An exemplary scenario of a lesson titled “Solar System and Earth’s movement” in a simplified version, which means without dividing the class into groups!
Younger classes than in the project with inclusion of groups, but it assumes their knowledge of decimal fractions.
A proposition how to discuss three (four) topics in one (two) hour (hours):
I. Solar system
II. Earth’s gyre and it’s consequences
III. Earth’s circulating motion and it’s consequences
IV. Moon phases[footnoteRef:1] [1:  That’s an extra subject, and it can be omitted if there is no time left] 

Includes elements of core curriculum of:
Physics with astronomy, geography, mathematics, and arts
Aids;
· A model of the Solar System at school’s disposal
· Earth’s globe
· A ball the size of a quarter of the globe (to represent the Moon)
· A strong flashlight

Ad I
· We give the students the picture: Model of the Solar System
We name all the planets out loud and discuss the differences in their sizes. We can try to measure with the students sizes of the Sun and Jupiter in the picture and assess how many times smaller the Jupiter is compared to Sun. 
What differs the Sun from planets? Usually somebody knows – the teacher elaborates.
There are two types of planets. Can you see it in the picture? We discuss the giant planets (gas giants) and those similar to Earth (terrestrial planets).
We show the school’s model of the Solar System. We ask how well does it depict the planets’ sizes.
Conclusions:
· The Sun is about 10 times larger than Jupiter (the largest of planets), and Jupiter is about 10 times bigger than Earth.
· There are eight planets in our Solar System
· There are four terrestrial planets rotating close to the Sun (Mercury, Venus, Earth, Mars), and four gas giants rotating further away from it (Jupiter, Saturn, Uranus, Neptune).
· It’s hard to depict all of the planets’ sizes in one scale[footnoteRef:2]. [2:  If the students don’t know the term of scale from maths – it should be briefly explained] 



· We continue to explain to the students how vast the Solar System is compared to the distances we know from Earth (the size of Earth).
E.g. we write on the board
1) Earth’s average size 		:	12 740 km
The students read it out loud and compare it to the length of the longest trip they have ever taken.
2) The average distance between Earth and Sun: 150 000 000 km
The students read it out loud.
Question[footnoteRef:3]: [3:  Mathematics – proportions ] 

Let’s assume we’re making a model of Earth with the diameter of 1 cm. How far away would be the Sun in this model and what would be it’s size?
Answer:
We divide the average distance between the Sun and the Earth by the average size of Earth and we multiply the result by the diameter of Earth assumed in the model. We receive a value  of 11774 cm, which is 117,74[footnoteRef:4] m. Which means that if we wanted to make a Solar System model in the scale in which the Earth has a diameter of 1cm, then the Sun (a ball with a diameter of about 1m) should be placed about 118 m away from our model of Earth. [4:  Mathematics – decimal fractions] 

Jupiter is over five times further from the Sun than the Earth, and the furthest planet – Neptune – over 30 times further.
This means that the Jupiter needs about 12 years to circle the Sun once, and Neptune – 165 years.
In our model the Jupiter (a ball with a diameter of about 10 cm) would be 611m away from the Sun, and Neptune (a ball with a diameter of 4 cm) – over 3,5 km.
This example shows that the distances in the Solar System are hard to imagine, because they are truly huge. This is why the distances in our Solar System are expressed in the units of Earth’s distance from Sun.
This average distance is called an astronomical unit.
We return to our Solar System model and ask the students to show[footnoteRef:5] how far away should Jupiter and Neptune be if we assume the distance between Earth and Sun as the one in the school’s model. It usually appears that Neptune should be somewhere outside the classroom. [5:  Mathematics – approximation ] 

Final conclusion:
The distances in the Solar Systems are huge. A model of the Solar System, rightly showing both the planet sizes and distances from Sun, should be really big. But a different scale can be used to show the distances than the one used to show the sizes.
· We can also encourage the students to create their own Solar System model near the school that would properly show the distances between the planets and the Sun.
A material for students interested in the topic: Model of the Solar System
Ad II
· We give out a picture to the students: Earth’s rotation
We ask the if they know what it represents.
If they don’t we take a globe and we rotate[footnoteRef:6] it slowly asking if they see what we are showing now. We explain to them that the Earth makes one full rotation around it’s axis in 24 hours[footnoteRef:7]. [6:  Looking from above the motion should be counter-clockwise.]  [7:  More precisely it is the time of Earth’s rotation in relation to Sun, which means the time elapsed between consecutive solar culminations over a given meridian – we call it a solar day. The time of Earth’s rotation in relation to other distant stars is shorter an lasts 23 hours 56 minutes 4 seconds – we call it the sidereal day. It can be easily shown to the students by rotating the globe and slightly moving it around the “Sun” pre-empting future events, since it is discussed later on along with the circular motion.] 

Then we explain that the Earth’s axis doesn’t shift it’s position throughout the year[footnoteRef:8], however elongating Earth’s axis ends up in pointing at two sky poles: norther, visible from Europe and southern – not visible. The northern end points at the Polaris, which is part of the Small Dipper. We explain why we don’t sense the rotation of the Earth, but we can see the movement of the stars around Polaris every night. We try to find an analogy for this in life (riding a train, a roundabout). [8:  More precisely – the shift in it’s position in relation to stars as a result of precession of the Earth’s axis during the year is so minuscule, that it can easily be overlooked by us.] 

Now we explain how the photo was taken:
The author of the picture has put his telescope still in place and turned on a camera for a longer period of time, standing in the spot where the telescope focuses light. The camera alongside the Earth was slowly rotating in relation to the stars. In effect the stars left small bright trails on the picture registered by the camera.
We can ask a student to pick a point on the globe (that’s where our observer is) and a random point in classroom e.g. on a wall, behind a window (it will act as a distant star), and to describe what the observer sees as the student rotates the globe.
We ask the students if can assess how long did it take to take this picture (the exposition). We explain what needs to be measured and how to calculate the time:
We pick one of the arcs in the picture. We measure with a protractor the angle at the point being the centre of all arcs (that’s where Polaris is) between the two ends of the arc. We know that a full circle would be registered on the photo after 24 hours.
We create a proper proportion: 		360º		 - 	24 (hours)
Our measurement	 - 	x (hours)
Which leaves us with the result: 	x = (our measurement) · 24 / 360
Conclusion I:
As result of Earth’s gyre the stars circle the Polaris every night.
· And what does our daily star do? We discuss with students how it moves on the sky during the day.
But in reality the Sun stays still, and the Earth is rotating.
Now we ask one of the students to direct the light of the flashlight onto the globe while acting as the Sun standing still. We stress on the fact, that we ignore that the Earth revolves around the Sun as it rotates. A second student slowly rotates the globe, which is standing on e.g. a table. We discuss the phenomenon of days and nights on Earth in relation to latitude with the students involved.
Conclusion II:
The effect of Earth’s gyre is the phenomenon of day and night as we observe it on Earth. The duration of day and night depends on the latitude.
· We can also mention the Foucault’s pendulum.
Ad III
· All planets, constantly rotating around their axles, circle the Sun following orbits very similar to circles. But in reality those are ellipses[footnoteRef:9]. [9:  Mathematics – ellipse. If the students don’t know it – introduce it, showing how to draw one using a string attached to two foci. We explain that if those foci are connected into one – it becomes a circle.] 

· We will now walk with the globe around the Sun rotating the globe at the same time. We show how far Earth will advance on it’s  orbit during a single rotation (about 1/360 of a full angle). Ask one of the students to try and replicate that. It is easily seen that even if one walks slowly, they have to quite quickly rotate the globe.
We stress the fact that the angle of Earth’s axle’s tilt in relation to the plane of it’s orbit around the Sun is about 90º - 23,5º = 66.5º, and because of that the lighting of any given spot on Earth changes throughout the year. This is why we notice a cyclic change of seasons.
If the Earth’s axis was perpendicular to it’s orbit’s plane there wouldn’t be such visible differences between seasons on any given spot on Earth[footnoteRef:10]. We would still have different climate zones, but the light would incide at a constant angle on any given parallel on Earth. [10:  There would be probably some insignificant changes due to the changing distance between the Earth and the Sun during it’s journey around the Sun] 

Conclusion:
Seasons are a consequence of the tilt of Earth’s axle in relation to the plane of it’s circling motion around the Sun.
· Now let’s place the Sun (another student with a flashlight directed at Earth) so that the Earth’s axle is on a plane perpendicular to the plane of Earth’s orbit and at the same time passing through the centre of both the Sun and the Earth. During the year we notice two such moments: once the north pole is tilted away from the Sun (winter on northern hemisphere) and once it is tilted towards the Sun (summer on northern hemisphere). We discuss with students both positions by properly placing Earth and lighting it with the flashlight.

The beginning of winter – the shortest day of the year (winter solstice): the Sun is the lowest above the horizon on the Earth’s northern hemisphere.
Have the students show on the globe where do Sun’s rays incide perpendicularly. By rotating the Earth we can show that this is a certain parallel – let’s name it and give it’s latitude. We can also explain the phenomenon of polar nights and days.

Conclusion:
During the shortest day of the year on the northern hemisphere the Sun rays are perpendicular to the Tropic of Capricorn. This is the longest day on the southern hemisphere.

Beginning of summer – the longest day of the year on the northern hemisphere (summer solstice). The Sun then moves at it’s highest level above the horizon. The students should place properly the Earth and the Sun, and analogical thought process starts over again.

Conclusion:
During the longest day of the year on the northern hemisphere, the Sun’s rays incide perpendicularly onto the Tropic of Cancer. This is the shortest day on the southern hemisphere.

We can also discuss the moments of vernal and autumnal equinoxes but then we might not have enough time for the IV topic.
· We give the picture to the students: Earth’s orbital motion
We ask them if they know what it represents. We explain what it is about:
As a result of Earth’s circular motion around the Sun we can observe a journey of the sun among the stars. This journey takes place on the ecliptic, because it is a representation of the actual movement of Earth around the Sun[footnoteRef:11]. [11:  We can introduce the term of zodiac signs, however we should explain that the ecliptic was divided a long time ago into twelve identical arcs (zodiac signs), which happened to be covered by constellations at the time. Today, as a result of Earth axle’s precession, the zodiac signs have shifted in relation to other constellations by about “one constellation” and the Aries sign (the beginning of astronomical spring) is nowadays inside the Pisces constellation. Also a fun fact is that the Sun spends about a week “inside” the Scorpio constellation, however it spends a lot of time inside the thirteenth constellation – the Ophiuchus.] 


Ad IV
· We ask them if they have noticed that the Moon has a similar size to the Sun on the sky[footnoteRef:12]? [12:  It is crucial to stress that one can look at the Sun only through sunglasses, and they can never watch it through binoculars or a telescope – they can lose their sight!] 

We explain that on the sky the Moon has a similar size to the Sun, although it is 400 times smaller than the Sun.
It’s worth drawing a suitable picture to explain the idea of angular sizes and to ask them how many times closer is the Moon to the Earth than the Earth to the Sun.
· [bookmark: _GoBack]We give students the picture: Moon Phases and we discuss it.
We now add the Moon (a ball) to our experiments. We try to make it so the students, with as little help from our side as possible, reach the idea of how to align the Sun, the Earth and the Moon to get a given phase of the Moon.
During the experiment there can be a statement that they have created a Sun or Moon eclipse, or a question concerning one of those phenomena.
Then we also explain the phenomenon of the Moon eclipse and why it doesn’t happen every time the Earth is between the Sun and Moon. We explain the Sun eclipse similarly and why it doesn’t occur at every new moon.
