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	An introduction to the night sky

Stars and constellations

Clusters of stars
	· To be able to describe the appearance of stars(shiny point source, no disc apparent), double stars(2 stars in orbit around each other), nebulae (A nebula is an interstellar cloud of dust, hydrogen gas, helium gas and other ionised gases.) and clusters( a tight group of stars which formed together), asterisms( a group of stars which make a pattern and are not close together). and constellations( a group of stars which make a pattern and are close together).

· To be able to recognise and draw familiar asterisms and constellations.
· In astronomy, an asterism is a pattern of stars seen in Earth's night sky. It may form part of an official constellation, or be composed of stars from more than one. Like constellations, asterisms are in most cases composed of stars which, while they are visible in the same general direction, are not physically related, often being at significantly different distances from Earth. The mostly simple shapes and few stars make these patterns easy to identify, and thus particularly useful to those learning to familiarize themselves with the night sky.



The Big Dipper asterism
· To know how stars in a constellation are labelled.
· A true star cluster (see below), whose stars are gravitationally related, is not an asterism.
· To appreciate how the list of constellations was established.
· Our current list is based on that of the Greco-Roman astronomer, Claudius Ptolemy of Alexandria (c 85–c 165). His list of 48 constellations was accepted as the standard for 1,800 years. As constellations were considered to be composed only of the stars that constituted the figure, it was always possible to use the leftover, non-figure ("amorphic") stars to create and squeeze in a new grouping among the established constellations.
	· Students draw some popular asterisms and constellations (including The Plough, Orion, Cygnus and Cassiopeia) and label the principal stars with appropriate Greek letters.

· http://en.wikipedia.org/wiki/File:Ursa_Major_constellation_detail_map.PNG
· http://en.wikipedia.org/wiki/File:Dipper.jpg

· Students obtain images of open clusters, globular clusters and nebulae, and draw annotated diagrams of these.

· Students research how the official list of 88 constellations was established and explore what constellations exist in other cultures.
	· See Section 3: Stars of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com. 

· Find useful information in Chapter 3 GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For free planetarium software, see: www.stellarium.org.

· For detailed information on constellations, see: www.ianridpath.com.

	2
	Observing constellations

Pointers

Seasonal constellations
	· To know how pointer stars can be used to locate celestial objects.
· At the present time, the northern pole star, or North Star, is Polaris, which lies about three-quarters of a degree from the north celestial pole, at the end of the "bob" of the Little Dipper asterism in the constellation Ursa Minor. A common method of locating Polaris in the sky is to follow along the line of the so-called "pointer" stars, the two stars farthest from the "handle" of the Big Dipper.



· To explain why some constellations are visible all year and some are not.
A circumpolar star is a star that, as viewed from a given latitude on Earth, never sets (that is, never disappears below the horizon), due to its proximity to one of the celestial poles. Circumpolar stars are therefore visible (from said location) for the entire night on every night of the year (and would be continuously visible throughout the day too, were they not overwhelmed by the Sun's glare).

All circumpolar stars are within the circumpolar circle. This was in fact the original meaning of "Arctic Circle", before the current geographical meaning, meaning "Circle of the Bears" (Ursa Major, the Great Bear; and Ursa Minor, the Little Bear), from Greek ρκτικός (arktikos), "near the Bear", from the word άρκτος (arktos) bear.

· http://en.wikipedia.org/wiki/Circumpolar_star   movie

· http://daphne.palomar.edu/jthorngren/tutorial.htm
	· Students draw diagrams showing how pointer stars can be used to find other celestial objects.

· Students discuss why some constellations are seasonal and devise simple models for representing these.
	· See Section 3: Stars of Starlearner’s 
e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 3 GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For free planetarium software, see: www.stellarium.org.

	3
	Celestial co-ordinates

Right ascension and declination

Star charts
	· To use and understand celestial 
co-ordinates. Which we really enjoyed.
· In astronomy, a celestial coordinate system is a coordinate system for mapping positions on the celestial sphere. There are different celestial coordinate systems each using a system of spherical coordinates projected on the celestial sphere, in analogy to the geographic coordinate system used on the surface of the Earth. The coordinate systems differ only in their choice of the fundamental plane, which divides the sky into two equal hemispheres along a great circle. For example, the fundamental plane of the geographic system is the Earth's equator. Each coordinate system is named for its choice of fundamental plane.http://en.wikipedia.org/wiki/Equatorial_coordinate_system



· To explain why Polaris remains fixed in the sky at an elevation equal to latitude.
	· Students use maps and star charts to compare celestial co-ordinates with latitude and longitude.

· Students plot stars on a prepared star chart.
	· See Section 3: Stars of Starlearner’s
 e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com 

· Find useful information in Chapter 3 GCSE Astronomy by Marshall, N (Mickledore Publishing).
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	Circumpolar stars

Analysis of star trail photographs
	· To explain the apparent motion of stars around Polaris.

· To understand the conditions for a star to be circumpolar from a given latitude.
See above
	· Students use software to show the apparent rotation of stars about Polaris.

· Students investigate the conditions necessary for a star to be circumpolar from a given latitude.

· Students perform calculations on circumpolar stars.
	· See Section 3: Stars of Starlearner’s 
e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com. 



	5
	Practical observing
Planning and carrying out naked eye observing sessions
	· To be able to use a planisphere, star chart or computer software to predict what planets and constellations can be observed on a particular date.

· To understand the significance of ecliptic and zodiac on a star chart.
Ecliptical system
Main article: Ecliptic coordinate system
The ecliptical system was one of the old coordinate systems used for star maps before astronomy and astrology divorced, particularly in the West.

The ecliptical system describes the planets' orbital movement around the sun, and centers on the barycenter of the solar system, which is in the sun. The fundamental plane is the plane wherein earth orbits, called the ecliptical plane. It is in heavy use for planetary science, such as computing planet positions and other important planet metrics, inclination, ascending and descending nodes, position of perihelion and so on.
· To appreciate the need for suitable equipment and warm clothing in a practical observing session.
Wear a sensible hat and some clothes




	· Students investigate how to predict what stars, planets and other celestial objects will be visible in the night sky on certain dates.

· Students research the contents of the Messier Catalogue.

· Students produce written plans for a (real or imaginary) practical naked-eye observing session.
	· See Section 3: Stars of Starlearner’s 
e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com. 

· For free planetarium software, see: www.stellarium.org.

· For up-to-date weather forecasts, see: www.metoffice.gov.uk.

· For information on the current phase of the Moon, see: www.astronomyknow
how.com/moon-phase.htm.

· Information on light pollution and the Campaign for Dark Skies and can be found at: www.britastro.org/dark-skies. 

· For the history and content of the Messier Catalogue, see: http://seds.lpl.arizona.edu/messier. 
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	The Solar System

Size and scale of the Solar System

Planets, asteroids, dwarf planets, Centaurs and Trans-Neptunian Objects (TNOs)
	· To appreciate the scale and size of our Solar System, with reference to models on a variety of scales.
· http://www.phrenopolis.com/perspective/solarsystem/
Try this! You will need to scroll for ages
· To distinguish between

· Planets A planet (from Greek πλανήτης, alternative form of πλάνης "wanderer") is a celestial body orbiting a star or stellar remnant that is massive enough to be rounded by its own gravity, is not massive enough to cause thermonuclear fusion, and has cleared its neighbouring region of planetesimals.
·  dwarf planets

· A dwarf planet, as defined by the International Astronomical Union (IAU), is a celestial body orbiting the Sun[1] that is massive enough to be spherical as a result of its own gravity but has not cleared its neighbouring region of planetesimals and is not a satellite.[2]

 HYPERLINK "http://en.wikipedia.org/wiki/Dwarf_planet" \l "cite_note-2" [3] More explicitly, it has to have sufficient mass to overcome its compressive strength and achieve hydrostatic equilibrium.
· Asteroids

· Asteroids (from Greek, ἀστήρ ”star” + εἶδος “like”, in form), sometimes grouped with centaurs, Neptune trojans and trans-Neptunian objects into minor planets or planetoids,[1] are a class of small Solar System bodies in orbit around the Sun. The term "asteroid" was historically applied to any astronomical object orbiting the Sun that was not observed to have the characteristics of an active comet or a planet, but it has increasingly come to particularly refer to the small rocky and metallic bodies of the inner Solar System and out to the orbit of Jupiter. As small objects in the outer Solar System have begun to be discovered their observed composition differs from the objects historically termed asteroids. Harbouring predominantly volatiles-based material similar to comets rather than the more familiar rocky or metallic asteroids, they are often distinguished from them. 


· Comets. We made one in class!!

· A comet is an icy small Solar System body that, when close enough to the Sun, displays a visible coma (a thin, fuzzy, temporary atmosphere) and sometimes also a tail. These phenomena are both due to the effects of solar radiation and the solar wind upon the nucleus of the comet. Comet nuclei are themselves loose collections of ice, dust, and small rocky particles, ranging from a few hundred meters to tens of kilometers across. Comets have been observed since ancient times and have historically been considered bad omens.
TNO

A trans-Neptunian object (TNO; also written transneptunian object) is any minor planet in the Solar System that orbits the Sun at a greater distance on average than Neptune. The Kuiper belt, scattered disk, and Oort cloud are three divisions of this volume of space.[1]
The first trans-Neptunian object to be discovered was Pluto in 1930. It took more than 60 years to discover, in 1992, a second trans-Neptunian object, (15760) 1992 QB1, with only the discovery of Pluto's moon Charon before that in 1978. Since then however, over 1,000 trans-Neptunian objects have been discovered, differing in sizes, orbits, and surface composition. 198 of these (as of November, 2009) have their orbit well enough determined that they are given a permanent minor planet designation.[2]

 HYPERLINK "http://en.wikipedia.org/wiki/Trans-Neptunian_object" \l "cite_note-2" [3]
The largest known trans-Neptunian objects are Pluto and Eris, followed by Makemake and Haumea.
	· Students construct their own (real or imaginary) model Solar System.

· Students obtain images of planets, asteroids, comets and other members of the Solar System to produce a class wallchart.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 GCSE Astronomy by Marshall, N (Mickledore Publishing). 

· For what will become the world’s largest scale model of our Solar System, see: www.spacedout-uk.com. 

· For information about the Solar System, see: www.nineplanets.org. 

· For images and further information about asteroids and comets, see: www.nmm.ac.uk/explore/astronomy-and-time/astronomy-facts/comets-meteors-asteroids.

	7
	Orbits

Elliptical orbits, perihelion and aphelion

The ecliptic and Zodiacal Band


	· To know that planets etc. move in elliptical orbits around the Sun.
· In astrodynamics or celestial mechanics an elliptic orbit is a Kepler orbit with the eccentricity less than 1; this includes the special case of a circular orbit, with eccentricity equal to zero. In a stricter sense, it is a Kepler orbit with the eccentricity greater than 0 and less than 1 (thus excluding the circular orbit). In a wider sense it is a Kepler orbit with negative energy. This includes the radial elliptic orbit, with eccentricity equal to 1. 


· To understand named terminology with respect to planetary orbits.
Elliptical Orbits

You may think that most objects in space that orbit something else move in circles, but that isn't the case. Although some objects follow circular orbits, most orbits are shaped more like "stretched out" circles or ovals. Mathematicians and astronomers call this oval shape an ellipse. All of the planets in our Solar System, many satellites, and most moons move along elliptical orbits.

An ellipse can be very long and thin, or it can be quite round - almost like a circle. Scientists use a special term, "eccentricity", to describe how round or how "stretched out" an ellipse is. If the eccentricity of an ellipse is close to one (like 0.8 or 0.9), the ellipse is long and skinny. If the eccentricity is close to zero, the ellipse is more like a circle.

Earth moves around the Sun in an elliptical orbit. Earth's orbit is almost a perfect circle; its eccentricity is only 0.0167! Pluto has the least circular orbit of any of the planets in our Solar System. Pluto's orbit has an eccentricity of 0.2488.

The Sun isn't quite at the center of a planet's elliptical orbit. An ellipse has a point a little bit away from the center called the "focus". The Sun is at the focus of the ellipse. Because the Sun is at the focus, not the center, of the ellipse, the planet moves closer to and further away from the Sun every orbit. The close point in each orbit is called perihelion. The far away point is called aphelion.

[image: image7.png]eccentricity = 0.8




[image: image8.jpg]



· To be able to identify and explain the apparent motion of the Sun and planets on a star chart, and appreciate the most favourable points at which planets can be observed.
	· Students draw elliptical orbits with the aid of pins and string, and draw and label the Sun and important points in the orbit.

· Students draw the ecliptic and Zodiacal Band on a prepared star chart.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 GCSE Astronomy by Marshall, N (Mickledore Publishing). 

· For a planetary orbit simulator, see: www.gunn.co.nz/astrotour. 
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	Exploring the Solar System

How have space probes provided us with information about the planets etc?
	· To describe the main features of planets.
With the discovery during the latter half of the 20th century of more objects within the Solar System and large objects around other stars, disputes arose over what should constitute a planet. There was particular disagreement over whether an object should be considered a planet if it was part of a distinct population such as a belt, or if it was large enough to generate energy by the thermonuclear fusion of deuterium.

A growing number of astronomers argued for Pluto to be declassified as a planet, since many similar objects approaching its size had been found in the same region of the Solar System (the Kuiper belt) during the 1990s and early 2000s. Pluto was found to be just one small body in a population of thousands.

Some of them including Quaoar, Sedna, and Eris were heralded in the popular press as the tenth planet, failing however to receive widespread scientific recognition. The announcement of Eris in 2005, an object 27% more massive than Pluto, created the necessity and public desire for an official definition of a planet.

Acknowledging the problem, the IAU set about creating the definition of planet, and produced one in August 2006. The number of planets dropped to the eight significantly larger bodies that had cleared their orbit (Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune), and a new class of dwarf planets was created, initially containing three objects (Ceres, Pluto and Eris).

Extrasolar planet definition
In 2003, The International Astronomical Union (IAU) Working Group on Extrasolar Planets made a position statement on the definition of a planet that incorporated the following working definition, mostly focused upon the boundary between planets and brown dwarves:[2]

[image: image9.png]






Comparison of Eris, Pluto, Makemake, Haumea, Sedna, Orcus, 2007 OR10, Quaoar, and Earth (all to scale)

1. Objects with true masses below the limiting mass for thermonuclear fusion of deuterium (currently calculated to be 13 times the mass of Jupiter for objects with the same isotopic abundance as the Sun[41]) that orbit stars or stellar remnants are "planets" (no matter how they formed). The minimum mass and size required for an extrasolar object to be considered a planet should be the same as that used in the Solar System. 

2. Substellar objects with true masses above the limiting mass for thermonuclear fusion of deuterium are "brown dwarfs", no matter how they formed or where they are located. 

3. Free-floating objects in young star clusters with masses below the limiting mass for thermonuclear fusion of deuterium are not "planets", but are "sub-brown dwarfs" (or whatever name is most appropriate). 

· Planetary definition - A celestial body that is (a) in orbit around the Sun, (b) has sufficient mass for its self-gravity to overcome rigid body forces so that it assumes a hydrostatic equilibrium (nearly round) shape, and (c) has cleared the neighbourhood around its orbit.
· To appreciate the significance of Venus’ atmosphere with respect to extreme global warming on Earth.
Venus is classified as a terrestrial planet and it is sometimes called Earth's "sister planet" due to the similar size, gravity, and bulk composition. Venus is covered with an opaque layer of highly reflective clouds of sulfuric acid, preventing its surface from being seen from space in visible light. Venus has the densest atmosphere of all the terrestrial planets in our solar system, consisting mostly of carbon dioxide. Venus has no carbon cycle to lock carbon back into rocks and surface features, nor does it seem to have any organic life to absorb it in biomass. A younger Venus is believed to have possessed Earth-like oceans,[11] but these evaporated as the temperature rose. Venus's surface is a dusty dry desertscape with many slab-like rocks, periodically refreshed by volcanism. The water has most likely dissociated, and, because of the lack of a planetary magnetic field, the hydrogen has been swept into interplanetary space by the solar wind.[12] The atmospheric pressure at the planet's surface is 92 times that of the Earth.

The Venusian surface was a subject of speculation until some of its secrets were revealed by planetary science in the twentieth century. It was finally mapped in detail by Project Magellan in 1990–91. The ground shows evidence of extensive volcanism, and the sulfur in the atmosphere may indicate that there have been some recent eruptions.[13]

 HYPERLINK "http://en.wikipedia.org/wiki/Venus" \l "cite_note-13" [14] However, the absence of evidence of lava flow accompanying any of the visible caldera remains an enigma. The planet has few impact craters, demonstrating that the surface is relatively young, approximately 300–600 million years old.[15]

 HYPERLINK "http://en.wikipedia.org/wiki/Venus" \l "cite_note-Strom1994-15" [16] There is no evidence for plate tectonics, possibly because its crust is too strong to subduct without water to make it less viscous. Instead, Venus may lose its internal heat in periodic massive resurfacing events.[15]
· Consider the idea of runaway global warming here !!
· Describe the use of space probes to gain data on various members of the Solar System.
· Massive list at http://en.wikipedia.org/wiki/List_of_Solar_System_probes
· To appreciate some of the problems that would be encountered on manned space missions.
· See http://en.wikipedia.org/wiki/Space_craft
	· Students research how manned space missions have obtained information about the planets.

· Students construct a timeline showing the exploration of our Solar System.

· Students prepare and present a 
2 minute talk on some of the problems of the manned exploration of space.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 GCSE Astronomy by Marshall, N (Mickledore Publishing). 

· For posters, wallcharts, teaching notes and class activities on the exploration of the Solar System, see: www.so.stfc.ac.uk/publications.

· For further information about current space missions, see: www.esa.int. 

· For detailed information about the Solar System and individual planets, see: www.nineplanets.org.
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	Satellites and ring systems

Origin of moons

Planetary ring systems
23/11/10
	· To understand that some planets have satellite systems.
· http://en.wikipedia.org/wiki/Planet
· To contrast the likely origins of the major moons of Mars and Neptune
Natural satellite

From Wikipedia, the free encyclopedia

  (Redirected from Moons)
Jump to: navigation, search 







Two moons: Saturn's moon Dione occults Enceladus
"Moons" redirects here. For other uses, see Moons (disambiguation).

A natural satellite or moon is a celestial body that orbits a planet or smaller body, which is called its primary. The two terms are used synonymously for non-artificial satellites of planets, dwarf planets, and minor planets.

As of July 2009[update], 336 bodies are formally classified as moons. They include 168 orbiting six of the eight planets, 6 orbiting three of the five dwarf planets, 104 asteroid moons, and 58 satellites of Trans-Neptunian objects, some of which will likely turn out to be dwarf planets. Some 150 additional small bodies were observed within Saturn's ring system, but they were not tracked long enough to establish orbits. Planets around other stars are likely to have natural satellites as well, although none have been observed.







Nineteen moons are large enough to be round, and one, Titan, has a substantial atmosphere.

Of the inner planets, Mercury and Venus have no moons; Earth has one large moon, known as the Moon; and Mars has two tiny moons, Phobos and Deimos. The large gas giants have extensive systems of moons, including half a dozen comparable in size to Earth's moon: the four Galilean moons, Saturn's Titan, and Neptune's Triton. Saturn has an additional six mid-sized moons massive enough to have achieved hydrostatic equilibrium, and Uranus has five. It has been suggested that a few moons, notably Europa, one of Jupiter's Galilean moons, may harbour life, though there is currently no direct evidence to support this claim.

Among the dwarf planets, Ceres has no moons. Pluto has three known satellites, the relatively large Charon and the smaller Nix and Hydra. Haumea has two moons, and Eris has one. The Pluto-Charon system is unusual in that the center of mass lies in open space between the two, a characteristic of a double planet system.
	· Students research the discovery and nature of ring systems around Jupiter, Saturn, Uranus and Neptune.

· Students research the role of Shepherd Moons in the ring system of Saturn.
	· See Section 2: Planetary Systems of  Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 GCSE Astronomy by Marshall, N (Mickledore Publishing). 

· For further information about moons and ring systems, see: www.nineplanets.org. 

	10
	Comets

Structure and orbits of comets

The Kuiper Belt and Oort Cloud
	· To distinguish between the orbits of planets and those of comets.
· To describe the likely origins of 
short-period and long-period comets.

· To describe the structure of a typical comet (nucleus, coma and tail) and account for its tails.
A comet is an icy small Solar System body that, when close enough to the Sun, displays a visible coma (a thin, fuzzy, temporary atmosphere) and sometimes also a tail. These phenomena are both due to the effects of solar radiation and the solar wind upon the nucleus of the comet. Comet nuclei are themselves loose collections of ice, dust, and small rocky particles, ranging from a few hundred meters to tens of kilometers across. Comets have been observed since ancient times and have historically been considered bad omens.

Comets have a wide range of orbital periods, ranging from a few years to hundreds of thousands of years. Short-period comets originate in the Kuiper belt, or its associated scattered disc,[1] which lie beyond the orbit of Neptune. Longer-period comets are thought to originate in the Oort Cloud, a spherical cloud of icy bodies in the outer Solar System. Long-period comets plunge towards the Sun from the Oort Cloud because of gravitational perturbations caused by either the massive outer planets of the Solar System (Jupiter, Saturn, Uranus, and Neptune), or passing stars. Rare hyperbolic comets pass once through the inner Solar System before being thrown out into interstellar space along hyperbolic trajectories.

Comets are distinguished from asteroids by the presence of a coma or a tail. However, extinct comets that have passed close to the Sun many times have lost nearly all of their volatile ices and dust and may come to resemble small asteroids.[2] Asteroids are thought to have a different origin from comets, having formed inside the orbit of Jupiter rather than in the outer Solar System.[3]

 HYPERLINK "http://en.wikipedia.org/wiki/Comets" \l "cite_note-3" [4] The discovery of main-belt comets and active centaurs has blurred the distinction between asteroids and comets (see asteroid terminology).

As of May 2010[update] there are a reported 3,976 known comets[5] of which about 1,500 are Kreutz Sungrazers and about 484 are short-period.[6] This number is steadily increasing. However, this represents only a tiny fraction of the total potential comet population: the reservoir of comet-like bodies in the outer solar system may number one trillion.[7] The number visible to the naked eye averages roughly one per year, though many of these are faint and unspectacular.[8] Particularly bright or notable examples are called "Great Comets".
	· Students construct model comets from everyday household items.

· Students draw annotated diagrams of comets.

· Students draw diagrams to show the origin and orbits of short-period and long-period comets.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 GCSE Astronomy by Marshall, N (Mickledore Publishing). 

· For images and information about Comets, see: www.nmm.ac.uk/explore/astronomy-and-time/astronomy-facts/comets-meteors-asteroids.
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	Meteors

Meteoroids and meteorites

Micrometeorites
	· To distinguish between meteoroids and meteorites.
· A meteoroid is a sand- to boulder-sized particle of debris in the Solar System. The visible path of a meteoroid that enters Earth's (or another body's) atmosphere is called a meteor, or colloquially a shooting star or falling star. If a meteoroid reaches the ground and survives impact, then it is called a meteorite. Many meteors appearing seconds or minutes apart are called a meteor shower. The root word meteor comes from the Greek meteōros, meaning "high in the air".
· To understand that meteors (shooting stars), meteor showers and fireballs are visual effects and explain the mechanisms that cause these.
· A fireball is a brighter-than-usual meteor. The International Astronomical Union defines a fireball as "a meteor brighter than any of the planets" (magnitude -4 or greater).[7] The International Meteor Organization (an amateur organization that studies meteors) has a more rigid definition. It defines a fireball as a meteor that would have a magnitude of -3 or brighter if seen at zenith. This definition corrects for the greater distance between an observer and a meteor near the horizon. For example, a meteor of magnitude -1 at 5 degrees above the horizon would be classified as a fireball because if the observer had been directly below the meteor it would have appeared as magnitude -6.[8]
A meteor is the visible path of a meteoroid that has entered the Earth's atmosphere. Meteors typically occur in the mesosphere, and most range in altitude from 75 km to 100 km.[5] Millions of meteors occur in the Earth's atmosphere every day. Most meteoroids that cause meteors are about the size of a pebble. They become visible between about 40 and 75 miles (65 and 120 kilometers) above the Earth. They disintegrate at altitudes of 30 to 60 miles (50 to 95 kilometers). Meteors have roughly a fifty percent chance of a daylight (or near daylight) collision with the Earth as the Earth orbits in the direction of roughly west at noon.[clarification needed] Most meteors are, however, observed at night as low light conditions allow fainter meteors to be observed.

For bodies with a size scale larger than the atmospheric mean free path (10 cm to several metres)[clarification needed] the visibility is due to the atmospheric ram pressure (not friction) that heats the meteoroid so that it glows and creates a shining trail of gases and melted meteoroid particles. The gases include vaporized meteoroid material and atmospheric gases that heat up when the meteoroid passes through the atmosphere. Most meteors glow for about a second. A relatively small percentage of meteoroids hit the Earth's atmosphere and then pass out again: these are termed Earth-grazing fireballs (for example The Great Daylight 1972 Fireball).
· To relate meteor showers to comets and explain why meteors appear to diverge from a radiant point.
The radiant point
Because meteor shower particles are all traveling in parallel paths, and at the same velocity, they will all appear to an observer below to radiate away from a single point in the sky. This radiant point is caused by the effect of perspective, similar to railroad tracks converging at a single vanishing point on the horizon when viewed from the middle of the tracks. Meteor showers are almost always named after the constellation from which the meteors appear to originate. This "fixed point" slowly moves across the sky during the night due to the Earth turning on its axis, the same reason the stars appear to slowly march across the sky. The radiant also moves slightly from night to night against the background stars (radiant drift) due to the Earth moving in its orbit around the sun. See "IMO" Meteor Shower Calendar 2007 (International Meteor Organization) for maps of drifting "fixed points."

Meteor showers are named after the nearest bright star with a Greek or Roman letter assigned that is close to the radiant position at the peak of the shower, whereby the declension of the Latin possessive form is replaced by "id" or "ids". Hence, meteors radiating from near the star delta Aquarii (declension "-i") are called delta Aquariids. The International Astronomical Union's Task Group on Meteor Shower Nomenclature and the IAU's Meteor Data Center keep track of meteor shower nomenclature and which showers are established.

The origin of meteoroid streams


   A                       

 B




A Comet Encke's meteoroid trail is the diagonal red glow




B Meteoroid trail between fragments of Comet 73P
A meteor shower is the result of an interaction between a planet, such as Earth, and streams of debris from a comet.

Comets can produce debris by water vapor drag, as demonstrated by Fred Whipple in 1951 [2] , and by breakup. Whipple envisioned comets as "dirty snowballs," made up of rock embedded in ice, orbiting the Sun. The "ice" may be water, methane, ammonia, or other volatiles, alone or in combination. The "rock" may vary in size from that of a dust mote to that of a small boulder. Dust mote sized solids are orders of magnitude more common than those the size of sand grains, which, in turn, are similarly more common than those the size of pebbles, and so on. When the ice warms and sublimates, the vapor can drag along dust, sand, and pebbles. Each time a comet swings by the Sun in its orbit, some of its ice vaporizes and a certain amount of meteoroids will be shed. The meteoroids spread out along the entire orbit of the comet to form a meteoroid stream, also known as a "dust trail" (as opposed to a comet's "dust tail" caused by the very small particles that are quickly blown away by solar radiation pressure).
	· Students observe and draw samples of the different types of meteorites.

· Students obtain images of meteors and fireballs.

· Students plot the paths of meteors in a given shower on a prepared grid, and deduce the co-ordinates of the radiant.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Chapter 2 of Mickledore Publishing’s GCSE Astronomy textbook provides useful information.

· For information on meteorites and micrometeorites, see: www.nhm.ac.uk 

· For images and further information about meteors, see: www.nmm.ac.uk/explore/
astronomy-and-time/astronomy-facts/
comets-meteors-asteroids.

· Meteorites and moon rocks can be loaned free of charge from the Science and Technology Facilities Council at: www.so.stfc.ac.uk/publications. 
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	Collision course!

Potentially Hazardous Objects (PHOs) and their threats to Earth
	· To describe the orbits and nature of PHOs.

· To appreciate the need to monitor how PHOs move.

· To appreciate the potential consequences to life on Earth of a collision between a large PHO and our planet.

· To describe some of the evidence of past collisions within our Solar System.
A potentially hazardous object (PHO) is an asteroid (PHA) or comet (PHC) with an orbit such that it has the potential to make close approaches to the Earth and a size large enough to cause significant regional damage in the event of impact.

An object is considered a PHO[1] if its minimum orbit intersection distance (MOID) with respect to Earth is less than 0.05 astronomical units (AU) and its diameter is at least 150 m (nearly 500 ft). This is big enough to cause unprecedented regional devastation in the case of a land impact, or a major tsunami in the case of an ocean impact. Such impact events occur on average once per 10,000 years or less.

The diameter of most asteroids is not known with any accuracy. For this reason NASA and JPL use the more practical measure of absolute magnitude. Any asteroid with an absolute magnitude of 22.0 or brighter is assumed to be of the required size, although only a coarse estimation of size can be found from the object's magnitude because an assumption must be made for its albedo which is also not usually known for certain. The NASA near-Earth object program uses an assumed albedo of 0.13 for this purpose.[2]
Near the start of October 2008, NASA had listed 982 PHAs and 65 PHCs.[3] The total Solar System inventory continues to grow, as of Oct 2010, 1,151 PHA are known.[2] Searches for yet-undiscovered PHOs are ongoing, with the most prolific the year prior to June 2005 being the LINEAR and Catalina surveys. Once found, each PHO is studied by various means, including optical, infrared and radar observations, to further determine its characteristics, such as size, composition, rotation state, and to more accurately determine its orbit. Both professional and amateur astronomers participate in such monitoring.

During an asteroid's close approaches to planets or moons it will be subject to gravitational perturbation, modifying its orbit, and potentially changing a previously non-threatening asteroid into a PHA or vice versa. This is a reflection of the dynamic character of the Solar System.

Impact crater

Jump to: navigation, search 







The prominent impact crater Tycho on the Moon.

Manicouagan crater

From Wikipedia, the free encyclopedia

Jump to: navigation, search 
Manicouagan crater




The crater in winter, photographed by Space Shuttle mission STS-9 in 1983 (north is to the lower right).

Impact crater/structure

Confidence

confirmed[1]
Diameter

100 kilometres (62 mi)

Age
214 ± 1 million years old (Triassic Period)

Exposed

Yes

Drilled

Yes

Location

Location

Manicouagan Regional County Municipality, Côte-Nord, Quebec
Coordinates
[image: image22.png]


51°23′N 68°42′W﻿ / ﻿51.383°N 68.7°W﻿ / 51.383; -68.7Coordinates: [image: image23.png]


51°23′N 68°42′W﻿ / ﻿51.383°N 68.7°W﻿ / 51.383; -68.7
Country

Canada
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Manicouagan crater

Location of the Manicouagan crater in Quebec

Topo map
Canada NTS 22N

Access

Quebec Route 389
The Manicouagan Crater is one of the oldest known impact craters and is located in Manicouagan Regional County Municipality in the Côte-Nord region of Québec, Canada,[1] about 300 km (190 mi) north of the city of Baie-Comeau. It is thought to have been caused by the impact of a 5 km (3 mi) diameter asteroid about 215.5 million years ago (Triassic Period).[2] It was once thought to be associated with the end-Carnian extinction event, but the Carnian-Norian boundary is now known to be much older, around 228 million years ago. [3]
The crater is a multiple-ring structure about 100 km (60 mi), with its 70 km (40 mi) diameter inner ring its most prominent feature; it contains a 70 km (40 mi) diameter annular lake, the Manicouagan Reservoir, surrounding an inner island plateau, René-Levasseur Island. It is the earth's fifth largest confirmed impact crater.[4]
Hypothetical multiple impact event
It has been suggested that the Manicouagan crater may have been part of a hypothetical multiple impact event which also formed the Rochechouart crater in France, Saint Martin crater in Manitoba, Obolon' crater in Ukraine, and Red Wing crater in North Dakota. Geophysicist David Rowley of the University of Chicago, working with John Spray of the University of New Brunswick and Simon Kelley of the Open University, discovered that the five craters formed a chain, indicating the breakup and subsequent impact of an asteroid or comet[5], similar to the well observed string of impacts of Comet Shoemaker-Levy 9 on Jupiter in 1994.

Kelley had developed a technique to precisely date impact craters, using laser argon-argon dating of the glass formed by the impacts, and cited stratigraphic evidence to support an older age of 215 ± 25 Myr (Late Triassic). He and Kelley sought Rowley's help to determine how the craters were aligned when the impacts occurred, since—due to plate tectonics—the locations have moved large distances in the intervening 214 million years. Three of the craters—Rochechouart, Manicouagan and Saint Martin—formed a 5,000 km (3,100 mi) chain at latitude 22.8° N, while Obolon' and Red Wing lay on identical declination paths with Rochechouart and Saint Martin respectively. All of the craters had previously been known and studied, but their paleoalignment had never before been demonstrated. Rowley has said that the chance that these craters could be aligned like this due to chance are nearly zero.[6]
In the broadest sense, the term impact crater can be applied to any depression, natural or manmade, resulting from the high velocity impact of a projectile with a larger body. In most common usage, the term is used for the approximately circular depression in the surface of a planet, moon or other solid body in the Solar System, formed by the hypervelocity impact of a smaller body with the surface. In contrast to volcanic craters, which result from explosion or internal collapse,[1] impact craters typically have raised rims and floors that are lower in elevation than the surrounding terrain.[2] Impact craters range from small, simple, bowl-shaped depressions to large, complex, multi-ringed impact basins. Meteor Crater is perhaps the best-known example of a small impact crater on the Earth.

Impact craters are the dominant landforms on many solid Solar System objects including the Moon, Mercury, Callisto, Ganymede and most small moons and asteroids. On other planets and moons that experience more-active surface geological processes, such as Earth, Venus, Mars, Europa, Io and Titan, visible impact craters are less common because they become eroded, buried or transformed by tectonics over time. Where such processes have destroyed most of the original crater topography, the terms impact structure or astrobleme are more commonly used. In early literature, before the significance of impact cratering was widely recognised, the terms cryptoexplosion or cryptovolcanic structure were often used to describe what are now recognised as impact-related features on Earth.[3]
In the early Solar System, rates of impact cratering were much higher than today. The large multi-ringed impact basins, with diameters of hundreds of kilometers or more, retained for example on Mercury and the Moon, record a period of intense early bombardment in the inner Solar System that ended about 3.8 billion years ago. Since that time, the rate of crater production on Earth has been considerably lower, but it is appreciable nonetheless; Earth experiences from one to three impacts large enough to produce a 20 km diameter crater about once every million years on average.[4]

 HYPERLINK "http://en.wikipedia.org/wiki/Impact_craters" \l "cite_note-4" [5] This indicates that there should be far more relatively young craters on the planet than have been discovered so far.

Although the Earth’s active surface processes quickly destroy the impact record, about 170 terrestrial impact craters have been identified.[6] These range in diameter from a few tens of meters up to about 300 km, and they range in age from recent times (e.g. the Sikhote-Alin craters in Russia whose creation were witnessed in 1947) to more than two billion years, though most are less than 500 million years old because geological processes tend to obliterate older craters. They are also selectively found in the stable interior regions of continents.[7] Few undersea craters have been discovered because of the difficulty of surveying the sea floor, the rapid rate of change of the ocean bottom, and the subduction of the ocean floor into the Earth's interior by processes of plate tectonics.

Impact craters are not to be confused with other landforms that in some cases appear similar, including calderas and ring dikes.
	· Students research evidence for large collisions in the Solar System’s history.

· Students use computer software to investigate the relation between the consequences of a collision and the size and nature of the impactor.

· Students research the Torino Scale of impacts.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For information and free worksheets on the threat posed by PHOs (including an impact simulator!), see: http://down2earth.eu
· For information on the Spaceguard Centre, see: www.spaceguarduk.com/centre. 
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	Controlled assessment

Preparatory work and purpose of task 1
	· To have a clear understanding of the nature of the observations that pupils plan to make.
	· Students select their first (of two) tasks from the Observation task list supplied by Edexcel.

· Students plan an appropriate series of observations for their chosen task.
	· For advice to students and teachers on the Controlled Assessment see the Edexcel ‘At a Glance Teacher’s Guide’ and the ‘Controlled Assessment Overview’ at: www.edexcel.com. 

· For useful information of how to access and use the National Schools Observatory, and the Faulkes and Bradford Robotic Telescopes, see: www.schoolsobservatory.org.uk and www.faulkes-telescope.com and www.telescope.org. 

· For up-to-date weather forecasts, see: www.metoffice.gov.uk. 

· To assist in planning what astronomical objects to observe, see: www.stellarium.org and www.heavens-above.com. 
· To obtain information on the current and future phase of the Moon, see: www.astronomyknowhow.com/moon-phase.htm.
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	Controlled assessment

Methods of carrying out observations for task 1
	· To decide on and prepare the methods of carrying out the observations under a high level of control.
	· Students continue to plan their observing programme and include observing sites, times and equipment needed. 
	· For advice to students and teachers on the Controlled Assessment see the Edexcel ‘At a Glance Teacher’s Guide’ and the ‘Controlled Assessment Overview’ at: www.edexcel.com.

· For useful information of how to access and use the National Schools Observatory, and the Faulkes and Bradford robotic telescopes, see: www.schoolsobservatory.org.uk and www.faulkes-telescope.com and www.telescope.org.

· For up-to-date weather forecasts, see: www.metoffice.gov.uk. 

· To assist in planning what astronomical objects to observe, see: www.stellarium.org and www.heavens-above.com. 
· To obtain information on the current and future phase of the Moon, see: www.astronomyknowhow.com/moon-phase.htm.
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	Consolidation and test: Peer, self or formal assessment of topics covered so far in the course.
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	Planet Earth

The Earth from space

Size and shape of the Earth

The Earth’s rotation
	· Describe the features of Earth that distinguish it from the other planets in the Solar System.
· Temperature, 3 phases of water, breathable atmosphere, plate tectonics
· To know the size and shape of the Earth and understand how the Earth’s size was calculated by Eratosthenes. 

· Circumference 40,000km, oblate spheroid.

Eratosthenes' measurement of the earth's circumference






Measurements taken at Alexandria (A) and Syene (S)

Eratosthenes calculated the circumference of the earth without leaving Egypt. Eratosthenes knew that on the summer solstice at local noon in the Ancient Egyptian city of Swenet (known in Greek as Syene, and in the modern day as Aswan) on the Tropic of Cancer, the sun would appear at the zenith, directly overhead. He also knew, from measurement, that in his hometown of Alexandria, the angle of elevation of the sun would be 1/50 of a full circle (7°12') south of the zenith at the same time. Assuming that Alexandria was due north of Syene he concluded that the meridian arc distance from Alexandria to Syene must be 1/50 of the total circumference of the earth. His estimated distance between the cities was 5000 stadia (about 500 geographical miles or 800 km) by estimating the time that he had taken to travel from Syene to Alexandria by camel. He rounded the result to a final value of 700 stadia per degree, which implies a circumference of 252,000 stadia. The exact size of the stadion he used is frequently argued. The common Attic stadion was about 185 m,[9] which would imply a circumference of 46,620 km, i.e. 16.3% too large. However, if we assume that Eratosthenes used the "Egyptian stadion"[10] of about 157.5 m, his measurement turns out to be 39,690 km, an error of less than 1%.[11]
Although Eratosthenes' method was well founded, the accuracy of his calculation was limited.[citation needed] The accuracy of Eratosthenes' measurement would have been reduced by the fact that Syene is slightly north of the Tropic of Cancer, is not directly south of Alexandria, and the sun appears as a disk located at a finite distance from the earth instead of as a point source of light at an infinite distance.[citation needed] There are other sources of experimental error: the greatest limitation to Eratosthenes' method was that, in antiquity, overland distance measurements were not reliable, especially for travel along the non-linear Nile which was traveled primarily by boat. Given the margin of error for each of these aspects of his calculation, the accuracy of Eratosthenes' size of the earth is surprising.[citation needed]
Eratosthenes' experiment was highly regarded at the time, and his estimate of the earth’s size was accepted for hundreds of years afterwards. His method was used by Posidonius about 150 years later.
· To understand the relevant terminology used to describe locations on the Earth.
Geographic latitude and longitude
Main articles: Latitude and Longitude






Latitude phi (φ) and Longitude lambda (λ)

The geographic latitude (abbreviation: Lat., φ, or phi) of a point on the Earth's surface is the angle between the equatorial plane and a line that passes through that point and is normal to the surface of a reference ellipsoid which approximates the shape of the Earth.[n 1] This line passes a few kilometers away from the center of the Earth except at the poles and the equator where it passes through Earth's center.[n 2] Lines joining points of the same latitude trace circles on the surface of the Earth called parallels, as they are parallel to the equator and to each other. The north pole is 90° N; the south pole is 90° S. The 0° parallel of latitude is designated the equator, the fundamental plane of all geographic coordinate systems. The equator divides the globe into Northern and Southern Hemispheres.

The Longitude (abbreviation: Long., λ, or lambda) of a point on the Earth's surface is the angle east or west from a reference meridian to another meridian that passes through that point. All meridians are halves of great ellipses (often improperly called great circles), which converge at the north and south poles.

A line passing near the Royal Observatory, Greenwich (near London in the UK) has been chosen as the international zero-longitude reference line, the Prime Meridian. Places to the east are in the eastern hemisphere, and places to the west are in the western hemisphere. The antipodal meridian of Greenwich is both 180°W and 180°E.

In 1884, the United States hosted the International Meridian Conference and twenty-five nations attended. Twenty-two of them agreed to adopt the location of Greenwich as the zero-reference line. San Domingo voted against the adoption of that motion, while France and Brazil abstained.[2] To date, there exist organizations around the world which continue to use historical prime meridians which existed before the acceptance of Greenwich became common-place.[n 3]
The combination of these two components specifies the position of any location on the planet, but does not consider altitude nor depth.

This latitude/longitude "webbing" is known as the conjugate graticule.

In defining an ellipse, the short (vertical) diameter is known as the conjugate diameter, and the long (horizontal) diameter—perpendicular, or "transverse", to the conjugate—is the transverse diameter.[3] With a sphere or ellipsoid, the conjugate diameter is known as the polar axis and the transverse as the equatorial axis. The graticule perspective is based on this designation: As the longitudinal rings — geographically defined, all great circles — converge at the poles, it is the poles that the conjugate graticule is defined. If the polar vertex is "pulled down" 90°, so that the vertex is on the equator, or transverse diameter, then it becomes the transverse graticule, upon which all spherical trigonometry is ultimately based (if the longitudinal vertex is between the poles and equator, then it is considered an oblique graticule).
· To recall the times taken for the Earth to rotate through given angles.
· 24 hrs for 360 degrees. 60 seconds in a minute and 60 minutes in a degree. Take it from there.
	· Students obtain images of the Earth from space and annotate these with its distinguishing features.

· Students use computer software to demonstrate that the apparent motion of the stars is due to the rotation of the Earth.

· Students perform calculations on the time takes for the Earth to rotate through one degree and 360 degrees.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For a detailed lesson plan covering Eratosthenes’ calculation of the Earth’s circumference see the Edexcel ‘At a Glance Teacher’s Guide’ at: www.edexcel.com.

· An extract from Cosmos: A Personal Voyage by Carl Sagan (a TV series) covering Eratosthenes’ calculation of the Earth’s circumference can be viewed on You Tube at: www.youtube.com (search keyword: Eratosthenes).

· For further information on latitude, longitude and other terminology, see: www.nmm.ac.uk/explore/astronomy-
and-time/moon.

· For tutorials, worked examples and calculations to practise on latitude, longitude and the Earth’s rotation see Practice Calculations CD ROM (Mickledore Publishing).
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	The Earth as an observatory

Earth’s atmosphere

Electromagnetic radiation from space

Telescopes and observatories

Van Allen Belts
	· To understand that the Earth’s atmosphere is transparent to some electromagnetic radiation and opaque to others.
Absorption
Main article: Absorption (electromagnetic radiation)
Different molecules absorb different wavelengths of radiation. For example, O2 and O3 absorb almost all wavelengths shorter than 300 nanometers. Water (H2O) absorbs many wavelengths above 700 nm. When a molecule absorbs a photon, it increases the energy of the molecule. We can think of this as heating the atmosphere, but the atmosphere also cools by emitting radiation, as discussed below.




The combined absorption spectra of the gases in the atmosphere leave "windows" of low opacity, allowing the transmission of only certain bands of light. The optical window runs from around 300 nm (ultraviolet-C) up into the range humans can see, the visible spectrum (commonly called light), at roughly 400–700 nm and continues to the infrared to around 1100 nm. There are also infrared and radio windows that transmit some infrared and radio waves at longer wavelengths. For example, the radio window runs from about one centimeter to about eleven-meter waves.
· To distinguish between refracting and reflecting telescopes.
· A refracting or refractor telescope is a type of optical telescope that uses a lens as its objective to form an image (also referred to a dioptric telescope). The refracting telescope design was originally used in spy glasses and astronomical telescopes but is also used for long focus camera lenses.
· A reflecting telescope (also called a reflector) is an optical telescope which uses a single or combination of curved mirrors that reflect light and form an image. The reflecting telescope was invented in the 17th century as an alternative to the refracting telescope which, at that time, was a design that suffered from severe chromatic aberration. Although reflecting telescopes produce other types of optical aberrations, it is a design that allows for very large diameter objectives. Almost all of the major telescopes used in astronomy research are reflectors. Reflecting telescopes come in many design variations and may employ extra optical elements to improve image quality or place the image in a mechanically advantageous position. Since reflecting telescopes use mirrors, the design is sometimes referred to as a "catoptric" telescope.
· To appreciate that most optical and infra-red observatories are located on high mountains or in space. So they are above most of the atmosphere.
· To describe the nature of the Van Allen Belts and relate their discovery to early space missions. 






Van Allen radiation belts

The Van Allen radiation belt is a torus of energetic charged particles (plasma) around Earth, which is held in place by Earth's magnetic field. These high-energy charged particles result from cosmic rays. The Earth's magnetic field is not uniformly distributed around the Earth. On the sunward side, it is compressed because of the solar wind, while on the other side it is elongated to around three earth radii.

These processes create a cavity called the Chapman-Ferraro Cavity, in which the Van Allen radiation belt resides. It is split into two distinct belts, with energetic electrons forming the outer belt and a combination of protons and electrons creating the inner belt. In addition, the belts contain lesser amounts of other nuclei, such as alpha particles. The Van Allen belts are closely related to the polar aurora where particles strike the upper atmosphere and fluoresce.
	· Students research how the Earth’s atmosphere affects different wavelengths of incident electromagnetic radiation.

· Students produce a wallchart showing the location of the world’s major optical and infra-red observatories.

· Students research how the Van Allen Belts were discovered.

· Students tabulate the relative merits of observatories on Earth and those in space.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For the complete history of ground-based and space telescopes, see the interactive website at: www.amazing-space.stsci.edu. 

· For information on the Hubble and James Webb space telescopes, see: www.hubblesite.org and www.jwst.nasa.gov. 
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	Controlled assessment

Analysis of observations and evaluation of task 1
	· To write an analysis and evaluation of task 1 of the Controlled Assessment under a high level of control.
	· Students make conclusions based on their observations.

· Students evaluate their observational data and suggest improvements or extensions to their task.
	· For advice to students and teachers on the Controlled Assessment see the Edexcel ‘At a Glance Teacher’s Guide’ and the ‘Controlled Assessment Overview’ at: www.edexcel.com. 
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	Observing the Moon

The Moon’s surface features

The Moon’s rotation
	· To identify the Moon’s principal features.


Moon  


Orbital characteristics
Perigee
363,104 km (0.0024 AU)

Apogee
405,696 km (0.0027 AU)

Semi-major axis
384,399 km (0.00257 AU)[1]
Eccentricity
0.0549[1]
Orbital period
27.321582 d (27 d 7 h 43.1 min[1])

Synodic period
29.530589 d (29 d 12 h 44 min 2.9 s)

Average orbital speed
1.022 km/s
Inclination
5.145° to the ecliptic[1]
(between 18.29° and 28.58° to Earth's equator)

Longitude of ascending node
regressing by one revolution in 18.6 years

Argument of perigee
progressing by one revolution in 8.85 years

Physical characteristics

Mean radius

1,737.10 km  (0.273 Earths)[1]

 HYPERLINK "http://en.wikipedia.org/wiki/Moon" \l "cite_note-NSSDC-1" [2]
Equatorial radius

1,738.14 km (0.273 Earths)[2]
Polar radius

1,735.97 km  (0.273 Earths)[2]
Flattening
0.00125

Circumference

10,921 km (equatorial)

Surface area
3.793 × 107 km2  (0.074 Earths)

Mass
7.3477 × 1022 kg  (0.0123 Earths[1])

Mean density
3.3464 g/cm3[1]
Equatorial surface gravity
1.622 m/s2 (0.165 4 g)

Escape velocity
2.38 km/s
Sidereal rotation
period
27.321582 d (synchronous)

Equatorial rotation velocity

4.627 m/s

Axial tilt
1.5424° (to ecliptic)
6.687° (to orbit plane)

Albedo
0.136[3]
Surface temp.
   equator
   85°N[4]
min
mean
max
100 K
220 K
390 K
70 K
130 K
230 K
Apparent magnitude
−2.5 to −12.9[nb 1]
−12.74 (mean full Moon)[2]
Angular diameter
29.3 to 34.1 arcminutes[2]

 HYPERLINK "http://en.wikipedia.org/wiki/Moon" \l "cite_note-angular_size-4" [nb 2]
Atmosphere

Surface pressure
10−7 Pa (day)
10−10 Pa (night)

Composition

Ar, He, Na, K, H, Rn
A moon just past full as seen from Earth's northern hemisphere
The Moon is Earth's only natural satellite[nb 4]

 HYPERLINK "http://en.wikipedia.org/wiki/Moon" \l "cite_note-Morais2002-9" [6] and the fifth largest satellite in the Solar System. It is the largest natural satellite in the Solar System relative to the size of its planet, a quarter the diameter of Earth and 1/81 its mass. The Moon is the second densest satellite after Io. It is in synchronous rotation with Earth, always showing the same face; the near side is marked with dark volcanic maria among the bright ancient crustal highlands and prominent impact craters. It is the brightest object in the sky after the Sun, although its surface is actually very dark, with a similar reflectance to coal. Its prominence in the sky and its regular cycle of phases have since ancient times made the Moon an important cultural influence on language, the calendar, art and mythology. The Moon's gravitational influence produces the ocean tides and the minute lengthening of the day. The Moon's current orbital distance, about thirty times the diameter of the Earth, causes it to appear almost the same size in the sky as the Sun, allowing it to cover the Sun nearly precisely in total solar eclipses.
· To know the size of, and distance to, the Moon.

· To know the values of the Moon’s orbital and rotation periods, and explain why these prevent us from seeing the Moon’s ‘far side’.
· Rotates and also orbits once in 27.321582 d and so is Synchronous.
	· Students annotate images of the Moon to show major features, including Sea of Tranquility, Ocean of Storms, Sea of Crises, craters Tycho, Copernicus and Kepler, and the Apennine mountains.

· Students devise and present demonstrations of the Moon’s rotation during its Earth-orbit.
	· See Sections 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· To obtain information on the current and future phase of the Moon, see: www.astronomyknowhow.com/moon-phase.htm.

· For further information on lunar features, see: www.nmm.ac.uk/explore/astronomy-and-time/moon. 
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	Exploring the Moon

Seas and craters

The Apollo project


	· To understand the likely origin of lunar seas and craters.
Volcanic features
The dark and relatively featureless lunar plains which can clearly be seen with the naked eye are called maria (Latin for "seas"; singular mare), since they were believed by ancient astronomers to be filled with water.[36] They are now known to be vast solidified pools of ancient basaltic lava. While similar to terrestrial basalts, the mare basalts have much higher abundances of iron and are completely lacking in minerals altered by water.[37]

 HYPERLINK "http://en.wikipedia.org/wiki/Moon" \l "cite_note-42" [38] The majority of these lavas erupted or flowed into the depressions associated with impact basins. Several geologic provinces containing shield volcanoes and volcanic domes are found within the near side maria.[39]
· To interpret evidence for lunar seas being relatively young features. See above
· To describe the nature and purposes of the Apollo project and its experimental packages.
The Apollo program was the United States spaceflight effort which landed the first humans on Earth's Moon. Conceived during the Eisenhower administration and conducted by the National Aeronautics and Space Administration (NASA), Apollo began in earnest after President John F. Kennedy's 1961 address to Congress declaring a national goal of "landing a man on the Moon" by the end of the decade[1]

 HYPERLINK "http://en.wikipedia.org/wiki/Apollo_program" \l "cite_note-Cox.2C_pp._16-17-1" [2] in a competition with the Soviet Union for supremacy in space.







Buzz Aldrin during Apollo 11's first moon landing mission in 1969

This goal was first accomplished during the Apollo 11 mission on July 20, 1969 when astronauts Neil Armstrong and Buzz Aldrin landed, while Michael Collins remained in lunar orbit. Five subsequent Apollo missions also landed astronauts on the Moon, the last in December 1972. In these six Apollo spaceflights, 12 men walked on the Moon. These are the only times humans have landed on another celestial body.[3]
The Apollo program ran from 1961 until 1975, and was America's third human spaceflight program (following Mercury and Gemini). It used Apollo spacecraft and Saturn launch vehicles, which were also used for the Skylab program in 1973–74, and a joint U.S.–Soviet mission in 1975. These subsequent programs are thus often considered part of the Apollo program.

The program was successfully carried out despite two major setbacks: the 1967 Apollo 1 launch pad fire that killed three astronauts; and an oxygen tank rupture during the 1970 Apollo 13 flight which disabled the Command Module. Using the Lunar Excursion Module as a "lifeboat", the three crewmen narrowly escaped with their lives, thanks to their skills and the efforts of flight controllers, project engineers, and backup crew members.

Apollo set major milestones in human spaceflight. It stands alone in sending manned missions beyond low Earth orbit; Apollo 8 was the first manned spacecraft to orbit another celestial body, while Apollo 17 marked the last moonwalk and the last manned mission beyond low Earth orbit. The program spurred advances in many areas of technology incidental to rocketry and manned spaceflight, including avionics, telecommunications, and computers. Apollo also sparked interest in many fields of engineering and left many physical facilities and machines developed for the program as landmarks. Its command modules and other objects and artifacts are displayed throughout the world, notably in the Smithsonian's Air and Space Museums in Washington, DC and at NASA's centers in Florida, Texas and Alabama.



	· Students investigate the Apollo Moon landings and the data returned by the lunar experimental packages.

· Students prepare a timeline showing the successes and setbacks of the Apollo project.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· Moon rocks and meteorites can be loaned free of charge from the Science and Technology Facilities Council: www.so.stfc.ac.uk/publications. 

· For archive material about the Apollo Moon landings, see: www.nasa.gov. 

· Sky at Night magazine (July 2009 edition) features future prospects for lunar exploration; its interactive cover disc contains a special feature on Apollo 11.
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	Origin of the Moon

Giant Impact Hypothesis
	· To explain why the Giant Impact Hypothesis is the most likely theory of the origin of the Moon.
The giant impact hypothesis proposes that the Moon was created out of the debris left over from a collision between the young Earth and a Mars-sized body. This is the favored[1] scientific hypothesis for the formation of the Moon. Evidence for this hypothesis includes Moon samples which indicate the surface of the Moon was once molten, the Moon's apparently relatively small iron core and a lower density than the Earth, and evidence of similar collisions in other star systems (which result in debris disks). The colliding body is sometimes called Theia (or Euryphaessa) for the mythical Greek Titan who was the mother of Selene, the goddess of the moon.[2]

 HYPERLINK "http://en.wikipedia.org/wiki/Giant_impact_hypothesis" \l "cite_note-wiechert-2" [3]
There remain several unanswered issues surrounding this hypothesis. Lunar oxygen isotopic ratios are essentially identical to Earth's, with no evidence of a contribution from another solar body.[4] Also, lunar samples do not have expected ratios of volatile elements, iron oxide, or siderophilic elements, and there is no evidence to suggest that the Earth ever had the magma ocean implied by this hypothesis.
· To describe some of the scientific evidence for the likely origin of the Moon.
Lunar origins hypotheses



George Darwin

Over the centuries, many scientific hypotheses have been advanced concerning the origin of Earth's Moon. 

binary accretion model, which concluded that the Moon accreted from material in orbit around the Earth left over from its formation. 

fission model, was developed by George Darwin, (son of Charles Darwin) who noted that, as the Moon is gradually receding from the Earth at a rate of about 4 cm per year, so at one point in the distant past it must have been part of the Earth, but was flung outward by the momentum of Earth's then–much faster rotation. This hypothesis is also supported by the fact that the Moon's density, while less than Earth's, is about equal to that of Earth's rocky mantle, suggesting that, unlike the Earth, it lacks a dense iron core. 

capture model, suggested that the Moon was an independently orbiting body that had been snared into orbit by Earth's gravity.

giant impact hypothesis see above
	· Students research theories about the Moon’s origin and investigate their relative merits.

· Students research the evidence that supports the Giant Impact Hypothesis.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For further information on the Giant Impact Hypothesis and other theories on the origin of the Moon, see: www.psi.edu/projects/moon/moon.html.
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	The Sun

Photosphere, chromosphere and corona
	· To know the size of, and distance to, the Sun.
Mean distance
from Earth
1.496×108 km
8 min 19 s at light speed
Mean diameter
1.392×106km
109 × Earth
Mass
1.9891×1030 kg
333,000 × Earth
· To know the temperature and describe the nature of the Sun’s visible surface.
Temperature
Center (modeled): ~1.57×107 K
Photosphere (effective): 5,778 K
Corona: ~5×106K


  

An illustration of the structure of the Sun:
1. Core
2. Radiative zone
3. Convective zone
4. Photosphere
5. Chromosphere
6. Corona
7. Sunspot
8. Granules
9. Prominence
· To know the temperature and describe the nature of the Sun’s atmosphere.

· To appreciate the dangers of observing the Sun and explain how the Sun can be observed safely. Sunlight is very bright, and looking directly at the Sun with the naked eye for brief periods can be painful, but is not particularly hazardous for normal, non-dilated eyes. Viewing the Sun through light-concentrating optics such as binoculars is very hazardous without an appropriate filter that blocks UV and substantially dims the sunlight. An attenuating (ND) filter might not filter UV and so is still dangerous. Attenuating filters to view the Sun should be specifically designed for that use: some improvised filters pass UV or IR rays that can harm the eye at high brightness levels.  Unfiltered binoculars can deliver over 500 times as much energy to the retina as using the naked eye, killing retinal cells almost instantly (even though the power per unit area of image on the retina is the same, the heat cannot dissipate fast enough because the image is larger). Even brief glances at the midday Sun through unfiltered binoculars can cause permanent blindness.
	· Students annotate images of the Sun to show the photosphere, chromosphere and corona.

· Students obtain images of the Sun from Earth-based and space telescopes.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· A wallchart that describes the Sun, its influences on Earth and present and past space missions to study the Sun can be downloaded from: www.so.stfc.ac.uk. 

· To find out more about solar observatories, see: http://sci.esa.int/science-e/www/
area/index.cfm?fareaid=14. 
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	Sunspots

Nature and appearance

How can we calculate the Sun’s rotation period?
	· To demonstrate an understanding of the nature and cause of sunspots.

· To understand how observations of sunspots allow astronomers to study the Sun’s rotation. As sun rotates so do the spots.....



  A      

  B

A  Sunspots imaged on 22 June 2004.

B  A view of the coronal structure above a different sunspot seen in October, 2010.

Sunspots are temporary phenomena on the photosphere of the Sun that appear visibly as dark spots compared to surrounding regions. They are caused by intense magnetic activity, which inhibits convection by an effect comparable to the eddy current brake, forming areas of reduced surface temperature. Although they are at temperatures of roughly 3,000–4,500 K (2,727–4,227 °C), the contrast with the surrounding material at about 5,780 K leaves them clearly visible as dark spots, as the intensity of a heated black body (closely approximated by the photosphere) is a function of temperature to the fourth power. If the sunspot were isolated from the surrounding photosphere it would be brighter than an electric arc. Sunspots expand and contract as they move across the surface of the Sun and can be as large as 80,000 kilometers (49,710 mi) in diameter, making the larger ones visible from Earth without the aid of a telescope.[1] They may also travel at relative speeds ("proper motions") of a few hundred m/s when they first emerge onto the solar photosphere.

Manifesting intense magnetic activity, sunspots host secondary phenomena such as coronal loops and reconnection events. Most solar flares and coronal mass ejections originate in magnetically active regions around visible sunspot groupings. Similar phenomena indirectly observed on stars are commonly called starspots and both light and dark spots have been measured.

	· Students annotate images of sunspots and sunspot groups.

· Students use images of sunspots on the solar disc to deduce the rotation period of the Sun.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For image/movie galleries and information about solar activity, see: www.suntrek.org.uk and www.spaceweather.com.

· To find out more about sunspots and obtain images see: http://sci.esa.int/science-e/
www/area/index.cfm?fareaid=14. 
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	The Sun as a star

Sunspot numbers and the solar cycle

Nuclear fusion
	· To interpret data on the locations and relative numbers of sunspots.



400 year sunspot history

The solar cycle, or the solar magnetic activity cycle, is the main source of the ~10.7 year periodic solar variation (changing the level of irradiation experienced on Earth) which drives variations in space weather and to some degree weather on the ground and possibly climate change.[1] The cycle is observed by counting the frequency and placement of sunspots visible on the Sun. Powered by a hydromagnetic dynamo process driven by the inductive action of internal solar flows, the solar cycle:

· Structures the Sun's atmosphere, corona and wind; 

· Modulates the solar irradiance; 

· Modulates the flux of short-wavelength solar radiation, from ultraviolet to X-ray; 

· Modulates the occurrence frequency of flares, coronal mass ejections, and other geoeffective solar eruptive phenomena; 

· Indirectly modulates the flux of high-energy galactic cosmic rays entering the solar system. 







The sunspot butterfly diagram. This modern version is constructed (and regularly updated) by the solar group at NASA Marshall Space Flight Center.

· To understand the sequence of nuclear fusion reactions that power the Sun.
· You do not need to know all of this! Just be aware that Hydrogen fusion builds smaller nuclei into larger ones, up to Iron, the least energetic nucleus.

Stellar nucleosynthesis is the collective term for the nuclear reactions taking place in stars to build the nuclei of the elements heavier than hydrogen. Some small quantity of these reactions also occur on the stellar surface under various circumstances. For the creation of elements during the explosion of a star, the term supernova nucleosynthesis is used.

Key reactions



Cross section of a red giant showing nucleosynthesis and elements formed.

The most important reactions in stellar nucleosynthesis:

· Hydrogen burning: 

· The proton-proton chain 
· The carbon-nitrogen-oxygen cycle 

· Helium burning: 

· The triple-alpha process 

· The alpha process 

· Burning of heavier elements: 

· Carbon burning process 

· Neon burning process 

· Oxygen burning process 

· Silicon burning process 

· Production of elements heavier than iron: 

· Neutron capture: 

· The R-process 

· The S-process 

· Proton capture: 

· The Rp-process 

· Photo-disintegration: 

· The P-process 
	· Students obtain data on sunspot numbers and data.

· Students use data on sunspots to deduce how the number and location of sunspots change during the solar cycle.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· A wallchart that describes the Sun, its influences on Earth and present and past space missions to study the Sun can be downloaded from: www.so.stfc.ac.uk. 

· For information about the Sun and its influences on the Earth, see: http://ihy2007.org.

· To find out more about solar observatories see: http://sci.esa.int/science-e/www/
area/index.cfm?fareaid=14. 

	25
	Observing the Sun

Safe methods

Solar observations at different wavelengths
	· To appreciate how astronomers make observations of the Sun at different wavelengths of the electromagnetic spectrum.
· Different wavelengths require different telescopes and may require to be above the atmosphere to avoid absorption.
· To describe the appearance of the Sun at different wavelengths.
[image: image46.png]
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X-RAY

	· Students investigate the relative merits and hazards associated with different methods of safely observing the Sun.

· Students obtain images of the Sun at visible, X-ray and H-alpha wavelengths.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· Sky at Night magazine (June 2009 edition) has a feature on observing the Sun safely.

· For further guidance on observing the Sun see: www.popastro.com/sections/solar.htm. 
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	Lunar phases

The Moon’s orbit

Phase cycle
	· To explain why the Sun and Moon appear to be the same size when viewed from Earth.
[image: image51.jpg]



[image: image52.png]The Great Coincidence

The Sun and Moon have nearly the same angular diameter on the sky.

This is what permits just barely total and just barely annular solar
eclipses.

Mean angular diameter
0.515 degrees = 30.9’

Mean angular diameter
0.533 degrees = 32.0°

DJ Jeffery
UNLYV 2003




· To understand the lunar phase cycle.
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· To explain why the lunar phase cycle is 2.2 days longer that the orbital period of the Moon.
	· Students construct diagrams to show that the Sun and Moon appear to be the same size when viewed from Earth.

· Students obtain images of the Moon at various phases and use these to construct a chart showing one complete lunar cycle.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· To obtain information on the current and future phase of the Moon, see: www.astronomyknowhow.com/moon-phase.htm.
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	Eclipses

Appearance and cause of solar eclipses

Appearance and cause of lunar eclipses
	· To distinguish between lunar and solar eclipses and describe their mechanisms.
An eclipse is an astronomical event that occurs when a celestial object is temporarily obscured, either by passing into the shadow of another body or by having another body pass between it and the viewer. 

The term eclipse is most often used to describe either a solar eclipse, when the Moon's shadow crosses the Earth's surface, or a lunar eclipse, when the Moon moves into the shadow of Earth.

Solar eclipse



 


Lunar eclipse



  


Umbra, penumbra and antumbra



Umbra, penumbra and antumbra cast by a solid object occulting a larger light source.

The region of the Earth's shadow in a solar eclipse is divided into three parts[5]:

· The umbra, in which the moon completely covers the sun (more precisely, its photosphere) 

· The antumbra, extending beyond the tip of the umbra, in which the moon is completely in front of the sun but too small to completely cover it 

· The penumbra, in which the moon is only partially in front of the sun 

A total eclipse occurs when the observer is within the umbra, an annular eclipse when the observer is within the antumbra, and a partial eclipse when the observer is within the penumbra.

Earth-Moon System
An eclipse involving the Sun, Earth and Moon can occur only when they are nearly in a straight line, allowing one to be hidden behind another, viewed from the third. Because the orbital plane of the Moon is tilted with respect to the orbital plane of the Earth (the ecliptic), eclipses can occur only when the Moon is close to the intersection of these two planes (the nodes). The Sun, Earth and nodes are aligned twice a year, and eclipses can occur during a period of about two months around these times. There can be from four to seven eclipses in a calendar year, which repeat according to various eclipse cycles, such as the Saros cycle.

Solar eclipse
A solar eclipse occurs when the Moon passes in front of the Sun as seen from the Earth. The type of solar eclipse event depends on the distance of the Moon from the Earth during the event. A total solar eclipse occurs when the Earth intersects the umbra portion of the Moon's shadow. When the umbra does not reach the surface of the Earth, the Sun is only partially occluded, resulting in an annular eclipse. Partial solar eclipses occur when the viewer is inside the penumbra.

Solar eclipses are relatively brief events that can only be viewed in totality along a relatively narrow track. Under the most favorable circumstances, a total solar eclipse can last for 7 minutes, 31 seconds, and can be viewed along a track that is up to 250 km wide. However, the region where a partial eclipse can be observed is much larger. The Moon's umbra will advance eastward at a rate of 1,700 km/h, until it no longer intersects the Earth.

Lunar eclipses occur when the Moon passes through the Earth's shadow. Since this occurs only when the Moon is on the far side of the Earth from the Sun, lunar eclipses only occur when there is a full moon. Unlike a solar eclipse, an eclipse of the Moon can be observed from nearly an entire hemisphere. For this reason it is much more common to observe a lunar eclipse from a given location. A lunar eclipse also lasts longer, taking several hours to complete, with totality itself usually averaging anywhere from about 30 minutes to over an hour.[12]
There are three types of lunar eclipses: penumbral, when the Moon crosses only the Earth's penumbra; partial, when the Moon crosses partially into the Earth's umbra; and total, when the Moon circles entirely within the Earth's umbra. Total lunar eclipses pass through all three phases. Even during a total lunar eclipse, however, the Moon is not completely dark. Sunlight refracted through the Earth's atmosphere intersects the umbra and provides a faint illumination. Much as in a sunset, the atmosphere tends to scatter light with shorter wavelengths, so the illumination of the Moon by refracted light has a red hue,[13] thus the phrase 'Blood Moon' is often found in descriptions of such lunar events as far back as eclipses are recorded.
· To describe the appearance of the Sun and Moon during solar and lunar eclipses.

· To appreciate that eclipses do not occur every time the phase of the Moon is either full or new.
	· Students draw diagrams showing the mechanisms for lunar and solar eclipses.

· Students use models (including lamps and spheres of different sizes) to demonstrate why eclipses do not occur every full and new moon.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For further information on lunar and solar eclipses, see: www.nmm.ac.uk/explore/
astronomy-and-time/moon.
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	Time

Solar and sidereal days

Sundials

The equation of time
	· To distinguish between a solar day and a sidereal day.


  Sidereal time vs solar time
Left: a distant star (small red circle) and the Sun are at culmination, on the local meridian. 

Centre: only the distant star is at culmination (a mean sidereal day). 

Right: few minutes later the Sun is on the local meridian again. A solar day is complete.

Solar time is measured by the apparent diurnal motion of the sun, and local noon in solar time is defined as the moment when the sun is at its highest point in the sky (exactly due south or north depending on the observer's latitude and the season). The average time taken for the sun to return to its highest point is 24 hours.

During the time needed by the Earth to complete a rotation around its axis (a sidereal day), the Earth moves a short distance (approximately 1°) along its orbit around the sun. Therefore, after a sidereal day, the Earth still needs to rotate a small additional angular distance before the sun reaches its highest point. A solar day is, therefore, nearly 4 minutes longer than a sidereal day.

The stars, however, are so far away that the Earth's movement along its orbit makes a generally negligible difference to their apparent direction (see, however, parallax), and so they return to their highest point in a sidereal day. A sidereal day is almost 4 minutes shorter than a mean solar day.

Another way to see this difference is to notice that, relative to the stars, the Sun appears to move around the Earth once per year. Therefore, there is one less solar day per year than there are sidereal days. This makes a sidereal day approximately 365.24⁄366.24 times the length of the 24-hour solar day, giving approximately 23 hours, 56 minutes, 4.1 seconds (86,164.1 seconds).

· To explain and interpret data provided by shadow sticks.
Noting and calculating longitude
Longitude is given as an angular measurement ranging from 0° at the Prime Meridian to +180° eastward and −180° westward. 

Each degree of longitude is sub-divided into 60 minutes, each of which divided into 60 seconds. 

For calculations, the West/East suffix is replaced by a negative sign in the western hemisphere. Confusingly, the convention of negative for East is also sometimes seen. The preferred convention—that East be positive—is consistent with a right-handed Cartesian coordinate system with the North Pole up. A specific longitude may then be combined with a specific latitude (usually positive in the northern hemisphere) to give a precise position on the Earth's surface.

Longitude at a point may be determined by calculating the time difference between that at its location and Coordinated Universal Time (UTC). Since there are 24 hours in a day and 360 degrees in a circle, the sun moves across the sky at a rate of 15 degrees per hour (360°/24 hours = 15° per hour). So if a person notes that the shadow from a shadow stick lies due North at three and half hours ahead of UTC then that person is on 52.5°E longitude (3.5 hours × 15° per hour = 45°). In order to perform this calculation, however, a person needs to have a chronometer (watch) set to UTC and needs to determine local time by solar observation or astronomical observation. 
· To describe how a sundial can be used to determine apparent solar time.
· A sundial is a device that measures time by the position of the Sun. In common designs such as the horizontal sundial, the sun casts a shadow from its style (also called its gnomon, which is a thin rod or a sharp, straight edge), onto a flat surface marked with lines indicating the hours of the day. The style is the time telling edge of the gnomon. As the sun moves across the sky, the shadow-edge progressively aligns with different hour-lines on the plate. Such designs rely on the style being aligned with the axis of the Earth's rotation. Hence, if such a sundial is to tell the correct time, the style must point towards the true north (not the north magnetic pole or south magnetic pole) and the style's angle with horizontal must equal the sundial's geographical latitude.
· To explain the seasonal variations in the times of sunrise and sunset.






Day length as a function of latitude and the day of the year

In general, the length of a day varies throughout the year, and depends upon latitude. This variation is caused by the tilt of the Earth's axis of rotation with respect to the ecliptic plane of the earth around the sun. 

In each hemisphere, the higher the latitude, the shorter the day during winter. Between winter and summer solstice, the day's duration increases, and the rate of increase is larger the higher the latitude. A fast increase of day length is what allows a very short day on winter solstice at 60 degrees latitude (either north or south) to reach about 12 hours by the spring equinox, while a slower increase is required for a much longer day on winter solstice at 20 degrees latitude (again, either north or south) to reach 12 hours by the spring equinox. The rate of change of day duration is generally fastest at the equinoxes, although at high latitudes the change is similar for several weeks before and after the equinoxes. The rate of change of day duration at each solstice is zero as the change goes from positive to negative, or vice versa.

Some interesting facts are as follows:

· On the Equator, the duration of daylight is not exactly 12 hours all the year round, but rather — due to atmospheric refraction and the size of the Sun — exceeds 12 hours by about 7 minutes each day; 

· Because the sun is north of the equator for almost 4 days more than half the year, the duration of the average day at a given latitude in the northern hemisphere exceeds the duration of the average day at the same latitude in the southern hemisphere by a few minutes; 

· During a few days around the equinoxes—about March 19–22 and September 21–24—both poles experience 24 hours of daytime, due mainly to atmospheric refraction. At the poles there is only one sunrise and one sunset in the course of a year. This occurs around the time of the equinoxes. 
· To perform simple calculations using the equation of time.



The equation of time — above the axis the dial will appear fast, and below the dial will appear slow.

The equation of time is the difference between apparent solar time and mean solar time, both taken at a given place (or at another place with the same geographical longitude) at the same real instant of time.

Apparent (or true) solar time can be obtained for example by measurement of the current position (hour angle) of the Sun, or indicated (with limited accuracy) by a sundial. Mean solar time, for the same place, would be the time indicated by a steady clock set so that its differences over the year from apparent solar time average to zero (with zero net gain or loss over the year).[1]
The equation of time varies over the course of a year, in a way that is almost exactly reproduced from one year to the next. Apparent time, and the sundial, can be ahead (fast) by as much as 16 min 33 s (around 3 November), or behind (slow) by as much as 14 min 6 s (around 12 February).

The equation of time results mainly from two different superposed astronomical causes (explained below), each causing a different non-uniformity in the apparent daily motion of the Sun relative to the stars, and contributing a part of the effect:

· the obliquity of the ecliptic (the plane of the Earth's annual orbital motion around the Sun), which is inclined by about 23.44 degrees relative to the plane of the Earth's equator; and 

· the eccentricity and elliptical form of the Earth's orbit around the Sun. 


	· Students obtain or use data on shadow sticks to determine their longitude.

· Students perform calculations using the equation of time.

· Students investigate how the equation of time varies during a year and investigate the causes of this variation.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For information about time and sundials, see: www.nmm.ac.uk.

· To find out about the history of sundials, see: www.sundialsoc.org.uk 

· Sundials: Their Theory and Construction is a handy book by Albert E. Waugh (Dover, 1973).

· For tutorials, worked examples and calculations to practise on the equation of time and other mathematical topics see Practice Calculations CD ROM (Mickledore Publishing).
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	Aurorae

The solar wind

Appearance and cause of aurorae
	· To be able to describe the solar wind.
The solar wind is a stream of charged particles ejected from the upper atmosphere of the Sun. It mostly consists of electrons and protons with energies usually between 10 and 100 keV. The stream of particles varies in temperature and speed over time. These particles can escape the Sun's gravity because of their high kinetic energy and the high temperature of the corona.

The solar wind creates the heliosphere, a vast bubble in the interstellar medium that surrounds the solar system. Other phenomena include geomagnetic storms that can knock out power grids on Earth, the aurorae (northern and southern lights), and the plasma tails of comets that always point away from the Sun.
· To describe aurorae and relate their cause to the solar wind.
An aurora (plural: auroras or aurorae) is a natural light display in the sky, particularly in the polar regions, caused by the collision of charged particles from the solar wind directed by the Earth's magnetic field. An aurora is usually observed at night and typically occurs in the ionosphere. It is also referred to as a polar aurora or, collectively, as polar lights. These phenomena are commonly visible between 60 and 72 degrees north and south latitudes, which place them in a ring just within the Arctic and Antarctic polar circles. Auroras do occur deeper inside the polar regions, but these are infrequent and often invisible to the naked eye.




· To know the most likely locations on earth from which to observe aurorae.
	· Students obtain images of aurorae.

· Students investigate the solar wind and how it is responsible for producing aurorae.
	· See Section 1: Earth, Moon and Sun of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 1 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For information about current solar activity, see: www.spaceweather.com. 

· For further information about the Sun and its influences on the Earth, see: http://ihy2007.org. 

· For spectacular images of aurorae, see: www.abmedia.com/astro/aurora.
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	The heliocentric Solar System

Copernicus and Tycho Brahe

Kepler and the laws of planetary motion
	· To appreciate how our current understanding of the Solar System is based on the work of early astronomers.
Johannes Kepler published his first two laws in 1609, having found them by analyzing the astronomical observations of Tycho Brahe. Kepler did not discover his third law until many years later, and it was published in 1619.

Almost a century later, Isaac Newton proved that relationships like Kepler's would apply exactly under certain ideal conditions approximately fulfilled in the solar system, as consequences of Newton's own laws of motion and law of universal gravitation.

Because of the nonzero planetary masses and resulting perturbations, Kepler's laws apply only approximately and not exactly to the motions in the solar system. 

Voltaire's Eléments de la philosophie de Newton (Elements of Newton's Philosophy) was in 1738 the first publication to call Kepler's Laws "laws"

Kepler's laws and his analysis of the observations on which they were based, the assertion that the Earth orbited the Sun, proof that the planets' speeds varied, and use of elliptical orbits rather than circular orbits with epicycles—challenged the long-accepted geocentric models of Aristotle and Ptolemy, and generally supported the heliocentric theory of Nicolaus Copernicus (although Kepler's ellipses likewise did away with Copernicus's circular orbits and epicycles). Together with Newton's mathematical theories, they are part of the foundation of modern astronomy and physics. 
· To understand Kepler’s 2nd and 3rd laws of planetary motion.
Kepler's laws are:

· Ist Law The orbit of every planet is an ellipse with the Sun at one of the two foci. 

· 2nd Law A line joining a planet and the Sun sweeps out equal areas during equal intervals of time. [image: image64.png]


 




· 3rd Law The square of the orbital period of a planet is directly proportional to the cube of the semi-major axis of its orbit. [image: image66.png]P? ~x a°




· To perform simple calculations using Kepler’s 3rd law.
	· Students research the contribution of Copernicus, Tycho and Kepler to our current understanding of the Solar System.

· Students construct and use diagrams of ellipses to demonstrate Kepler’s laws.

· Students perform calculations using planetary data on Kepler’s 3rd law.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 of GCSE Astronomy by Marshall, N (Mickledore Publishing).
· For tutorials, worked examples and calculations to practise on Kepler’s Third Law and other mathematical topics see Practice Calculations CD ROM (Mickledore Publishing).
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	Galileo and his discoveries
	· To describe the main astronomical discoveries of Galileo and how these provided evidence for the heliocentric Solar System.
Jupiter    Moons of Jupiter observations on subsequent nights showed that the positions of these "stars" relative to Jupiter were changing in a way that would have been inexplicable if they had really been fixed stars. Galileo noted that one of them had disappeared, an observation which he attributed to its being hidden behind Jupiter. Within a few days he concluded that they were orbiting Jupiter He had discovered three of Jupiter's four largest satellites (moons). He discovered the fourth 4 days later. [image: image67.jpg]


These satellites are now called Io, Europa, Ganymede, and Callisto. Once Galileo realized what he had seen a few days later, his observations of the satellites of Jupiter created a revolution in astronomy that reverberates to this day: a planet with smaller planets orbiting it did not conform to the principles of Aristotelian Cosmology, which held that all heavenly bodies should circle the Earth and many astronomers and philosophers initially refused to believe that Galileo could have discovered such a thing.  Later astronomers, however, renamed them Galilean satellites in honour of their discoverer.

Venus exhibited a full set of phases similar to that of the Moon. The heliocentric model of the solar system developed by Nicolaus Copernicus predicted that all phases would be visible since the orbit of Venus around the Sun would cause its illuminated hemisphere to face the Earth when it was on the opposite side of the Sun and to face away from the Earth when it was on the Earth-side of the Sun. On the other hand, in Ptolemy's geocentric model it was impossible for any of the planets' orbits to intersect the spherical shell carrying the Sun. Traditionally the orbit of Venus was placed entirely on the near side of the Sun, where it could exhibit only crescent and new phases. It was, however, also possible to place it entirely on the far side of the Sun, where it could exhibit only gibbous and full phases. After Galileo's telescopic observations of the crescent, gibbous and full phases of Venus, therefore, this Ptolemaic model became untenable. Thus in the early 17th century as a result of his discovery the great majority of astronomers converted to one of the various geo-heliocentric planetary models,[80] such as the Tychonic, Capellan and Extended Capellan models,[81] each either with or without a daily rotating Earth. These all had the virtue of explaining the phases of Venus without the vice of the 'refutation' of full heliocentrism’s prediction of stellar parallax. Galileo’s discovery of the phases of Venus was thus arguably his most empirically practically influential contribution to the two-stage transition from full geocentrism to full heliocentrism via geo-heliocentrism.

Saturn, and at first mistook its rings for planets, thinking it was a three-bodied system. 

sunspots, a dispute over priority in the discovery of sunspots, and in their interpretation, led Galileo to a long and bitter feud with the Jesuit Christoph Scheiner; in fact, there is little doubt that both of them were beaten by David Fabricius and his son Johannes
Moon. Reporting his observations, Harriot noted only "strange spottednesse" in the waning of the crescent, but was ignorant to the cause. Galileo understood the patterns of light and shadow were in fact topological markers due to light occlusion from lunar mountains and craters. He estimated the heights of the mountains. The moon was not what was long thought to have been a translucent and perfect sphere, as Aristotle claimed, and hardly the first "planet", an "eternal pearl to magnificently ascend into the heavenly empyrian", as put forth by Dante.

Milky Way - found it to be a multitude of stars packed so densely that they appeared to be clouds from Earth. He located many other stars too distant to be visible with the naked eye. 

Neptune in 1612, but did not realize that it was a planet and took no particular notice of it. 

double star Mizar in Ursa Major in 1617.
	· Students investigate the astronomical discoveries of Galileo.

· Students produce a timeline showing where his discoveries relate to other milestones in Galileo’s life.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 of GCSE Astronomy by Marshall, N (Mickledore Publishing).
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	Gravity

Nature of gravity and the inverse square law
	· To appreciate the role of the force of gravity in maintaining orbits.



· To understand the inverse square nature of the force of gravity.
In 1679, Newton returned to his work on (celestial) mechanics, i.e., gravitation and its effect on the orbits of planets, with reference to Kepler's laws of planetary motion. Newton worked out a proof that the elliptical form of planetary orbits would result from a centripetal force inversely proportional to the square of the radius vector..

In Principia, Newton stated the three universal laws of motion, used the Latin word gravitas (weight) for the effect that would become known as gravity and defined the law of universal gravitation.

Newton presented a calculus-like method, gave the first determination of the speed of sound in air, inferred the oblateness of the spheroidal figure of the Earth, accounted for the precession of the equinoxes as a result of the Moon's gravitational attraction on the Earth's oblateness, initiated the gravitational study of the irregularities in the motion of the moon, provided a theory for the determination of the orbits of comets, and much more.

Newton made clear his heliocentric view of the solar system – developed in a somewhat modern way, because already in the mid-1680s he recognised the "deviation of the Sun" from the centre of gravity of the solar system.  For Newton, it was not precisely the centre of the Sun or any other body that could be considered at rest, but rather "the common centre of gravity of the Earth, the Sun and all the Planets is to be esteem'd the Centre of the World", and this centre of gravity "either is at rest or moves uniformly forward in a right line" (Newton adopted the "at rest" alternative in view of common consent that the centre, wherever it was, was at rest).[43]
	· Students investigate the astronomical discoveries of Isaac Newton.

· Students produce a timeline showing where his discoveries relate to other milestones in Newton’s life.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 of GCSE Astronomy by Marshall, N (Mickledore Publishing).
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	Discoveries of Ceres, Uranus, Neptune and Pluto
	· To compare and contrast the methods of discovery of Ceres, Uranus, Neptune and Pluto.
The Titius–Bode law (sometimes termed just Bode's law) is a hypothesis that the bodies in some orbital systems, including the Sun's, orbit at semi-major axes in an exponential function of planetary sequence. This Law does not have any theoretical basis.  The hypothesis correctly predicted the orbits of Ceres and Uranus, but failed as a predictor of Neptune's orbit. The law relates the semi-major axis a of each planet outward from the Sun in units such that the Earth's semi-major axis is equal to 10:
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twice the previous value. The resulting values can be divided by 10 to convert them into astronomical units (AU), which would result in the expression
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For the outer planets, each planet is predicted to be roughly twice as far from the Sun as the previous object.

Ceres and Uranus 

The idea that an undiscovered planet could exist between the orbits of Mars and Jupiter was first suggested by Johann Elert Bode in 1772.[18] His considerations were based on the Titius–Bode law, a now-abandoned theory which had been first proposed by Johann Daniel Titius in 1766, observing that there was a regular pattern in the semi-major axes of the known planets marred only by the large gap between Mars and Jupiter.[18]

 HYPERLINK "http://en.wikipedia.org/wiki/Ceres_(dwarf_planet)" \l "cite_note-Hogg1948-23" [24] The pattern predicted that the missing planet ought to have a semi-major axis near 2.8 AU.[24] William Herschel's discovery of Uranus in 1781[18] near the predicted distance for the next body beyond Saturn increased faith in the law of Titius and Bode, and in 1800, they sent requests to twenty-four experienced astronomers, asking that they combine their efforts and begin a methodical search for the expected planet.[18]

 HYPERLINK "http://en.wikipedia.org/wiki/Ceres_(dwarf_planet)" \l "cite_note-Hogg1948-23" [24] The group was headed by Franz Xaver von Zach, editor of the Monatliche Correspondenz. While they did not discover Ceres, they later found several large asteroids.[24]






Piazzi's book "Della scoperta del nuovo pianeta Cerere Ferdinandea" outlining the discovery of Ceres

One of the astronomers selected for the search was Giuseppe Piazzi at the Academy of Palermo, Sicily. However, before receiving his invitation to join the group, Giuseppe Piazzi discovered Ceres on 1 January 1801.[25] He was searching for "the 87th [star] of the Catalogue of the Zodiacal stars of Mr la Caille", but found that "it was preceded by another".[18] Instead of a star, Piazzi had found a moving star-like object, which he first thought was a comet.[26] Piazzi observed Ceres a total of 24 times, the final time on 11 February 1801, when illness interrupted his observations. He announced his discovery on 24 January 1801 in letters to only two fellow astronomers, his compatriot Barnaba Oriani of Milan and Bode of Berlin.[27] He reported it as a comet but "since its movement is so slow and rather uniform, it has occurred to me several times that it might be something better than a comet".[18] In April, Piazzi sent his complete observations to Oriani, Bode, and Jérôme Lalande in Paris. The information was published in the September 1801 issue of the Monatliche Correspondenz.[26]
By this time, Ceres' apparent position had changed (mostly due to the Earth's orbital motion), and was too close to the Sun's glare for other astronomers to confirm Piazzi's observations. Toward the end of the year, Ceres should have been visible again, but after such a long time it was difficult to predict its exact position. To recover Ceres, Carl Friedrich Gauss, then 24 years old, developed an efficient method of orbit determination.[26] He set himself the task of determining a Keplerian motion from three complete observations (time, right ascension, declination). In only a few weeks, he predicted the path of Ceres and sent his results to von Zach. On 31 December 1801, von Zach and Heinrich W. M. Olbers found Ceres near the predicted position and thus recovered it.

Neptune

Neptune is the eighth and farthest planet from the Sun in our Solar System. Named for the Roman god of the sea, it is the fourth-largest planet by diameter and the third-largest by mass. Neptune is 17 times the mass of Earth and is slightly more massive than its near-twin Uranus, which is 15 Earth masses and not as dense.[12] On average, Neptune orbits the Sun at a distance of 30.1 AU, approximately 30 times the Earth-Sun distance. Its astronomical symbol is 

, a stylized version of the god Neptune's trident.

Discovered on September 23, 1846,[1] Neptune was the first planet found by mathematical prediction rather than by empirical observation. Unexpected changes in the orbit of Uranus led Alexis Bouvard to deduce that its orbit was subject to gravitational perturbation by an unknown planet. Neptune was subsequently observed by Johann Galle within a degree of the position predicted by Urbain Le Verrier, and its largest moon, Triton, was discovered shortly thereafter, though none of the planet's remaining 12 moons were located telescopically until the 20th century. Neptune has been visited by only one spacecraft, Voyager 2, which flew by the planet on August 25, 1989.

Pluto, formal designation 134340 Pluto, is the second most massive known dwarf planet in the Solar System (after Eris) and the tenth most massive body observed directly orbiting the Sun. Originally classified as a planet, Pluto is now considered the largest member of a distinct population known as the Kuiper belt.[note 9]
Like other members of the Kuiper belt, Pluto is composed primarily of rock and ice and is relatively small: approximately a fifth the mass of the Earth's Moon and a third its volume. It has an eccentric and highly inclined orbit that takes it from 30 to 49 AU (4.4–7.4 billion km) from the Sun. This causes Pluto to periodically come closer to the Sun than Neptune.

Pluto and its largest moon, Charon, are sometimes treated as a binary system because the barycentre of their orbits does not lie within either body.[16] The IAU has yet to formalise a definition for binary dwarf planets, and until it passes such a ruling, they classify Charon as a moon of Pluto.[17] Pluto has two known smaller moons, Nix and Hydra, discovered in 2005.[18]






Discovery photographs of Pluto

In the 1840s, using Newtonian mechanics, Urbain Le Verrier predicted the position of the then-undiscovered planet Neptune after analysing perturbations in the orbit of Uranus.[19] Subsequent observations of Neptune in the late 19th century caused astronomers to speculate that Uranus' orbit was being disturbed by another planet besides Neptune. In 1906, Percival Lowell, a wealthy Bostonian who had founded the Lowell Observatory in Flagstaff, Arizona in 1894, started an extensive project in search of a possible ninth planet, which he termed "Planet X".[20] By 1909, Lowell and William H. Pickering had suggested several possible celestial coordinates for such a planet.[21] Lowell and his observatory conducted his search until his death in 1916, but to no avail. Unbeknownst to Lowell, on March 19, 1915, his observatory had captured two faint images of Pluto, but did not recognise them for what they were.[21]

 HYPERLINK "http://en.wikipedia.org/wiki/Pluto" \l "cite_note-30" [22]
Due to a ten-year legal battle with Constance Lowell, Percival's widow, who attempted to wrest the observatory's million-dollar portion of his legacy for herself, the search for Planet X did not resume until 1929,[23] when its director, Vesto Melvin Slipher, summarily handed the job of locating Planet X to Clyde Tombaugh, a 23-year-old Kansas man who had just arrived at the Lowell Observatory after Slipher had been impressed by a sample of his astronomical drawings.[23]
Tombaugh's task was to systematically image the night sky in pairs of photographs taken two weeks apart, then examine each pair and determine whether any objects had shifted position. Using a machine called a blink comparator, he rapidly shifted back and forth between views of each of the plates, to create the illusion of movement of any objects that had changed position or appearance between photographs. On February 18, 1930, after nearly a year of searching, Tombaugh discovered a possible moving object on photographic plates taken on January 23 and January 29 of that year. A lesser-quality photograph taken on January 21 helped confirm the movement.[24] After the observatory obtained further confirmatory photographs, news of the discovery was telegraphed to the Harvard College Observatory on March 13, 1930.[21]

	· Students research the discoveries of Ceres, Uranus, Neptune and Pluto.

· Students compare and contrast these discovery methods.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· The Herschel Museum of Astronomy in Bath is worth a visit; see: www.bath-preservation-trust.org.uk/?id=8. 
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	Consolidation and test: Peer, self or formal assessment of topics covered so far in the course.

	35
	Exoplanets

How are exoplanets discovered?
	· To appreciate some of the techniques and difficulties associated with the discovery of extra-solar planets.
Detection methods
Planets are extremely faint light sources compared to their parent stars. At visible wavelengths, they usually have less than a millionth of their parent star's brightness. It is extremely difficult to detect such a faint light source, and furthermore the parent star causes a glare that tends to wash it out.







Direct image of exoplanets around the star HR8799 using a vector vortex coronagraph on a 1.5m portion of the Hale telescope
For the above reasons, telescopes have directly imaged no more than about ten exoplanets. This has only been possible for planets that are especially large (usually much larger than Jupiter) and widely separated from their parent star. Most of the directly imaged planets have also been very hot, so that they emit intense infrared radiation; the images have then been made at infrared rather than visible wavelengths, in order to reduce the problem of glare from the parent star.

At the moment, however, the vast majority of known extrasolar planets have only been detected through indirect methods. The following are the indirect methods that have proven useful:

· Radial velocity or Doppler method 

As a planet orbits a star, the star also moves in its own small orbit around the system's center of mass. Variations in the star's radial velocity — that is, the speed with which it moves towards or away from Earth — can be detected from displacements in the star's spectral lines due to the Doppler effect. Extremely small radial-velocity variations can be observed, down to roughly 1 m/s. This has been by far the most productive method of discovering exoplanets. It has the advantage of being applicable to stars with a wide range of characteristics. 

· Transit method 

If a planet crosses (or transits) in front of its parent star's disk, then the observed brightness of the star drops by a small amount. The amount by which the star dims depends on its size and on the size of the planet, among other factors. This has been the second most productive method of detection, though it suffers from a substantial rate of false positives and confirmation from another method is usually considered necessary. 

· Transit Timing Variation (TTV) 

TTV is a variation on the transit method where the variations in transit of one planet can be used to detect another. The first planetary candidate found this way was exoplanet WASP-3c, using WASP-3b in the WASP-3 system by Rozhen Observatory, Jena Observatory, and Toruń Centre for Astronomy.[27] The new method can potentially detect Earth sized planets or exomoons.[27] 

· Gravitational microlensing 

Microlensing occurs when the gravitational field of a star acts like a lens, magnifying the light of a distant background star. Planets orbiting the lensing star can cause detectable anomalies in the magnification as it varies over time. This method has resulted in only a few planetary detections, but it has the advantage of being especially sensitive to planets at large separations from their parent stars. 

· Astrometry 

Astrometry consists of precisely measuring a star's position in the sky and observing the changes in that position over time. The motion of a star due to the gravitational influence of a planet may be observable. Because that motion is so small, however, this method has not yet been very productive at detecting exoplanets. 

· Pulsar timing 

A pulsar (the small, ultradense remnant of a star that has exploded as a supernova) emits radio waves extremely regularly as it rotates. If planets orbit the pulsar, they will cause slight anomalies in the timing of its observed radio pulses. Four planets have been detected in this way, around two different pulsars. The first confirmed discovery of an extrasolar planet was made using this method. 

· Timing of eclipsing binaries 

If a planet has a large orbit that carries it around both members of an eclipsing double star system, then the planet can be detected through small variations in the timing of the stars' eclipses of each other. As of December 2009, two planets have been found by this method. 

· Circumstellar disks 

Disks of space dust surround many stars, and this dust can be detected because it absorbs ordinary starlight and re-emits it as infrared radiation. Features in the disks may suggest the presence of planets. 

Most extrasolar planet candidates have been found using ground-based telescopes. However, many of the methods can work more effectively with space-based telescopes that avoid atmospheric haze and turbulence. COROT (launched December 2006) and Kepler (launched March 2009) are the two currently active space missions dedicated to searching for extrasolar planets. Hubble Space Telescope and MOST have also found or confirmed a few planets. There are also several planned or proposed space missions geared towards exoplanet observation, such as New Worlds Mission, Darwin, Space Interferometry Mission, Terrestrial Planet Finder and PEGASE.
· For treatment of individual exoplanets, see week 35
	· Students research how exoplanets are discovered and why detecting individual planets is currently impossible.


	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For information on extra-solar planets, see: http://exoplanets.org.
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	Water on Earth

Where did our water come from?
	· To understand the significance of water as a requirement for life.
· We die without it..... but really, water keeps things at an even temperature, transports heat around the planet, is necessary for life processes. You need it for hot pots.
· To describe some of the current theories about the origin of water on Earth.

· To describe methods that astronomers and space scientists use to determine the likely origin of water on Earth.
Some of the most likely contributory factors to the origin of the Earth's oceans are as follows:

· The cooling of the primordial Earth to the point where the outgassed volatile components were held in an atmosphere of sufficient pressure for the stabilization and retention of liquid water. 

· Comets, trans-Neptunian objects or water-rich meteorites (protoplanets) from the outer reaches of the main asteroid belt colliding with the Earth may have brought water to the world's oceans. Measurements of the ratio of the hydrogen isotopes deuterium and protium (aka Hydrogen) point to asteroids, since similar percentage impurities in carbon-rich chondrites were found to oceanic water, whereas previous measurement of the isotopes' concentrations in comets and trans-Neptunian objects correspond only slightly to water on the earth. 

· Biochemically through mineralization and photosynthesis (guttation, transpiration). 

· Gradual leakage of water stored in hydrous minerals of the Earth's rocks. 

· Photolysis: radiation can break down chemical bonds on the surface. 
	· Students investigate the likely origins of water on Earth.

· Students research current and planned space missions to detect and analyse water on asteroids and comets.
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 of GCSE Astronomy by Marshall, N (Mickledore Publishing).
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	Are we alone in the Universe?

Searching for life in the Universe

Goldilocks zones

The Drake Equation
	· To describe some of the methods used to search for extra-terrestrial life.

· To understand the individual factors contained in the Drake Equation and appreciate their uncertainties.
The Drake equation (sometimes called the Green Bank equation or the Green Bank Formula) is an equation used to estimate the number of detectable extraterrestrial civilizations in the Milky Way galaxy. It is used in the fields of exobiology and the search for extraterrestrial intelligence (SETI). The equation was devised by Frank Drake, Emeritus Professor of Astronomy and Astrophysics at the University of California, Santa Cruz.

History
In 1960, Mr. Darmady was born. Also Frank Drake conducted the first search for radio signals from extraterrestrial civilizations at the National Radio Astronomy Observatory in Green Bank, West Virginia. Soon thereafter, the National Academy of Sciences asked Drake to convene a meeting on detecting extraterrestrial intelligence. The meeting was held at the Green Bank facility in 1961. The equation that bears Drake's name arose out of his preparations for the meeting:

As I planned the meeting, I realized a few day[s] ahead of time we needed an agenda. And so I wrote down all the things you needed to know to predict how hard it's going to be to detect extraterrestrial life. And looking at them it became pretty evident that if you multiplied all these together, you got a number, N, which is the number of detectable civilizations in our galaxy. This, of course, was aimed at the radio search, and not to search for primordial or primitive life forms.

– Frank Drake[1]
The equation
The Drake equation states that:

[image: image81.png]N=R-f,-ne-fe-fi-fe-L




where:

N = the number of civilizations in our galaxy with which communication might be possible; 

and

R* = the average rate of star formation per year in our galaxy 

fp = the fraction of those stars that have planets 

ne = the average number of planets that can potentially support life per star that has planets 

fℓ = the fraction of the above that actually go on to develop life at some point 

fi = the fraction of the above that actually go on to develop intelligent life 

fc = the fraction of civilizations that develop a technology that releases detectable signs of their existence into space 

L = the length of time for which such civilizations release detectable signals into space.[3] 

Alternative expression
The number of stars in the galaxy now, N*, is related to the star formation rate R* by
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where Tg = the age of the galaxy. Assuming for simplicity that R* is constant, then [image: image83.png]


and the Drake equation can be rewritten into an alternate form phrased in terms of the more easily observable value, N*.[4]
[image: image84.png]N=N"-f,-ne-fe-fi-fe-L/T,




R factor
One can question why the number of civilizations should be proportional to the star formation rate, though this makes technical sense. (The product of all the terms except L tells how many new communicating civilizations are born each year. Then you multiply by the lifetime to get the expected number. For example, if an average of 0.01 new civilizations are born each year, and they each last 500 years on the average, then on the average 5 will exist at any time.) The original Drake Equation can be extended to a more realistic model, where the equation uses not the number of stars that are forming now, but those that were forming several billion years ago. The alternate formulation, in terms of the number of stars in the galaxy, is easier to explain and understand, but implicitly assumes the star formation rate is constant over the life of the galaxy.
· To describe the existence of habitable (‘Goldilocks’) zones around stars.
In astronomy, the habitable zone (HZ) is the distance from a star where an Earth-like planet can maintain liquid water on its surface[1] and Earth-like life. The habitable zone is the intersection of two regions that must both be favorable to life; one within a planetary system, and the other within a galaxy. Planets and moons in these regions are the likeliest candidates to be habitable and thus capable of bearing extraterrestrial life similar to our own. The concept generally does not include moons, because there is insufficient evidence and theory to speculate what moons might be habitable on account of their proximity to a planet.

The habitable zone is not to be confused with the planetary habitability. While planetary habitability deals solely with the planetary conditions required to maintain carbon-based life, the habitable zone deals with the stellar conditions required to maintain carbon-based life, and these two factors are not meant to be interchanged.

Life is most likely to form within the circumstellar habitable zone (CHZ) within a solar system, and the galactic habitable zone (GHZ) of the larger galaxy (though research on the latter point remains in its infancy). The HZ may also be referred to as the "life zone", "Comfort Zone", "Green Belt" or "Goldilocks Zone" (because it's neither too hot nor too cold, but "just right").

Circumstellar habitable zone
Within a planetary system, a planet must lie within the habitable zone in order to sustain liquid water on its surface. Beyond the outer edge, a planet will not receive enough solar radiation to make up for radiative losses, leaving water to freeze. A planet closer than the inner edge of this zone will absorb too much radiation, boiling away surface water. The circumstellar habitable zone (or ecosphere) is the spherical shell of space surrounding a star where such planets might exist. Liquid water is considered important because Carbon compounds dissolved in water form the basis of all Earthly life, so watery planets are good candidates to support similar carbon-based biochemistries. Even on a "dead" world, the presence of liquid water would greatly simplify the colonization of the planet.

For example, a star with 25% of the luminosity that the Sun has will have a CHZ centered at about 0.50 AU, while a star with twice the Sun's luminosity will have a CHZ centered at about 1.4 AU. This is a consequence of the inverse square law of luminous intensity. The "center" of the HZ is defined as the distance that an exoplanet would have to be from its parent star in order to receive the right amount of energy from the star to maintain liquid water.

Gliese 581 g, currently believed to be the fourth planet of the red dwarf star Gliese 581 (approximately 20 light years distance from Earth), appears to be the best example which has been found so far of an extrasolar planet which orbits in the theoretical circumstellar habitable zone of space surrounding its star.[2]
55 Cancri f, though a Jupiter like gas giant exoplanet, orbits and also resides within the yellow dwarf star companion of 55 Cancri binary star systems habitable zone. While conditions upon this massive and dense planet are not conducive to the formation of water or for that matter biological life as what is known, they potentiality exist for a system of satellite moons to be orbiting the planet 55 Cancri f and thus transiting through this biologically conducive zone for development.

GJ 1214 b, though just outside of the habitable zone, does provide indications of being an ocean planet, meaning it is believed to be an extrasolar planet of the superearth variety, surrounded by a deep liquid ocean of water, similar to some of the Jovian Moons of the Sun's solar system, only with much warmer temperatures than these ice covered water worlds.

HD 28185 b takes 1.04 years to orbit its parent star. Unlike most known long-period planets, the orbit of HD 28185 b has a low eccentricity, comparable to that of Mars in our solar system.[3] The orbit lies entirely within its star's habitable zone.[4] Since HD 28185 b orbits in its star's habitable zone,[5] some have speculated on the possibility of life on worlds in the HD 28185 system. While it is unknown whether gas giants can support life, simulations of tidal interactions suggest that HD 28185 b could harbor Earth-mass satellites in orbit around it for many billions of years.[6] Such moons, if they exist, may be able to provide a habitable environment, though it is unclear whether such satellites would form in the first place.[7]
Habitable zone edge predictions for our solar system
In our own solar system, the CHZ is thought to extend from a distance of 0.725 to 3.0 astronomical units, based on various scientific models:

Galactic habitable zone
The location of a planetary system within a galaxy must also be favorable to the development of life, and this has led to the concept of a galactic habitable zone (GHZ),[22]

 HYPERLINK "http://en.wikipedia.org/wiki/Habitable_zone" \l "cite_note-22" [23] although the concept has recently been challenged.[24]
To harbor life, a system must be close enough to the galactic center that a sufficiently high level of heavy elements exist to favor the formation of rocky, or terrestrial, planets, which are needed to support life (see: planetary habitability). Heavier elements also need to be present, as they are the basis of the complex molecules of life. While any specific example of a heavier element may not be necessary for all life, heavier elements in general become increasingly necessary for complex life on Earth (both as complex molecules and as sources of energy).[25] It is assumed they would also be necessary for simpler and especially more complex life on other planets.

On the other hand, the planetary system must be far enough from the galactic center that it would not be affected by dangerous high-frequency radiation, which would damage any carbon-based life. Also, most of the stars in the galactic center are old, unstable, dying stars, meaning that few or no stars form in the galactic center.[26] Because terrestrial planets form from the same types of nebulae as stars, it can be reasoned that if stars cannot form in the galactic center, then terrestrial planets cannot, either.

In our galaxy (the Milky Way), the GHZ is currently believed to be a slowly expanding region approximately 25,000 light years (8 kiloparsecs) from the galactic core and some 6,000 light years in width (2 kiloparsecs), containing stars roughly 4 billion to 8 billion years old. Other galaxies differ in their compositions, and may have a larger or smaller GHZ – or none at all 

Goldilocks zone
"This porridge is too hot," Goldilocks exclaimed.
So she tasted the porridge from the second bowl.
"This porridge is too cold."
So she tasted the last bowl of porridge.
"Ahhh, this porridge is just right!" she said happily.
And she ate it all up.

Goldilocks and the three bears
The term "Goldilocks zone" is often used in popular writing as a nickname for the Habitable zone.[27] The term comes from the children's fairy tale Goldilocks and the Three Bears, and is used to describe conditions that are not too hot nor too cold for life as we know it.

Criticism
· The concept of a habitable zone is criticized by Ian Stewart and Jack Cohen in their book Evolving the Alien, for two reasons: the first is that the hypothesis assumes alien life has the same requirements as terrestrial life; the second is that, even assuming this, other circumstances may result in suitable planets outside the "habitable zone". For instance, Jupiter's moon Europa is thought to have a subsurface ocean with an environment similar to the deep oceans of Earth. The existence of extremophiles (such as the tardigrades) on Earth makes life on Europa seem more plausible, despite the fact that Europa is not in the presumed CHZ. Astronomer Carl Sagan believed that life was also possible on the gas giants, such as Jupiter itself. A discovery of any form of life in such an environment would expose these hypothetical restrictions as too conservative. Life can evolve to tolerate extreme conditions when the relevant selection pressures dictate, and thus it is not necessary for them to be "just right".[28] 

· Differing levels of volcanic activity, lunar effects, planetary mass, and even radioactive decay may affect the radiation and heat levels acting on a planet to modify conditions supporting life. And while it is likely that Earth life could adapt to an environment like Europa's, it is far less likely for life to develop there in the first place, or to move there and adapt without advanced technology. Therefore, a planet that has moved away from a habitable zone is more likely to have life than one that has moved into it.[29] 

· Scientists describe extensive computer simulations in the Astrophysical Journal[30] that show that, at least in galaxies similar to our own Milky Way, stars such as the sun can migrate great distances, thus challenging the notion that parts of these galaxies are more conducive to supporting life than other areas.[
· To contemplate and discuss the benefits and dangers of discovering life elsewhere in the Universe.
	· Students research some of the methods of detecting life elsewhere in the Universe.

· Students consider estimates of the factors in the Drake Equation and use these to deduce the likelihood of intelligent life existing in our Galaxy (other than on Earth).
	· See Section 2: Planetary Systems of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 2 of GCSE Astronomy by Marshall, N (Mickledore Publishing).


	Wk
	Content 
	Learning outcomes
	Exemplar activities
	Exemplar resources

	38
	Collections of stars

Open and globular clusters

Double stars
	· To understand that the stars in a constellation are not physically related to one another. Some stars may well be much further away, but just in line.
· To distinguish between binary stars and optical double stars.






Hubble image of the Sirius binary system, in which Sirius B can be clearly distinguished (lower left)

A binary star is a star system consisting of two stars orbiting around their common center of mass. The brighter star is called the primary and the other is its companion star, comes,[1] or secondary. Research between the early 19th century and today suggests that many stars are part of either binary star systems or star systems with more than two stars, called multiple star systems. The term double star may be used synonymously with binary star, but more generally, a double star may be either a binary star or an optical double star which consists of two stars with no physical connection but which appear close together in the sky as seen from the Earth. A double star may be determined to be optical if its components have sufficiently different proper motions or radial velocities, or if parallax measurements reveal its two components to be at sufficiently different distances from the Earth. Most known double stars have not yet been determined to be either bound binary star systems or optical doubles.

Binary star systems are very important in astrophysics because calculations of their orbits allow the masses of their component stars to be directly determined, which in turn allows other stellar parameters, such as radius and density, to be indirectly estimated. This also determines an empirical mass-luminosity relationship (MLR) from which the masses of single stars can be estimated.

Binary stars are often detected optically, in which case they are called visual binaries. Many visual binaries have long orbital periods of several centuries or millennia and therefore have orbits which are uncertain or poorly known. They may also be detected by indirect techniques, such as spectroscopy (spectroscopic binaries) or astrometry (astrometric binaries). If a binary star happens to orbit in a plane along our line of sight, its components will eclipse and transit each other; these pairs are called eclipsing binaries, or, as they are detected by their changes in brightness during eclipses and transits, photometric binaries.

If components in binary star systems are close enough they can gravitationally distort their mutual outer stellar atmospheres. In some cases, these close binary systems can exchange mass, which may bring their evolution to stages that single stars cannot attain. Examples of binaries are Algol (an eclipsing binary), Sirius, and Cygnus X-1 (of which one member is probably a black hole). Binary stars are also common as the nuclei of many planetary nebulae, and are the progenitors of both novae and type Ia supernovae.

Check out Mizar, a sextuple star system comprising a binary orbiting a pair of binaries.
	· Students obtain data on distances to the stars in a given constellation to show that they are not physically related.

· Students construct 3-dimensional models of Orion to show that the stars are not physically related.
	· See Section 3: Stars of Starlearner’s 
e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 3 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For free planetarium software, see: www.stellarium.org. 

· For detailed information on constellations, see: www.ianridpath.com. 
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	Stellar magnitudes

Apparent and absolute magnitudes


	· To relate the apparent magnitude scale to the brightness of stars.
· The star Vega is defined to have a magnitude of zero, or at least near. Modern instruments as bolometers and radiometers give Vega a brightness of about 0.03. The brightest star, Sirius, has a magnitude of −1.46. or -1.5.  Brighter objects are negative; dimmer objects are positive. Simples.
· To perform simple calculations relating magnitude differences to brightness ratios.
· When we use precise instruments to actually measure light from stars, we find a rough multiplicative factor of roughly 2.5 between magnitudes (e.g. a magnitude 2 star is roughly 2.5 brighter than a magnitude 3 star). The actual value is closer to 2.512 (the 5th root of 100); the scale is logarithmic, not linear.
· To distinguish between apparent magnitude and absolute magnitude.
· Apparent magnitude, the apparent brightness of an object. For example, Alpha Centauri has higher apparent magnitude (i.e. lower value) than Betelgeuse, because it is much closer to the Earth. 

· Absolute magnitude, which measures the luminosity of an object (or reflected light for non-luminous objects like asteroids); it is the object's apparent magnitude as seen from certain location. For stars it is 10 parsecs (10 x 3.26 light years). Betelgeuse has much higher absolute magnitude than Alpha Centauri, because it is much more luminous. 

Usually only apparent magnitude is mentioned, because it can be measured directly; absolute magnitude can be derived from apparent magnitude and distance using the distance modulus.
	· Students estimate apparent magnitudes of stars from charts or diagrams.

· Students perform calculations involving differences in apparent magnitude to ratios of stars’ brightness.
	· See Section 3: Stars of Starlearner’s 
e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 3 of GCSE Astronomy by Marshall, N (Mickledore Publishing).
· For tutorials, worked examples and calculations to practise on the magnitudes of stars and other mathematical topics see Practice Calculations CD ROM (Mickledore Publishing).
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	Stellar distances

How do we determine the distances to stars?

The parsec
	· To describe the method of heliocentric parallax to determine distances to stars that are relatively close to us.



A simplified illustration of the parallax of an object against a distant background due to a perspective shift. When viewed from "Viewpoint A", the object appears to be in front of the blue square. When the viewpoint is changed to "Viewpoint B", the object appears to have moved in front of the red square.




This animation is an example of parallax. As the viewpoint moves side to side, the objects in the distance appear to move more slowly than the objects close to the camera.

Parallax is an apparent displacement or difference in the apparent position of an object viewed along two different lines of sight, and is measured by the angle or semi-angle of inclination between those two lines.[1]

 HYPERLINK "http://en.wikipedia.org/wiki/Parallax" \l "cite_note-oed-1" [2] The term is derived from the Greek παράλλαξις (parallaxis), meaning "alteration". Nearby objects have a larger parallax than more distant objects when observed from different positions, so parallax can be used to determine distances.

Astronomers use the principle of parallax to measure distances to celestial objects including to the Moon, the Sun, and to stars beyond the Solar System. For example, the Hipparcos satellite took measurements for over 100,000 nearby stars. This provides a basis for other distance measurements in astronomy, the cosmic distance ladder. Here, the term "parallax" is the angle or semi-angle of inclination between two sight-lines to the star.

· Geocentric methods involve taking measurements 12 hrs apart. Thus the baseline for parallax is the diameter of the earth.

· Heliocentric methods are done 6mths apart and therefore the baseline is the diameter of the earth’s orbit.
· To understand the distance modulus equation and perform simple calculations using stellar distances in parsecs.
The parsec (parallax of one arcsecond; symbol: pc) is a unit of length, equal to just under 31 trillion (31×1012) kilometres (about 19 trillion miles), 206265 AU, or about 3.26 light-years. The parsec measurement unit is used in astronomy. It is defined as the length of the adjacent side of an imaginary right triangle in space. The two dimensions that specify this triangle are the parallax angle (defined as 1 arcsecond) and the opposite side (defined as 1 astronomical unit (AU), the distance from the Earth to the Sun). Given these two measurements, along with the rules of trigonometry, the length of the adjacent side (the parsec) can be found.

One of the oldest methods for astronomers to calculate the distance to a star was to record the difference in angle between two measurements of the position of the star in the sky. The first measurement was taken from the Earth on one side of the Sun, and the second was taken half a year later when the Earth was on the opposite side of the Sun. Thus, the distance between the two measurements was known to be twice the distance between the Earth and the Sun. The distance to the star could be calculated using trigonometry. Since the parsec is based on an angle and the distance between the Earth and the Sun, it is fundamentally derived from the degree and the astronomical unit. The length of a parsec is about 30.857 petametres, 3.26156 light-years or 1.9174×1013 mi. 




	· Students investigate the techniques and difficulties associated with determining distances to stars.

· Students perform calculations using the distance modulus equation to determine apparent or absolute magnitude.
	· See Section 3: Stars of Starlearner’s 
e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 3 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For tutorials, worked examples and calculations to practise on distances to stars and other mathematical topics see Practice Calculations CD ROM (Mickledore Publishing).
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	Variable stars

Cepheid variables

Binary stars
	· To identify Cepheid variable and binary stars from their light curves.
· Cepheids have a single dip in their luminosity whereas binaries have a double dip. See below.

· Binary Star light curve   


· To explain how Cepheid variables can be used to determine stellar distances.

· To explain the light curve of a binary star in terms of a primary and secondary star in common orbit. In the diagram above the primary is the large blue; the secondary is the small red.
	· Students use data to construct light curves for Cepheid variables and binary stars.

· Students use lamps and other laboratory equipment to demonstrate and explain the light curve of a binary star.
	· See Section 3: Stars of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com
· Find useful information in Chapter 3 of GCSE Astronomy by Marshall, N (Mickledore Publishing).
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	Spectroscopy

Classification of stars

Temperatures and colours
	· To show an understanding of how astronomers use spectroscopy to deduce information about stars and allow them to be classified.
Astronomical spectroscopy began with Isaac Newton's initial observations of the light of the Sun, dispersed by a prism. He saw a rainbow of colour, and may even have seen absorption lines.[citation needed] These dark bands which appear throughout the solar spectrum were first described in detail by Joseph von Fraunhofer. Most stellar spectra share these two dominant features of the Sun's spectrum: emission at all wavelengths across the optical spectrum (the continuum) with many discrete absorption lines, resulting from gaps of radiation.

Fraunhofer and Angelo Secchi were among the pioneers of spectroscopy of the Sun and other stars. Secchi is particularly noted for classifying stars into spectral types, based on the number and strength of the absorption lines in their spectra. Later the origin of the spectral types was found to be related to the temperature of the surface of the star: particular absorption lines can be observed only for a certain range of temperatures; because only in that range are the involved atomic energy levels populated.

The absorption lines in stellar spectra can be used to determine the chemical composition of the star. Each element is responsible for a different set of absorption lines in the spectrum, at wavelengths which can be measured extremely accurately by laboratory experiments. Then, an absorption line at the given wavelength in a stellar spectrum shows that the element must be present. Of particular importance are the absorption lines of hydrogen (which is found in the atmosphere of nearly every star); the hydrogen lines within the visual spectrum are known as Balmer lines.

In 1868, Sir Norman Lockyer observed strong yellow lines in the solar spectrum which had never been seen in laboratory experiments. He deduced that they must be due to an unknown element, which he called helium, from the Greek helios (sun). Helium wasn't conclusively detected on earth until 25 years later.

Also in the 1860s, emission lines (particularly a green line) were observed in the coronal spectrum during solar eclipses that did not correspond to any known spectral lines. Again it was proposed that these were due to an unknown element, provisionally named coronium. It was not until the 1930s that it was discovered that these lines were due to highly ionised iron and nickel, the high ionisation being due to the extreme temperature of the solar corona.

In conjunction with atomic physics and models of stellar evolution, stellar spectroscopy is today used to determine a multitude of properties of stars: their distance, age, luminosity and rate of mass loss can all be estimated from spectral studies, and Doppler shift studies can uncover the presence of hidden companions such as black holes and exoplanets.
· To be able to relate the colour of a star to its temperature.
· Most stars are currently classified using the letters O, B, A, F, G, K, and M (usually memorized by astrophysicists as "Oh, be a fine girl/guy, kiss me"), where O stars are the hottest and the letter sequence indicates successively cooler stars up to the coolest M class. According to informal tradition, O stars are called "blue", B "blue-white", A stars "white", F stars "yellow-white", G stars "yellow", K stars "orange", and M stars "red", even though the actual star colors perceived by an observer may deviate from these colors depending on visual conditions and individual stars observed.
	· Students obtain data on stellar spectra and use these to classify stars.

· Students construct charts to show how a star’s colour is related to its temperature.
	· See Section 3: Stars of Starlearner’s
e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com
· Find useful information in Chapter 3 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· Software on classifying stellar spectra can be downloaded at: www3.gettysburg.edu/~marschal/clea/speclab.html 
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	Birth of stars

Emission and absorption nebulae

The Hertzsprung-Russell (HR) diagram
	· To associate the stages in the birth of stars with emission and absorption nebulae.

· To show an awareness of the main components of the HR diagram and relate these to stellar birth.
· The Hertzsprung–Russell diagram is a scatter graph of stars showing the relationship between the stars' absolute magnitudes or luminosity versus their spectral types or classifications and effective temperatures. Hertzprung-Russell diagrams are not pictures or maps of the locations of the stars. Rather, they plot each star on a graph measuring the star's absolute magnitude or brightness against its temperature and color.
Go to http://aspire.cosmic-ray.org/ and try out star life for lots of cool animations
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click on this for an animation

http://sunshine.chpc.utah.edu/labs/star_life/support/HR_animated_real.html
try this!

	· Students obtain images of nebulae and open clusters to produce a chart showing how stars are born.

· Students obtain data on stars and use these to construct the HR diagram.
	· See Section 3: Stars of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com
· Find useful information in Chapter 3 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For information and images about the birth of stars, see: www.nmm.ac.uk/explore/astronomy-and-time/astronomy-facts/stars 
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	Death of stars

Planetary nebulae and supernovae

White dwarfs, neutron stars and black holes

http://en.wikipedia.org/wiki/File:Gravitationell-lins-4.jpg
	· To associate the stages in the death of (i) solar-mass and (ii) heavier stars with planetary nebulae and supernovae.
Once again, goto http://aspire.cosmic-ray.org/ for starlife fun!
· To show an awareness of the main components of the HR diagram and relate these to stellar death.

· To describe the end-products of stars: white dwarfs (for solar-mass stars); neutron stars (for heavier stars) and black holes (for even heavier stars!).

· To understand how astronomers provide evidence for neutron stars (pulsars) and black holes.
Despite its invisible interior, a black hole can be observed through its interaction with other matter. A black hole can be inferred by tracking the movement of a group of stars that orbit a region in space. Alternatively, when gas falls into a stellar black hole from a companion star, the gas spirals inward, heating to very high temperatures and emitting large amounts of radiation that can be detected from earthbound and Earth-orbiting telescopes.

Neutron stars have been observed to "pulse" radio and x-ray emissions believed to be caused by particle acceleration near the magnetic poles, which need not be aligned with the rotation axis of the star. Through mechanisms not yet entirely understood, these particles produce coherent beams of radio emission. External viewers see these beams as pulses of radiation whenever the magnetic pole sweeps past the line of sight. The pulses come at the same rate as the rotation of the neutron star, and thus, appear periodic. Neutron stars which emit such pulses are called pulsars.
	· Students obtain images of planetary nebulae and supernovae to produce a chart showing the deaths of solar-mass and heavier stars.

· Students research how astronomers provide evidence for neutron stars and black holes.
	· See Section 3: Stars of Starlearner’s 
e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 3 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For information and images about the death of stars, supernovae and neutron stars, see: www.nmm.ac.uk/explore/astronomy-and-time/astronomy-facts/stars.
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	The Milky Way

The appearance of the Milky Way

Size, shape and constituents of our Galaxy

21 cm radio waves
	· To describe the appearance of the Milky Way in the night sky: (i) with the naked eye, (ii) with the aid of binoculars, and (iii) through a small telescope.
· Milky Way Galaxy, commonly referred to as just the Milky Way, or sometimes simply as the Galaxy, is the galaxy in which the Solar System is located. The Milky Way is a barred spiral galaxy that is part of the Local Group of galaxies. It is one of hundreds of billions of galaxies in the observable universe. Its name is a translation of the Latin Via Lactea, in turn translated from the Greek Γαλαξίας (Galaxias), referring to the pale band of light formed by stars in the galactic plane as seen from Earth


[image: image93.jpg]




 INCLUDEPICTURE "http://ts1.mm.bing.net/images/thumbnail.aspx?q=426229239516&id=edd6c2e7a207b47a26b604ce9cf03c0a" \* MERGEFORMATINET [image: image94.jpg]



· To show an awareness that the observed Milky Way is the plane of our Galaxy.
[image: image95.jpg]



· To understand the shape and size of our Galaxy. It’s big. Really big. I mean, it’s so big that I can’t begin to describe how big it is. Well, actually it’s 100,000 ly across, that’ll be about 32,000 parsecs then.

[image: image96.jpg]



· To understand how astronomers use radio waves to determine the structure and rotation of our Galaxy.


The 21cm line produced by neutral hydrogen in interstellar space provides radio astronomers with a very useful probe for studying the differential rotation of spiral galaxies. By observing hydrogen lines at different points along the Galactic plane one can show that the angular velocity increases as you look at points closer to the Galactic centre.

One reason this discovery is so significant is because hydrogen radiation is not impeded by interstellar dust. Optical observations of the Galaxy are limited due to the interstellar dust, which does not allow the penetration of light waves. However, this problem does not arise when making radio measurements of the HI region. Radiation from this region can be detected anywhere in our Galaxy.


	· Students obtain images of the Milky Way.

· Students construct a diagram showing the size and main components of the Milky Way.
	· See Section 4: Galaxies and Cosmology of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 4 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For images and information on our Galaxy in various regions of the electromagnetic spectrum, see: www.nasa.gov/centers/
goddard/home/index.html. 
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	Classification of galaxies

Spiral, barred spiral, elliptical and irregular galaxies

Hubble’s ‘Tuning Fork’ diagram
	· To be able to classify galaxies (including our own) according to their appearance.






Types of galaxies according to the Hubble classification scheme. An E indicates a type of elliptical galaxy; an S is a spiral; and SB is a barred-spiral galaxy.[note 1]
Galaxies come in three main types: ellipticals, spirals, and irregulars. A slightly more extensive description of galaxy types based on their appearance is given by the Hubble sequence. Since the Hubble sequence is entirely based upon visual morphological type, it may miss certain important characteristics of galaxies such as star formation rate (in starburst galaxies) and activity in the core (in active galaxies).[6]
· To be able to draw Hubble’s ‘Tuning Fork’ diagram.
Above is meant to look like a tuning fork.
	· Students use images or computer software to classify galaxies.

· Students construct a wallchart of Hubble’s ‘Tuning Fork’ diagram using sketches or images of galaxies.
	· See Section 4: Galaxies and Cosmology of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 4 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· To access the Galaxy Zoo Project that allows students (and teachers) to classify galaxies, see: www.galaxyzoo.org. 

	47
	Controlled assessment

Preparatory work and purpose of task 2
	· To have a clear understanding of the nature of the observations that pupils plan to make.
	· Students select their second task from the Observation task list supplied by Edexcel.

· Students plan an appropriate series of observations for their chosen task.
	· For advice to students and teachers on the Controlled Assessment see the Edexcel ‘At a Glance Teacher’s Guide’ and the ‘Controlled Assessment Overview’ at: www.edexcel.com. 

· For useful information of how to access and use the National Schools Observatory, Faulkes and Bradford robotic telescopes, see: www.schoolsobservatory.org.uk and www.faulkes-telescope.com and www.telescope.org. 

· For up-to-date weather forecasts, see: www.metoffice.gov.uk 

· To assist in planning a selection of astronomical objects to observe, see: www.stellarium.org and www.heavens-above.com. 
· To obtain information on the current and future phase of the Moon, see: www.astronomyknowhow.com/moon-phase.htm.  
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	Controlled assessment

Methods of carrying out observations for task 2
	· To decide on and prepare the methods of carrying out the observations under a high level of control.
	· Students continue to plan their observing programme and include observing sites, times and equipment needed. 
	· For advice to students and teachers on the Controlled Assessment see the Edexcel ‘At a Glance Teacher’s Guide’ and the ‘Controlled Assessment Overview’ at: www.edexcel.com. 

· For useful information of how to access and use the National Schools Observatory, Faulkes and Bradford robotic telescopes, see: www.schoolsobservatory.org.uk and www.faulkes-telescope.com and www.telescope.org. 

· For up-to-date weather forecasts, see: www.metoffice.gov.uk 

· To assist in planning what astronomical objects to observe, see: www.stellarium.org and www.heavens-above.com. 
· To obtain information on the current and future phase of the Moon, see: www.astronomyknowhow.com/moon-phase.htm. 
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	Consolidation and test: Peer, self or formal assessment of topics covered so far in the course.
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	Active galaxies

Radio and Seyfert galaxies

Nuclei of active galaxies (AGNs)


	· To appreciate that some galaxies emit far more energy at some wavelengths that can be explained simply in terms of ‘starlight’.
· To recall the types of active galaxies.
Radio Quiet and Radio Loud
To show an understanding of the mechanism for producing large quantities of radiation from active galaxies.
An active galactic nucleus (AGN) is a compact region at the centre of a galaxy that has a much higher than normal luminosity over at least some portion, and possibly all, of the electromagnetic spectrum. Such excess emission has been observed in the radio, infrared, optical, ultra-violet, X-ray and gamma ray wavebands. A galaxy hosting an AGN is called an active galaxy. The radiation from AGN is believed to be a result of accretion of mass by the supermassive black hole at the centre of the host galaxy. AGN are the most luminous persistent sources of electromagnetic radiation in the universe, and as such can be used as a means of discovering distant objects; their evolution as a function of cosmic time also provides constraints on models of the cosmos.
	· Students investigate the various types of active galaxy.

· Students research the standard AGN model and how it accounts for differences in the observed properties of active galaxies.
	· See Section 4: Galaxies and Cosmology of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.
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	Quasars
	· To describe the discovery of quasars.
· To understand and appreciate the cosmological significance of quasars.
A quasi-stellar radio source ("quasar") is a very energetic and distant active galactic nucleus. Quasars are the most luminous objects in the universe. Quasars were first identified as being high redshift sources of electromagnetic energy, including radio waves and visible light, that were point-like, similar to stars, rather than extended sources similar to galaxies. 

Quasars were much more common in the early universe. This discovery by Maarten Schmidt in 1967 was early strong evidence against the Steady State cosmology of Fred Hoyle, and in favor of the Big Bang cosmology.

	· Students research the discovery of quasars.

· Students obtain data on the redshifts of quasars.
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	Controlled assessment

Analysis of observations for task 2
	· To write an analysis of task 2 of the Controlled Assessment under a high level of control.
	· Students make conclusions based on their observations.
	· For advice to students and teachers on the Controlled Assessment see the Edexcel ‘At a Glance Teacher’s Guide’ and the ‘Controlled Assessment Overview’ at: www.edexcel.com. 
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	Controlled assessment

Evaluation of task 2
	· To write an evaluation of task 2 of the Controlled Assessment under a high level of control.
	· Students evaluate their observational data and suggest improvements or extensions to their task.
	· For advice to students and teachers on the Controlled Assessment see the Edexcel ‘At a Glance Teacher’s Guide’ and the ‘Controlled Assessment Overview’ at: www.edexcel.com.
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	Groups of galaxies

The Local Group

Clusters and superclusters
	· To describe the Local Group of galaxies and to recall the names of some of its members.
The Local Group is the group of galaxies that includes Earth's galaxy, the Milky Way. The group comprises more than 30 galaxies (including dwarf galaxies), with its gravitational center located somewhere between the Milky Way and the Andromeda Galaxy. The galaxies of the Local Group cover a 10 million light-year diameter (see 1 E+22 m for distance comparisons) and have a binary (dumbbell)[1] shape. The group is estimated to have a total mass of (1.29 ± 0.14)×1012M☉.[1] The group itself is part of the Virgo Supercluster (i.e. the Local Supercluster).[2]
The two most massive members of the group are the Milky Way and the Andromeda Galaxy. These two Spiral Galaxies each have a system of satellite galaxies.
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· To understand that galaxies are grouped on a larger scale in clusters and superclusters.
http://en.wikipedia.org/wiki/Local_cluster



A bit bind moggling....
	· Students compile a list of the key members of our Local Group.

· Students obtain images showing the clustering (and superclustering) of galaxies.
	· See Section 4: Galaxies and Cosmology of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com.

· Find useful information in Chapter 4 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· A full list of galaxies in the Local Group can be found at: http://delphes.net/
messier/more/local.html. 
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	Redshift

The Doppler principle


	· To understand the Doppler principle as responsible for redshift and blueshift.

· To perform simple calculations involving known and observed wavelengths of spectral lines and the radial velocity of a galaxy.
In classical physics, where the speeds of source and the receiver relative to the medium are lower than the velocity of waves in the medium, the relationship between observed frequency f and emitted frequency f0 is given by:[3]
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where 
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is the velocity of waves in the medium 
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is the velocity of the receiver relative to the medium; positive if the receiver is moving towards the source. 
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is the velocity of the source relative to the medium; positive if the source is moving away from the receiver. 

The frequency is decreased if either is moving away from the other.
 


In physics (especially astrophysics), redshift happens when light seen coming from an object is proportionally shifted to appear more red. Here, the term "redder" refers to what happens when visible light is shifted toward the red end of the visible spectrum. More generally, where an observer detects electromagnetic radiation outside the visible spectrum, "redder" amounts to a technical shorthand for "increase in electromagnetic wavelength" — which also implies lower frequency and photon energy in accord with, respectively, the wave and quantum theories of light.

Redshifts are attributable to the Doppler effect, familiar in the changes in the apparent pitches of sirens and frequency of the sound waves emitted by speeding vehicles; an observed redshift due to the Doppler effect occurs whenever a light source moves away from an observer. Cosmological redshift is seen due to the expansion of the universe, and sufficiently distant light sources (generally more than a few million light years away) show redshift corresponding to the rate of increase of their distance from Earth. Finally, gravitational redshifts are a relativistic effect observed in electromagnetic radiation moving out of gravitational fields. Conversely, a decrease in wavelength is called blue shift and is generally seen when a light-emitting object moves toward an observer or when electromagnetic radiation moves into a gravitational field.

Although observing redshifts and blue shifts have several terrestrial applications (e.g., Doppler radar and radar guns),[1] redshifts are most famously seen in the spectroscopic observations of astronomical objects.[2]
 Redshift is much more noted due to its importance to modern astronomy, there are fewer examples of blue shift in astronomy:

· The Andromeda Galaxy is moving towards our own Milky Way Galaxy within the Local Group; thus, when observed from earth, its light is undergoing a blue shift. 

· When observing spiral galaxies, the side spinning towards us will have a slight blue shift (see Tully-Fisher relation). 

· Also, Blazars are known to propel relativistic jets towards us, emitting synchrotron radiation and bremsstrahlung that appears blue shifted. 

· Nearby stars such as Barnard's Star are moving towards us, resulting in a very small blue shift. 


	· Students obtain data on the redshift of galaxies.

· Students use laboratory equipment to demonstrate the Doppler principle.
· Students perform calculations using redshift and radial velocity.
	· See Section 4: Galaxies and Cosmology of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com
· Find useful information in Chapter 4 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For a brief but informative history of Cosmology, see: www.damtp.cam.ac.uk/
user/gr/public/bb_cosmo.html 

· For tutorials, worked examples and calculations to practise the Doppler principle, Hubble’s Law and other mathematical topics see Practice Calculations CD ROM (Mickledore Publishing).
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	Hubble’s Law

Age of the Universe
	· To understand the relation between distance to, and radial velocity of, a galaxy.

· To perform simple calculations using the Hubble Law equation.

· To show an understanding that the Hubble Constant can be used to determine the age of the Universe.
Hubble's Law is the name for the astronomical observation in physical cosmology first made by American astronomer Edwin Hubble, that: (1) all objects observed in deep space (interstellar space) are found to have a doppler shift observable relative velocity to Earth, and to each other; and (2) that this doppler-shift measured velocity, of various galaxies receding from the Earth is proportional to their distance from the Earth and all other interstellar bodies. It is considered the first observational basis for the expanding space paradigm and today serves as one of the pieces of evidence most often cited in support of the Big Bang model.

The law is often expressed by the equation v = H0D, with H0 the constant of proportionality (the Hubble constant) between the "proper distance" D to a galaxy.

As light from things further away have to travel further, the light therefore has had to travel for a long time. Thus light we see form far away is also from Deep time and we can see back into the origins of the universe.


	· Students use data to plot graphs of radial velocity against distance for galaxies.

· Students use values of Hubble’s constant to determine the age of the Universe.
	· For tutorials, worked examples and calculations to practise the Doppler principle, Hubble’s Law and other mathematical topics see Practice Calculations CD ROM (Mickledore Publishing).

· Software on Hubble’s redshift-distance : www3.gettysburg.edu/~marschal/clea/hublab.html 
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	Cosmic Microwave Background (CMB) Radiation
	· To show an understanding of the existence, discovery and significance of CMB radiation.

· To describe recent observations of CMB radiation and their significance to cosmologists.
In cosmology, cosmic microwave background (CMB) radiation (also CMBR, CBR, MBR, and relic radiation) is thermal radiation filling the universe almost uniformly.[1]
With a traditional optical telescope, the space between stars and galaxies (the background) is completely dark. But a sufficiently sensitive radio telescope shows a faint background glow, almost exactly the same in all directions, that is not associated with any star, galaxy, or other object. This glow is strongest in the microwave region of the radio spectrum. The CMB's serendipitous discovery in 1964 by American radio astronomers Arno Penzias and Robert Wilson[2] was the culmination of work initiated in the 1940s, and earned them the 1978 Nobel Prize.

Cosmic background radiation is well explained as radiation left over from an early stage in the development of the universe, and its discovery is considered a landmark test of the Big Bang model of the universe. When the universe was young, before the formation of stars and planets, it was smaller, much hotter, and filled with a uniform glow from its white-hot fog of hydrogen plasma. As the universe expanded, both the plasma and the radiation filling it grew cooler. When the universe cooled enough, stable atoms could form. These atoms could no longer absorb the thermal radiation, and the universe became transparent instead of being an opaque fog. The photons that existed at that time have been propagating ever since, though growing fainter and less energetic, since exactly the same photons fill a larger and larger universe. This is the source for the alternate term relic radiation.




Map of universe in microwave showing homogeneity.



 

The Holmdel Horn Antenna through which the CMB was discovered.
	· Students research the discovery of CMB radiation.

· Students investigate how data returned from COBE and WMAP spacecraft have modified cosmologists’ view of the Universe.
	· See Section 4: Galaxies and Cosmology of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com
· Find useful information in Chapter 4 of GCSE Astronomy by Marshall, N (Mickledore Publishing).

· For teaching resources (including a wallchart on the Planck Space Mission) and class activities on the CMB, see: www.so.stfc.ac.uk/publications 

· For further information on the CMB, see: http://news.bbc.co.uk/1/hi/sci/tech/2814947.stm 
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	Dark matter and dark energy


	· To show an awareness of the existence and nature of dark matter.

· To understand the need for, and significance of, dark energy.
In physical cosmology, astronomy and celestial mechanics, dark energy is a hypothetical form of energy that permeates all of space and tends to increase the rate of expansion of the universe.[1] Dark energy is the most accepted theory to explain recent observations and experiments that the universe appears to be expanding at an accelerating rate. In the standard model of cosmology, dark energy currently accounts for 73% of the total mass-energy of the universe.[2]
Two proposed forms for dark energy are the cosmological constant, a constant energy density filling space homogeneously,[3] and scalar fields such as quintessence or moduli, dynamic quantities whose energy density can vary in time and space. Contributions from scalar fields that are constant in space are usually also included in the cosmological constant. The cosmological constant is physically equivalent to vacuum energy. Scalar fields which do change in space can be difficult to distinguish from a cosmological constant because the change may be extremely slow.

High-precision measurements of the expansion of the universe are required to understand how the expansion rate changes over time. In general relativity, the evolution of the expansion rate is parameterized by the cosmological equation of state (the relationship between temperature, pressure, and combined matter, energy, and vacuum energy density for any region of space). Measuring the equation of state of dark energy is one of the biggest efforts in observational cosmology today.


	· Students research the nature and significance of dark matter.

· Students research the need for dark energy to explain certain observations in the Universe.
	· See Section 4: Galaxies and Cosmology of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com
· For further information about dark matter, see: www.bbc.co.uk/science/space/
deepspace/darkmatter 

· For information about dark energy, see: www.bbc.co.uk/science/space/deepspace/darkmatter/darkenergy.shtml 
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	The Universe – past and future

The Big Bang

Expansion of the Universe


	· To recall the evidence for an expanding Universe.
Redshift
· To recognise the evidence in favour of the Big Bang model of the (most likely) origin of the Universe.
Redshift
· To appreciate that there are different models used to describe the past and future evolution of the Universe and that cosmologists find it difficult to agree on one definitive model.
But they all have to take in account the redshift...
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	· Students research current theories of the possible origin of the Universe.

· Students prepare and present 2 minute talks on why the Big Bang model is the most likely explanation for the origin of the Universe.
	· See Section 4: Galaxies and Cosmology of Starlearner’s e-Textbook on GCSE Astronomy (endorsed by Edexcel) at: www.starlearner.com
· For posters, wallcharts, teaching notes and class activities on the Big Bang, see: www.so.stfc.ac.uk/publications 

· For a summary of Cosmology and the Big Bang, see: www.damtp.cam.ac.uk/user/gr/
public/bb_cosmo.html 
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	Consolidation and test: Peer, self or formal assessment of all topics in the course. ‘Mock’ examination.
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