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Finding out pupils’ and student teachers’ ideas about the Earth and Beyond

These elicitation questions can be given to a group of trainees, in real time. Allow 20 or 30 seconds of paired discussion before asking for answers – ask “Does anyone agree/have any other ideas?” to the first few responses to enable a full range of ideas to be presented. You can gauge the range of ideas of the whole group by asking the group to vote on which response they are happiest with. A commentary on the questions follows, which will make a useful handout for the trainee teachers. (A few of the multiple choice questions have been made available as a PowerPoint presentation in download 2.2)

The big bang and the history of ideas 
What is the currently agreed view of the origin of the 100 or so elements that make up our world, and how does this suggest that our sun is a fairly recently formed star? 

Why did the Greeks class the Sun and Moon as two of their seven 'planets' but did not class the Earth as a planet? What were their other five planets? 

What did the following contribute to our understanding of the structure of the universe - Ptolemy, Copernicus, Galileo, Newton, Einstein? 

What is the etymology of the words: month, planet, helium, menstruation, equinox? 

Day and night 
Young children may say that we have night so we can go to sleep. What is your explanation for day and night? 

The seasons of the year 
Why is our summer warmer than winter?

What is the midnight sun in 'the land of the midnight sun'?

The Moon 
The waxing half moon rises at mid-day and sets at mid-night, but you have to wait up to see a waning moon, which will be visible in the morning sky. Explain. 

Lunar eclipses occur at full moon, are seen from all parts of the Earth that see the full moon, and last for hours. Solar eclipses, which occur at new moon, are only seen from a few places on Earth, and last only for a couple of minutes. Explain. 

(It is also worth checking that your explanation does not predict that there will be an eclipse of the moon every month – they happen on average every 6 months.)
The solar system 
My very easy method just speeds up naming planets. What is it?

Where do the asteroids come in the sequence? (See Eureka video Nos 1, 2 & 5 Channel 4 1993.) 

Suppose you are in a space car that travels at 50 mph, and you set off for the Moon. How long would it take to: 

· get above the clouds? 

· leave the Earth's atmosphere? 

· arrive at the Moon? 

· journey on to the Sun? 

If you were a light ray, you could travel faster. You'd reach the Moon in 1.5 seconds and the Sun in 8 minutes. 

When would you reach:

· Pluto? 

· the closest star to the solar system?

· a star on the other side of our galaxy?

· another galaxy?

Stars 
What is the essential difference between a star, a planet and a moon? 

What are our nearest and second nearest stars?


Jupiter is a failed star - discuss. 

The Milky Way, that milky strip that stretches across the night sky, is part of our
galaxy - 

· what does this mean?

· Which galaxy does the constellation of Orion belong to?

Gravity 
 What problems do you think children will have (and why) in answering these two questions about people releasing stones, and smoke coming from houses? 
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Idea from Nussbaum J (1985) 

Why do we need to postulate the existence of a force to hold the Moon in orbit round the Earth? What is this force?

What is the link between gravitational forces and the tides?

Background ideas 

The following paragraphs are a commentary on the questions posed above.

Size of the Universe

To get an idea of the size of the universe this book, or the corresponding website is an absolute must:

Morrison P et al (1994) Powers of Ten New York: Scientific American Library

http://www.powersof10.com/
Evolution of the universe 
You will find it helpful to construct your own time line to represent the 13 or so thousand million years we believe have passed since the 'big bang' - note however that years did not exist until our solar system evolved about 5 thousand million years ago, and note that even now we need to add ‘leap seconds’ to our time every few years because the earth’s rotation is slowing down. 

This is the story as scientists tell it at the moment: 

One million years after the big bang, matter was still only hydrogen and helium, the lightest two elements. These had formed by joining of simpler sub-atomic particles of matter as the universe began to cool and spread out. The gases hydrogen and helium came together by their gravitational attraction to form stars. Here, nuclear fusion processes could begin under the intense gravitational forces and the high temperatures reached (as the gravitational potential energy is transferred to molecular kinetic energy) to fuse hydrogen and helium atoms together making heavier atoms. In this way all the elements as heavy as iron can be built up. (energy is required to build the elements heavier iron.) The energy released made, and still makes, the stars shine. However, our solar system contains elements heavier than iron, so we believe we must be made from the remains of exploded stars (supernovae) where these heavier elements are formed and then become scattered out into the universe. Stars are the element factories of the universe, and so we are all made of stardust! 

Ptolemy used Babylonian data to establish very accurate tables for the appearance of the planets, Moon and stars. His model was based on every heavenly body orbiting the Earth, but each planet was given additional circles to make the calculations agree with observations. This Ptolemaic system found favour with the Christian church in Europe because it placed the Earth at the centre, as imperfect, and the heavenly bodies orbiting in perfect harmony. 

The Greeks noticed that many specks of light in the sky were fixed, ie the stars, but others wandered. Their word planet means wanderer, so they classed the Sun and Moon as two of their seven 'planets' but obviously not the Earth, which was fixed. Their other five are the five 'proper' planets that are visible with the naked eye: Mercury, Venus, Mars, Jupiter, and Saturn. All these names are linked with Roman and Greek mythology. 

When Copernicus tried to re-establish a rejected Greek idea that the Sun might be at the centre of the 'universe' he was imprisoned and had to retract. His ideas were published the day he died in 1543. Galileo, also imprisoned for his beliefs, saw ‘imperfections’ on the Moon with a telescope, and so realised heavenly bodies were not perfect and Earth was not unique. He did experiments on how objects fall in an attempt to explain the movement of planets. Isaac Newton completed the process and his theory of force and gravity is still used today to calculate the path of spacecraft to enable them to slingshot themselves to the outer planets using gravitational forces from other planets. This is despite the fact that Einstein's theory of general relativity now provides a more accurate theory of gravity. 

http://www-groups.dcs.st-and.ac.uk/~history/Mathematicians/Copernicus.html 

Day and night 

The Earth is an almost spherical planet with an average diameter of nearly 13 000km with three quarters of its surface covered with water. As the Earth rotates on its axis this causes the Sun to appear to move across the sky from east to west. This causes shadows to change their length and direction. When the Sun is low (morning and evening) the shadows are longer than when it is overhead (mid day). The length of the shadows varies with the seasons, but the direction is the same at the same time each day. This is used in sundials to tell the time by shadow position. You can tell your latitude by the length of your mid-day shadow compared to your actual height. On the equator (at the equinoxes) the sun will be directly overhead, so no shadow. The closer to the poles you are the longer will be your shadow.

We experience night when the part of the Earth we live on rotates away from the Sun. This rotation means that time advances one hour for every 15 degrees of longitude one travels east and retards similarly when travelling west. This has been made famous in the story Around the World in 80 Days when Phileas Fogg crossed the Date Line going east and so 'gained' a day. (Jules Verne: A Tour of the World in Eighty Days, 1873)

The seasons of the year 

The Earth orbits the Sun every 3651/4 days (every 4 years a leap year makes up the difference from 365 days) and spins on its axis every 24 hours. The axis of spin is 231/2 degrees to the plane of the orbit. This gives rise to variation in the length of day and night and height of the Sun, causing seasons.

The actual poles receive continuous light in their summer (6 months daylight), but none in winter (6 months darkness), but anywhere within the magic 231/2 degrees of the poles (within the Arctic or Antarctic circles) will have at least one day which lasts for 24 hours - hence the 'land of the mid-night sun'. The equator, on the other hand, has almost constant equal day and night throughout the year. 

Day length in UK shortens in the winter and lengthens in the summer with equal day and night at the equinoxes in autumn and spring (equi - equal, nox - night, as in nocturnal). The apparent height of the Sun is greatest in summer and lowest in winter. The most intense heat energy is received when the sun’s rays hit at a right angle (eg at the equator) whilst other angles cause light to be spread over a larger area causing cooler conditions. 
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The Moon 

The weight of the moon is roughly 1/80 and its diameter is ¼ of the Earth's. The Moon is approximately 3500km in diameter and is approximately 384 000km away, that’s about 30 earth diameters. There is no atmosphere and hence no wind, so dust is undisturbed. Craters, formed from colliding meteorites, cover the Moon's surface. Fewer meteorites reach the surface of the Earth than the Moon because many of them vaporise when they hit our atmosphere, and instead rain down on us as microscopic dust. The Moon has only 1/80th the mass of the Earth, so you might expect the gravitational attraction to be 1/80th of the Earth's. However we are closer to the centre of the Moon when we stand on its surface, and the closer two objects are the stronger the gravitational attraction. This means that the force of gravity at the Moon's surface is about 1/6th of that on Earth. 

The Moon ‘moves’ across the night sky along the same path as the Sun. These apparent movements are due to the rotation of the Earth. The Moon receives light from the Sun, so at any time it is (like the Earth) half lit up and half in darkness. The Moon takes about 28 days, or one moonth, to orbit the Earth, so for half of the month it is on the same side of the Earth as the Sun, and for the other half of the month it is on the opposite side. The Latin word mens means month giving us the word menstrual - once a month, or every Moon. 

Figure: Phases of the Moon below may help you to relate the appearance of the Moon over one month to its movements. Remember see the Moon from the surface of the Earth, but in this picture we vsee the whole Earth-moon system.
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A new, or crescent, moon is when the Moon is on the same side as the Sun and can hardly be seen for two reasons - firstly we are bathed in sunlight (you can often see a half moon as a white shape in the daytime sky) and secondly the lit side of the moon is away from us. 

Seven days later the Moon is at right angles to the line of the Earth and the Sun (Figure above) and we see half of its lit side and half of its dark side. It rises at noon so is visible in the afternoon sky, and sets at midnight. 

On the fourteenth day it is a full moon and is on the opposite side of the Earth to the Sun so we now see the entire lit side, and it appears full. It rises as the Sun sets, and sets as the Sun rises. 

Over the next 14 days it rises later and later and we see less and less of its lit side until it becomes a crescent once again. Curiously the Moon rotates on its own axis once every sidereal month so that the face we see is always the same. 

(The sidereal month is the time the Moon takes to complete one full revolution around the Earth with respect to the background stars. However, because the Earth is constantly moving along its orbit about the Sun, the Moon must travel slightly more than 360° to get from one new moon to the next. Thus, the synodic month, or lunar month, is longer than the sidereal month. A sidereal month lasts 27.322 days, while a synodic month lasts 29.531 days. http://www.sumanasinc.com/webcontent/anisamples/astronomy/sidereal.html )
An eclipse of the Moon occurs when the Moon passes into the shadow cast by the Earth. This can only happen when the Moon is full, when it is exactly opposite the Sun. It can be seen by everyone experiencing night and lasts for several hours. The simple 2D diagram like that shown below seems to suggest that there should be an eclipse each time there is a full Moon. However, the orbit of the moon around the Sun is not quite in the same plane as that of the Earth around the Sun – so the Earth’s shadow usually misses the Moon altogether, except when the Moon’s orbit crosses the Earth’s orbit around the time of the full Moon.
An eclipse of the Sun occurs when the Moon's shadow is cast onto the Earth. When this happens people see the Sun blocked out (or with a bite taken out of it). This can only be seen around mid-day at particular locations and times on the Earth's surface. The shadow touches the Earth's surface for only a few minutes, but as the Moon orbits the Earth, different places experience the eclipse. Aeroplanes, carrying scientists, can fly for long periods keeping up with the shadow (see Figure below, not to scale!). 

Figure: Eclipse of the Moon and the Sun

[image: image3.png]


 Path of Moon
[image: image4.png]




Eclipse of the Moon - Moon passes into Earth's shadow
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Path of Moon
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Eclipse of the Sun - Moon's shadow falls on a narrow strip of the Earth 

On 11th August 1999 a total eclipse of the Sun was visible in the UK for the first time since 1927 (you will have to wait till 2090 for the next). The Moon's shadow traced a path across the northern hemisphere beginning off the coast of Canada, passing over Cornwall and parts of Devon and ending over northern India. A partial eclipse was visible from all parts of the UK. 

The solar system 

We believe the whole solar system formed at the same time (about 4.5 thousand million years ago). One striking bit of evidence for this is the fact that the planets orbit the Sun in the same plane and in the same direction. The four inner rocky planets are much the same size as Earth. After the gap filled by the asteroid belt (a failed planet?), the next four planets are gaseous giants. In fact Jupiter is so massive that it has more matter in it than all the other planets put together. If it were just 10 times more massive it would be a star, because its own internal gravity would compress the hydrogen gas so much that it would begin to fuse into helium (Greek helios - the Sun is where helium was discovered) and a star would be born. In fact these gaseous planets are like mini-solar systems, with their own rocky planets (we have to call them moons) orbiting round them. Much excitement has been caused by speculating about the possibility of there being life forms on some of them. Pluto, usually the outermost planet, is an anomaly. Its orbit is tilted compared with all the other planets, and it is tiny and rocky, only half the diameter of Mercury. 

We believe that there are countless solar systems in the universe. Stars that form from the debris of previous stellar explosions would normally have discs of material orbiting round them, which would tend to gravitate into planets. 

Light, travel and time

A space car that travels at 50 mph would be above the clouds in 15 minutes, and free of the atmosphere in a couple of hours. It would be nearly seven months before you reached the Moon. Your journey on to the Sun would take you over 200 years! 

If you were a light ray, you could travel faster - you'd reach the Moon in 1.5 seconds and the Sun in 8 minutes. Times to other parts of the universe would be: 

· five hours to Pluto 

· four and a half years to Alpha Centuri, the closest star to us (apart from our own Sun, that is) 

· one hundred thousand years to a star on the other side of our own galaxy, the milky way 

· ten million years to reach the next nearest galaxy, which appears as point of light in our own night sky - old light that set out on its journey before humans evolved 

Stars 

The fixed stars we see in the night sky are all suns, so far away that they appear cold. People have told stories about the patterns of these stars. We call them constellations (con - together, stellar - star). All the stars we see are in our own galaxy, though a few visible 'stars' are actually distant galaxies, seen by us as single points of light, unless we use a telescope. Galaxies are collections of millions of stars. The apparent brightness of stars depends on their distance from us, and on their true size and luminosity. 

Astronomy is the study of stars and space. Cosmology is the study of the universe how it formed and how it evolves. Astrology is devoted to predicting futures according to the star signs under which people are born – despite the ‘ology’ in its name it is not a science. Groups of stars, the constellations, can be identified from star maps. The constellations we see vary from season to season and a different set are seen in the northern and southern hemispheres. As the Earth rotates the stars appear to move. This can be demonstrated by long exposure photography which results in arcs of stars http://www.dimijianimages.com/More-page1/star-trails-Botswana.htm 

Since the Sun, Moon and all the planets trace the same path through the sky (called the Zodiac) the stars which are in line with this path have gained special significance. They are the 12 constellations of the Zodiac. 

Stars shine with their own light because of the nuclear reactions in their centres which are similar to hydrogen fusion bombs (H bombs). Stars twinkle because the light is distorted by our atmosphere. The hotter they are, the brighter and bluer they appear. Our Sun has a surface temperature of about 60000 C, whilst the hottest stars are about 25 00000 C. 

Stars are gathered in clusters called galaxies. Each galaxy contains around a hundred thousand million stars. The Milky Way is a giant spiral of stars, 100 000 light years in diameter. There are millions of galaxies in the known universe moving away from each other like the spots on an inflating balloon. This is evidence for the 'big bang' theory in which the universe was thought to be created in a primeval explosion some 15 billion or so years ago. 

Gravity 

All objects with mass are attracted to each other by the force of gravity. It is only easily noticed and measured when one of the objects is as big as a planet. (Although, as noted earlier it is the cumulative effect of huge numbers of very small gravitational forces that causes the accretion of vast numbers of molecules and dust particles to form planets and stars in the first place.) The more massive the bodies and the closer they are, the greater is this attractive gravitational force. Moving objects (like the Moon) will continue in a straight line at constant speed for ever, unless they are acted upon by a force. Since the Moon continually moves away from a straight line, making an almost circular orbit round the Earth, it must be acted upon by a force. This force is, of course, the gravitational attraction between it and the Earth. 

Many people think that astronauts are weightless in orbit because it appears that gravity no longer acts. This is clearly false, because the spaceship and all things in it, from specks of dust to the astronauts themselves, are all moving round in an orbit around the Earth, and this requires a force (gravity) to keep changing the direction in which they move, so they curve round in orbit. In the absence of air resistance all objects, regardless of their mass, fall under gravity at the same increasing speed. This is what is happening in the spacecraft, except as fast as they fall the Earth curves away, and they are 'in orbit'.

Many children have an absolute view of up and down (up is up and down is down) rather than realising up means away (from the Earth's centre) and down means towards, which is why they often get the question about the chimneys and stones wrong (Figure 11.1 pp 11.3 & 11.4 & Nussbaum 1985 Chapter 9). 

The gravitational pull of the Moon  (and the Sun) produces tides. If there were no Moon the water of the oceans would be distributed evenly around the Earth. The gravitational pull from the Moon causes water which is nearest the Moon to be pulled towards it and water furthest from the Moon is pulled less strongly (see *). The rotating Earth means that the two bulges of water (see Figure 11.5) appear to move round the Earth, normally giving everyone two tides every 24 hours. The Moon takes about 29 days to circle the Earth, so in one day it has moved 1/29th further round the Earth, making the tides 24/29hrs (about 50 minutes) later each day.

* The fact that there is a double bulge of water – and thus two tides each ‘day’ is NOT obvious. A simple explanation would suggest that there would be only one bulge as the water is pulled towards the Moon. You may need to read/think a little more about this to convince yourself that there is, and should be, a double bulge as shown in the diagram.
Although the Sun is much more massive than the Moon it is also very much further away, so the gravitational effect of the Sun is less marked than that of the Moon. When both are lined up the highest tides occur (spring tides, not linked with the season, occur at full and new moons) and when they pull against each other (at the first and last quarter moons) the tides are less (called neap tides). 
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Position of Moon 
one day later
Can you tell whether this diagram represents spring tides or neap tides 

Figure: Tides 
Nussbaum J (1985) Chapter 9 - The Earth as a Cosmic Body in Driver R et al (eds) (1985) Children's Ideas in Science Milton Keynes: Open University Press

To get an idea of the size of the universe this book, or the corresponding website is an absolute must

Morrison P et al (1994) Powers of Ten New York: Scientific American Library

http://www.powersof10.com/
This wonderful little book is now out of print but the ASE bookshop may have some copies left:

Solomon J (1990) Stars and Forces Nature of Science Series Hatfield: ASE

Littledyke, M. et al (2005) “Teaching Primary Science” Cheltenham: University of Gloucestershire. (This in-house publication was used extensively in preparing this unit). Copies can be obtained by emailing cforster@glos.ac.uk 

Figure Smoke There is a fire in each house. They all have chimneys. Draw wavy lines to show where the smoke goes.
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Figure Stones The children are standing on the Earth. They are all holding stones. They let go of them. Draw lines to show where they all go.
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