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Introduction

I am a sophomore at Tufts University in Medford, MA. I am currently enrolled in two science education courses. Space Science Education (SSE) is a seminar course led by Professor William Waller in which the participants discuss the challenges involved in science education. The other course, Science Elementary Education Partners (SEEP), gives credit to students who spend 2-3 hours per week in an elementary school classroom. These two courses have offered me a unique experience in that they are very complimentary and my experiences from each course are easily put to use in the other.

This collection of space activities is based on my experiences from these courses. I spend about one hour a week teaching space science in the fifth grade at the Benjamin G. Brown School in Somerville, MA, where I have learned that teaching is very difficult. Just one of several problems I face is coming up with new and engaging activities every week. Space science presents an extra challenge because many of the concepts are not easy to experience or visualize.
Originally, I had planned to create a complete lesson plan about the Solar System. It quickly became apparent that I was barely able to stay afloat with my activities and I certainly did not have the experience or know-how to make an entire lesson plan. Therefore, the activities detailed below are only meant to fit into and enhance an existing lesson framework.
I use many different sources to find activities and sometimes create my own. After trying them in class, they generally require revision. This document contains revised activities and notes about my experiences with the goal of making the activities more useful and effective. 

The Solar System
►Tour of the Solar System
Objectives: Students will be able to compare and contrast different planets and identify the cause of day and night.

Description: Learning about the Solar System traditionally involves studying photos of planets. This is a good strategy. A photo is, of course, worth a thousand words. Students obviously require an image to associate with information and photos are also a good way to study surface features of a planet. But I think there may be a better way to learn about the Solar System, one that encompasses and expands on current methods. For example, rather than just telling students about the cause of day and night, you could show them.


Orbiter, a free spaceflight simulator used for years by space enthusiasts, has many applications in the classroom. In elementary schools, it’s useful as a demonstration tool. It’s easy to use and will help you keep students’ attention. It will also allow you to demonstrate many concepts, such as the rotation of planets. Rather than just taking your word for it, students will be able to see planets rotate (if only virtually). Exposure to images of rotating planets, even if it’s not the main topic of discussion, can reinforce the concept that planets rotate.

This is just one example of how Orbiter can be used. In conjunction with still photos (which provide more detail), it can be a very powerful teaching tool.
Background: This is a great activity to begin a unit on space because it introduces the Solar System and some basic concepts. It’s also an activity that can easily be adjusted based on the level of the students. Orbiter can be applied to almost any space-related activity and can serve different roles as required, but may not be as useful to schools without good technology resources. Also, you should practice using Orbiter a little before class for familiarization. If you are really uncomfortable with computer, you may even wish to have a student run the display.
My experience: Before I began the tour, I asked the students to each pick a planet and find a few interesting facts about it to share with the class. This was a mistake. Almost every fact that was chosen was a number, such as “Mercury rotates once every 59 days,” which is pretty useless for a fifth grade class. I used these facts to help the class understand orbits and rotation and thus salvaged the lesson, but this is not something I would repeat.

Also, the spiel about space that I gave before starting the lesson didn’t generate the interest I was hoping it would. Everyone still found it interesting, so I don’t regret it, but it’s something I would consider leaving out if time was short.


Otherwise, the lesson was a huge success. After observing Earth for reference, we were looking at Mercury when a girl in the front row raised her hand and said “The planets spin, too?” I did a little touchdown dance in my head because that is exactly the point of using Orbiter in a lesson such as this.
Supplies:


A relatively modern PC with scroll-wheel mouse

A projector or second monitor


Orbiter and add-ons (free downloads from orbitersim.com, see appendix)


Orbiter quick-reference sheet (see appendix)

Activity:

1. Setup Orbiter using the instructions in the appendix. This can take some time, so keep that in mind when scheduling this activity.

2. Try to generate some interest in space. I talked about how spinoffs from space technology find their way into everyday life, using sports as my main theme (Find out more at http://www.thespaceplace.com/nasa/spinoffs.html). This is optional, but can be a great way to kill some time if you’re waiting for equipment to be setup or the software to load.
3. Start with a view of your location on Earth and point out where your city would be (unless you live at Kennedy Space Center, the imagery isn’t detailed enough to see cities). This allows students to personally connect to the image. 

4. Zoom out to a view of Earth from space and speed it up to 100x. At this speed, you can see day turning to night. It’s a pretty cool sight. Now is a great time to discuss the cause of day and night if you wish.

5. How you proceed now is entirely up to you and your goals for this activity. I went on to each of the planets and some of their Moons and had the class discuss the features of each planet and how they compare to each other. You can also take advantage of Orbiter’s Planetarium Mode to identify constellations and planets (Ctrl+F9). Let your objectives guide you.
►Scale Model Solar System
Objectives: Students will be able to describe the size of the Solar System, understand cosmic distances, and recognize the errors in typical classroom models.

Description: Cosmic distances are almost incomprehensible. In this activity, the class will make a scale-model solar system in which the Sun is a grapefruit and the Earth is a mere poppy seed eleven meters away! While it’s hard for anybody to really understand the distance between the planets, this activity will give students an idea.
Background: Students should have a general knowledge of the Solar System and planets.
My experience: Before this activity, we watched “Powers of Ten”, which you can find more about in the “Additional Resources” section. It’s hard to tell how much of this students really comprehend, but I certainly wowed them. 
Sources:

Ottewell, G. 1989, “The Thousand Yard Model or The Earth as a Peppercorn”
<http://www.noao.edu/education/peppercorn/pcmain.html>
Waller, W. 2005, “If the Sun was a Grapefruit”, Tufts University
Supplies:


Objects to serve as model planets (see “If the Sun was a Grapefruit” in the appendix or your favorite scale model)


Index cards or Popsicle sticks to mount the planets on

Activity:

1. Before class, prepare your model Solar System. See the appendix for complete instructions. The instructions below are for the guide included in the appendix, though you can use any model you prefer.
2. Place the planets on a table in order. This is a good time to review the order of the planets. Compare the size of the planets (especially Earth) to the size of the Sun.

3. Now, ask the students how much space they think is required to make the model. Lay it out based on their suggestions.

4. Now, it’s time to go outside or find a really long corridor. If your building is laid out with stairs on each end of a long hall, you can even start on one floor and continue down the stairs to the next.

5. Distribute the planets to students. Have someone hold the Sun at the start and take four big strides away from them. Have Mercury stand at that point. Explain that the scale in this model is 14 billion to one, which means that your four strides are equal to about 560 million kilometers.
6. Four more strides to Venus, three more after that to Earth. Continue on until you’ve gone too far. Look back at your progress and imagine trying to send a spacecraft to another planet. It’s quite a long way and you’d have to be pretty accurate. But you’ve come in a straight line! Don’t forget to tell your students that the planets are always moving around the Sun. Sending something to Mars is tough enough, but imagine trying to time your launch just right and aiming the spot you think (hope) the planet will be when your probe gets there. What if Mars was on the opposite side of the Sun?
7. Now, imagine the night sky. If the closest other star in our model is a grapefruit as far away as Denver is from Boston, imagine what distances are involved for all of those stars in the sky!
►Definition of a Planet
Objectives: Students will understand the current debate about the naming of planets. They will develop a definition for the term “planet” and apply it to different objects in the Solar System and thereby recognize the difficulties in constructing such a definition.
Description: With continuing advances in technology, planet hunters have recently found quite a few Pluto-like objects in the outer reaches of the Solar System. Discussions of how to classify these objects have ensued. Should we add them as planets and hold a contest to name them all? Should we reclassify Pluto and reduce the number of planets to eight? These are some of the questions the class will attempt to answer.
Background: Students should have a good understanding of what’s in the Solar System.
My experience: This activity worked just as I’d designed it to. The students came up with a wide range of definitions. Most students had to revise their definitions several times as their scopes were too broad or too general. Some students eventually ran out of ideas and decided to create a simple list of the planets (the “it’s a planet because we say it is” strategy). A couple students devised a pretty advanced definition which classified many of the natural objects in the Solar System. One student even had a well thought out argument for why attempting to create one over-arching definition of the word was not possible.
Source: Created with input from Mike Adams, Tufts University.
Supplies:


A recent news story regarding this debate (I used “Moons over Pluto” in Time For Kids, Nov. 11, 2005)

Activity:

1. Select a recent news story (or write your own) regarding this debate and read it in class.

2. Read the definition of “planet” from a dictionary and discuss how ambiguous it is. While dictionaries vary, every definition I’ve come across could be interpreted many different ways.

3. Tell the students that a fictional “Astronomical Naming Committee” needs their help. Ask the students to create a definition of the word “planet” that the committee can use to decide what objects count as planets. Students can work alone or in groups. You may wish to give students some things to consider in their definitions, such as size, distance from the Sun or another other object, number of moons, presence or type of atmosphere, or composition.
4. As each definition is completed, work with the group or individual to test their definition. For example, if their definition is that a planet is a large body with at least one moon, you could ask about Mercury and Venus, which don’t have moons, or Pluto and Charon, which many consider to be a double-planet system rather than planet and moon. Encourage the students to continue to build on their definition.

5. Eventually everyone will either have a good definition or run out of ideas. Now, have everyone share their ideas about how to define a planet. Use these ideas to create a definition as a class.
Earth
►How Do We Know the Earth is Round?
Objectives: Students will use personal observations as evidence that the Earth is round and will understand an early method for calculating the Earth’s circumference.
Description: In this activity, the class will discuss evidence for a round Earth. They will also use a model to understand the early calculations of the Earth’s circumference.
Background: This lesson should fit into an Earth/Space Science unit. It goes well after a lesson about the cause of the seasons.
My experience: I’m no Carl Sagan. I made an excellent model, but I think I fell short in my explanation of it. I have no doubt that an experienced teacher could have made this activity very meaningful.
Source: Sagan, C., & Druyan, A.1980, Cosmos, “The Shores of the Cosmic Ocean”, Video. Public Broadcasting Service.
Supplies:


1 foam board

2 unsharpened pencils


Assorted colored markers, pencils, crayons


Scissors


Tape


Fixed light source

Activity:


1. Before class, prepare the [image: image1.jpg]


model by drawing a map of Egypt on the foam board. Use the scissors to cut small holes in Alexandria and Syene (present-day Aswãn) and stick the pencils through. Tape the pencils in the back of the board.  You may also wish to draw and label the Tropic of Cancer. A photo of my model is to the right.

2. Start the activity off by asking how we know the world is round. If someone says we know the Earth is round because of observations from space, ask how people knew before space travel. Try to keep the focus on simple observations such as ships disappearing over the horizon and the Earth’s shadow on the Moon during an eclipse.

3. Bring out your model and turn off all the lights except for one light source in the back of the room which will serve as the “Sun”. Explain that

A man named Eratosthenes calculated the circumference of the Earth over two thousand years ago. He noticed that at noon on the longest day of the year that the Sun would cast no shadow on a tower in Syene but would cast a shadow in Alexandria.

You can demonstrate this by holding your model up facing the light. You can show how neither tower would have a shadow if the Earth was flat. Now, curve the board to simulate the curve of the Earth and position it so that there is no shadow in Syene and there should be one in Alexandria.
Eratosthenes calculated that when the Sun is directly overhead in Syene, it is about 7º to the south in Alexandria. Therefore, the distance between the two cities is about 7/360 of the Earth. He found out the distance between the two cities and figured out the circumference of the Earth.
4. You should note that Alexandria isn’t exactly north of Syene, it’s slightly west and Syene is not exactly on the Tropic of Cancer, it’s slightly north. For these reasons his calculations were a little bit off, though still pretty accurate.

5. His measurement was of polar circumference; equatorial circumference is slightly different and cannot be calculated with this method.
►Gravity
Objectives: Students will understand mass, weight, gravity, and air resistance.
Description: Is a crumpled sheet of paper any different than a flat sheet? Will it fall faster? Will a metal-filled tennis ball hit the ground before an empty one? By observing these items and answering questions like these, students will begin to understand gravity.
My experience: The hardest thing to understand in this activity is that there is no “down” in space. Many students think the planets are floating over some celestial “ground”. No matter how hard I tried, I was unable to counter this for several students.
Source: Kavanagh, C., 2005. Tufts University.
Supplies:


2 sheets of paper


2 tennis balls


A handful of pennies



Globe

Activity:
1. Before class, prepare the tennis balls. Cut a 1-1½ inch slit in each one. You should be able to squeeze each one to open it like a coin purse. Fill one ball with pennies.
2. Ask the students why we stay on Earth and don’t float off into space. Most students will say that that gravity pulls us down. Hold up a globe and ask students to show how gravity pulls us. The students will probably say that gravity comes from below the Earth and pulls everything “down” in that direction. Ask “What about people in Antarctica? Do they fall off the Earth?” Explain that gravity pulls us towards the center of the Earth. Understanding that there is nothing below the Earth to pull us is the hardest concept in this activity.

3. Present the two tennis balls and pass them around to show that one is, in fact, heavier than the other. Say that you are going to drop the balls and ask the students which one they think will hit the ground first. Make sure everyone can see and then drop the balls. Repeat the experiment a couple of times so that everyone is sure that they did hit the ground at the same time. They’ll probably have a lot of questions. Confirm that “Yes, even a piano and a notebook dropped at the same time from the top of a building would hit the ground at the same time”.

4. Now, present the two sheets of paper and have a student confirm that they are the same size and weight. Have a student crumple one of the sheets and ask the students how it’s changed. Is one heavier than the other? Initial responses might vary, but further observation should reveal that they are still the same weight and mass, just arranged differently. Now, drop the two pieces of paper. Why didn’t they hit the ground at the same time? Explain that the air is impeding the flat sheet from falling as fast as the crumpled one.
5. But what if you were on the Moon, which has no air? Would one still take longer than the other? The answer, of course, is no. An anchor and the uncrumpled paper would hit fall at the same rate on the Moon. This can be demonstrated on Earth in a vacuum chamber.
6. Explain that gravity increases with mass. The Moon has 1/6th the mass of Earth, so gravity is only 1/6th of Earth’s and things will fall slower and weigh less. You can find videos of Moonwalkers online to demonstrate this. Did the astronauts diet on the way to the Moon? Nope, they’re the same size and mass they were on Earth, but they’re lighter because the Moon has less gravity. You can find calculators online that can tell you your weight on other planets. The arm of someone on Jupiter would weigh as much as their whole body on Earth! An eighty-pound child on Earth would weigh less than five pounds on Pluto.
Moon

►Moon Observation
Objectives: Students will be able to name the phases of the Moon. They will recognize the pattern and be able to predict the phases.
Description: This is a pretty simple and adaptable activity which will help students become acquainted with the Moon through observations. There are many variations on this same theme and I can’t say if any particular format works best. There is a Moon Observation Log worksheet included in the appendix which includes observing the Moon’s phase and altitude. The lesson could be made more advanced by also observing azimuth or simpler by removing the altitude component.

Students will observe the Moon every evening over the course of several weeks. During this time, students will be learning about the Moon in class. The activity culminates with students combining what they learned in class and observed on their own and analyzing their data.

Background: This is a great lesson to start a Moon unit.
My experience: The day I assigned the Moon Observation Log began a three-week period of almost constant cloud cover, so that part of activity was a bust. We still learned about the Moon and I reassigned the observations for the next month, but the lesson wasn’t exactly the same.
Supplies:

1 Moon Observation Log or Calendar worksheet per student (see appendix for an example)

Activity:
1. Start by handing out observation worksheets to the students. You can use the one included in the appendix or create your own. You'll want to schedule this step two or three days after the new Moon. Thus, the students will be able to see almost the entire lunar cycle.
2. If the students will be measuring altitude or azimuth, you’ll want to teach the students what they mean as well as a method for measuring them. It can get a bit complicated, so you may wish to have them only observe the altitude (as in the worksheet in the appendix) or even skip this part altogether. You can add another component to this activity by making simple theodolites in class to help in measuring.
· Horizontal coordinate system is a way of visually navigating the sky using the observer’s horizon as the fundamental plane.
· Altitude is the Moon’s angular position above the horizon, or the vertical component of the coordinate system. It can be measured with a theodolite or altitude tracker, as well as with the fist method defined below.
· Azimuth is the horizontal component of this system. It can be measured with a theodolite or a compass, as well as with the fist method described below.
· The fist method is a simple way to estimate angular distances. Simply hold your arm straight out and make a fist. From thumb to pinky is about 10 degrees. To measure the altitude of the Moon, hold your fist out towards the horizon and put one fist on top of the other until you reach the Moon and estimate the number of degrees. You can estimate azimuth a similar way by starting at a cardinal direction (N=0, E=90, S=180, W=270) and alternating fists across the horizon until you reach the direction of the Moon. The coordinates can be measured in fists or degrees.

3. Remind your students to observe the Moon every night for the next three weeks.

4. Once a week or so, have each student choose one of their observations and draw it on a full sheet of paper. This has two goals. By using the observations in class, students will not dismiss the assignment as unimportant. Also, you can select some of the drawings and post them in the classroom to show the entire lunar cycle.
5. There’s also some new vocabulary you’ll want the class to learn. You can learn these gradually over the course of this activity as the Moon reaches each phase.
· New Moon – The Moon is not visible to us at this point. It is near the Sun in the sky.
· Waxing – The amount of Moon we see as illuminated is growing.

· Crescent – The face of the Moon is less than half illuminated.

· Waxing crescent – Occurs between the New and First Quarter Moons. The Moon will set not long after sunset.

· First Quarter – We see exactly half the Moon illuminated. It’s called the quarter Moon because one quarter of the lunar cycle is complete.
· Gibbous – Means bulging. We can see more than half the face of the Moon.

· Waxing gibbous – Occurs between the First Quarter and Full Moons.

· Full Moon – The side of the Moon we see is entirely illuminated. 
· Waning – The amount of Moon we see as illuminated is decreasing.

· Waning gibbous – The face of the Moon is more than half illuminated and decreasing.

· Last Quarter – Is like the First Quarter, but the opposite half of the Moon’s face is illuminated. The lunar cycle is three quarters complete by now. 
· Waning crescent - The face of the Moon is less than half illuminated and is decreasing. Occurs between the Last Quarter and New Moons.

6. Between the Full and Last Quarter Moons, the Moon will begin to rise after the student’s bedtime. If the students are only observing the phase, you can have the students observe the Moon in the morning before school. If they are also observing coordinates, this won’t work as the observations need to be taken at about the same time of day. You can, however, predict the phase and position of the Moon as a class.

7. As a class, discuss everyone’s observations. Identify what phase was observed on each day. An almanac can tell you when each of the cardinal phases actually occurred. Also, if the students observed coordinates, have them chart the movement of the Moon from day to day.

►Modeling Lunar Phases
Objectives: Students will be able to recognize, predict, and describe the cause of the phases of the Moon.
Description: Lunar phases are a tough topic because it is very hard to create a working mental model of the Sun-Earth-Moon system and because typical classroom models are often misleading. This activity gives students a model which makes it easier to visualize this concept.
Background: Students should at least be familiar with the phases of the Moon before trying this activity. This activity attempts to model a pretty complicated and hard to imagine system. I would suggest using it to complete a unit on the Moon, since it relies on a lot of other information and can be used to pull all of it together.
My experience: In the classroom was a pretty bad model of the Earth-Moon-Sun. I began the class by denouncing it and explaining all of its misfeatures. In this way, I was able to trump some possible misconceptions early on.

When planning this activity, I hadn’t thoroughly thought about how to connect it to the rest of the Moon activities the students had done. I had a bit of difficulty, though I got through it okay and the students now understand how lunar phases work. I created some prompts to assist in the future and included them in the activity.
Source: Kavanagh, C., Agan, L., & Sneider, C. 2005, “Learning about Phases of the Moon and Eclipses: A Guide for Teachers and Curriculum Developers”, Astronomy Education Review, Issue 1, Volume 4:19-52
Supplies:


1 orange or spherical object of similar size per student

1 fixed light source, such as the Sun or an overhead projector
Activity:

1. Give each student an orange. Have them stand a reasonable distance apart in the path of the light.

2. Ask them to hold the orange out in front of them and demonstrate by holding the orange straight out and slightly above your head. The light should illuminate the orange similar to a phase of the Moon. Ask students to identify what phase they are seeing.

3. Have the students turn counter-clockwise 360 degrees slowly and observe the changing phase of the orange. Explain to students that their point of view is that of someone on Earth and that the phases on their orange work the same way as the phases of the Moon. Ask students to turn to a particular phase, such as “waning gibbous” to demonstrate that they understand. This may be a little bit too complicated for some age groups or possible with further explanation.

4. Ask the students if there is any part of their orange which did not receive any light through the course of its “orbit”. Explain that there is no permanent “dark side” of the Moon; one side of the Moon is lit while the other is dark, just like night and day on Earth (except that a “day” on the Moon is 14 Earth days long).
5. Have the students turn in a circle again. Ask them if they saw different sides of the orange while they turned. Explain that we always see the same side of the Moon, the only thing that changes is how it’s lit. The Moon’s rotation can also be discussed if the students are advanced enough.
6. Explain that sometimes Earth gets in between the Sun and Moon, causing a lunar eclipse and that sometimes the Moon gets in between the Sun and Earth, causing a solar eclipse. These can be easily demonstrated.

7. Further explanation of these concepts may be necessary, but this activity provides a good basis to rely on.

Additional Resources

Astronomy Education Review
The goal of the AER website is to make it “easy to find, read about, and use new ideas and resources for teaching and outreach in astronomy and space sciences.” You can find it at aer.noao.edu.

Cosmos

Carl Sagan was excellent at translating complex scientific ideas into terms the general public could understand. His PBS series won several awards and, though slightly dated, most of the concepts are still valid today. You can rent or buy Cosmos on DVD and VHS.
NASA Education and Public Outreach

Find resources from NASA at science.hq.nasa.gov/research/epo.htm

NESSIE

The New England Space Science Initiative in Education is a collaboration among NASA, the Museum of Science Boston, the Harvard-Smithsonian Center for Astrophysics, and Tufts University which provides “leads to education opportunities in space science”. The website is mos.org/nessie
Powers of Ten
This short film by Charles and Ray Eames will humble even the largest of egos as it shows the “relative size of things in the Universe and the effect of adding another zero”. It starts with a small picnic on the shore of Lake Michigan and zooms out. The rate of zoom accelerates until you’re speeding through the cosmos to the edge of space—the far edge. Then, you’re rocketed back towards the Milky Way, the Solar System, Earth, North America, Chicago, and the picnic which you’ve forgotten about at that point. The video continues to zoom in, all the way down to the subatomic particles of the sleeping picnicker’s hand. Learn more at powersof10.com.
A Private Universe/Minds of Our Own


These videos, produced by Matthew H. Schneps and Philip M. Sadler of the Harvard Smithsonian Center for Astrophysics, illuminate many misconceptions and their origins as well as show that articulating these misconceptions is the first step in rectifying them. The video is very interesting and the website has many useful resources. Find it at learner.org/teacherslab/pup.
Star Party

A star party is a great way to involve kids and families in astronomy. You may be able to partner with a local college, observatory, or amateur astronomy club to make your party a success. ProjectASTRO has some tips on their website,

hea-www.harvard.edu/astro/starparties.html

Conclusion


I learned a lot in my first experiences teaching, but I am still very, very far from a skilled teacher. These plans are a worthy attempt at organizing the activities I used in class and are a great starting point, but probably require a great deal of reworking before they could be useful to any teacher. There are many concepts I fell short of really explaining for lack of know-how. At first, I often felt like a deer in headlights. As the semester continued, I improved my teaching abilities and became better at translating tough concepts to young students.
I hope to build on these experiences and become better at educating. I think teaching is something everyone should try to do well in order to help inspire the next generation. Regardless of profession there are opportunities to teach, even if it’s just at the annual Great American Teach-In. Interaction with younger generations
 can instill excitement inside them and encourage them to excel. 
Science needs people like Carl Sagan, people who understand complex scientific concepts and can explain them to the masses. Of course, not everyone can be Carl Sagan, but impromptu science lessons are all around us just waiting for someone to step up and use them to engage people in science. Even scientists far from the classroom can help further interest in science by taking advantage of these opportunities. I would encourage everyone to take an interest in science and science education to help future generations understand how the world works and to encourage them to explore. In this way we can help give our nation’s science programs the jumpstart they so badly need.
I plan to contribute by continuing to work with the students at the Brown School. 4th and 5th graders are very impressionable and every time they say “Wow!” I feel that I am helping produce an interest in science. If I succeed in helping create new scientists, it would be the greatest reward for my efforts.

Appendices

The following pages include the activities and information referenced in the activities.
►Orbiter Setup
These are the instructions for preparing Orbiter for an in-class demonstration. If you are not very skilled with computers, you may wish to ask someone who is for assistance. If you just want to try the software out to get a feel for it, simply download it from orbitersim.com.
You’ll need a PC that with at least the following system requirements:
· 300 MHz PC or better (Pentium, Athlon, etc.) 

· 128MB RAM or more 

· Windows 95/98/ME/2000/XP 

· DirectX 7.0 or higher 

· DirectX compatible 3D graphics accelerator card with at least 16MB of video RAM (32MB or more recommended) and DXT texture compression support. 

· Approximately 60MB of free disk space for the minimum installation (additional high-resolution textures and addons will require more space). 

· Mouse with scroll wheel (Optional, but highly recommended)
1. Visit orbitersim.com and click on “Download”. Scroll down and click on a mirror site. Then click on the “Base” link to begin the download.
2. Installation instructions are provided on the download page, but they are very simple. Basically, unzip the download into a folder on your hard drive (such as C:\Orbiter). One of the great things about Orbiter is that it does not modify the registry or system resources, making it very easy to install and uninstall without worry of corrupting the registry.
3. The Orbiter base package leaves out a lot of stuff in favor of reducing the size. Visit orbithangar.com and choose search. In the “Scenery” category and “Planets, Rocks” and “Textures” category, you can find hi-resolution Earth imagery, Pluto and Charon, and many minor moons of the gas giants. Installation is easy; just unzip them into the Orbiter folder you created in the last step.
4. Now’s the time to setup your display system. I would strongly suggest a two-display system, one display for the students to watch (a projector if possible) and another display with your controls. Most desktop PCs do not have two display adapters, so you may have to find a laptop. Use the computer’s “Display Properties” dialogue box to set up the monitors, making the student display the primary one.

5. Run “Orbiter.exe” from the Orbiter folder.

6. Open “The Solar System” folder and run the “Earth” scenario. It takes about two minutes for everything to load and you should have a real nice view of Earth.

7. Press the “F6” key to bring up the menu box. Drag it over to your monitor. You can use controls such as “Camera” and “Time Warp” to control the simulation, or use the commands below. These dialogue boxes will be your controls. Keep the quick reference sheet below handy during your presentation.

►Orbiter Quick Reference Sheet
	Key
	Function

	F
	Toggle frame rate info on/off

	I
	Toggle current object/camera mode display information on/off

	R
	Time warp: Slow down time by a factor of 10

	T
	Time warp: Speed up time by a factor of 10

	Scroll wheel or Page Up/Page Down
	Move camera towards/away from target object

	Right-click and hold or arrow keys
	Rotate 

	Ctrl+Q
	Exit Orbiter

	F9
	Toggle Planetarium mode on/off

	Ctrl+P
	Pause/resume simulation


►Scale Model Solar System Guide
How to prepare your scale model: 

First, find objects that are the appropriate size and attach each one to an index card or popsicle stick. Of course, you could easily find different pebbles that are the correct sizes, but common objects have the advantage that their rough sizes are remembered along with them. Don’t forget to label the planet cards (for older students, you can add a challenge by making them figure out which planets the objects represent based on relative size). Below is a guide with some suggested objects and distances.

If the Sun was a Grapefruit

A Scale-model Solar System

Created by William Waller, Tufts University

Here is a scaled-down model of our Solar System beginning with the Sun as a grapefruit. Feel free to substitute your favorite fruits and vegetables. The scaling is from 14 billion to one!

	Object
	Diameter/Distance from Sun
	Scale to
	Model suggestion

	Sun
	D = 1.4 x 106 km
	10 cm
	Grapefruit

	Mercury
	D = 4.9 x 103 km

d = 58 x 106 km
	0.35 mm

4.2 m
	Salt grain

Four big strides

	Venus
	D = 12 x 1010 km

d = 108 x 106 km
	0.86 mm

7.7 m
	Poppy seed

Eight big strides

	Earth
	D = 13 x 103 km

d = 108 x 106 km
	.91 mm

10.7 m
	Poppy seed

11 big strides

	Moon
	d (from Earth) = 3.8 x 105 km
	27 mm
	Inchworm

	Mars
	D = 6.8 x 103 km

d = 228 x 106 km
	0.48 mm

16.3 m
	Salt grain

16 big strides

	Jupiter
	D = 143 x 103 km

d = 778 x 106 km
	10.0 mm

55.6 m
	Big blueberry

55 big strides (width of a football field)

	Saturn
	D = 128 x 103 km

d = 1426 x 106 km
	8.57 mm

102 m
	Allspice or pea

100 big strides (100 yard dash or length of a football field)


	Uranus
	D = 51 x 103 km

d = 2868 x 106 km
	3.65 mm

205 m
	Peppercorn

200 big strides (two football fields)

	Neptune
	D = 45 x 103 km

d = 2868 x 106 km
	3.55 mm

321 m
	Peppercorn

320 big strides (Tiger Wood’s golf drive)

	Pluto
	D = 2.4 x 103 km

d = 5900 x 106 km
	0.17 mm

421 m
	Ground pepper

Length of Boston Public Garden

	Oort Cloud of Comets
	d = 7.5 x 1012 km
	536 km
	Boston to Ottawa

	Alpha Centauri (nearest star)
	d = 4.0 x 1013 km
	2900 km
	Boston to Denver, CO


[image: image2.jpg]Moon Observation Log

You can learn many things about how the world works just by looking around and recording what you see.
The following chart will help you record daily observations of the Moon. Just go outside at night and fill in
your observations. Try to observe at about the same time every night. Your observations don’t have to be ex-
act, estimate as best you can. If it is cloudy out or you can’t see the Moon, write that in your notes next to the
entry. If you forget sometimes, don’t worry, just leave the entry blank. Be sure to record the time, appearance
of the Moon, and height. You can measure the height using the fist method taught in class.

Example: 0 Comments:
Januany 15, 8pm.. ,Height: 8 fists, Shape: Partly eloudy

5 , Height: fists, Shape: Q

s , Height: fists, Shape: Q

s , Height: fists, Shape: Q

y , Height: fists, Shape: Q

s , Height: fists, Shape: Q

s , Height: fists, Shape: Q

5 , Height: fists, Shape: Q

s , Height: fists, Shape: Q

5 , Height: fists, Shape: Q



►Moon Observation Log
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