LOCKERBIE ACADEMY PHYSICS DEPT.
S2 SPACE UNIT


TEACHERS’ GUIDE

The course is the final unit of the S2 Physics course covering the contents of the 5-14 Earth in Space topic.

The pupils will be pretested using the S2 Space Quiz during the first lesson. The end of unit test will consist of completing the same test and adapting or adding to the pupils answers. 

Learning can be seen to have taken place if the pupils score higher or the final test and that pupils have a better understanding of Earth in Space.

Pupils will not be issued with a score at the end but a grade A-F depending on how far they proceed through the test. The test/ quiz is designed to cover all A-F levels and 

Each content statement should be clearly displayed on the pupil and teachers information sheets.

	Level
	Attainment Target
	Examples of Learning Activities
	Teachers’ Notes

	A
	• identify the Sun, the Moon and the stars
	• observe the sky over a period of a month, presenting findings in simple form on a class wallchart showing night and day


	Observations made at night require parental help and daytime sky watching must avoid looking directly at the Sun. Features to note include the apparent movement of the Sun, the change in shape of the Moon and the pattern of some constellations such as the Plough and Orion, best observed in early evening during winter months.



	
	• link the pattern of day and night to the position of the Sun.
	• at a window, view the motion of the Sun across the sky, using sticky paper discs to record the observations made at intervals through the school day

• create pictures or collages of day/night, sunrise/sunset.


	Stress the danger of looking directly at the Sun. Link darkness and absence of light from the Sun. An Earth globe can be used to introduce the idea of the spinning motion. For some pupils, the relationship between this spinning motion and the apparent movement of the Sun can be introduced – see

Level B.

	B
	• associate the seasons with differences in observed temperature
	• put pictures into sets to represent the four named seasons

• collect evidence to establish that heat from the Sun is greatest in summer

• create pictures to represent the seasons


	For most pupils at this stage, explanations of seasons based upon the Earth’s tilt would not be appropriate, though some may understand it. Simply listing summer and winter clothing should establish hot and cold seasons. Longer summer days have more sunshine. Heat from a torch bulb can be used to link light and heat.

	
	• describe how: 
day and night are related to the spin of the Earth.
	• observe, record and present information about changing lengths of shadows throughout the school day, e.g. by setting up shadow sticks in the playground

• get the pupils to suggest what happens to the Sun at night 

• use a model, e.g. torch and

globe/ball, to illustrate the spin of the Earth.

• arrange paper stars in patterns to represent the Plough and Orion


	Links must be made between the spinning of our planet and the passage of time, one complete rotation being completed in 24 hours. Shadow exercises are designed to provide some concrete evidence of the rotation.

Use a torch and a ball to show what happens if the ball spins in the light of the torch.



	C
	• describe the Solar System in terms of the Earth, Sun and planets 
	• use reference books to obtain specific information about each planet of the Solar System (e.g. diameter, distance from the Sun)

• make a large picture of the Solar System, using the information collected earlier


	Pupils should be familiar with the term ‘orbit’ and the names of the planets. The vastness of space and the distances between planets should be recognised. In the composite ‘picture’, scale and relative distance would pose great challenges. Simply getting the planets in correct size order would suffice.



	
	• link the temperature of the planets to their relative positions and atmospheres.
	• arrange the planets in  order from the Sun and predict which would be the hottest and the coldest

• suggest how a covering of gases – an atmosphere – might influence the temperature of a planet.


	Emphasise the great size of the Sun and the large quantities of heat and light energy released at all times. Venus has an atmosphere but is close to the Sun and very hot. We are further away and our atmosphere helps protect us from extreme temperatures. We are the only planet where water is

present as a liquid and has not frozen or boiled away as gas.

Uranus also has an atmosphere but is so far away from the Sun that it is very cold.



	D
	• relate the movement of planets  around the Sun to gravitational forces
	• use the library to find out about ‘weightlessness’ experienced by astronauts in space

• discuss which objects in the Solar System will have the greatest gravitational pull

• make an annotated diagram to explain the effect of the Sun on the movement of the planets

• find out how we determined that the Earth moves around the Sun


	Gravity is simply a pull that is exerted by any object. Note that larger objects are not always heavier. When astronauts go into space, they experience ‘weightlessness’ and float about. The spacecraft and astronauts are, in fact, in ‘free-fall’. That is, they are ‘falling’ towards the Earth but never reach it because of the speed of the spacecraft in orbit and the curvature of the Earth. What this means is that the astronauts are apparently weightless because they are ‘falling’ at the same speed as the spacecraft.

Over the great distances in the Solar System, it is the Sun that exerts the greatest effect on the planets. Every planet would move through space in a straight line without the Sun’s gravitational pull, which causes the planets to swing round in orbit. The results of careful observations of the apparent movement of stars could be explained by Earth orbiting the Sun. We now have visual confirmation of Earth’s movement, seen from space.

 

	
	• give some examples of the approaches taken to space exploration.
	• use secondary sources to find out how evidence of our Solar System has been collected

• find out how we determined that the Earth moves around the Sun

• make a chart outlining the history of space exploration and flight

• identify some other ways in which we find out about space, using library and websites.


	Sputnik was launched in 1957. Apollo 11 landed men on the Moon in 1969 using a three-stage rocket. Shuttles, which are re-usable, have been used since 1981 for putting astronauts into orbit around the Earth. Pupils should be reminded of the very limited nature of this exploration – our planet and its moon – a far cry from the ‘Star Wars’ fantasies. Telescopes

have been used to view the heavens since the early seventeenth century. Huge and sophisticated light telescopes are used now and one of these is at the Royal Observatory in Edinburgh. Other forms of energy can now be detected, having been emitted long, long ago from distant stars. Some instruments detect part of the spectrum that is not visible, such as infrared light, whilst others detect x-rays. The  quality of light reaching us tells us much about the source of the light. Spectroscopes are used to study this. Radio telescopes are used to detect radio waves from space.



	E
	• explain day, month and year in terms of the relative motion of the Sun, the Earth and the Moon
	• record the changes in shape of the Moon over a calendar month and use models to illustrate and explain the phases

• use video or computer programmes to establish the difference between the 24-hour rotation and 365-day (approximate), orbit of the Earth

• use a dataloger to collect data about temperature and light using a tilted globe

• relate these measurements to seasonal changes
	This is a challenging topic for pupils and teacher alike. The Moon orbits the spinning Earth that is itself in orbit round the Sun. Good evidence of these relationships comes from a solar eclipse, when Earth, Moon and Sun are aligned, with the Moon preventing sunlight from reaching us. For able pupils it is worth introducing the subject of gravitational effects on our oceans, so that when Sun and Moon pull from

the same direction we get our largest tides. Similarly, the inclination of the Earth’s axis can be introduced to explain seasons. There should be an appropriate emphasis on scale and pupils should be introduced to the use of light years to measure vast distances [the distance that light, travelling at 300,000 km per second (186,000 miles per second), covers in one year]. Light from the Sun takes only 8.3 minutes to reach us, representing a very short distance in terms of space.



	
	• describe the Universe in terms of stars, galaxies and black holes.
	• use small research teams to gather information, each team to focus on one feature

• find a way of  displaying the salient features of stars, galaxies and black holes in order to distinguish between them.
	During research, other familiar terms will be encountered – planets, moons, comets, asteroids, meteorites. This might help establish scale of the much larger stars and galaxies.

For black holes the emphasis is on the dead star becoming smaller and smaller yet having a constant mass. Near the surface of the star there is a corresponding increase in gravitational pull, which eventually becomes so strong that not even light can escape. A black area with no escaping light is formed.

	F
	( describe some of the ideas used to explain the origin and evolution of the Universe.
	collect information about Hubble’s ‘red shift’ 

• find out about the ‘big bang’ theory.
	Like the Doppler effect of sound, if an object is moving away from us its light is distorted, showing up as reddening of the spectrum. Galaxies furthest from us have the biggest ‘red shift’, so are moving fastest.

Hubble’s findings were the first real indication that the Universe was not static.

Interesting questions arise here. At the moment before the ‘big bang’, the Universe would have occupied no space and its density would have been infinite. What was there before? What does the expanding Universe expand into (i.e. what is out there beyond the edges of the Universe?).


1. • identify the Sun, the Moon and the stars (LEVEL A)
Using books, DVDs and the internet, pupils should be able to distinguish the Sun Moon, stars, constellations and the planets. Pupils should also recognise the types of galaxies and nebula. There are many wonderful websites. Note that these rarely look good when printed out. Pupils are better drawing them or writing out their special features.

2. • link the pattern of day and night to the position of the Sun. (LEVEL A)

Using the globes and torches pupils should work out which way the Earth is spinning (determine from which way the Sun rises and sets) and how we get day and night. Question pupils how our sunrise and sunset might be different if the Earth was flat. 

3. • explain day, month and year in terms of the relative motion of the Sun, the Earth and the Moon (LEVEL E)

Using the globes and motorised solar system work out the motion of the solar system in terms of day, month, year. 

	What I need to know
	What I now know
	What I have learned

	Level A&B
	
	

	the Sun moves across the sky during the day
	
	

	the “height of the Sum changes during the day reaching greatest height at midday
	
	

	the Sun is always there even if we can’t see it because of the clouds
	
	

	the Sun gives us light during daytime
	
	

	shadows from the Sun change direction and length during the day
	
	

	the Seasons are caused by the tilt of the Earth
	
	

	the Earth is made up of rock 
	
	

	the Earth appears flat but is really round
	
	

	the Earth’s movements explain day and night, years, months
	
	

	Level C
	
	

	the Sun is a star
	
	

	the planets are part of the solar system which orbit the Sun due to the Sun’s gravity
	
	

	the further from the Sun a planet is the slower it moves in it’s orbit. Planets which are closer to the Sun tend to be warmer 
	
	

	There are 9/10 planets in our solar system in the order M,V,E,M,J,S,U,N,P.
	
	

	a 10th planet appears to have been discovered. It is 200 miles across and orbits far beyond Pluto. However, it does orbit the Sun. It is debateable if it should be called a planet.
	
	

	the Earth is a planet but not all planets are like the Earth. The Earth is the only planet with the right conditions for life to exist.
	
	

	the planets and the Sun were formed as was the Sun from clouds of gas and dust about 4.7 thousand million years ago
	
	

	Five of the near planets can be seen with the naked eye. Ancient peoples have watched the movement of the planets and stars for thousands of years
	
	

	Scientisits have evidence that there are other solar systems just like ours.
	
	

	Level D
	
	

	things have weight because they are pulled down by gravity
	
	

	the direction of gravity is towards the centre of the Earth
	
	

	every kilogram on Earth is pulled down with a force of about 10 Newtons
	
	

	to hold something up you need to use an upwards force equal to the force of gravity pulling it down
	
	

	falling objects fall at the same rate.
	
	

	all objects have a gravity effect-the stars and planets being so massive have a gravity effect which is noticeable
	
	

	it is the gravity between stars and planets which keep them moving around each other
	
	

	there is gravity on the surface of the moon. There is no atmosphere there. You don’t need to have an atmosphere to have gravity.
	
	

	the moon’s phases follow a regular pattern every month
	
	

	the phases of the moon are not caused by the Earth’s shadow
	
	

	the phases of the moon happen because we can see only a part of the illuminated hemisphere from the Earth
	
	

	the Moon orbits the Earth every month (Moonth)
	
	

	The Earth, with the Moon orbiting around it, is itself in orbit around the Sun. Gravity keeps everything in its orbit
	
	

	Moons are common, many planets have moons
	
	

	On rare occasions the Moon, Earth and Sun line up in space. When this happens an eclipse of either the Sun or Moon is seen. An eclipse of the Moon is caused by the Earth being in the shadow cast by the Moon 
	
	

	Lunar craters are best seen when the Sun is ‘low’ over them.
	
	

	Levels D, E, F
	
	

	the difference between the words Solar System, galaxy and universe
	
	

	the 3-D nature of space
	
	

	star patterns, myths and stories
	
	

	a sense of the scale of the universe
	
	

	an understanding of the term ‘known Universe’
	
	

	an appreciation of how scientists manage to know everything about the distant reaches of the Universe
	
	

	the mysterious objects in the Universe, including galaxies, exploding stars, black holes etc.
	
	

	ideas about the formation of the Universe
	
	

	speculation about the future of the Universe
	
	


Lesson Plans

It is hoped that after a session this topic would work around stations with pupils filling in the gaps in their knowledge on an individual basis.

Lesson 1

Pupils complete the S2 Quiz and hand it in, discussion can take place over some of the answers and which topics pupils are wanting to pursue.

Lesson 2

Phases of the moon

Many pupils ought to have completed this at primary school. It is well done in Spotlight Science Book8 Spread 17b.

Lesson 3

Using the computer suite pupils can work through some of the information on the solar system, planets, space probes etc.

Lesson 4 & 5

Mass and Weight

Pupils should be taught the difference between mass and weight and watch the Scientific Eye on gravity. Pupils can complete the experiments on relationship between mass and weight and the task on weight on different planets. 

Lesson 9

Pupils can make a quiz up from knowledge they have gained from one or more topics 

Lesson 10

Pupils resit the Space Quiz and improve on their answers ensuring that they write anything extra in the second box or on paper.

Extension Lessons

Building Rockets

Film canister rockets can be made, and investigations can be completed to test 

· the effect of temperature on the time to launch

· the effect of tablet on the time for launch

· the effect of the mass of water on the success of launch

· the effect of quantity of tablet on the success of launch

Videos DVD etc.

These should be used sparingly or the pupils will get bored and uninvolved

	Source
	Title
	Comments

	video
	Scientific Eye- gravity
	This deals with mass and weight. The video is quite dated.

	DVD
	The Challenger
	This deals with the people on board the ill-fated challenger. It is unlikely to stimulate pupils (NB this is JAHs own copy)

	DVD
	The Cosmos
	This is a 2 DVD set. It has lovely graphics and can be used as a guided tour around the Solar system. It is also very good at discussing and showing photos of the space missions to date, including the Challenger disaster. The language is not accessible to all pupils although the subtitles might help. Again this should be used sparingly.

	DVD
	International Space station
	This deals with how the space station was put together and what life is like on the space station. This is likely to appeal to the more able although excerpts can be used with lower ability classes (NB this is JAHs own copy)

	
	
	

	
	
	


Resources:

http://www.bbc.co.uk/science/space/solarsystem/earth/solsticescience.shtml
http://www.bbc.co.uk/science/space/playspace/games/constellations/constellations.shtml
http://www.bbc.co.uk/science/space/playspace/games/jigsaw/jigsaw.shtml
http://www.bbc.co.uk/science/space/playspace/games/jigsaw/launch.html
http://www.bbc.co.uk/science/space/playspace/games/voyages/launch.html
http://www.bbc.co.uk/science/space/playspace/spacemap/index.shtml
http://kids.msfc.nasa.gov/earth/seasons/EarthSeasons.asp
http://www.brainpop.com/science/weatherandclimate/seasons/experiment/
http://www.echalk.co.uk/Science/science.htm
http://www.echalk.co.uk/General/MoonSpin/moonSpin.html
http://www.echalk.co.uk/Science/Physics/solarSystem/SolarSystemGames.swf
http://www.echalk.co.uk/General/EarthSpin/earthSpin.html
http://www.solarsystem.org.uk/planet10/planet10.html
http://www.solarsystem.org.uk
http://www.brainpop.com
(username: LOCKERBIEA, password: ACADEMY)

[image: image1.png]MARS
ARE THERE REALLY
MARTIANS?

JUPITER

WHY DO THEY CALL IT A "GAS
GIANTZ"

IS THERE A MAN IN THE
MOON?.

PLANETS OF THE SOLAR
SYSTEM

WHAT'S YOUR FAVORITE
PLANET?

SOLAR SYSTEM
PLANETARY MADNESS.

PLUTO.
THE LITTLEST PLANET!

SEARCH® GO

. SPACE

LEARN THE SECRETS OF OUTER SPACE!

ECLIPSE
1T'S DARK, BUT DON'T 6O T0
SLEEP.

LIFE CYCLE OF STARS
STAR LIGHT, STAR BRIGHT!

NEPTUNE
THE OTHER BLUE PLANET!

SATURN

SATURN HAS MORE RINGS
THAN ANYONE WE KNOW!

TopiC
GOOD DAY, SUNSHINE

URANUS
A GAS GIANT ON ITS SIDE!




Brainpop is suitable for the following:

· The Seasons

· The Moon (really good)

· Jupiter is good but beware it talks about weighing 150kg on Jupiter if you weighed 50 kg on Earth! Now that will confuse the kids!

· Solar System

· Planets of the Solar System

Pupils ought to write out at least three questions from each movie so that they have shown that they have obtained information from the movie.

Pneumonic for remembering the planets Can the pupils make up one themselves

	My
	Mercury

	Very
	Venus

	Easy
	Earth

	Method
	Mars

	Just
	Jupiter

	Speeds
	Saturn

	Up
	Uranus

	Naming
	Neptune

	Planets
	Pluto


http://www.bbc.co.uk/science/space/solarsystem/earth/solsticescience.shtml
This text and figures are taken from the above website.
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THE SEASONS 

Our planet takes just over 365 days to orbit the Sun – the basis of our calendar year

The Earth's axis is tilted at an angle of 23.5 degrees

This means that different parts of the globe receive varying amounts of sunlight during the year, creating the seasons  for the most of S2 that does not explain why!

Day and night

Imagine a rod going from the north pole through the centre of the Earth and out of the south pole. Over the course of 24 hours, the planet spins once around this central rod or 'axis'. When we're facing the Sun, the sky is light and it's daytime. Then we turn away from the Sun and it's night. good

Years and seasons
The Earth takes just over 365 days to move around the Sun once and end up back in the same position. This is the basis of our calendar year.

We divide the year into seasons. Many people think that some parts of the year are hotter because we're nearer to the Sun. But the real reason is that the Earth is wonky. good

Our wonky planet

[image: image3.wmf] 


The central axis that goes through the poles is tilted at an angle of 23.5 degrees, so it's not at right angles to the way we're travelling. As we move around the Sun during the year, the amount of light each area of the planet receives varies in length.

Here's a description of how the seasons change in the northern hemisphere. (If you live in the southern hemisphere, then you need to reverse the seasons).

Summer
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The day the north pole is nearest the Sun is called the 'summer solstice'. (You can see this from the picture on the left). Looking from Earth, the Sun reaches its highest point in the sky all year. This means it takes the most amount of time to cross the sky. So this is the longest day of the year. Its called the 'summer solstice' and happens around 21 June. Astronomers call this the start of summer and after this date, days start getting shorter.

Autumn

As we continue our journey around the Sun, the north pole moves away from the Sun. The Sun rises lower in the sky so the days continue getting shorter. When the Sun is at its mid-point in the sky, we reach the 'autumn equinox', around 22 September. Day and night are both 12 hours long and its the beginning of autumn.

Winter

The day when the north pole is furthest from the Sun is called the 'winter solstice'. The Sun crosses the sky at its lowest point all year. Therefore it crosses the sky in the quickest time so this is the shortest day of the year. Winter solstice happens around 22 December and marks the start of winter. From then on, the days start getting longer.

Spring

The Earth continues on its path, and our north pole starts moving towards the Sun again. The Sun moves upwards in our skies and the days continue getting longer. Again, we reach a midpoint when day and night are both 12 hours long. This is called the 'vernal (or spring) equinox' and happens around 21 March.

Seasons across the world

The further north or south you live in the world, the more pronounced the seasons are. For example, in the far north, Alaska has sunshine 24 hours a day during their summertime.

On the equator

If you live near the equator, the Sun doesn't shift up and down in the sky as much. This means that the length of day temperature doesn't vary as much. So countries near the equator only have two seasons - rainy and dry.

Why does the Earth tilt?

No one knows why the Earth's axis is tilted by 23.5 degrees. Some astronomers think that about 5 billion years ago, when the Earth was still very young, it was struck by a Mars-sized planet. This colossal impact could have tipped our planet over. Whatever the reason, it's a good thing - if the Earth did not tilt, countries near the poles would be cold and dark all year round. If it tilted too much, the seasons would be very extreme – like on the planet Uranus. Here the winter lasts for 42 years in total darkness!

http://www.star.ucl.ac.uk/~idh/STROBEL/nakedeye/nakedeyb.htm
And this is taken from the above website.

Time and Seasons

Solar and Sidereal Day

The fact that our clocks are based on the solar day and the Sun appears to drift eastward with respect to the stars (or lag behind the stars) by about 1 degree per day means that if we look closely at the positions of the stars over a period of several days, we notice that according to our clocks, the stars rise and set 4 minutes earlier each day. Our clocks say that the day is 24 hours long, so the stars move around the Earth in 23 hours 56 minutes. This time period is called the sidereal day (because it is measured with respect to the stars). A month (say, 30 days) later a given star will rise 2 hours (30×4 minutes = 120 minutes) earlier than it did before. A year later that star will rise at the same time as it did today. 

Another way to look at it is that the Sun has made one full circuit of 360 degrees in a year of 365.24 days (very close to 1 degree per day). This means that, from noon to noon, the Earth has to turn nearly 361 degrees, not 360 degrees, in 24 hours. This makes the length of time for one solar day to be a little more than the true rotation rate of 23 hours 56 minutes with respect to the background stars. 

Solar and Sidereal Time as Viewed from Space

Let's jump to a more modern view and take a position off the Earth and see the Earth revolving around the Sun in 365.24 days and rotating on its axis every 23 hours 56 minutes. The Earth's rotation plane is tilted by 23.5 degrees from its orbital plane which is projected against the background stars to form the ecliptic. 
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Note that the Earth's rotation axis is always pointed toward the Celestial Poles. Currently the North Celestial Pole is very close to the star Polaris. 

Imagine that at noon we have a huge arrow that is pointing at the Sun and a star directly in line behind the Sun. The observer on the Earth sees the Sun at its highest point above the horizon: on the arc going through the north-zenith-south points, which is called the meridian. The observer is also experiencing local noon. If the Sun were not there, the observer would also see the star on the meridian. 

[image: image6.png]at solstice, all of Sun’s
motion is eastward.

vemnal

equinox
-

at equinox, part of
Sun’s motion is
eastward and part
is north-south.

December
solstice




Now, as time goes on the Earth moves in its orbit, and rotates from west to east (counterclockwise if viewed from above the north pole). One sidereal period later (23 hours 56 minutes) or one true rotation period later, the arrow is again pointing toward the star. The observer on the Earth sees the star on the meridian. The arrow is not pointing at the Sun! In fact the Earth needs to rotate a little more to get the arrow lined up with the Sun. The observer on the Earth sees the Sun a little bit east of the meridian. Four minutes later or one degree of further rotation aligns the arrow and Sun and we have one solar day (24 hours) since the last time the Sun was on the meridian. That night the Earth observer will see certain stars visible like those in Taurus, for example. (Notice that the Earth's rotation axis is still pointed toward Polaris.) A half of a year later Taurus will not be visible but those stars in Scorpius will be visible. (Again, notice that the Earth's rotation axis is still pointed toward Polaris.) 

A careful observer will notice that the sidereal day is always 23 hours 56 minutes long because the number of degrees the Earth spins through in a given amount of time stays constant. The observer will notice that the solar day is sometimes slightly longer than 24 hours and sometimes slightly shorter than 24 hours. The reason for this is that the Earth's orbit around the Sun is elliptical and that the Sun's motion is not parallel to the celestial equator. The effects of this are explained fully in the Equation of Time section below. The value of 24 hours for the solar day is an average for the year and is what our time-keeping system is based on. 

The precession of the Earth's rotation axis introduces another difference between sidereal time and solar time. This is seen in how we measure the year. A year is defined as the orbital period of the Earth. However, if we use the Sun's position as a guide we come up with a time interval about 20 minutes shorter than if we use the stars as a guide. The time required for the constellations to complete one 360° cycle around the sky and to return to their original point on our sky is called a sidereal year. This is the time it takes the Earth to complete exactly one orbit around the Sun and equals 365.2564 solar days. 

The slow shift of the star coordinates from precession means that the Sun will not be at exactly the same position with respect to the celestial equator after one sidereal year. The tropical year is the time interval between two successive vernal equinoxes. It equals 365.2422 solar days and is the year our calendars are based on. After several thousand years the 20 minute difference between sidereal and tropical years would have made our summers occur several months earlier if we used a calendar based on the sidereal year. 

Time Zones

People east of you will see the Sun on their meridian before you see it on yours. Those in Denver, Colorado will see the Sun on their meridian about 52 minutes before people in Los Angeles will see the Sun on their meridian. Denver residents experience local noon about 52 minutes before those in Los Angeles. That is because Denver is at longitude 105° West longitude while Los Angeles is at 118° West longitude (or 13° difference). For each one degree difference in longitude a person is from us, the time between their local noon and ours will increase by 4 minutes. 

It used to be that every town's clocks were set according to their local noon and this got very confusing for the railroad system so they got the nation to adopt a more sensible clock scheme called time zones. Each person within a time zone has the same clock time. Each time zone is 15 degrees wide which corresponds to 15×4 minutes = 60 minutes = 1 hour worth of time. Those in the next time zone east of you have clocks that are 1 hour ahead of yours. The Pacific timezone is centered on 120° W longitude, the Mountain timezone is centered on 105° longitude, etc. 
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Equation of Time
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There is a further complication in that the actual Sun's drift against the stars is not uniform. Part of the non-uniformity is due to the fact that on top of the general eastward drift among the stars the Sun is moving along the ecliptic northward or southward with respect to the celestial equator. Thus, during some periods the Sun appears to move eastward faster than during others. Apparent solar time is based on the component of the Sun's motion parallel to the celestial equator. This effect alone would account for as much as 9 minutes difference between the actual Sun and a fictional mean Sun moving uniformly along the celestial equator. 
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 Another effect to consider is that the Earth's orbit is elliptical so when the Earth is at its closest point to the Sun (perihelion), it moves quickest. When at its farthest point from the Sun (aphelion), the Earth moves slowest. Remember that a solar day is the time between meridian passages of the Sun. At perihelion the Earth is moving rapidly so the Sun appears to move quicker eastward than at other times of the year. The Earth has to rotate through a greater angle to get the Sun back to local noon. This effect alone accounts for up to 10 min difference between the actual Sun and the mean Sun. 
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However, the maximum and minimum of these two effects do not coincide so the combination of the two (called the Equation of time) is a bit complicated. This explains why the earliest sunset and latest sunrise is not at the winter solstice. Yet, the shortest day is at the winter solstice. Rather than resetting our clocks every day to this variable Sun, our clocks are based on a uniformly moving Sun (the mean Sun) that moves at a rate along the celestial equator of 360 degrees/365.2564 per day. Aren't you glad that your watch keeps track of time for you? 

Seasons

The seasonal temperature depends on the amount of heat we receive from the Sun. To hold the temperature constant, there must be a balance between the amount of heat we gain and the amount we radiate to space. If we receive more heat than we lose, we get warmer; if we lose more than we gain, we get cooler. 

Two popular theories are often stated to explain the temperature differences of the seasons: 1) the different distances the Earth is from the Sun in its elliptical orbit (its orbit eccentricity is 0.0167); 2) the tilt of the Earth's axis with respect to its orbital plane. If the first theory were true, then both the north and south hemispheres should experience the same seasons at the same time. They don't. 

A popular variation of the distance theory says that the part of the Earth tilted toward the Sun should be hotter than the part tilted away from the Sun because of the differences in distances. If we continue along with this line of reasoning, then we conclude that night side of the Earth is colder than the daylight side because the night side is farther away from the Sun. This ignores the more straightforward reason that the night side is directed opposite the Sun, so the Sun's energy does not directly reach it. But let's examine the tilt-distance model a little more. The 23.5° tilt of the Earth means that the north pole is about 5080 kilometres closer than the south pole toward the end of June. This is much, much smaller than the 152 million kilometre distance between the Sun and the Earth's center at that time. The amount of energy received decreases with the square of the distance. 

If you calculate (152,000,000 + 5080)2/(152,000,000 - 5080)2, you will find that the north pole would get slightly over 1/100th of one per cent more energy than the south pole. This is much too small a difference to explain the temperature differences! Even if you compare one side of the Earth with the opposite side, so you use the Earth's diameter in place of the 5080 kilometres in the calculation above, you get 3/100th of one per cent difference in energy received. Clearly, distance is not the reason for the large temperature differences. Notice that I used the aphelion value for the distance between the Earth and Sun. That is because the Earth is near to aphelion during the northern hemisphere's summer! We know this from measuring the apparent size of the Sun (we assume that the Sun's actual size does not vary with a period that depends on orbital period of a planet thousands of times smaller than it or that it would choose the Earth's orbital period as its pulsation cycle). 

Even though the distance model (in any variation) is incorrect, it is still a 'good' scientific theory in that it makes testable predictions of how the temperature should change throughout the year and by how much. However, what annoys scientists, particularly astronomy professors, is ignoring those predictions and the big conflicts between predictions and what is observed. Let's take a look at a model that correctly predicts what is observed (next page). 
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The tilt theory correctly explains the seasons but the reason is a little more subtle than the distance theory's explanation. Because the Earth's rotation axis is tilted, the north hemisphere will be pointed toward the Sun and will experience summer while the south hemisphere will be pointed away from the Sun and will experience winter. During the summer the sunlight strikes the ground more directly (closer to perpendicular), concentrating the Sun's energy. This concentrated energy is able to heat the surface more quickly than during the winter time when the Sun's rays hit the ground at more glancing angles, spreading out the energy. 

Also, during the summer the Sun is above the horizon for a longer time so its energy has more time to heat things up than during the winter. 
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The rotational axes of the most of the other planets of the solar system are also tilted with respect to their orbital planes so they undergo seasonal changes in their temperatures too. The planets Mercury, Jupiter, and Venus have very small tilts (3° or less) so the varying distance they are from the Sun may play more of a role in any seasonal temperature variations. However, of these three, only Mercury has significant differences between perihelion and aphelion. Its extremely thin atmosphere is not able to retain any of the Sun's energy. Jupiter's and Venus' orbits are very nearly circular and their atmospheres are very thick, so their temperature variations are near zero. 

Mars, Saturn, and Neptune have tilts that are similar to the Earth's, but Saturn and Neptune have near zero temperature variation because of their very thick atmospheres and nearly circular orbits. Mars has large temperature changes because of its very thin atmosphere and its more eccentric orbit places its southern hemisphere closest to the Sun during its summer and farthest from the Sun during its winter. Mars' northern hemisphere has milder seasonal variation than its southern hemisphere because of this arrangement. Since planets move slowest in their orbits when they are furthest from the Sun, Mars' southern hemisphere has short, hot summers and long, cold winters. 

Uranus' seasons should be the most unusual because it orbits the Sun on its side -- its axis is tilted by 98 degrees! Half of the Uranian year one hemisphere is in sunlight and the other is in the dark and the other half of the year, the situation is reversed. The thick atmosphere of Uranus distributes the solar energy from one hemisphere to the other effectively, so the seasonal temperature changes are near zero. Pluto's axis is also tilted by a large amount (122.5 degrees), its orbit is the most elliptical of the planets, and it has an extremely thin atmosphere. But it is always so far from the Sun that it is perpetually in deep freeze (only 50 degrees above absolute zero!). 

Galileo’s Letters

Teacher notes.

Here is a resource which combines the history of science with a literacy task. The real value however lies in the explaining of ideas. Children might be encouraged to work in small groups to prepare Galileo’s responses or just one response. Collaboration will ensure discussion and the exchange and reformation of ideas.

The scene to set is something like this:

Your name is Galileo. You live in Italy and work at the University in Padua. You teach science. The year is 1612 and you have just received some post on a Monday morning.

Most people believe that the Earth is flat, it does not move and that it is at the centre of the Universe. You have very different ideas. You believe that the Earth is round, that it turns and that the Sun is at the centre of the Universe.

Imagine you are Galileo. You have to reply to the letters, one at a time. You might want to include one of your famous diagrams to help you to explain.
Each of the five letters covers a different astronomical challenge. The tension between Galileo and the authority of the church is well documented. This exercise allows you to share a little of the history of science with children in a creative and constructivist way.

Key points to bring out would be;

· People believe different things. Common sense however is not always right.

· The history of science is full of arguments like these. Science is in a healthy state when scientists challenge each other.

· Simple sketches can help to explain difficult ideas.

· Galileo’s own ideas were built from the teachings of other scientists in particular a clergyman called Nicholas Copernicus who lived in what is now Poland.

· International / cultural contributions to science - here is an Italian basing his ideas of the work of someone from Poland...and so on.

· letter writing and language skills find a place in this activity.

15 Vatican View Padua

Professor Galileo Galilei

14 September 1612 

Dear Professor Galileo

I enjoy reading your science column in the Padua Times. It is my favourite newspaper. However, your article last week suggested that the Earth was round like a ball. I find this difficult to believe. Surely people living on the lower part of the ball would fall off. My sketch below shows what might happen. I am sure the Earth cannot be round.
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Yours confused,

Reshma Sagredo

24 Farmyard View, 

Padua

Professor Galileo Galilei

14 September 1612

Dear Galileo

I was a student in your lesson last week. You said that the Earth was round and not flat. But I can see quite clearly that it is flat. When I look out across our garden and across the field, it looks flat, apart from the church and the school building. Did you make a mistake in your lesson?

Yours sincerely,
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Roger Simplicio.

4 Napoli Gardens 

Padua

Professor Galileo Galilei

14 September 1612

Dear Galileo

At dinner last week you suggested a new idea. You proposed that the Earth was like a ball turning. You said that this explained night and day. I have been thinking about this idea and I simply can’t believe you.

If the Earth were turning then a ball thrown in the air would never return to the same place. Birds would take off and be swept away forever as my diagram explains. I hope that you don’t seriously believe that the Earth is turning. Perhaps it was just a little joke for our amusement at dinner.

Your friend as always,
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Jane Salviati

The
Papal Office 

The Vatican

Rome

Professor Galileo Galilei

14 September 1612

Dear Galileo

My Bishops have reported that you have been teaching the idea that the Earth moves around the Sun. This disturbs me.

For thousands of years we have known that the Sun goes around the Earth. This is obvious to everyone. Each day the Sun rises, moves across the sky and then sets. The next day it comes back around. This is how we get day and night. My sketch below shows how it works.

Do you really expect people to believe a story which contradicts what people see every day with their own eyes?
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Yours sincerely,

Pope Urban.

11 High Street 

Venice

To Uncle Galileo

14 September 1612

Hello Uncle.

I hope you are well. Thank you for sending me some drawings of the sky through your new telescope. The Moon looks quite lovely. I can’t wait to take a look when I visit you next year.

However I am puzzled by the mysterious moons near the planet Jupiter. Sometimes you have drawn four and sometimes only one. Perhaps your eyes are playing tricks on you. You are getting old these days. The drawings are the ones I have sketched here. Are there four or is there only one? What is happening uncle? 
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Yours truly,

Denise Fiat—Galilei 

Activity:
Shoe-box constellations.

Use the internet to play the constellation game. Try to record the constellations in your jotter and find them in the sky before the end of block

http://www.bbc.co.uk/science/space/playspace/games/constellations/constellations.shtml
Equipment:
A selection of boxes - shoe boxes or similar.

A pin, sharp pencil or scissors to poke holes through the box.

Teachers can make up a set of constellation boxes ready to view against a bright window. Make sure that you make the pinholes so that the constellation appears the correct way round. Some common constellations are shown below.
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Leo, the lion.
The lion is one of longest recognised constellations. Ancient Persians, Turks, Syrians, Hebrews and Babylonians saw these stars as having a lion pattern. To the Greeks, this was the lion slain by Hercules in the first of his labours. The lion was important to the Egyptians as the Sun was in this part of the sky at the time of the annual life-giving floods of the Nile.
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Cassiopeia

In Greek mythology Cassiopeia was queen of ancient Ethiopia. She rests in her chair, head downward, as punishment for boasting of the beauty of her daughter Andromeda. The star labelled ‘B’ is 45 light years away. The star ‘E’ is 520 light years away. Yet they appear to be together in this apparent group.

You can see Cassiopeia on any dark night, summer or winter in the northern hemisphere.

Orion, the hunter.
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In Greek mythology Orion was the son of Neptune. He was the most handsome of men. He was the lover of goddess Diana and he also was attracted to the goddess Pleiades. Orion was killed by the sting from a scorpion and placed up in the sky by the goddess Diana.

The most obvious feature of Orion is the line of three stars which form his belt. Below the belt hangs his sword. The fainter stars, not shown here, form his shield and hands and feet.

The star at the top left is Betelgeuse (an Arabic name meaning ‘armpit of the great one’). It is a red giant star, about 650 light years away.

For the Australian native peoples, the Aborigines, the stars appeared upside down and seemed to make the shape of the emu.

[image: image22.png]— X X
(@) W o
(@)

o S 8




The Plough

This is part of a larger constellation called the great bear. To the native North Americans the bear played a special part in mountain life as food, clothing and a threat. The ‘tajl’ was supposed to be three hunters chasing the bear. One of the three ‘tail’ stars is in fact a double star if you look closely on a clear night. Binoculars show this pair well. The two pointer stars show the way to the pole star and have always been an important signpost for sailors and navigators.

Activity:
Making galaxies. Modelling the hot Big Bang.

Cotton wool or, better still, cheap cushion stuffing material (as available in John Lewis and other large stores) can be stuck onto card to make galaxies of different shapes. A small A5 size card will hold enough material to be shaped into a spiral or an oval.

Galaxies generally fall into the following shapes:
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The front cover of this section shows a sketch of the Milky Way galaxy. It is a spiral shape and our Solar System lies within one of the spiral arms.

Before mounting the models on a classroom wall to create your very own Universe, perhaps with some galaxies grouped together in ‘local groups’ you could get pupils to simulate a model of the very start of the universe - the big bang. Just have all the pupils and their galaxies huddled together in the playground. At the sound of a clap or as loud a ‘bang’ as you can muster, the pupils run away in all directions.

[Of course, at the time of the big bang the stars hadn’t formed and neither had galaxies. In fact all that was there was a huge cauldron of particles, sometimes called the primeval soup. However the model is the best chance pupils will get of modelling the event in a simple way.]

· Activity:
The Universe card game

This game invites pupils to work as a team to build up a sequential model of the Universe in stages, each stage being many times larger in scale than the last. Mount or copy the sketches onto card and similarly so the arrows. A set of cards can be given to each group of pupils. Perhaps six pupils to a set.

Start with the cards and no scale arrows. The task is to lay the cards out in an order. This task ought to be left to the pupils to do themselves. It is a sequencing task during which they will need to discuss, argue and generally engage with each other.

The arrows can be seen as an extension. Some numbers are simple multiples, (a calculator nearby might help some pupils). The harder arrows - probably those from inner to outer Solar System and from Solar System to stars might require some assistance.

Once completed you might want to make a display of the sequence or use it as a stimulus for some presenting or creative writing tasks. It is not uncommon for pupils to enjoy writing their home address starting from their name and ending up with ‘the Universe’.

One of the hardest tasks for any teacher is to convey something of the sheer scale of the Universe to pupils. Indeed it is hard enough forming a sense of scale in ones own mind. This model is one attempt.

Some other storyline ideas might be:

· if you travel at 100mph all day and all night it would take you 100 years to drive to the Sun.

· even at this speed it would take you 80 days to get to the Moon.

· to get to the next nearest star would take you over a thousand million years. Some journey - and there are no petrol stations in space!
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Appendices.

•
Worksheets for making your Solar System models

•
Set of cards for Solar System card game

A special note for all teachers.

You might want to make a scale model of the Solar System, with the correct scale for planet sizes and for distances. This is impossible to do in a school.

If you make the planets to a scale large enough for them to be seen by children, Jupiter being the size of a football for example, then the distances to separate the planets would place Mercury beyond the school gate and Jupiter a few bus stops away. Pluto might be on the other side of town!

If, on the other hand you use a distance scale which fits the whole solar system in your school playground or in a corridor then the planets will be so small, even Jupiter will be no bigger than a pea.

The solution is to cheat. Have one manageable scale for the distances and another larger scale for the model planets. You can combine these two scales into the one model but perhaps might feel that an explanation is needed for children. The concept of a ‘scale model’ itself might need some sensitive describing.

Two bottles of lemonade.
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The two bottles at the top of the Earth contain lemonade. If the two bottles were sent to the Douth Pole, draw what you think will happen to the lemonade.

4. Space Exploration

Part 1. Storyline for teachers.

This work is aimed mainly at level b but may be adapted for other levels.

[this section could easily have been a subsection within ‘gravity’. It has

been separated out simply to avoid the gravity section becoming too

unmanageable]

Key ideas include:

•
Forces and gravity - rockets, how do they work?

•
Forces -action and reaction

•
fuel and payload - a delicate balance

•
landmarks in the history of space exploration

•
modern applications of space exploration

Let’s start with some questions.

Q.
Sir, how high do space rockets go?

Most orbiting satellites are called follow ‘polar’ orbits and are really quite close to the Earth. Typical heights above the surface would be between 500 and 800km. This is less than the length and breadth of Britain. On a typical school globe a polar satellite might be about 1cm above the globe surface.

There are satellites which move in higher orbits. They are called geostationary satellites. They orbit once every day and so remain above the same part of the Earth’s equator. Satellite TV dishes point up towards these satellites. All these geostationary satellites must sit at the same orbital distance, about three Earth diameters above the surface.

Q.
Miss, what do we need satellites for?

Polar orbiting satellites have many applications. Some are used to map the Earth’s surface perhaps sensing land use, ocean depths, air pollution movement, fish migration, cloud patterns etc. The higher, geostationary satellites are mainly used for communication. We can bounce TV and phone signals off them. This is one of the quickest ways to send radio signals around the Earth. Some geostationary satellites are used to monitor weather patterns.
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Q.
Sir, how do the satellites get up into space?

Unless a satellite is assembled in space, and a few are, they need to be carried up whole by a transporter. There are two types of transporter in use today. Rockets are a ‘one-off’ launch vehicle. Once the fuel has been used to lift the satellite and speed it up it is then released to move freely around in its orbit.

The space shuttle is a reusable launcher. It is more like a conventional plane. It has wings but it launches like a rocket, (you might argue that the shuttle is launched like a rocket but it returns to be relaunched on another occasion.)

Q. But what about all that weight. How can it be lifted up so high? 

The clue to understanding how rockets work is to think of a party balloon. When inflated and released, a party balloon will fly around a room. What makes it do this? The answer is the air. The air inside is compressed and contained by the stretched plastic of the balloon. The balloon stores energy by being stretched. When released the balloon material relaxes and forces the air out of the blowhole. The forcing of the air is accompanied by a second force called a reaction force. The reaction force acts on the balloon itself. So the air goes one way, the balloon goes the other. (this is what Newton called action and reaction)

Space rockets work in exactly the same principle. In place of a stretched balloon the energy to force the gas out is stored as liquid fuel and oxygen. When this fuel and oxygen burn, the resulting gases explode and expand, forcing the gas out of the rocket jets at the back. The reaction force acts on the rocket. It is the reaction force which pushes the rocket forward.

Q.
Why don’t rockets fall down?

This is a critical question and one that is often misunderstood. The first thing to realise is that gravity attracts all spacecraft. Not only on the way up but also during their time in orbit. If it were not for this gravity then all space vehicles would be launched and then disappear into deep space, never to return. The force of gravity keeps the spacecraft moving around the Earth in circular orbits. The fact that the orbit is circular is due to the force of gravity pulling the spacecraft back down towards the Earth: ‘what goes up must come down’. However, the trick is to make the space craft also move horizontally at the same time as it falls back to Earth. The resulting path is then a curve. If the horizontal speed is great enough, but not too big, the curved path will be just enough to follow the curve of the Earth’s surface. You have yourself a satellite. It is just like throwing a ball horizontally. The path will be curved because of gravity.
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So orbiting space craft are falling down, they just happen to be moving sideways at the same time.

Q. Do spacecraft need rockets?

A space vehicle, such as a satellite or the shuttle doesn’t need any rockets once it is up in orbit. It will quite happily remain in orbit, falling around the Earth with no forces acting other than the downward pull of gravity. However all space craft carry small booster rockets to help them to make small changes to their orientation or to their orbit. They switch these on for exact times in short bursts. The result is a small push on the rocket which might start to change its position slightly.

Activity 1: The party balloon rocket.

Equipment: Some long party balloons. A length, (enough to cross the teaching room) of thin twine or heavy-duty fishing line, some plastic drinking straws, tape.

It is likely that you will have already done this with children. If it is your first time, find a sturdy anchor for the end of the string. A gas or water pipe perhaps. Thread the free end of the string through two short pieces of drinking straw. The inflated balloon is then taped onto the straws, front and back, and when ready, released.
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With two pieces of drinking straw the balloon is more stable and doesn’t rotate so readily. Two groups can race their balloons across the classroom.

It is important to encourage children to think about why the balloon moves. There are forces to be described in this situation. By giving children cardboard arrows you will be helping them to formulate sentences to describe the key forces acting. The force on the air in one direction and the force on the balloon in the other. (see photograph).

Activity 2. The pop-bottle rocket

Equipment:
A 1.5 or 2 litre cola bottle. Rubber bung and tube stopper arrangement. Tripod, rubber tube and bicycle pump / foot pump.
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There are variations of this demonstration and even commercial kits - Rockit’ kits - available. You need fill the bottle no more than 1/4 full with water. The stopper should not be forced in too hard as the pressure will be excessive and may burst the bottle or the tubing. SAFETY NOTE. These rockets launch with a considerable speed. You must ensure that you reduce the risk of injury to children from the rocket. Children should stand at least five metres way from the launch.

What if you add more water? Does the rocket go further?

You must remember that for the first part of the take-off, the water in the rocket is carried up into the air. Hence more water means a heavier rocket. Try this out for yourself. Heavier water rockets will not travel any higher.

[Real rockets have just the same problem. The weight of the fuel must be added to the payload weight. All the fuel must be lifted as soon as the countdown is complete. More fuel means you need more fuel to lift the fuel. It is a vicious circle.]

Once again this is an illustration of action and reaction and two forces are involved, both originating from the compressed air in the bottle. One force is a force acting on the water, the other is a reaction force pushing up on the bottle.

Activity 3: Film tub rockets.

Equipment: plastic film tubs and their lids. Pieces of blu-tac. A supply of effervescent tablets (you can try Alka seltzer or any commercial vitamin C fruit tablet.) A thermometer, beaker and tray will all come in handy. (the latter acts as a sink to collect all the exhaust water.
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There is a technique to carrying out this rocket experiment and you will need to practise. Make sure that your film tubs have lids which clip on with a satisfying ‘clunky clip’. Weaker lids will leak under pressure.

The key is to start with dry equipment. Roll the blu-tac into a ball and stick it firmly on the underside of the film tub lid. Make a peak shape and onto this peak carefully push a quarter of an effervescent tablet. Invert the lid to ensure the tablet doesn’t fall off.

Now add some water to the film tub - up to the halfway mark. You can take the temperature of the water. Now carefully clip on the lid. When ready just invert the tub into a tray and stand back. Start a clock and record the ‘fizzpop’ time. SAFETY NOTE: children should take one step back from the table. Also check that there are no vulnerable light bulbs overhead.

By changing the water temperature you can record a number of different fizz-pop times. A plot of temperature against time will yield an interesting curve. Temperatures between 100C (cold water from a fridge) to 7O oC (from a hot kettle) will give you fizz-pop times from between a few minutes (cold water) to a few seconds (hot water).

Let’s draw the Moon
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Activity 3: explaining the phases of the Moon.


This is one of the keystones in this section and it is one of the most challenging for teachers. You must of course first be fully confident that you know how the Moon’s phases are formed.


Equipment.


A dark room, a hand torch and a ball on a stick is the best and simplest set up. Preferably one such kit between a small group of children.


The child with the Moon (ball on a stick) needs to describe just what they can see. Their head represents the Earth. Another child illuminates the ball (the torch is the 5un). Language is an important element in this interaction. The earth observer needs to be encouraged to use terms such as ‘half lit’ or ‘I can see the right hand half’ or ‘the part facing the torch is the only part you can see’. Children ought to take turns in being the earth. Of course one problem with this model will be scale (the Moon is likely to be far closer than it really ought) but this demo is not about scale models and distances. Another problem is that the Earth should spin about 28 times in the time it takes for the Moon to orbit once. If the Earth observer is the same person holding the moon-on-a-stick then they will turn once in a month. Again you might have to explain this to children.

A development worth trying would be to have a third child holding the Moon and moving slowly around the Earth observer.

Activity 4; explaining eclipses.


Equipment.


The same equipment as for phases could be used to explain eclipses but you could also try an overhead projector. This gives a large shadow of the earth on a screen or wall for all to see. Set this up with a globe, or a person, acting as the earth.


Safety Note: Take care, OHP lamps are very intense and looking directly at one is not advised. For this reason the globe might be best used as the Earth.

Eclipse of the Moon.


It is best to start this demonstration by establishing that there is indeed a shadow in space from the Earth. If there were a huge white screen out in space we would be able to see this round shadow. As it is there is no such screen and the shadow just extends out into the darkness.

The Moon on a stick can now be introduced and moved around the Earth. The axis of this orbit it tilted and so the Moon doesn’t always pass directly through the shadow. Most often it misses the shadow (see sketch on next page). Occasionally the Moon does pass through the shadow and no longer catches the sun’s light. There is no light for it to reflect and so it appears to fade. After an hour or so the moon reappears gradually returning to it’s full Moon glory. Everyone on the night side of the earth has seen this happen. Those on the day side have missed it.

Eclipse of the Sun.

The same set-up can demonstrate a solar eclipse. This time the shadow of the Moon is allowed to fall onto the Earth. If your Moon is sufficiently near to the earth you might manage to show to children that the shadow falls only on a limited patch of the Earth’s surface. Hence not everyone notices the eclipse, only those who are lucky (or unlucky) enough to live in the shadow. Hence it is a rare event.


Let’s Draw the Moon

As the Earth orbits the Sun it tilts on its axis
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Date:________________





Time:________________





My drawing shows:
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Date:________________





Time:________________





My drawing shows:
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Take care. Always take a grown up with you and don’t go far. Find a place where you can see the Moon. Rest this paper on a book or a stiff piece of card. Use a soft pencil.





If it is too bright don’t stare at it for too long. Perhaps wear sunglasses. 


Shade in those parts which look darker.


If you have binoculars you can add some more detail.








Date:________________





Time:________________





My drawing shows:
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Date:________________





Time:________________





My drawing shows:
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Take care. Always take an adult up with you and don’t go far. Find a place where you can see the Moon. Rest this paper on a book or a stiff piece of card. Use a soft pencil. If it is too bright don’t stare at it for too long. Perhaps wear sunglasses. Shade in those parts which look darker. If you have binoculars you can add some more detail.
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