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Speed of light 

Proxima Centauri

Andromeda
Vocabulary
http://dictionary.reference.com/
Astronomical Unit (AU)
A unit of length used in measuring astronomical distances within the solar system equal to the mean distance from Earth to the sun, approximately 150 million kilometers (93 million miles).
Andromeda
1. Greek Mythology. The daughter of Cepheus and Cassiopeia and wife of Perseus, who had rescued her from a sea monster. 

2. A constellation in the Northern Hemisphere between Lacerta and Perseus and south of Cassiopeia. It contains a large spiral galaxy visible to the naked eye. The spiral is 2.2 million light-years from Earth. 
3. The only galaxy visible for Earth with the naked eye in the northern hemisphere. 
Asteroids

Any of numerous small celestial bodies that revolve around the sun, with orbits lying chiefly between Mars and Jupiter and characteristic diameters between a few and several hundred kilometers. Also called minor planet, planetoid.

Comet
A celestial body, observed only in that part of its orbit that is relatively close to the sun, having a head consisting of a solid nucleus surrounded by a nebulous coma up to 2.4 million kilometers (1.5 million miles) in diameter and an elongated curved vapor tail arising from the coma when sufficiently close to the sun. Comets are thought to consist chiefly of ammonia, methane, carbon dioxide, and water.
Constellation

Any of the 88  contiguous regions that cover the  entire celestial sphere, including all of the objects in each region; also a configuration of stars often named after an  object, a person, or an animal.

Ecliptic
1. The intersection plane of the earth's orbit with the celestial sphere, along which the sun appears to move as viewed from the earth. 

2. A great circle inscribed on a terrestrial globe inclined at an approximate angle of 23°27[image: image2.png]


 to the equator and representing the apparent motion of the sun in relation to the earth during a year. 

Galeleo Galilei
1. Italian astronomer  (died 1642) and mathematician who was the first to use a telescope to study the stars; demonstrated that different weights descend at the same rate; perfected the refracting telescope that enabled him to make many discoveries.

2. Italian astronomer and physicist. The first to use a telescope to study the stars (1610), he was an outspoken advocate of Copernicus's theory that the sun forms the center of the universe, which led to his persecution and imprisonment by the Inquisition (1633).
Geocentric

1. Relating to, measured from, or with respect to the center of the earth. 

2. Having the earth as a center. 

Galaxy
1. Any of numerous large-scale aggregates of stars, gas, and dust that constitute the universe, containing an average of 100 billion (1011) solar masses and ranging in diameter from 1,500 to 300,000 light-years. Also called nebula and held together by gravity.
2. Our Galaxy, the Milky Way. 
Spiral galaxy
1. A galaxy having a spiral structure, similar to a pinwheel; arms containing younger stars spiral out from old stars at the center.

Elliptical galaxies

1. A galaxy having an elliptical shape, oblong, with rounded ends. 
Irregular galaxies
1. Galaxies that do not have a regular shape. 

Halo
A circular band of colored light around a light source, as around the sun or moon, caused by the refraction and reflection of light by ice particles suspended in the intervening atmosphere. 
Heliocentric
1. Of or relating to a reference system based at the center of the sun. 

2. Having the sun as a center. 

Interstellar medium
Interstellar space medium including streams of protons moving from the stars. 
Johannes Kepler

German astronomer and mathematician. Considered the founder of modern astronomy, he formulated three laws to describe how the planets revolve around the sun, the laws of planetary motion.
Light year
1. The distance that light travels in a vacuum in one year, approximately 9.46 trillion (9.46 × 1012) kilometers or 5.88 trillion (5.88 × 1012) miles. 
2. The distance over which light can travel in a year's time, in a vacuum; -- used as a unit in expressing stellar distances. It is more than 63,000 times as great as the distance from the earth to the sun.
Meteor

A bright trail or streak that appears in the sky when a meteoroid is heated to incandescence by friction with the earth's atmosphere. Also called falling star, meteor burst, shooting star.

Meteoroid
A solid body, moving in space, that is smaller than an asteroid and at least as large as a speck of dust.

Meteorite

A stony or metallic mass of matter that has fallen to the earth's surface from outer space.

Milky Way
The spiral galaxy containing the solar system of the Sun, visible as a broad band of faint light in the night sky.  The Sun and our solar system is located on one of the spiral arms of the Milky Way.
Moon
1. Moon The natural satellite of Earth, visible by reflection of sunlight and having a slightly elliptical orbit, approximately 356,000 kilometers (221,600 miles) distant at perigee and 406,997 kilometers (252,950 miles) at apogee. Its mean diameter is 3,475 kilometers (2,160 miles), its mass approximately one eightieth that of Earth and its average period of revolution around Earth 29 days 12 hours 44 minutes calculated with respect to the sun. 

2. A natural satellite revolving around a planet. 
Nebulae
1. A diffuse mass of interstellar dust or gas or both, visible as luminous patches or areas of darkness depending on the way the mass absorbs or reflects incident radiation. 
2. A faint, cloudlike, self-luminous mass of matter situated beyond the solar system among the stars. True nebulae are gaseous; but very distant star clusters often appear like them in the telescope.
3. The place of new star birth.
Nicolas Copernicus 

(1473-1543) Polish astronomer who advanced the theory that Earth and the other planets revolve around the sun (heliocentric view), disrupting the Ptolemaic system of astronomy.

Planet
1. A nonluminous celestial body larger than an asteroid or comet, illuminated by light from a star, such as the sun, around which it revolves. In the solar system there are nine known planets: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune, and Pluto. 
2. The term planet was first used to distinguish those stars which have an apparent motion through the constellations from the fixed stars, which retain their relative places unchanged. The inferior planets are Mercury and Venus, which are nearer to the sun than is the earth; the superior planets are Mars, the asteroids, Jupiter, Saturn, Uranus, and Neptune, which are farther from the sun than is the earth. Primary planets are those which revolve about the sun; secondary planets, or moons, are those which revolve around the primary planets as satellites, and at the same time revolve with them about the sun.
3. One of the seven celestial bodies, Mercury, Venus, the moon, the sun, Mars, Jupiter, and Saturn, visible to the naked eye and thought by ancient astronomers to revolve in the heavens about a fixed Earth and among fixed stars. 

4. Any of the celestial bodies (other than comets or satellites) that revolve around the sun in the solar system. 
Terrestrial planet
1. Any of the four planets, Mercury, Venus, Earth, or Mars, that are nearest the sun and have similar size and density.
2. Generally rocky, composed primarily of silicon, iron with varying degrees of other elements. 

Jovian planet

2. One of the four major planets, Jupiter, Saturn, Uranus, and Neptune, which have very large masses and are farther from the sun than the terrestrial planets.
3. Composed primarily of gasses such as hydrogen and helium.  Other gasses will make up the atmosphere. Characterized as having many moons.

Ptolemy

(second century A.D.) Alexandrian astronomer, mathematician, and geographer who based his astronomy on the belief that all heavenly bodies revolve around the earth (geocentric view of the solar system/universe).
Proxima Centauri
The nearest star to the sun; distance: 4.3 light years.
Revolution


The orbit of one body about another.


Rotation





The spinning of a body about with an axis passing through it. 
The Earth rotates once in 24 hours and thus it is spinning at a speed of 25000/24 or 
just over 1000 miles per hour at the equator.  The rotation of the earth on its axis causes us to have day and night. If we did not rotate, then the earth would have one side in total darkness and cold forever, and the other side in total sunlight and high temperatures forever.

Satallite
1. Astronomy. A celestial body that orbits a planet; a moon. 
2.  Aerospace. An object launched to orbit Earth or another celestial body.
Solar System:
1.   The sun together with the nine planets and all other celestial bodies that orbit the sun and held together by the gravity exhibited by the central star and the planets themselves.
2. A system of planets or other bodies orbiting another star. 
Speed of light 
1. The speed at which light travels in a vacuum; the constancy and universality of the speed of light is recognized by defining it to be exactly 299,792,458 meters per second. 

2. As of today, unattained for all practical purposes.  
Spiral arms
1. The extensions of a galaxy that contain large amounts of gas and dust, nebulae.  

2. The place of new star birth.

Star
1.  A self-luminous celestial body consisting of a mass of gas held together by its own gravity in which the energy generated by nuclear reactions in the interior is balanced by the outflow of energy to the surface, and the inward-directed gravitational forces are balanced by the outward-directed gas and radiation pressures. 
2.  Any of the celestial bodies visible at night from Earth as relatively stationary, usually twinkling points of light. 
Stellar
Of, relating to, or consisting of stars. 

Sun
1. A star that is the basis of the solar system and that sustains life on Earth, being the source of heat and light. It has a mean distance from Earth of about 150 million kilometers (93 million miles) a diameter of approximately 1,390,000 kilometers (864,000 miles) and a mass about 330,000 times that of Earth. 
2. Its mean apparent diameter as seen from the earth is 32' 4[sec], and it revolves on its own axis once in 251/3 days. Its mean density is about one fourth of that of the earth, or 1.41, that of water being unity. Its luminous surface is called the photosphere, above which is an envelope consisting partly of hydrogen, called the chromosphere, which can be seen only through the spectroscope, or at the time of a total solar eclipse. Above the chromosphere, and sometimes extending out millions of miles, are luminous rays or streams of light which are visible only at the time of a total eclipse, forming the solar corona.
3. It is an average size, average aged star.  It measures 1.35 million kilometers in diameter and if the Sun were hollow, more than 1 million planet Earths could fit in it.  Its density is only ¼ that of Earth.  It is said to be approximately 4.6 billion years old. 
Universe
All matter and energy, including the earth, the galaxies, and the contents of intergalactic space, regarded as a whole. 
The Solar System
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Objectives:
Students will know the solar system of the Sun is the Milky Way.

Students will demonstrate with the use of the pointer the evidence of the light from the center of the Milky Way in the StarLab dome using the Starfield cylinder.

Students will name the planets in our solar system from the Sun outward as they point to each planet with the pointer in the StarLab using the solar system cylinder.
Students will name a few characteristics about each of the planets.

Students will explain the reason the planets are held in orbits around the sun: gravity.
Students will explain that the meaning of a spiral galaxy.  

Students will know that the Sun is a medium sized and averaged age star on about half way down one of the spiral arms of the Milky Way.

Students will explain where stars are formed, in nebulae on the outer portion of the spiral arms of a spiral galaxy.

Students will realize that the Milky Way has millions of stars and that the Milky Way is one of millions of galaxies that each has millions of stars. 

Students will realize that gravity holds the solar systems together in the galaxies and the galaxies together in the universe. 
Students will appreciate the vastness of the universe.
Precautions/Safety:
It should be explained that student should enter the StarLab dome through the tunnel slowly.  

Students do not need to crawl, but may need to bend over to enter the StarLab.

Lights from the projector and the StarLab side lights should be illuminated while students are entering the dome.

Side lights of the projector should be dimmed slowly so student’s eyes will adjust.

In case of emergency the students may exit the dome by lifting one side of the dome and flipping it over on itself.

Students should not move about while the lights are dimmed due to the presence of the electrical cord and the projector.

Related Subjects:

Astronomy, the study of the heavenly bodies. 

Math, calculations and metric terminology used to describe distances to stars.

Students should already know:
Students should know that for many years people believed that the heavenly bodies rotated a round the Earth.  This theory was written down by the Greek astronomer, Ptolemy and it was called the geocentric view. 
Students should know the center of our solar system is the star we call the Sun.

Students should know that the theory of the Sun at the center of the solar system is called the heliocentric view of the solar system.

Students should know that the heliocentric view of the universe was first proposed by Nicolas Copernicus.  This theory was further explained by Johannes Kepler.
The Earth will make one revolution around the Sun in 29 days.

The Earth will rotate on its axis once in 24 hours.

The revolution of the other planets will vary with the planets distance from the Sun.  The inner planets will have revolutions less than Earth and the outer planets will have revolutions greater than Earth.

Some stars are only visible from the Northern or the Southern hemisphere due to the tilt of the Earth on its axis. 

Introduction:
Were do you live?  If I were from Germany and new to PA, could you direct me to your house?  Do you live in a city or in the country?  Do you live on a named street?  

Do you live near a major town or a major highway?  How far are you from Maryland or New York State?  How would you go about telling me to find your house?
Most people would not start describing their address with the word universe, but this is actually correct.  With the advent of space travel, scientists are more and more entertaining the thought of colonizing new areas of the solar system.  

Have you ever looked into the night sky and tried to count the stars on a dark night?  There is said to be about 5000 stars visible to the unaided eye on a dark night.  

First let’s have a look at our galaxy,  the Milky Way.  When you look in to a dark sky, particularly in the summer, you will see the faint glow of the center of the Milky Way  directly overhead.  The Milky Way is what we call a spiral galaxy.  There are also elliptical galaxies and irregular galaxies, but they are less common. Our solar system (we will get to solar system a bit later), is located slightly to the outside of one of the spiral arms of the Milky Way Galaxy.  The outermost portions of the spiral arms contain large quantities of gas and dust, called Nebulae. This is  

You would want to start with the largest area that is familiar to both parties.  This might be the Earth, or this would probably be assumed.  What would you choose next? The hemisphere then the continent and country.  Finally you would make it to identifying the state, PA.  As you can see it can be complicated, but you should  be very specific and assume that I know nothing of geography.  Once in PA you might describe north or south of ____________ a major highway or city.  Choose a smaller city or highway and then the street.  Eventually you might want to describe your yard or home on a specific curve in a street. 
Some stars are only seen in the northern or the southern hemisphere due to the fact that the Earth is tilted on its axis.  This varies with the seasons and certain stars are only visible at night at different times of the year due to the tilt of the Earth on its axis. Most Stars appear to rise and set.  A few stars are considered circumpolar with the North Star, Polaris, being polar.  Polaris and the circumpolar stars do not go below the horizon.

The following campfire activity from  http://analyzer.depaul.edu/paperplate/   is very beneficial to visualize the reason for polar and circumpolar stars. A chair could be substituted for the campfire.   The activity: The Platisphere, Paper Plate Education is also excellent for visualizing this concept, see attached. 
Current and future positions of the planets are noted, including the Spring 2002 alignment in the western evening sky.

  Note daily observations 
        Apparent motion is circular around earth’s axis.  
        Some celestial objects rise in east, set in west.  
        North circumpolar stars encircle Polaris.  
Using the planetarium projector we speed up time to show the motion of the stars and planets, knowledge previous cultures gleaned from generations of stargazing traditions.  Because of the earth’s daily spin, all stars appear to rotate around Polaris, which conveniently resides fixed above the north pole.  Stars which are in the circle defined by a Polaris-to-horizon arc are called circumpolar stars, which are visible year-round. 

  Stars beyond the arc encircle Polaris as well, but the appearance of that circle is broken by the ground.  That is, as a star sweeps out an arc further from Polaris than the Polaris-to-horizon distance, it too makes a big circle around Polaris, except the ground gets in the way.  Hence those stars appear to rise and set, in the east and west respectively.  As you look toward the south you see seasonal star patterns and the ecliptic, which is the domain of the zodiac, the sun, the moon, and the planets. 
  Note Seasonal observations 
        Sky shifts easterly approximately one degree per day (360 degrees in 365 days).  
        North circumpolar stars are visible year-round. 
        Stars toward the south are seasonal. 
In a modeling activity, twelve participants stand in a circle around the room as if standing around a campfire.  The fire at the center is the sun, which is encircled by the earth.  Tilt the globe about 23 degrees.  Imagine a spike going through the axis and above the globe for an immense distance, ending at the star Polaris.  Again, Polaris is simply an unspectacular star that happens to be conveniently located above the earth’s north pole.

In the course of one year, the earth revolves around the sun while its axis always points in the direction of that distant star Polaris.  An observer on earth can see stars when she is on the night side of our planet.  The observer can look outward in the direction away from the sun, but can see neither beyond the bright sun or through the impeding earth underfoot.  Every day as the earth advances in its orbit around the sun, a new slice of sky appears to the east while a slice disappears to the west.  In 365 days the sky shifts 360 degrees, or roughly one degree per day, and the pattern begins anew.

  Similarly with the campfire analogy, if a person were standing with her backside toward the fire, she could see stars toward the blackness away from the fire.  When warming her front side, however, the camper could not see stars beyond the fire because of the fire’s brightness (day), nor could she see stars below the horizon because the ground is in the way.  If the camper were slowly to walk around the campfire and to twirl, eventually after one revolution (one year)she would have looked outward from the fire in all directions and will have seen everything above the horizon.  Each step would yield a slightly newer view in the direction she walks.  New people in the periphery become visible away from the glare of the fire as she encircles it.

  While walking around the fire, the camper could only see certain stars opposite the fire (sun) at certain parts of the walk; hence, the seasonal stars.  But throughout the entire walk around the fire, she could look upward toward the blackness over her head to see one common group of stars; hence the circumpolar stars.

  Note ecliptic observations 
        The sun’s annual path against the background stars defines the ecliptic. 
        The planets appear to wander along the ecliptic. 
        The constellations of the zodiac are along the ecliptic. 
Return to the campfire model with twelve participants standing around the fire but in the distance, much further from the fire than the original camper (earth).  Those twelve people in the distance represent constellations of the zodiac (actually, there should be a 13th, Ophiuchus).  The planets—more campers warming themselves near the fire--revolve around the sun nearly in the same plane.  The constellations that appear as background stars to the sun—the ring of participants in the distance—are the constellations of the zodiac.  It is against that well-defined background of stars that the sun, the planets, and the moon appear; hence, the significance of the zodiac to ancient stargazers. 
Using the StarLab Solar System cylinder, we will analyse the relative distances between the planets.  It should be noted that the distances between the planets and the distance from the Sun to each of the planets varies greatly.

This is an abbreviated scenario.  If the universe were measured on a scale with a meter stick instead of AU the following would be true:  1 meter would equal 1 AU. 
Sun – starting point

Mercury - .4 meter 
Venus - .7 meter

Earth – 1 meter

Mars – 1.5 meters

Jupiter - 5.2 meters

Saturn – 9.5 meters
Uranus – 19.2 meters

Neptune – 30 meters

Pluto – 39.5 meters
After leaving our solar system, distances are then calculated in light years instead of AU.  A light year is a measure of distance, NOT TIME.  A light year is the speed that light would travel in a year.  The speed of light is 299,792,458 meters per second.   Light would travel 9.46 trillion (9.46 × 1012) kilometers or 5.88 trillion (5.88 × 1012) miles. The distance over which light can travel in a year's time, in a vacuum; -- used as a unit in expressing stellar distances. It is more than 63,000 times as great as the distance from the earth to the sun.  The next closest star is Proxima Centauri, and it is 4.3 light years away.

The closest galaxy to the Milky Way is the Andromeda Galaxy and it is 2.2 million light-years from Earth. 
As you can see, the vastness of the Universe is immense.  There are millions of stars in our Milky Way galaxy and millions of galaxies in our universe.  All objects in our universe are bound together by gravity and all objects are moving.  They revolve around each other.  Even the Sun is revolving around the center of the Milky Way galaxy.  The length of time for the Sun to revolve around the galaxy is called a galactic year.  
Materials
StarLab

StarLab Fiberarc Projector

Starfield Cylinder

Solar System cylinder

Paper plates and pens if doing the planisphere activity (separate instructions)

Worksheets
Procedure for the Universal address assignment is as follows:
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Universal Address Assignment:

Imagine that you have gone to summer camp at the nearest star in the nearest galaxy, the 
Andromeda galaxy.  You have met a very good friend while you were there and the friend would like to come see you in a month.  You will need to send directions to your friend soon.  (Keep in mind that it would actually take several lifetimes to travel to the nearest galaxy if travel were possible at the speed of light.)

Fill in the blanks with the appropriate data to allow your friend Suzi Q to visit you.  You can make up imaginary names of the locations to Suzi’s house, but the names of the locations to your house should be real. 
Travel through the Universe

Leave Suzi Q’s home 

Street:____________________________________
Town:____________________________________ 

  State:_____________________________________
Country:__________________________________
Planet:____________________________________
4th planet from the Star:_______________________
Galaxy:  Andromeda__________________________
NOW THE DIRECTIONS TO YOUR HOUSE!

___________________________________________

___________________________________________

___________________________________________

___________________________________________

___________________________________________

___________________________________________

___________________________________________

___________________________________________

The Solar System, Galaxies and the Universe

Complete the questions on the following worksheet after viewing the StarLab Solar System presentation. 
1. How many kilometers are in an AU? ____________________________________
2. What is another name for the Jovian planets? _____________________________

3. Why is the summer Milky Way brighter than the winter Milky Way? __________________________________________________________________

4. What keeps the stars from wandering out into deep space? __________________
5. What units would we use to measure the distance from Earth to Pluto? _________

6.  What units would we use to measure the distance to Proxima Centauri? _______

7. What planet in our solar system would be the half way point to Pluto? _________

8.  How long ago did light that we see leave the star Proxima Centauri? __________
9. What is the shape of the Milky Way galaxy? ______________________________
10. Compare and contrast the heliocentric view of the universe to the geocentric view.  Why do you think people adopted the latter view prior to space travel. ____________

Teacher Notes

PA Assessment Standards
Science and Technology Standards
Physical Science, Chemistry and Physics

3.4.7D Describe the essential ideas about the composition and structure of the universe and the earth’s place in it.
· Compare various planets’ characteristics

· Identify gravity as the force that keeps planets in orbit around the sun and governs the rest of the movement of the solar system and the universe.

· Illustrate how the position of the stars and constellations change in relation to the Earth during an evening and from month to month.
· Identify the accomplishments and contributions provided by selected past and present scientists in the field of astronomy. 

4.4.10 Explain essential ideas about the composition and structure of the universe.
· Explain the impact of the Copernican and Newtonian thinking on man’s view of the universe. 

· Compare the basic structure of the universe, i.e. galaxy types.

Mathematics Standards

Measurement and Estimation

2.3.5B Select and use standard tools to measure size of figures with specified accuracy, including length.
2.3.8 D Estimate, use and describe measures of distance, area, volume, weight, and mass. 
2.3.8F Use scale measurements to interpret maps or drawings

2.3.8G Create and use scale models

Preparation:
Students should be familiar with the model of the solar system and list in order of distance and size the objects of our solar system, the Milky Way Galaxy and the universe. 
Use of StarLab Procedure:
1. Set up StarLab done per instructions that accompany StarLab dome as described in the procedure manual for StarLab.

2. Set up the StarLab Fiberarc projector as described in the procedure manual.   

3. Set up the projector outside the StarLab dome and then gently slide it under the wall of the dome closest to the fan / air intake tube.

4. Leave all lights including the side lights illuminated while students are entering the StarLab.

5. Instruct students to sit along side the walls and then fill in the middle. 

6. Instruct students to not sit on or near or walk near the cord for the projector.

7. After everyone is seated and at the appropriate time in the discussion, dim the side lamps gradually to allow eyes to adjust to the darkness. 

8. After presentation is finished increase lighting gradually.

9. Instruct students to exit StarLab carefully and slowly.

10. Stow and store the StarLab components per instruction manual.
Name _________________


Date __________________


Period _________________





Name _________________


Date __________________


Period _________________








What is Your Universal Address?








