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A Solar System in Your Pocket

National Science Standards:
NS.5-8.4
Introduction:

​​​This activity helps to demonstrate the relative distances between objects in our solar system without measuring or using math.  It is a good introductory activity for all levels and great way to spark conversation about the solar system.  Students begin by discussing the objects in our solar system and predicting their locations on a strip of register tape.  They then place corresponding stickers and compare the actual locations with their predictions.  (Relative locations are determined by folding the register tape appropriately, taking advantage of the (roughly) even ratios between planetary distances.)  This activity also reinforces the order of the planets and other objects in our solar system.
Objectives:

The student will:
• practice the names and order of major solar system bodies

• understand distances in the solar system on a scale that is familiar and accessible
• confront their misconceptions about the scale of the solar system
Materials: (for each student)
· 1m+ of cash register tape (1 per student  + 1 per table)
· 1 1” sticker (Yellow=Sun)

· 2 ¾” stickers (Saturn, Jupiter)

· 2 ½” stickers (Uranus, Neptune)

· 6 ¼” stickers (Mercury, Venus, Green=Earth, Red=Mars, Ceres, Green=Pluto)

· Pencil
*The stickers are not to scale but do help provide some perspective of size differentials (i.e., really big, pretty big, and much smaller).

Procedure:
1. Ask students to list objects that can be found in our solar system as you record their responses on the white board.  Clarify the definition of a solar system as a star and the objects (planets, comets, asteroids…) that orbit it.

2. Place a blank strip of register tape at each table and instruct the students as a group to discuss the locations of the objects they have just listed and mark them on the tape.  Set these aside for comparison later.
3. Now use the instructions in bold below to guide the students in constructing their own individual pocket solar systems.
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· Label the 1” (Yellow) sticker SUN.

· Label the ¼” (Green) sticker PLUTO – Dwarf Planet.


5. Fold the SUN over to PLUTO to make a crease.

· Put a ½” (Green) sticker to the right of the crease and label it URANUS.

6. Fold PLUTO over to URANUS to make a crease.

· Put a ½” (Blue) sticker to the right of the crease between URANUS and PLUTO and label it NEPTUNE.
7. Fold the SUN over to URANUS to make a crease.

· Put a ¾” (Yellow) sticker to the right of the crease between the SUN and URANUS and label it SATURN.

· You can draw Saturn’s rings if you would like.
8. Fold the SUN over to SATURN to make a crease.

· Put ¾” (Orange) sticker to the right of the crease between the SUN and SATURN and label it JUPITER.

· Don’t forget Jupiter’s “Great Red Spot”.
· At this point in the activity, it may be a good idea to stop and ask the students how many planets we have placed on our model.  Point out that only the four “outer planets” which are all gas giants have been placed even though we have used about ¾ of the total length of our tape.
9. Fold the SUN over to JUPITER to make a crease.

· What planet goes here? No planet. Label this the ASTEROID BELT. Make about “a million” dots in the crease to represent asteroids.
· Draw a small round dot on the crease and label it CERES - Dwarf Planet.

10. Fold the SUN over to the Asteroid Belt to make a crease.*
· Put a ¼” Red sticker to the right of the crease and label is MARS.

· Put the following ¼” stickers between the SUN and MARS starting at the SUN:

· Blue = MERCURY

· Yellow = VENUS

· Green = EARTH

* At this point it may be too crowded for folding to be of much use. Instead, have the students put the remaining stickers evenly spaced between the SUN and the ASTEROID BELT to mark the locations of the four “inner planets”.
Post-Activity Discussion:
Most students will be surprised at how closely spaced the inner planets are and how far apart the outer planets are. You can emphasize how vast space is by asking some of these follow-up questions:
1. The most distant body that human beings have traveled to is the Moon. Manned missions take about three days to make this journey (not including the return trip). Where would the Moon be in this model?
Answer: About one thousandth of an inch from the Earth. This is about the diameter of a human hair! (The exact answer does depend on the precise length of the tape, of course, but it won’t make much difference for such a small distance.)
2. While people have gone no farther than the Moon, we have sent robotic probes to much greater distances. The Voyager 1 spacecraft has gone farther than any other. Where would Voyager 1 fit on this model?

Answer: As of October 2011, Voyager 1 was more than 118 AU from the Sun (1 AU is the distance between the Earth and the Sun). In this model, that is 2.98 times farther from the Sun than Pluto, or almost 9 feet for a 3 foot long model!
3. How far away is the nearest star in this model?

Answer: Proxima Centauri (a star in the system known as Alpha Centauri) is the closest star besides the Sun, at a distance of 4.2 light-years. For a 3 foot model, this would be about 3.8 miles away!
4. The planets in our model are spaced correctly, but their sizes are not to scale. How big should the planets be in our model?

Answer: The Sun would be smaller than a grain of sand. The planets would all be too small to see without a magnifying glass! (For older students, ask them to pause and think about that for a minute. Everyone that they have ever known, everyone who has ever lived, every place they or anyone else has ever visited — all have been contained on these relatively microscopic specks.)
It is also interesting to look for patterns in the model:

1. Can you see any pattern in the locations of the planets? Is there a point where this pattern breaks down?

Answer: Yes — the pattern is that a planet’s distance from the Sun is between 1.5 and 2 times the distance of the previous planet from the Sun. This isn’t exact, but it is very close. (Students may recognize that a pattern exists but have trouble identifying it.) Note that this only holds true if we include the asteroid belt, which leads into the next question.
2. Why didn’t a planet form at the location of the asteroid belt?

Answer: There are actually two reasons. The first is that even though there are a lot of asteroids, most are very small. All the asteroids added together have only 4% the mass of Earth’s Moon (which itself is only slightly more than 1% the mass of the Earth). The second reason is that gravitational tugs from Jupiter and Mars prevent these small bodies from coming close enough to bind together — asteroids are scattered over quite a large part of the solar system. What we typically think of as the “asteroid belt” is just an area of particularly high concentration, but even here, asteroids are spaced quite far apart.
Finally, students will likely have some opinion on Pluto and its status as a dwarf planet, so it may be useful to discuss with them the criteria for planetary status and why Pluto didn’t make the grade. Since 2006, to be considered a planet in our Solar System, a body must:

• be in orbit around the Sun,

• have sufficient mass to assume a nearly round shape (due to the pull of self-gravity), and

• have “cleared the neighborhood” around its orbit.
It is the third point that Pluto doesn’t satisfy. Pluto’s largest moon, Charon, has 10% the mass of Pluto — significant enough that Pluto isn’t considered to have cleared the neighborhood around its orbit. However, it is important to point out that Pluto’s classification is the only thing that changed. Pluto itself is still out there and nothing about it is physically different just because we no longer call it a planet.
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