difficult because any larger than 1m and it starts to sag and change shape under its own weight making it useless to focus light
· Making large lenses is also difficult and expensive
· It is difficult to ensure the glass  of a large diameter lens is uniform in composition all the way through

Diffraction

Diffraction is when waves spread out from a narrow gap or past an obstacle.
The amount of diffraction depends on the size of the gap relative to the wavelength of the wave.

Light can be diffracted.
Diffraction is most significant when the wave travels through a very small gap comparable to the wavelength of the wave.

Diffraction in a telescope
Large telescopes are needed to collect the weak radiation from faint or very distant sources.
This is because to collect the radiation, we need a large objective lens/mirror with a large diameter called the aperture.
The aperture is the hole through which the light must pass through.

Radiation is diffracted by the aperture of a telescope.
In order to produce sharp images the aperture must be larger than the wavelength of the radiation which is detected by the telescope, so a better quality image is formed as more radiation reaches the telescope and the effect of diffraction is less.

Diffraction of light is not a problem as the wavelength of light is small.
However the diffraction of radio waves is a problem as the have a large wavelengths so the effect of diffraction is greater. Therefore they need a larger aperture and an overall bigger telescope. 
Therefore radio telescopes have to be much bigger than optical ones for good resolving power and a clear image.

Producing a spectrum (REFRACTION)

A spectrum can be produced by refraction in a prism.

When light passes from air through a glass block that has parallel sides, it emerges parallel to the path of the light ray that entered the block.
Red light is refracted the least when it enters the block and violet light is refracted the most, this is called dispersion but this difference is corrected when the light leaves the block so the effect is not noticeable.

Refraction through a glass prism with sides that are not parallel causes this difference in refraction to be greater.
White light contains a mixture of colours with different frequencies and wavelengths.
Red has the lowest frequency and longest wavelength, violet has the highest frequency and shortest wavelength.
When it enters a glass block with sides that are not parallel, the light of different frequencies travels through the glass at different speeds.
These differences are small but they are enough to split the light up so that the different colours are reflected at different angles.
In glass, violet slows down more than red light so it is refracted through a bigger angle.
This means we see a spectrum of light emerging from the prism, so the different wavelengths don’t recombine.

Diffraction grating

A spectrum can also be produced by diffracting grating.

A diffraction grating has very narrow parallel slits small enough to diffract light.
When white light passes through the gaps in a diffraction grating, the different wavelengths of colour it contains are diffracted by different amounts at different angles. 
This creates a spectrum of different coloured light.

P7.3- Mapping the Universe

Parallax

The distance to nearby stars can be measured by parallax.
Astronomers take photographs of the sky 6 months apart when it is at opposite ends of its orbit.
The apparent movement of a star between the two photos lets you work out how far away it is.
The closer the star, the bigger the apparent movement relative to the distant ones over the course of the year.


A parallax is an apparent change in position of an object against a distant background.
It makes closer stars appear to move more relative to distant ones over the course of the year.

The parallax angle of a star is half the angle moved against a background of very distant stars in 6 months.
The parallax angle can be used to measure how far stars are from Earth.
A smaller parallax angle means the star is further away.
The closer the star the greater the parallax angle,

Parallax angles and parsecs

A parallax angle is measured in arcseconds.
1 arc second is 1/3600 degrees.


Astronomers use a unit of distance based on this called parsecs.

A parsec (pc) is the distance to the star with a parallax angle of one arc second.
Any object whose parallax angle is 1arc second, is at a distance of 1 paarsec.

Distance (parsec) =1/parallax angle (Sec) 

A parsec is similar in magnitude to a light-year and is the unit used by astronomers to measure distance. 
Typical interstellar distances (distances between stars) are normall a few parsecs.

Observing luminosity

The brightness of a star can be also used to estimate its distance.
The observed intensity of light from a star, seen on Earth depends on its luminosity and distance from Earth 
However this is not accurate because a distant star that is very bright might appear the same to someone on Earth as a nearer star that is less bright

The luminosity of a star depends on its temperature and size.
A hotter star radiates more energy per second.
A bigger star has a greater surface radiating energy.

Cepheid variables

Cepheid variable stars don’t have constant luminosity, they pulse in brightness with a period related to their luminosity.

Their luminosity depends on the period of their pulses.
The greater the luminosity, the longer the pulse period.

This relationship enables astronomers to estimate the distance to Cepheid variable stars. From the pulse period and observed brightness.
This is because if you see two Cepheid variable stars with the same observed brightness that pulse at different rates, you know that the star with the longer pulse period must have the higher luminosity so must be further away.
Therefore they can work out the distance to a Cepheid variable by comparing the luminosity (worked out from pulse period) and the observe brightness of a star. 




Curtis-Shapely debate

This was a debate about the size and the structure of the universe, whether there was one or many galaxies in the universe.

Observations revealed that the Milky Way consists of millions of stars, and led to the realisation that the Sun was a star in the Milky Way galaxy.
Telescopes revealed the existence of many fuzzy objects in the night sky, and 
these were originally called nebulae.
The main issue of the Curtis-Shapley debate was whether spiral nebulae were objects within the Milky Way or separate galaxies outside it.

· Shapley believed the universe was one gigantic galaxy.
· He believed the sun and solar system was far from the centre of the galaxy.
· He believed that the nebulae were huge clouds of dust and gas, and that they were part of the Milky Way

· Curtis thought the universe was made up of many galaxies.
· He thought that the sun was near the centre.
· He believed the spiral nebulae were other very distant galaxies completely separate from the Milky Way.

Shapley was right that the sun and solar system was from the centre of out galaxy.
Curtis was right that the universe was made up of many galaxies.
Curtis was also right that spiral nebulae were other distant galaxies.

Hubble’s discovery

Hubble’s observations of Cepheid variables in one spiral nebula indicated that it was much further than any star in the Milky Way and so he concluded that this nebula was a separate galaxy.

He did this by working out the distance to the Cepheid variables within it using the relationship between their brightness and pulse frequency.

This evidence supported Curtis’s proposal that there were many galaxies in the universe and these spiral nebula were galaxies.

Observations of other Cepheid variable stars have clearly shown that most nebulae are distant galaxies.
By measuring the distance to these galaxies astronomers have been able to estimate the scale of the universe.





The expanding universe


Hubble made a discovery of his own that galaxies appear to be moving away from us.
He looked at the spectra of stars in the galaxies.
The light from distant galaxies appeared to be shifted towards the red end of the spectrum  redshift.
The further away the galaxy, the greater the redshift and the greater the speed of recession.
This suggests that space is expanding, as galaxies are receding away from us.

Scientists believe the universe began with a huge explosion called the ‘big bang’ around 14 thousand million years ago.
The expansion suggests the universe may have started by exploding outwards from a single point.

Scientists knew how far away Cepheid variable stars were so were able to use the red shift from these stars to calculate the speed at which they were moving away from us.
They were able to calculate a value of the Hubble constant which is the rate of expansion of the universe.

Data on Cepheid variable stars in distant galaxies have give better values of the Hubble’s constant. 

Hubble’s findings can be shown in the equation:

	speed of recession (km/s)
	= Hubble constant (km s-1 Mpc-1) x distance (Mpc)




P7.4- The Sun, stars and their surroundings

Radiation from stars

All hot objects including stars, emit a continuous range of electromagnetic radiation.
The luminosity and peak frequency of this radiation increases as the temperature of the object increases.

Hot objects always emit more of one frequency than another and this is called peak frequency.
The peak frequency depends on temperature, the higher the temperature, the more energy the photos have so the higher the peak frequency.
The luminosity also depends on temperature, hotter things appear to glow more.

We guess the surface temperature of the star by looking at its colour.
Red= low frequency = cool
Yellow= fairly high =warm
Blue=high frequency =hot

Absorption and emission spectra

An atom contains electrons which are around a nucleus.
They are contained in energy levels (shells) with the lowest energy levels closest to the nucleus.
They move between energy levels as they absorb or lose energy.

Electrons can gain enough energy to be removed from the atom during the process called ionisation.

Absorption spectra 

At high temperatures, the electrons become excited and absorb radiation so jump to higher energy levels.
Electrons have to absorb a particular characteristic frequency of radiation to get to a higher energy level.
This is present if a continuous spectrum of visible light shines through a gas, the electrons in the gas absorb certain frequencies of light so it can move to the next energy level.
This makes gaps in the continuous spectrum appearing as dark lines by the absorbed frequencies.

Emission spectrum

Electrons are unstable at high energy levels therefore they emit  a fixed frequency of radiation, and moves to a lower energy level.

This gives a series of bright lines in the spectrum formed by the emitted frequencies.

Identifying spectrum

Energy levels in atoms are different for each element, therefore each element will have its own line spectrum.

Specific spectral lines in the spectrum of a star provide evidence of the chemical elements present in it.

The surface of the sun emits a continuous spectrum of radiation.
As this light passes through the gases in the star’s atmosphere, some wavelengths are absorbed by atoms of elements that are present.
As a result, the light that reaches us from the sun is missing wavelengths which corresponds to the elements in the sun’s atmosphere.
The wavelengths of the absorption lines will reveal the elements that were absorbing and the astronomers can identify the elements present in the sun or stars.



Gas behaviour

Gas consists of very small particles that are constantly moving in random directions, the constantly collide with each other and the walls of their container.

Volume  the amount of space the gas occupies
Mass  the amount of matter
Pressure  the force the gas exerts on the walls of the container
Temperature  how hot the gas is


Relationships 

Pressure and volume
The volume of a gas is inversely proportional to its pressure at a constant temperature.

Pressure x volume = constant

The pressure of a gas is because the gas particles have mass so when they collide with the sides of the container, they exert a force on it creating an outward pressure.
This pressure depends on the frequency of the collisions and the particles momentum.
If the same volume of gas is placed in a bigger container, the pressure will decrease as there will be fewer collisions between the gas particles and the container’s walls.
If the same volume of gas is placed in a smaller container, the pressure increases as the gas particles are more likely to hit the walls of a container and exert a force.
This only happens at a constant temperature.
If the volume of a container with a gas halves, the pressure doubles.

Pressure and temperature

Pressure is proportional to temperature.
The pressure depends on the frequency of the collisions and the particles momentum.
As the temperature increases, the particles have more kinetic energy therefore they move faster.
This increases the particles momentum and makes them collide with the containers with more force therefore the pressure increases.

This happens if the volume is kept at constant.

     Pressure     = constant
Temperature

 Volume and temperature

Volume is proportional to temperature.
If a gas stays at constant pressure, then heating the gas will increase the volume. 
This is because the molecules are further apart so collisions happen less frequency but with more force.

Pressure and volume

The pressure and volume of a gas vary with temperature.
They are proportional to the absolute temperature.

· If a gas of a fixed mass and volume is cooled, the pressure will decrease steadily because each particle has less kinetic energy and have therefore won’t hit the walls of the container as frequently and with less momentum.
· If a gas of a fixed mass and pressure is cooled, its volume decreases steadily. This is because frequency of the collisions is less and they collide with less energy.

As the pressure or volume of a gas decreases, the temperature will approach absolute zero, which is the coldest temperature possible.
This is where the particles have lost their energy so there will be no coliisions with the walls of the container and therefore no pressure.

Absolute zero and the kelvin scale

Temperature is measured on the Celsius scale.
-273 is the absolute zero of temperature.

Absolute zero is the start of the Kelvin scale.
-273’c = 0k
From Kelvin to Celsius subtract -273.

Formation of a protostar

A star begins as a cloud of dust and gas mainly of hydrogen and helium.
This cloud starts to contract slowly towards each other due to gravity so the particles experience an attraction towards one another.
As the cloud becomes denser, it starts to collapse towards its centre.
Gravity then causes the pressure and temperature to increase.
As more gas is drawn in by the increasing gravity, the mass of the cloud increases and therefore so does the gravity.
Increasing the gravity causes the gas to compress further so that it becomes hotter and denser forming a protostar.
When the temperature and pressure becomes high enough, this is hot enough for fusion to occur, when hydrogen nuclei fuse into helium nuclei releasing large amounts of energy.
The outwards pressure stops the gravitational collapse, so the star has now reached the main sequence stage and continues to fuse hydrogen and helium in the core.

Gas when the gas is compressed the temperature rises as the force doing the compressing is gravity

Particle  Every particle in the cloud attracts another particle, so they move faster causing a higher temperature.

Nuclear fusion

Nuclear processes discovered in the early 20th century provided a possible explanation of the Sun’s energy source.

If brought together, hydrogen nuclei can fuse into helium nuclei releasing energy in the process called nuclear fusion.
This is when two smaller nuclei join together to create a larger one and release energy.
This need high temperatures and pressure.

Nuclear equations


A particle represented as a E is a positively charged particle with the same mass as an electron.
The positron must be released in this equation in order to balance the charges in the reaction, it conserves charge.

Fusion of other elements

Energy is released when light nuclei fuse to make heavier nuclei up to the size of an iron nucleus.
Atoms that are heavier than hydrogen can fuse together in stars.

Structure of a star

The bigger the star, the hotter its core and the heavier the nuclei it can create by fusion.
The core of the star is where the temperature and density are the highest and where the most nuclear fusion takes place.

Energy is transported from the core to the surface by photons of radiation and by convection currents.
At the photosphere, energy is radiated into space from the stars surface.

Nuclear fusion

During a chemical reaction, mass is always conserved because atoms are not created or destroyed only rearranged.
However in nuclear reactions the mass is converted into energy.
E=mc2

Hertzsprung-Russell Diagram

The Hertzsprung-Russel diagram is a plot of temperature against luminosity.
IT identifies where supergiant’s, red giants, main sequence stars and white dwards are located.

Life cycle of a star

In a main sequence star, hydrogen nuclei fuse together to create helium nuclei in the core.

A star leaves the main sequence when its core hydrogen runs out.
It swells and depending on its size becomes a red giant or supergiant and its photosphere cools.
In a red giant or supergiant, helium nuclei fuse together to create carbon followed by further reactions that produce heavier nuclei such as nitrogen and oxygen.

A low mass star (like the sun) becomes a red giant, which lacks the mass to compress the core further at the end of helium fusion, it then shrinks to form a white dwarf.
In a white dwarf star there is no nuclear fusion so the star gradually cools and fades.

In a high-mass star, several times the mass of the sun, it forms a red supergiant. nuclear fusion can produce heavier nuclei up to and including iron.
When the core is mostly iron, it explodes as a supernova creating nuclei with masses greater than iron and leaving a dense neutron star or a black hole.

Life out there

Astronomers have found convincing evidence of planets around hundreds of nearby stars.
Even if a small proportion of the stars have planets, many scientists think that it is likely that life exists elsewhere in the Universe.
No evidence of extra-terrestrial life has so far been detected.

P7.5- The Astronomy community

Major optical and infrared astronomical observations on Earth are mostly situated in Chile, Hawaii, Australia and the Canary Islands.

Factors that influence the choice of site for major astronomical observations

· High elevation
This is so there is less atmospheric gas above them for light to pass through as possible to minimise the distortion and blurring effects.
· Frequent cloudless nights
This is because clouds can block a telescopes view of the night sky
· Low atmospheric pollution and dry air
This is because water in the atmosphere can cause problems by diffracting light producing an unclear image.
· Sufficient distance from built up areas that cause light pollution
Therefore they are placed in remote conditions as light pollution would make it harder to see dim objects, and dust particles will absorb the light.

Local and remote telescopes

Astronomers work with local or remote telescopes.
Operating a telescope locally means that the astronomer is in the same place as the telescope.
Operating it remotely means that the astronomer could be in another country operating it.

Advantages of computer controlled telescopes
· Able to work remotely
This means they can be operated in different countries.
Also the telescopes can be placed in remote locations without the astronomers spending time or money travelling to the location, as they can be controlled remotely e.g via the internet.
· Continuous tracking of objects
Telescopes can be programmed to track objects so that data can be collected over a long period of time.
This means the astronomers don’t always have to be there to observe it.
· More precise positioning of the telescope
This means they can be positioned easily to find distant objects.
Also it makes repositioning the telescope easy if it is needed to look at different areas of the sky via programming it
· Computer recording and processing of the data collected.

Advantages and disadvantages of using telescopes outside the Earth;s atmosphere:

Advantages:
· Avoid absorption and refraction effects of the atmosphere
The atmosphere absorbs some light by dust particles in the air.
Light also gets refracted by water in the atmosphere which blurs the image
· Can use parts of the Electromagnetic spectrum that the atmosphere absorbs.
The atmosphere only lets in certain wavelengths of electromagnetic radiation through and blocks the others. Some radiation like radiowaves pass through without much trouble but visible light can be badly affected

However the disadvantages are :
· The cost of setting up, maintaining and repairing
It is expensive to construct telescopes outside the Earth’s atmosphere, and to place in orbit, it is difficult to get a telescope into space.

It is also difficult to maintain the telescope, as the cost of going up into space is difficult, and they need to be specially trained.

· There are uncertainties of the space programme as they can be unpredictable and at risk from funding cuts and changes in government policies. Other priorities such as defence and healthcare, it is never guaranteed, most space programmes are linked so can have a knock-on effect on others

Earth based telescopes are
· Cheaper to build and easier to maintain
· Astronomers have also developed good techniques to remove the effects of the atmosphere from their observations so the images are clearer.

International help:

There have been international collaboration in astronomical research.
· The cost of the venture can be shared, expensive for just one country
· The expertise can be shared to ensure there are the best people and the best facilities

Examples of international cooperation: 
· The Great Canary Telescope in the Canary Islands, funded by Spanish government 90% but also between Mexico and University of Florida
· The Gemini Observatory consists of two telescopes in Chile and Hawaii. This allows them to view objects in northern and southern hemisheres. The project is funded by Chile, USA, Canada, Australia.

Non-astronomical factors are important:
In planning, building, operating and closing down an obseravatory:
· Cost
· Environmental and social impact near the observatory
Have to be careful it doesn’t damage the environment, benefit to jobs to local community. 
· Working conditions for employees
Close to facilities such as accommodation, water and electricity for people who work there.
[bookmark: _GoBack]Also road built for easy acesss.

image1.gif
Total Ml Partial
eciipse [l eclipse




image2.gif




image3.gif
& Focal length ——>,

Light rays Converging lens Focal point (F)





Rre—
PNk e sonamy

[T

e by vy

et sy . gy
v s

e ot e o1 . o e s

e o e e

S U—
T e e e e

e e A e,
T
LT

[re——

T —
e g e o .
s 4 e o s s o b

O —.
R
Erid

[t et AN——
Ty e < o 0
T i e s e



