Constructing Our Solar System
Teacher Introduction:

Specific Learning Outcomes covered:
S1-4-06 Differentiate between units of measure used for astronomical distances, and perform simple calculations using this data.  Include: AU, light year

Also incorporates S1-4-04 Relationship between Earth and space (heliocentric model).
Purpose/Objectives of the activity:
After this lesson, students will:
· Be aware of the vast distance between the Sun, Earth and other planets.

· Be aware of the significant size difference of each planet and the Sun.

· Know the definition of an astronomical unit (AU) and light year.

· Be able to convert astronomical distances such as an AU or light year into km, m, etc.
Justification for approach:

Since the students cannot physically see the Sun, Earth and planets as they are positioned in the sky relative to one another, we must do the next best thing by building models or drawing visual representations to help them comprehend this topic. Students will also need to be able to convert astronomical distances such as AU’s and light years into more commonly used distances to fully understand the significance of the distances in space. I believe the students would be more willing to attempt these calculations in order to build their own or class solar system to scale rather than on a worksheet or out of the textbook.
Materials:

· Construction paper

· Constructing Our Solar System Student Handouts

· Calculators

· Black/White board

· Chalk/ Markers

· Meter sticks

· Rotating meter sticks

Important information to consider:

When planning for this activity you must consider the following:

1) The size of the classroom you will be working in.

2) The available free space to work in (can desks and chairs be moved out of the way?)

3) Do I have the correct size of objects to represent the planets?

Many of these circumstances can be corrected by moving to a larger space, working at a smaller scale, having the kids each make their own poster of the solar system at an even smaller scale (1&2), or having the students draw the planets on paper to scale (3).
Starting the Lesson:
Due to the material covered in this lesson, I did not find much in the way of demonstrations or discrepant events to start off the lesson to capture students’ attention and interest. I would begin this lesson with some questioning and discussion to get kids thinking about the vast distances in space and the significance of just how great they are. I would pose questions such as:
· Who has ever driven/flown to Calgary/Edmonton/Toronto/Mexico/Europe/city or country of choice?
· How long did it take to get there? How many kilometers away is it?

· How far away do you think the moon is?

· How long do you think it takes a space shuttle to reach the moon? ( If you could fly to the Moon at a constant speed of 1000 kilometers per hour, which is the speed of a fast passenger jet, it would take sixteen days to get there. Apollo astronauts reached the Moon in less than four days. 
· If I told you that the Sun is 400 times as far away as the moon, how long would it take to reach the Sun from Earth? Do calculations on board if necessary.

· Give analogies of distances in space: 
· Suppose that our Earth is the ball in the tip of a ball-point pen. How big would the Sun be, and how far away from the pen tip? First, hold the ball-point pen up in the air. Now toss a ping-pong ball to a student about 15 feet away from the pen tip. 

· Continuing with our model, Saturn, within our Solar System, would be about the size of a pea, and would be about 150 feet away from the ping-pong ball representing our Sun, while Jupiter would be about the size of a small marble about 100 feet away from the ping-pong ball.
Now that students have grasped the concept of how great the distances in space are, we can start the activity.
Constructing Our Solar System
Student Handout
As we have learned, the distance between the Earth and the Sun is 149,597,870 km. Because distances in space are so immense, we tend to measure them in a larger scale to avoid the extremely long numbers that would be encountered if we simply expressed them in kilometers. One astronomical unit (AU) is equal to the distance from the Earth to the Sun (149,597,870 km.)

1AU = 149,570,000 km
Today we will be representing our solar system to scale in the schoolyard, which means that the distances you see relative to the size of the Sun and planets we create are a true representation of space.
For our representation, we will use the scale 10m = 1 AU
1) We first need to determine the size of the Sun in AU. The Sun is 696 950 km in radius and we need to convert that into AU’s in the space below:
Don’t forget that the radius is half of the diameter, so to know how big the Sun is across we need to multiply the answer above by 2.

2) Now we need to use our scale to determine the size of our model Sun that we will use in our solar system representation. We will do this by multiplying the Sun’s diameter in AU by our scale of 10m in the space below to determine our model sun in meters:
This is clearly a very small number, so we should convert this answer into cm by multiplying by 100cm:
3) Now that we know the size of our Sun we need to cut out a circle with the same diameter to represent the Sun once we go outside.
How will we know how big to make each planet and how
far to place each planet from the Sun?

4) We’ll need to make the following conversions as we build our model. We will begin with the planet closest to the Sun and make our way outwards. After determining the size and distance of each planet on our scale of 10 m =1 AU, we will cut out a circle of the appropriate size to use in our representation. Once we’re outside, we will measure the distances of the planets from the sun to place each planet at the appropriate distance.
	Body
	Radius (km)
	Radius (AU)
	Diameter for model (cm)
	Orbit r (km)
	Orbit r (AU)
	Orbit r for model (m)

	Sun
	695950
	
	
	
	
	

	Mercury
	2433
	
	
	57950000
	
	

	Venus
	6053
	
	
	108110000
	
	

	Earth
	6371
	
	
	149570000
	
	

	Mars
	3380
	
	
	227840000
	
	

	Jupiter
	69758
	
	
	778140000
	
	

	Saturn
	58219
	
	
	1427000000
	
	

	Uranus
	23470
	
	
	2870300000
	
	

	Neptune
	22716
	
	
	4499900000
	
	

	Pluto
	1700
	
	
	5913000
	
	


5) Now we will go outside to “build” our solar system. 
Questions
6) Now that we know the distances of each planet from the Sun, let’s work backwards and determine some of the planet’s distances from Earth:

a) Using the information in the chart, calculate the average distance from Neptune to Earth 

Hint: use the distances of Neptune and Earth from the Sun. 

In km:

In AU:

If I were in a spaceship travelling 876km/hr, how many hours would it take me to get from Earth to Neptune?

b) Find the average distance between Earth and Pluto: 

In km:

In AU:

What does the unit AU represent?

_____________________________________________________________________________

Why do we use units like AU’s instead of kilometers?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________IIn what ways does our schoolyard solar system misrepresent our actual solar system? In other words, what is incorrect about the solar system we’ve constructed?

____________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The term solar system refers to the system of planets circulating around the Sun. As far as we know, we are the only living beings in our solar system or universe. Based on what we’ve learned to date in this unit, do you think that other life exists in our solar system? In the universe? Support your argument.

Constructing Our Solar System
Teacher Exemplar
As we have learned, the distance between the Earth and the Sun is 149,597,870 km. Because distances in space are so immense, we tend to measure them in a larger scale to avoid the extremely long numbers that would be encountered if we simply expressed them in kilometers. One astronomical unit (AU) is equal to the distance from the Earth to the Sun (149,597,870 km.)

1AU = 149,570,000 km
Today we will be representing our solar system to scale in the schoolyard, which means that the distances you see relative to the size of the Sun and planets are a true representation of space.

For our representation, we will use the scale 10m = 1 AU
It would be best to pre-determine your scale for the schoolyard size you will be working with. The scale given here requires an area of at least 400m in length or width. For a smaller area or in the classroom you could do one of two things: make the scale much smaller and place the Sun at one end of the classroom and the planets all on one side of the Sun; or make the scale much smaller and have the kids each make a to-scale poster of the solar system (keep in mind that for both of these alternatives scale the planets cannot be to scale due to their small size relative to distances between planets.)
1) We first need to determine the size of the Sun in AU. The Sun is 696 950km in radius and we need to convert that into AU’s in the space below:

Run through the calculation with students on the board: 
1 AU= 149,597,870km
Sun radius= 696 950km / 149,570,000km = 0.0047AU  x   2 = 0.009AU
Don’t forget that the radius is half of the diameter, so to know how big the Sun is across we need to multiply the answer above by 2.
2) Now we need to use our scale to determine the size of our model Sun that we will use in our solar system representation. We will do this by multiplying the Sun’s diameter in AU by our scale of 10m in the space below to determine our model sun in meters:

Again, do this with the students on the board:
0.009 AU x 10 m = 0.09m x 100cm = 9.0 cm
This is clearly a very small number, so we should convert this answer into cm by multiplying by 100cm:

0.09m x 100cm = 9.0 cm
3) Now that we know the size of our Sun we need to cut out a circle with the same diameter to represent the Sun once we go outside.

Have a student measure and cut out an appropriately sized circle from a piece of yellow construction paper.
How will we know how big to make each planet and how
far to place each planet from the Sun?
4) We’ll need to make the following conversions as we build our model. We will begin with the planet closest to the Sun and make our way outwards. After determining the size and distance of each planet on our scale of 10 m =1 AU, we will cut out a circle of the appropriate size to use in our representation. Once we’re outside, we will measure the distances of the planets from the sun to place each planet at the appropriate distance.

Perform the first couple of calculations on the board with the students if necessary. After each calculation, have a student cut out the appropriate sized circle (some will be almost imperceptible to the eye!). Once the students seem to grasp the conversion calculations, give them a few minutes on their own with each before taking it up with the class (circulate to help individual students at this time.) 
	Body
	Radius (km)
	Diameter

 (AU)
	Diameter for model (cm)
	Orbit r (km)
	Orbit r (AU)
	Orbit r for model (m)

	Sun
	695,950
	0.009
	9.0
	
	
	

	Mercury
	2,433
	0.000032
	0.032
	57,950,000
	0.4
	4

	Venus
	6,053
	0.000081
	0.081
	108,110,000
	0.7
	7

	Earth
	6,371
	0.000085
	0.085
	149,570,000
	1.0
	10

	Mars
	3,380
	0.000045
	0.045
	227,840,000
	1.5
	15

	Asteroid belt
	
	
	
	418,796,000
	2.8
	28

	Jupiter
	69,758
	0.00093
	0.93
	778,140,000
	5.2
	52

	Saturn
	58,219
	0.00078
	0.78
	1,427,000,000
	9.5
	95

	Uranus
	23,470
	0.00031
	0.31
	2,870,300,000
	19.2
	192

	Neptune
	22,716
	0.00030
	        0.30
	4,499,900,000
	30.1
	301

	Pluto
	1700
	0.000023
	0.023
	5,908,015,000
	39.0
	390


The asteroid belt is a region between the orbits of Mars and Jupiter in which most of the Solar System's asteroids are located. An asteroid is a small, generally rocky, solid body orbiting the sun and ranging in diameter from a few meters to hundreds of kilometers.
5) Now we will go outside to “build” our solar system. 
Head outside and have one student stand at one end of the schoolyard or park holding the yellow circle representing the Sun. Starting with Mercury and working your way out, have students measure the scale distance from the chart to place the planets at appropriate distances from the Sun. It may be easiest to have a student measure his stride to one meter and use his steps to measure the longer distances (make sure he/she doesn’t mind walking a fair distance! “Drop off” one student to represent each planet with the cut out circle (or dot) to represent each planet. For the asteroid belt, drop off a few students. Inform the students that they will end up very far away from the rest of the class and to be careful. It may be a good idea to have another supervisor (an EA or other teacher) to work with you –one of you can stay at the “Sun” and the other can walk along with the students that are measuring the distance. A walkie-talkie could come in handy here too.
Once you have completed the system take a second to register just how vast our solar system is.
Lesson Wrap-Up
Consolidate the students’ comprehension of distances in space by sharing our thoughts and comments about the solar system that we created/represented outside. 
Once you have returned to the classroom, have the students share any thoughts the model solar system might evoke. Be prepared to prompt with questions such as:
Do the sizes and distances surprise anyone?
Did you realize just how vast our solar system is?

If possible, how long do you think it would take to travel to the Sun from the Earth?

If I told you that the moon was ______AU from the Earth, how long would you think it takes astronauts to reach the moon from Earth?
Did you notice anything about the distances between planets? – prompting students to notice that the Jovian planets (Jupiter, Saturn, Uranus, Neptune and Pluto) are at much greater distances from each other than the terrestrial (Mercury, Venus, Earth and Mars) planets.
Why do we use AU’s to measure distance in our solar system?

What is the value of one AU in kilometers? 
Questions
You will probably need to extend this section of the activity into the next day.
6) Now that we know the distances of each planet from the Sun, let’s work backwards and determine some of the planet’s distances from Earth:
Have the students complete the following conversions while you circulate and help students who may be having trouble. Have a volunteer for each question do the work on the board once all of the students have had adequate time to finish (you may need to call on specific students.)
a) Using the information in the chart, calculate the average distance from Neptune to Earth 
Hint: use the distances of Neptune and Earth from the Sun. 

You may need to explain that the planets are not always on the same “side” of the sun, nor do they travel at the same speed around the sun. Draw a picture on the whiteboard if necessary to explain how distances between planets are ever-changing and that the distance they calculate here is an average. 
In km: 4 499 900 000 km – 149 570 000 km = 4 350 330 000 km
In AU: 4 350 330 000 km / 149 570 000km = 29.1 AU
If I were in a spaceship travelling 876km/hr, how many hours would it take me to get from Earth to Neptune?

4 350 330 000 km / 876km/hr = 4 966 130.1 hrs which would equal 206922 days or 566.9 years.
b) Find the average distance between Earth and Pluto: 
In km: 5,908,015,000 km – 149 570 000 km = 5 758 445 000 km
In AU: 5 758 445 000 km / 149 570 000 km = 38.5 AU
What does the unit AU represent?

_____________________________________________________________________________

Why do we use units like AU’s instead of kilometers?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

In what ways does our schoolyard solar system misrepresent our actual solar system? In other words, what is incorrect about the solar system we’ve constructed?

Make sure that students realize that the positions of the planets as you have placed them is not representative of the actual orbits in relation to the Sun and other planets. Students should know that the planets travel in ellipses around the Sun (the distances listed in the chart are averages) and do not all fall into the same plane (orbits are not all aligned.) Also, planets are not always found on the same “side” of the Sun because not all planets revolve around the Sun at the same speed, and those with larger orbits may take longer to complete one full revolution - which is why the distances between planets is constantly changing. 
The term solar system refers to the system of planets circulating around the Sun. As far as we know, we are the only living beings in our solar system or universe. Based on what we’ve learned to date in this unit, do you think that other life exists in our solar system? In the universe? Support your argument.

Either have the students write out there answer on the handout or take up the debate as a class. Important points to bring up:

We are but one solar system of many in our galaxy (the Milky Way).

Our solar system is one of perhaps millions in the Universe.
If the Sun is a star and has its own system of planets orbiting it, that means that millions of other stars do too. 

If students are not grasping just how significant the distances in space are, you may want to emphasize by relaying the information given in this table:
	Planet
	Astronomical
Units*
	Millions of
Kilometers
	Millions of
Miles

	Mercury
	0.4
	57.9
	36

	Venus
	0.7
	108.2
	67

	Earth
	1.0
	149.6
	93

	Mars
	1.5
	227.9
	142

	asteroids**
	2.8
	418.9
	257

	Jupiter
	5.2
	778.3
	485

	Saturn
	9.5
	1,427.0
	890

	Uranus
	19.2
	2,869.6
	1780

	Neptune
	30.1
	4,496.6
	2810

	Pluto
	39.5
	5,900
	3670
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