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Purpose


The purpose of this activity is to have students understand the true scale of the
solar system. So often they have misconceptions about distances and relative sizes, and this activity allows them to create a true-to-scale model using their local area map for distances and common spherical objects for sizes. Textbooks often show images of planets that may be to scale relative to each other, but not to scale in terms of distances. Textbooks often show the planets arranged in a straight line also, which doesn’t actually happen very often! There is no way to accurately create a visible scale model of the solar system in a classroom. In order to see the smallest planet, the distance to it needs to be much larger than a classroom, or even the school. With this activity, you can choose a map your students are familiar with, whether it’s a town map or a neighborhood map, and they can draw the orbits of the planets to scale on the map, and choose objects that would represent those celestial objects. By using an online orrery, your students can even pinpoint the exact location each planet would have on the map. 

Engagement


A good way to engage students in this activity is to have them make predictions.
This also serves to find out any misconceptions your students may have about the solar system and its size and scale. Here are some good introductory questions: 

1) If we could made a model of the solar system in the classroom and it was entirely to scale- a shrunken down version floating in this room, how big do you think the Sun would be? 
2) If we could make a model of the solar system and the Sun were represented by a basketball, how far away do you think Pluto would be? 

3) If the town of Topeka, Kansas (10 miles across) were the Sun, would the whole solar system fit in the continental United States? 

Don’t tell students the answers to these questions, because the next activity they complete will allow them to grasp the scale of the solar system for themselves. At the end of the unit, you can share the answers with them. (See Secret Answer Pages.)

Explore
Step 1. Present the students with a map of your choice. It can be a neighborhood
map, a city map, a county map, or even a state map. You’ll have to work out the scale ahead of time because you’ll need to give them some numbers to plug in to the Excel spreadsheet you’ll be working with. Tell the students that they are going to figure out what the scale model of the solar system would be if could fit on the map. Tell them where the Sun will be located (at their school or a popular location in town, etc.) and have them predict the orbits of the planets and their sizes. Give them a map to draw their prediction on and collect these for future comparison.
Step 2. Pass out a new map and a metric ruler. Have student measure the distance from

the sun’s location to the farthest place Pluto could be on the map. The map you pass out should have a scale that shows the distance represented by one mile. Have students measure this with their metric rulers. These two values need to be recorded for Step 3.

Step 3. Either use a projector, or send students to individual computers to use the Excel

Spreadsheet
 provided with this lesson. The Spreadsheet gives the actual distances to planets, and the actual sizes of planets. The students will type in the two values measured from their map: the distance from the Sun to Pluto on the map, and the distance represented by one mile on the map. The spreadsheet will calculate the scale version of the solar system.
Step 4. Pass out a compass to each student. Instruct them to draw the orbits of the planets

with the pre-decided location of the Sun as the center, using the scaled down measurements calculated by Excel. 

Step 5. Have students take note of the scaled down sizes of the planetary objects that

Excel created. These are the sizes the model planets or Sun would have to be if they were located in the orbits represented on the map. The third tab on the Excel Spreadsheet gives the circumferences of some common spherical objects. Have your students take a tape measure home, or provide objects at school, and add of all sorts of objects and their sizes to this list. If each student measures ten common objects, you’ll have a huge list. Have students choose fruits, balls, game pieces, foods, etc. They can choose objects from the completed list to represent the planetary objects in their model. If possible, these objects should be brought to school for the duration of the project.
Step 6. Go online to Solar System Live http://www.fourmilab.ch/solar/solar.html and 
view the current positions of the planets. You can view all the planets or just the inner ones. Have students use their map to place the planets in their current positions with a colored dot. You can have them place the guide sheet (provided with this unit) under their map to help them place the planets more accurately. It works well if you hold the two pieces of paper up to a computer screen to let the light through. The guide sheet is a series of 30 degree angles. Have students make a list of where the planets currently are in their model. For example, “Pluto is at the Downtown Amphitheatre, Neptune is at Chap’s Ice Cream Parlor, Saturn in next to the Bank of America on Main Street, etc.. 

Step 7. Finally, have students create a table listing which common spherical object

represents the planetary object in their model, and its location on the map. At this point you might want to pass back their original predictions and discuss misconceptions people often have about the vast expanses between planets and the relative sizes of them. 

Step 8: If you want, you can reveal the secret answers to the pre- questions from Step 1. Otherwise, you may want to assign these as possible homework assignments or extra credit. 
Explain
All students should have the same orbits drawn on their maps, and the same general locations for each planet, but they may choose different objects to represent the planets and the sun. A fun way to have student share their models would be to transfer their maps to overhead transparencies. The student could then give a “guided tour of the solar system”, describing how to get from one planet to the other, and describing what would be found at each location. Additionally, students can describe which other planets may be visible in the night sky from each location. For example, we can see Jupiter and Saturn well from our current position. 
Extend


The perfect extension to this project is to make a poster for each planet and fix the
spherical model to the poster. Have the poster for the Sun be rather large, like a Science Fair display board. Create a scavenger hunt that begins at the location of the Sun, pointing the way for people to go and find the posters located around town or around the neighborhood representing each other planet. Each poster can contain factual information about the planet, and directions to the next planet “on tour”. If the solar system model is contained within a neighborhood, students could conduct tours for parents or younger students. An alternative extension is to repeat the project with a map of the student’s choosing, allowing them to measure the scale factors for themselves. Applying the tools to a new situation would be difficult without some mathematical calculations, but for more advanced students, a model of Jupiter and its moons, or a model of Saturn and its moons would be appropriate and challenging. 

Another extension is to have student repeat the planet mapping activity in a few months’ time, noting the changes in position. 

Lastly, ask students which planets they think will be in their night-time sky? (As they look away from the direction of the sun at night.) 

Evaluate

The successful completion of the project is a measure of success, but unless you quiz students on their conceptions of the scale of the solar system after the project is done, you may not know if the project’s goals were satisfied. You can create a series of questions that would gage their conceptions. Examples are: 4)  If the Sun is as big as a basketball, how big do you think the Earth would be? 5) If Earth and Venus are represented by marbles, how far away do you think they would be from each other? If students answer these questions by saying that the Earth would be a tennis ball if the Sun is a Basketball, or that Venus and Earth would be 6 inches apart if they were both represented by marbles, you know your students didn’t gain a conceptual appreciation for the scale of the solar system. (Answers to these questions can be found on the Secret Answer Pages.)
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