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Active Astronomy: Introduction
This curriculum was designed based on the experience of the authors in astronomy education and outreach. We have created a selection of hands-on activities that can be easily adapted to the level of students across a wide range of age and education.  The curriculum is divided into 5 sections, each of which contains a core activity unit, plus a range of variations (to target different levels) and follow-up activities for classroom teachers to use in future lessons. Depending on the grade level we will conduct a subset of the activities described.  All of the activities use materials that the team will bring with them, and follow-up activities rely on materials likely to be readily available in any location.  For younger children (grades 1-3) and those less able to grasp the concepts presented, we have prepared adaptive variations that cover the same themes. The general format is to begin each session with a short presentation (5-10 min), then divide the students into small groups for the activities. Two instructors (plus the classroom teacher if available) will circulate and engage each team in turn for the duration of the session. Several of the activities result in a creation that the children can take home, and materials and lesson plans for follow-up will be provided for the teachers.  

Activity 1: The size and scale of our solar system (and other objects in space)
Introduction:
What is Astronomy? Astronomy is the study of celestial objects-such as stars, planets, comets, and galaxies-that are located outside of Earth’s atmosphere (Space). 
Astronomers study the evolution, physics, chemistry, meteorology, and motion of celestial objects as well as the formation and development of the universe. 
What makes up our solar system? Our solar system consists of the Sun and the objects that orbit it including planets and their moons, asteroids, comets and dwarf planets. 
Our Solar system is located in the Milky Way Galaxy. The eight planets in our solar system are (in order from distance from the Sun): Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune. 
Activity A:
Let this ball represent our Earth. The real Earth has a diameter of 12,658 kilometers, and is 150 million km from the Sun. This ball has a diameter of 2 inches. Which of these other balls do you think would accurately represent the (Moon, Jupiter, Mars, Sun) if the Earth is this ball?
Now, we are going to look at the distances between objects in our solar system. Pick a ball to represent the Sun, (diameter is not to scale for this part of the exercise!) and we will measure the distances of the planets from there. Using a meter stick or measuring tape, measure out how many centimeters or meters the other objects in the solar system should be placed from the Sun. Have students stand with their planet’s ball in its measured distance from the sun. Students who do not have a planet will be the ones measuring the distances. 

Ideally this activity would utilize an open space, such as an outdoor schoolyard. 
Table 1: Scaled Sizes of Solar System Objects                Table 2: Scaled Distances of Solar System Objects
	Object
	Scaled Size

	Sun
	18', size of room?

	Earth
	2" Styrofoam ball

	Moon
	Penny or 3/4" diameter ball

	Mars
	Quarter or 1" diameter ball

	Jupiter
	24" beach ball


	Object
	Scaled Distance

	Sun
	0

	Mercury
	60 cm

	Venus
	1.1m

	Earth
	1.5 m

	Moon
	4mm (from Earth)

	Mars
	2.3 m

	Jupiter
	7.8 m

	Saturn
	14 m

	Uranus
	29 m

	Neptune
	45 m

	Pluto
	60 m







Table 3: Real Distances and Diameters of Solar System Objects
	Object
	Distance From Sun (km)
	Distance From Earth (km)
	Diameter (km)

	Sun
	0
	150,000,000
	1,390,000

	Moon
	 
	384,400
	3,476

	Earth
	150,000,000
	0
	12,658

	Mercury
	58,000,000
	91,700,000
	4,878

	Venus
	108,000,000
	41,400,000
	12,102

	Mars
	228,000,000
	78,300,000
	6,786

	Jupiter
	778,000,000
	628,000,000
	142,984

	Saturn
	1,400,000,000
	1,300,000,000
	120,536

	Uranus
	2,900,000,000
	2,700,000,000
	51,180

	Neptune
	4,500,000,000
	4,400,000,000
	49,528

	Pluto
	5,900,000,000
	 
	2,300



Variations and Follow-Up Activities
· The teacher stands in the center as the Sun. Have the students holding the planets “orbit” around the Sun. This will get them up and active!
· Shout out questions such as: Who’s furthest from the Sun?  Who’s hottest/coldest etc. The class will be able to see/infer the answers from the activity.
· If outdoors, draw the orbits in chalk on the ground, so the planets can follow them.
· Try to get the relative distances about right, and then discuss which planet should be moving the fastest.
· The teacher asks the student holding the Earth to stand still.  She then asks the student to describe the position of one other inner planets (e.g. Mercury) as it continues to orbit.
· Repeat for each of the other planets
· Have the Sun shine a flashlight at one of the planets in turn so the class can see that the inner planets show phases (like the moon) but the outer planets do not.
Activity B: The Sorting Game
	Break students into groups of 4 or 5 and hand each group a deck of cards. These cards have different celestial objects on them, and it is the students’ job to arrange these objects in order of size, distance, or temperature, etc. 
Instruct students to try to arrange the cards in the proper order without looking at the back first. (e.g. nearest on the left, farthest of the right) 
Once they have made their choices and arranged the cards, the student take turns to pick a card and turn it over, adjusting the object’s place in the line until all are correct. The back of the cards list the objects “stats” like diameter, distance from the Sun, distance from Earth, temperature, length of year, etc. The older students should be given some challenging cards for objects like exoplanets and galaxies in their decks. If time permits, go over each groups answer and discuss with the class. 
Depending on the characteristic selected, the order will change. After the first couple of goes, the game will speed up as they students progressively learn what each object is like. 
Variations and Follow-Up Activities
· Extreme Astronomy!
· The collaborative sorting activity can be followed by a competitive game called “Extreme Astronomy” (with or without prizes!) in which students test their knowledge in a fun way.
· Two players face off, each drawing a card from the pile (without the other seeing).
· Player A looks at her card, say she drew Neptune, and decides that its most “extreme” feature is its coldness. So she lays down her card and says “Neptune is colder than your planet”.
· Player B responds by laying down his card and comparing that feature. Say he drew Earth, which is warmer thatn Neptune, he hands over the card. 
· The player with the most cards at the end wins! (or play until one player has all the cards)

· Make model planets out of modeling clay. 
· Hand the group a large lump of clay, challenge them to make model planets having roughly the correct relative sizes


Activity 2: The Moon and its Phases
Introduction:
What is the moon?
	The Moon was probably made 4.5 billion years ago when a large object hit the Earth and blasted out rocks that came together to orbit round the Earth.  They eventually melted together, cooled down and became the Moon.  For another 500 million years pieces of rock kept striking against the surface of the Moon. 
 You can see the surface of the Moon by using a pair of binoculars or a small telescope.  The Moon’s surface shows the damage caused by these large pieces of rock hitting it billions of years ago.  The surface is covered in craters, pits and scars. From the Earth we can only see one side of the Moon; the other side is always turned away from us.  Photographs from space show a similar scarred surface on the other side. 
The Earth has a much greater surface than the Moon and was also hit by debris (the rocks from explosions and collisions) but over time the damage has disappeared.  The wind and rain in the Earth’s atmosphere has helped to erode the pits and craters. The Moon has no atmosphere and so we can still see the damage caused billions of years ago. 
The first person to walk on the Moon was the American astronaut, Neil Armstrong, who stepped out of his space landing craft, the Eagle, on 21 July 1969 with these famous words, “That’s one small step for man, one giant leap for mankind”.

Why do we see the moon change shape?
	When you look up into the night sky, or sometimes the clear, blue sky of the middle of the day, you may see the moon. Sometimes it looks large and completely round. Other times it may seem as if a small slice has been removed or appear to be a slim crescent. What gives? How can the moon change? 
The answer lies not in the changing of the moon at all! Rather, it is our view of the moon that changes as the earth, moon, and sun shift positions each day and night. 
Let’s try to visualize what is happening in the relationship between the moon, the sun, and the earth over the course of about a month. The sun is stationary; that's the easy part. The earth moves in two ways - it spins on its own axis and it moves in a circular orbit around the sun. Simultaneously, the moon moves in similar ways; the moon spins on its own axis while orbiting the earth. 
Also key to our lesson is the understanding that the moon is not a light source. What we see as the illumination of the moon is actually the light of the sun reflecting off of the moon. As the earth and the moon revolve and orbit, the amount of sunlight that hits the face of the moon changes; these shifts in sunlight hitting the moon are what account for the shape of the moon changing. 

The Different Phases of the Moon
Although the shape of the moon as we see it will change (infinitesimally) every day, there are officially four phases of the moon. A phase of the moon is defined by the shape the moon appears to be when viewed from Earth. The four phases of the moon are: 
· New moon, when the moon is not visible from Earth 
· First quarter moon, when - after a new moon - one half of the moon is visible 
· Full moon, when all of the moon is visible from Earth 
· Third quarter moon, when - after a full moon - the other half of the moon is visible 
Activity:
1. Ask students to draw moon shapes they have seen.  Let them write brief, illustrated explanations for how the moon changes its shape. 
2. Give each student a Styrofoam ball.  It will represent the moon, they will be the Earth, and the light will be the sun. 
3. Spread students across the room and turn out the lights.  Show how to simulate the moon’s motion.  Holding the moon between your face and the light, show that the side of the moon facing you gets no sunlight.  Let students do this with their moons. 
4. Turn slowly counterclockwise, holding the moon in front of your face.  Let students do the same and tell them to watch the light on the moon as they turn.  (The light on the ball appears as a thin crescent on the right side.) 
5. Tell students to continue to slowly rotate, keeping the moon in front of their faces, high enough so that shadow falls on it.  Have them keep up with your position.  Describe what they should be seeing.  (More light falls on the right side of the moon until one side is fully illuminated—a full moon.) 
6. As they continue to rotate, point out that the right side of the moon begins to darken and light falls on the left side.  Rotate to the beginning position, facing the sun.
 7. Repeat the rotation and introduce names of the phases.  When moon, sun, and Earth are lined up, no light shines on the side of the moon we face (new phase).  Following that is the thin crescent, the first quarter, the gibbous moon, and, finally, the full moon when the sun is on one side of Earth and the moon on the other.  Have students notice where the sun is during all phases. 
8. Have them continue to rotate so they can see the phases in reverse after they pass the full moon. Name these phases:  gibbous, last quarter, crescent.  Tell students to rotate slowly several times and watch to see the phases change.

Variations and Follow-Up Activities
· Show close-up telescopic photographs of the moon at various phases, and have the students compare their appearance. 
· Between crescent and half-moon, craters and mountain peaks are prominent features.  Between half and full-moon, large light and dark areas can be seen.
  
· Show students photographs of the Moon in the sky and have then try to guess when the picture was taken. This can be done by first identifying the phase, then noting the position of the horizon, figuring out where the Sun must lie, and hence the time of the day. The easier examples are just before or after sunrise /sunset. 

· Make craters using a tray of sand, flour, mud or other loose or soft material. Throw small stones of ball bearings in the tray to make craters. 

· Illuminate the craters from different angles to show how shadows reveal the lunar terrain at crescent moon, but not at full moon. 























Activity 3: Magnetism and the Earth
Introduction:
What is magnetism?
From your clothes to your desk, every bit of matter is made of tiny particles called atoms. Atoms have negatively charged electrons that spin around them. Most of the time, the electrons spin in random directions. When the electrons all spin in the same direction, though, they create an invisible force known as magnetism.
When something is magnetic, it can pull things with steel or iron in them to it. The two ends of a magnet are called the north and south poles. These are the parts where the magnets are strongest. Around these poles is an area known as a magnetic field. In the magnetic field, other objects can be drawn to the magnet. If you try to put two south pole ends of a magnet together they will repel each other, but if you a north pole and a south pole will attract each other. 
The Earth is a very big magnet, with the North and South poles located on opposite ends of the planet. The Earth’s magnetic force however, is not very strong. What about other stars and planets—do they have magnetism too? We know the Sun has a magnetic field several times stronger than Earth's, but the Moon has no little or no magnetism. The other planets have magnetic fields too. Saturn, Jupiter, Neptune, and Uranus have fields stronger than Earth's, while Mars, Mercury, and Venus have weaker fields. Stars that have collapsed, called neutron stars, have the strongest magnetic force of anything in the universe. 
How does a compass work?
Compasses have a small magnet in them, usually a pointed needle. The magnet, or needle, always aligns itself with the Earth’s magnetic field, pointing towards the North Pole. No matter where you are, your compass will point north making it a useful tool for navigation. 
Activity A: Iron fillings demo
Use iron fillings and small magnets to illustrate magnetic field lines and the concept of north and south poles. Show the students how like poles repel and unlike poles attract.
Activity B: Making a compass
Have students form small groups and give each group pre-cut pieces of cork, sewing needles, a plastic bottle cap, small magnet, and some water. 
First have the groups magnetize their needle by sliding the magnet along it in one direction. Have them repeat this 10-15 times, but always slide the magnet in the same direction (don’t slide it back and forth). 
Next have the students pour water into their plastic caps, and place the piece of cork in the water. Have the students carefully place the needle on top of the cork. The needle should be balanced on the cork so that it can move freely.
Encourage the students to poke the cork with their finger to make it point in other directions, so that they observe it unerringly swing back to North on its own.
Place the new compass on a piece of paper, and have the students draw a compass rose around it (label N,S,E,W)  
Finally have the students test that their compass really points north by comparing with a commercially made compass. Afterwards, encourage students to move their needle with the bar magnet and observe what happens. 
Variations and Follow-up Activities:
· Ask students if they can they name local landmarks, or even states/countries immediately to the North, South, East & West. Draw and/or label them on the paper to create a map! 
· Younger kids will enjoy drawing representative depictions, older students can get into more detail and keep adding places and discussing how it all goes together.
· Ask students if they know where the North or South poles are? What is it like in those places?
· Ask if there is an East or West Pole?
· Use a Globe or Ball to show that the poles are the points (ends of the axis) the earth rotates around.
· Discuss the fact that stars directly above the poles appear motionless. Can they think of a way to locate the special “pole” star?  If you have a map of the polar constellations put a pin in it and spin it around to illustrate what happens. A photograph of star trails could be nice to show.

Activity C:  Electricity and Magnetism: Induction Motor 
So, apart from making a compass and sticking things together, what good are magnets? This is a rhetorical question and can begin a lively discussion (or no one has any idea which is fine too!) 
In small groups students will be given an “AA” (double A) battery, a piece of thick copper wire approximately 6 inches long, and a strong magnet (a metal coated rare-earth disk magnet of ¼  inch diameter works best with AA cells, since they have the same radius). Each student can have their own wire.
Begin by having the students verify that although the magnet attracts pins, paper-clips (etc.) it will not attract the copper wire. Nor will the copper wire attract pins etc.
Now short the battery with the copper wire (it must be a thick wire to avoid getting hot). Show that the wire attracts pins etc. – It has become a magnet!
Stick the magnet to the bottom (flat end) of the AA cell, and stand it up on the table or floor.  Challenge the students to shape the wire so that it will balance on the top, and hang down to touch the magnet at the bottom.
The result is eye-popping, even for adults! 
Once successful, ask the students what they think is happening.

Variations and Follow-Up Activities
· Make the wire piece ahead of time, and merely challenge the students to balance it. (This in no way affects the educational value).
· Ask: 	What is pushing the wire?
· Why does the wire rotate in that direction?
· Can you think of something you could do to make it spin the other way?  (and have them try)
· Where is the energy coming from to make the wire spin?
· Can you guess what this device is called?   




















Activity 4: Light and What it can tell Astronomers
Introduction:
What it light?
	Light is a source of energy called electromagnetic radiation. The light that we see is called visible light, but visible light is only one small portion of a family of waves called electromagnetic (EM) radiation. X-rays, Gamma-rays, Infrared, and UV light are all examples of other types of light- or waves that humans cannot see with their eyes. Scientists use special instruments to “see” these other types waves. Light waves travel in straight paths, and at very fast speeds- in fact, nothing can travel faster than light! The speed of light in a vacuum, like in space, is 3 million meters per second!
What we are seeing when we see an object is reflected light. When light hits an object some wavelengths are absorbed by that object and some are reflected. Light of different wavelengths looks like different colors to us. When we see an object of a certain color that means that light of that color's wavelength is being reflected off the object. For example, when you see a red shirt, the shirt is absorbing all the colors of light except for the red color. The frequency of light that we see as red is being reflected and we see that shirt as red. 

Black and white are a bit different from other colors. White is a combination of all colors, so when we see white, the object is reflecting all the colors of light the same. Black is the opposite. When we see a black object that means almost all the colors of light are being absorbed.
How do astronomers use light?
Astronomers study the light of celestial objects to learn about their key characteristics such as what something is made of, how fast its moving,  or how an object is interacting with other things.
Telescopes have been an important tool for astronomers since the blank when Galileo first built one. Telescopes use lenses and/or mirrors to gather the light from far away celestial bodies, magnifying and focusing their image so that we can see them more clearly. Today, there are telescopes as big as 8 meters across, and even some telescopes in space! 
Activity A:  Building cardboard telescopes
	Have students work in small groups to build their cardboard tube telescopes. Each group is given a paper towel roll (the telescope tube), a short cardboard toilet paper roll (the eyepiece tube), an objective lens, and eyepiece lens. Materials required to assemble the telescopes include tape and cardboard scraps. 
Before building the telescopes, tell students never to point their telescopes or lens at the Sun!!
Instruct the students on how to assemble their telescopes:
1. Tape the objective lens to one end of the long cardboard tube. 
2. Use cardboard scraps (or other available materials) as a support for the eyepiece lens inside of the smaller cardboard tube. 
3. Tape the eyepiece lens to the smaller cardboard tube, making sure that it’s supported by something inside of the tube. 
4. Insert the smaller tube into the larger one and slide in and out until the image is focused. 
Older students can be asked figure out the magnification of their telescopes based on the focal lengths of their lenses. 
Let students observe objects through their telescopes and explain why the images are upside down, etc.



Activity B: Building cardboard spectrometers 
	A spectrometer is a tool commonly used by astronomers which splits the light collected by a telescope into its colors. This allows astronomers see the details in the light from space. Astronomers know how to get a lot of special information about a space object by studying its light. By using spectrometers, we can find out the temperature of an object in space, learn which direction it is traveling, find out how fast it is going, figure out its weight and even find out what it is made of. Spectrometers help us learn all of this from light!
Show students how the glass prims disperse light into its constitute colors before starting the building activity.
Have the students form small groups, giving each group a cardboard tube, pre-cut CD or DVD piece, an index card, and tape. Instruct them on how to build their spectrometers:
1. Tape the CD/DVD piece to one end of the cardboard tube. 
2. Place the two pieces of index cards over the other end of the tube to cover the opening, but leave a small space between them for light to pass through. (This is the slit)
3. Glue or tape the index cards in place
4. Look through the end of the tube with the CD/DVD piece and observe different light sources and what their spectra look like.  We will bring a few different types of flashlight to use for the comparison.










Activity 5: Observing The Sun, our own Star.
This is an outdoor activity using a special solar telescope. We will do it during recess in the schoolyard each day if it is clear.
We will bring a Safe Solar telescope that uses lenses and mirrors to project the Sun’s image onto a white screen. Students will be able to view the Sun’s surface by simply looking at it, no eyepiece or electronics are involved. 
Sunspots and other features on the sun are directly visible, and change in real time over the course of minutes. Students can place paper on the screen and trace the features with a pencil. The next day they can compare their tracing with the Sun again to see how much it has rotated. We can also take pictures with a digital camera and use them to compare.  


The home-made spectrometers can also be used to safely view the sun, showing a beautiful bright rainbow.
2
