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II.
 Earth‑Sun Relationships


2
A.
The motion of the sun and stars help us tell time and direction.

9

1.
Focus On Physics: Time and Direction
Disc.


2
B.
The movement of the sun across the sky is related to the passage of time. The sun follows different paths at different times of the year.

11

1.
Can You Tell Time by Using Shadows?
Lab
L/U
1 day

15

2.
Building a Solar Observatory  
Lab
L/U
2 days

19

3.
Drawing a Human Sun Dial on Concrete  [Power Point 2B3 ]





23

4.
Inv: Revisit: Can You tell time using shadows of golf trees




2
C.
The position of the sun at its highest point defines the North‑South direction.

27

1.
Using Shadows to Determine Geographic North [Power Point 2C1]
Lab
U
1 day



2
D.
Seasons result from the apparent yearly north-south motions of the sun on die celestial sphere.

29

1.
Keeping a Sun Journal
Lab
14U
several weeks


2
E.
Seasons result from the tilt of the earth as it orbits the sun. We have summer when the rays of the sun are more direct, and winter when the rays are less direct.

33

1.
Direct vs. Indirect Sunlight and the Reason for Seasons
Lab
L/U
15 min


35

2.
Passing the Globe
Lab
L/U
30 min



1
B.
The time we call a month and the phases of the moon are based upon the relative positions of the earth, moon and sun.

41

1.
Focus On Physics: Earth‑Moon  [Power Point 1B1]
Disc.
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2.
Flip-Book Phases of the Moon [Power Point 1B2]




1
C.
The moon changes shape throughout the month.
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1. 
Picturing the Moon.  [Power Point 1C1]
Lab
L/U
15 min
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2.
Lunar Log


1
D.
The moon is visible during the daylight hours. The moon appears to move across the sky throughout the day.

49

1. 
Observing the Moon in One Night
Lab
L/U
several hours
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2.
Does the Moon Rotate on its Axis? [Power Point 1D2]
Demo.
L/U



1
F.
The Phases of the moon are caused by the relative position of the earth, sun and moon.

53

2.
The Moon Dance – A Handy Way to Teach Moon Phases [Power Point 1F2]
Demo.
U 


53

3.
Lunar Phase Dial [Power Point 1F3]





1
E.
The moon goes through phases that are related to its location in the sky.
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1. 
Keeping Moon Journals Lab
L/U



1
G.
The moon is smaller than the earth and far away.
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1.
A Scale Model of the Earth and Moon [Power Point 1G1]
Lab
L/U
30 min


H.
The moon's characteristics are quite different from earth's.
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1. 
Wrecked on the Moon
Lab

15 min
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B.
Planets are not all the same size of distance from the sun.
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1.
How Big is the Solar System?  (Indoor Activity)
Lab
L/U
15 min
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2.
How Big is the Solar System? (Outdoor Activity),
Lab
L/U
1 hour

81

3. 
How Big is the Sun? [Power Point 4B3]
Lab
U
45 min

83

4.
Great Ball of Fire - How Big is the Sun (Revisited)? [Power Point 4B4]


2
F.
You can determine the altitude of the noontime sun on the first day of the season at any location by knowing your latitude.

85
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Building and using a Quadrant (Can you make and use an astrolabe?) [Power Point 2F1]






4
C.
There are other objects in the solar system such as comets and meteors.

87

4. 
What Are Sunspots?  Introduction to Solar Tracker w/pp
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U
45 min
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The Sun and Sunspots
D
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U
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U
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ASTRONOMY
Introduction

WORKSHOP LEADER TOPIC INFORMATION

INTRODUCTION TO ASTRONOMY

This unit provides a series of demonstrations; lab activities and “Focus on Physics” discussions that should help workshop leaders (and their participants) develop a good understanding of phenomena involving astronomy.

The authors have approached this subject from an observational standpoint. It is necessary to observe and describe only what you can see from your place on earth without the use of exotic instruments or technology.

The notebook is divided into the following sections: (Not all activities from the original unit are included here.)


I. 
Earth‑Moon Relationships 


II. 
Earth‑Sun Relationships


III. 
The Celestial Sphere


IV. 
The Solar System


V. 
Astrology and the Constellations


VI. 
Stars, Galaxies and the Universe

Following is a list of the naive ideas that students might be expected to have as they begin working on the activities in this notebook. Many of the activities and demonstrations are aimed at both helping students become aware of their own ideas and helping them change their ideas to those more scientifically accepted.

1.
The moon can only be seen during the night.    (1A1, 1A2, 1DI, 1EI, 1F2)

2.
The moon does not rotate on its axis as it goes around the earth. (1D2)

3.
The phases of the moon are caused by shadows cast on its surface by other objects in the solar system. (1A2, 1B1, 1F1, 1F2)

4.
The phases of the moon are caused by the shadow of the earth on the moon. (1A2, 1B1, 1F1, 1F2)

5.
The phases of the moon are caused by the moon moving into the sun’s shadow. (1B1, 1F1, 1F2)

6.
The shape of the moon always appears the same.  (1A1, 1A2, 1B1, 1C1, 1E1, 1F1)

7.
The moon is black and white and rotates.  (1B1, 1F1)

8.
The moon is visible in the sky every night.  (1A1, 1A2, 1B1, 1D1, 1E1, 1F2)

9.
The moon is in the same place in the sky each night.  (1A1, 1A2, 1D1, 1E1, 1F1, 1F2)

10.
The moon and the earth are similar in size.  (1G1)

11.
The moon is very close to the earth.  (1G1)

12.
The moon has air.  
(1H1)

13.
The moon has a magnetic field.  (1H1)

14.
The moon has no gravity because it has no air.  (1H1)

15. 
The sun rises exactly in the east and sets exactly in the west every day. ( 2A1, 2B1, 2B2, 2D1, 3B1, 3B2)

16. 
The sun is at its highest point in the sky and directly south at 12:00 noon for every place north of the Tropic of Cancer. (2AI, 2B1 2B2)

17. The tip of a shadow always moves along an east‑west line. (2A1, 2C1)
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18. We experience seasons because of the earth’s changing distance from the sun (closer in the summer, farther in the winter). (2D1, 2E1, 2E2, 2F1)

19. The earth is the center of the solar system. The planets, sun and stars revolve around the earth. (2E1, 4A1, 4B1, 4B2)

20. The sun is about the same size as the earth. (2G1)

21.
Stars appear in the same place in the sky every night. (3A1, 3B1, 3B2)

22. The earth is the largest object in the solar system. (4A1, 4B2, 4B3, 4B4)

23. The solar system is very crowded. (4A1, 4B1, 4B2)

24. The solar system contains only the sun, planets and the moon. (4A1, 4CI, 4C2, 4C3)

25. Meteors are failing stars.  (4C1, 4C2, 4C3)

26. Comets and meteors are out in space and do not reach the ground. (4A1, 4CI, 4C2, 4C3)

27
The surface of the sun is without visible features.  (4C4)

28.
Astrology is a science and is the same thing as astronomy. (5A1, 5A2, 5A3)

29.
There are only 12 basic human personalities whose characteristics are based on our astrological signs. (5A2)

30.
People always posses the characteristics of their astrological sign. (5A1, 5A2, 5A3)

31.
We were actually born under the sign that we read each day in the paper. (5A4)

32.
The constellations form patterns clearly resembling people, animals or objects. (5B1, 5B2, 5B3, 5B4)

33.
Stars are evenly distributed throughout the night time sky. (5B3)

34. 
The galaxy is very crowded. (6Al, 5IB2)

35.
Stars are evenly distributed throughout the universe. (6AI)

36.
Stars are evenly distributed throughout the galaxy. (6B2)

37.
All stars are the same distance from earth.  (6A1, 6B2, 6C3)

38.
All stars are the same size.  (6B2, 6C3)

39. 
The brightness of a star depends only on its distance from earth. (6C3)

40.
All stars are the same brightness.  (6C2, 6C3, 6C4)

41.
All stars are the same color.  (6CI, 6C4)
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EARTH‑SUN RELATIONSHIPS

The relative motion of the earth and sun is explored from a stationary‑earth point of view, as participants see it. After this motion is established, development of a model using a rotating and orbiting earth is explored. Both day and night and seasonal changes am explored with the accompanying activities.

Naive Ideas:

1.
The sun rises exactly in the east and sets exactly in the west every day. (2A1, 2B1, 2B2, 2D1)

2.
The sun is at its highest point in the sky and directly south at 12.00 noon for every place north of the
Tropic of Cancer.


(21, 2B1, 2B2)

3.
The tip of a shadow always moves along an east‑west line. (2A1, 2C1)

4.
We experience seasons because of the earth’s changing distance from the sun (closer in the summer, farther in the winter).  (2D1, 2E1, 2E2, 2F1)

5.
The earth is the center of the solar system. The planets, sun and stars revolve around the earth. (2E1)

6.
The sun is about the same size as the earth. (2G1)

A . 
THE MOTION OF THE SIN AND STARS HELPS US TELL TIME AND DIRECTION.

1.
Discussion ‑Focus on Physics: The Sun: Time and Direction


As the sun’s position in the sky changes, the changing lengths of shadows allow measurements of time and


help define north, south, east west, a.m. and p.m., and explain the reason for seasons.

B.
THE MOVEMENT OF THE SUN ACROSS THE SKY IS RELATED TO THE ‘PASSAGE OF TIME.

1.
Activity:  Can You Tell Time by Using Shadows?


A toothpick is used to create a shadow to track the sun across the sky. The length of the shadow is related


to local noon. This is a full‑day activity which is weather dependent.

2.
Activity:  Building a Solar Observatory


The bottom of a soda bottle is used to plot the position of the sun as it moves across the sky. This


is a full‑day activity which is weather dependent.

C.
THE POSITION OF THE SIN AT ITS HIGHEST POINT DEFINES THE NORTH‑SOUTH DIRECTIOM.

1.
Activity:   Using Shadows to Determine Geographic North


The symmetry of the sun’s motion about the shortest shadow line is used to determine E‑W and N‑S 


directions. This activity Is weather dependent.

D.
SUNRISE AND SUNSET OCCUR AT ]DIFFERENT TIMES AND IN DIFFERENT LOCATIONS THROUGHOUT THE YEAR.

1.
Activity:  Keeping Journals of the Sun


The rising and setting sun positions are observed over a period of several weeks to associate the N‑S 


movement of the sun N‑S  with seasonal changes. This activity takes several weeks to complete


and is weather dependent.
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E. 
SEASONS RESULT FROM THE TILT OF THE EARTH AS IT ORBITS THE SUN.

1.
Activity:  Passing the Globe


Due to the tilt of the earth’s axis, light from the sun may strike your location at an angle and result in the


seasonal effects you observe throughout the year.

2.
Activity:  Direct vs. Indirect Sun Light and the Reason for Seasons


Light from the sun strikes the northern hemisphere more directly in the summer, resulting in warmer


temperatures.

F.
THE ALTITUDE OF THE NOON SUN DEPENDS UPON THE SEASON AND YOUR LATITUDE.

1.
Activity:  Altitude of the Local Noontime Sun


The season and your latitude can be used to measure the altitude of the sun at noon.

G. 
THE EARTH IS MUCH SMALLER THAN THE SUN.

1.
Activity:  How Big is the Sun


Participants build a clay model of the earth in relation to a pre‑made sun.

ASTRONOMY 
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FOCUS ON PHYSICS:  THE SUN: TIME AND DIRECTION

(Discussion)

Time

One way to measure time is based on the rotation of the earth. As the earth turns, objects in the sky appear to move around us, rising in an easterly direction and setting in a westerly one.

From the earth’s perspective, celestial objects appear to follow a particular path across the sky. Early civilizations used the position of the sun to tell the time of day. It was observed that shadows cast by objects were longer in the morning and evening, and shorter when the sun was at its highest point. That point of the shortest shadow became a convenient point from which to measure time. It is also the point at which the sun crosses the local meridian, or the imaginary line going from north to south and passing directly overhead. You will recognize this designation in the terms ante (before) meridian, or A.M. and post (after) meridian, or P.M.

The sun passes through a complete circle (3600) in one day. Therefore, in one hour the sun apparently moves through an arc of 1/24 of (3600) or 150. Ancient astronomers used sundials, circles marked every 150 to keep time. A stick in the center of the circle cast a shadow that moved throughout the day as the sun’s position changed. Local noon occurred at the time of the shortest shadow of the day.

Direction

The sun always traverses the celestial sphere in the same general direction, from east to west. On the first day of summer, the sun rises noticeably north of straight east and sets noticeably north of straight west. As the weeks pass, the place on the horizon where it rises and sets moves farther and farther south, passing the “due east” and “due west” points on the first day of fall. On the first day of winter, the sun rises and sets at its farthest south. This date, on which the sun stops moving south, is called the winter solstice (Latin for “sun stands still”). After the first day of winter, the points of sunrise and sunset move progressively north along the horizon, reaching the “due east” and “due west” points again on the first day of spring and reaching the northernmost point again on the first day of summer, another solstice.

As these cycles proceed, the length of the path the sun traces on the celestial sphere also changes. The path is longest on the first day of summer and shortest on the first day of winter. Since the speed of the sun, measured in degrees per hour, is the same all year, we can predict that there should be more hours of daylight in summer than in winter. Your experience confirms this prediction. During this annual cycle, we experience only two dates when there are equal amounts of daylight and darkness: the first days of spring and fall. These dates are each known as an equinox (Latin for “equal night”). The greater number of hours of daylight in summer, along with higher elevations of the sun (hence more direct rays), explain why it is warmer in summer than in winter.

The cyclical motions of the sun described above are a result of the fact that the axis of the earth is not perpendicular to the plane of its orbit around the sun. The axis is tilted 23.50 from perpendicular to the orbital plane. Most globes that are mounted in a frame show this tilt. The north pole of this axis is pointed at a far away star we call Polaris, the north star. The North Pole points at this star all year long; the axis of the earth does not rock back and forth. As the earth revolves around the sun, the northern hemisphere has its first day of summer when the North Pole points over the top of the sun and its first day of winter when it points “away” from the sun.

If you were to also note the position of the sun at noon, you would see a similar year-long cycle of movement. At noon on the first day of summer, the sun reaches a point as far above the horizon as it will ever be at your latitude. Each day it reaches a maximum elevation somewhat lower. Its lowest noon-time elevation comes on the first day of winter.

Shadows are longest at sunrise and sunset and shortest at local noon. From any location north of 23 1/20 N latitude, or in other words from anywhere in the continental United States, one must always look toward the south to see the sun at noon. Therefore, the direction of the shortest shadow is to the north, and opposite that is south. The N-S and E-W axis are perpendicular to each other with east on your right as you face north.

ASTRONOMY
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CAN YOU TELL TIME BY USING SHADOWS?

Materials:
toothpick


small ball of clay


paper (about 50 cm x 100 cm)


tape


magnetic compass

1.
Choose an area having a flat surface that will be in direct sunlight during the entire workshop day. With tape, attach a large sheet of plain white paper to the surface so that it won’t move. Near the center of the paper mark an “x” and put a small lump of clay on the “x.” Stick a toothpick into the clay. Be sure the toothpick is vertical. You may wish to put a small ball of clay on the end of the toothpick to make the shadow more visible. Use your compass to mark the directions E‑W and N‑S on the paper.

[image: image81.jpg]



2.
Every half hour, beginning as early in the day as possible, mark on the paper the position of the end of the shadow made by the stick Write the time of day on the paper by this mark (see Figure 2). Continue making observations until as late in the day as possible.

[image: image2.png]



3.
Place the paper on a smooth surface and very carefully draw a smooth line through the points. Describe the fine you obtain. It is straight or is it curved?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

If it is curved, does it curve around the stick or away from the stick?


_______________________________________________________________________________________________

4.
Draw a line from the x in the center of your paper to each of the points you plotted. Record the length of the shadow at each time in the table below. Add on any times you need to for earlier or later readings.

                       Time          Length (cm)         
                Time          Length (cm)


8:30 
__________________
12:30
__________________


9:00
__________________ 
1:00
__________________


9:30
__________________
1:30 
__________________ 


10:00
__________________ 
2:00
__________________


10:30
__________________
2:30
__________________


11:00
__________________
3:00
__________________


11:30 
__________________
3:30
__________________


12:00
__________________
4:00
__________________

ASTRONOMY
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CAN YOU TELL TIME BY USING SHADOWS?

5. Now graph length of the shadow vs. the time of day on the following graph.Shadow length (cm)
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[image: image31.png]Figute 11. Waxing gibbous at noon.



[image: image32.jpg]Figure 10. Waxing crescent at noon.



[image: image33.png]Figure 9. Thisd quarer moon at noon.



[image: image34.png]- Figure 4. Full moon at noon.



[image: image35.png]Figure 6. First quarter moon at noon.
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[image: image36.png]Figure 3. New moon at midnight.



[image: image37.png]Figure 2. New moon at sunrise.



[image: image38.png]Figure 5. Full moon at sunset.
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[image: image40.jpg]Figure 7. First quarter moon at sunset
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[image: image41.jpg]Figure 8. First quarter moon at midnight.
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6. 
At what time of day did you show the shortest shadow line?


_______________________________________________________________________________________________

7.
Do you see a relationship between the length of the shadow and the altitude of the sun?


_______________________________________________________________________________________________

8.
When the sun is at its highest altitude, we call this time local noon. (Local time is the time measured using the sun, not clocks or watches). How is local noon related to the length of the shadow made by the toothpick? According to your toothpick shadow, what time is local noon in your area?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

9.
Either by observing or by using information obtained from the newspaper or television, determine the sunrise and sunset times at your location. How much time (in hours and minutes) is there between sunrise and local noon?


_______________________________________________________________________________________________

How much time is there between local noon and sunset?


_______________________________________________________________________________________________

How do these intervals of time compare?


_______________________________________________________________________________________________

From this information, what can you say about the motion of the sun across the sky?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

ASTRONOMY
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CAN YOU TELL TIME BY USING SHADOWS?

IDEA:
PROCESS SKILLS:

The movement of the sun across the sky
Observe
Identify

is related to the passage of Lime.
Record
Compare


Predict
Graph


Explain
Interpret

LEVEL: L/U
DURATION: 
1day

STUDENT BACKGROUND: 
Should be able to read a magnetic compass and tell time.

ADVANCE PREPARAT1ON:
NOTE: This activity relies on weather conditions. Choose an area that will be in the sun most of the day and will not be disturbed by other participants or activities. Be sure the toothpick is secured to the paper and slays vertical.

MANAGEMENT TIPS:
Be sure participants remember their schedules for reading the shadow. Using


pairs or small groups will help. Don’t worry if the readings aren’t exactly


on the half hour. This schedule simply gives a large number of points


rather evenly spaced

RESPONSES TO

SOME QUESTIONS:
3. 
It depends on the time of year and location. Generally it will have some curvature. It should curve away from it.


6. 
Between 11:30 and 12:30 Standard Time, depending on where you are in the time zone (12:30 ‑ 1:30 Daylight Time).


7. 
The length of the shadow should be the shortest when the sun’s altitude is the greatest.


8. 
Local noon occurs when the shadow of the stick is the shortest.



Answers will vary.


9. 
There should be equal times between sunrise and local noon and 
between local noon and sunset. The sun moves across the sky in such a way that the “climbing” motion mirrors the “descending” motion. Local noon is halfway between rising and setting.

POINTS TO ENTHASIZE IN

THE SUMMARY DISCUSSION:

The shadow always gets progressively shorter toward noon and then starts 
getting longer. The sun climbs higher in the sky toward noon and then starts getting lower. There is a symmetry about the noon position. It is 
important to emphasize the relationship between highest position of the sun 
and shortest shadow. Local time is sun time.

POSSIBLE EXTENSIONS:
1.
Activity: “Using Shadows to Determine Geographic North”

2.
Have participants make a sundial and calibrate it.


3.
Activity: “Building a Solar Observatory”

4.
Discuss reasons for time zones and how the time zones affect the time 
that the shadow is shortest.

ASTRONOMY
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BUILDING A SOLAR OBSERVATORY

Materials:
2‑liter soda bottle
magnetic compass


scissors
permanent marker with sharp point


stiff paper (about 8” x 8” or larger)
transparent tape


ruler

1.
Cut off the hemispherical bottom of the soda bottle. Remove the hard plastic base. (A little hot water will soften the glue.)

2.
Use a ruler to draw north‑south and east west lines on the stiff paper. They should intersect at the center. Label the four directions, N, S, E and W.

3.
Tape the clear bottle‑bottom to the center of the stiff paper, forming a dome. The center of the dome should be directly over the intersection of the N‑S and E‑W lines you have drawn on the paper. This will be a “solar observatory.” Label the paper with the date.

4.
Find a place that will be in the sunlight for several hours. Using a compass, establish precisely the directions north, south, east, and West. Carefully align your N, S, E and W marks on the paper with the compass readings, and make sure the solar observatory is level.

5.
Use an overhead projection pen to make your readings. Position the pen at a location on the dome that causes a shadow of the pen tip to fall inside the dome. Move the pen around until the tip of the shadow is exactly over the intersection of the N‑S and E‑W lines. Put a dot on the dome at this point. See the figure below.

[image: image3.png]



6.
Repeat every hour on the hour for as much of the day as possible. Be sure to include 12:00‑noon.

7.
At what time was the sun highest in the sky? (This is called “local noon.”)

8.
If the sun were straight overhead at noon, the dot you drew would be right on the top of your solar observatory. is this where you drew it? If not, what does this tell you about the height of the noontime sun?

9.
In what direction must you look to see the sun at noon?

ASTRONOMY
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10. 
Use your solar observatory to try to predict what time it was when the sun came up and at what time the sun will set.


Sunrise     _______________ 
Sunset   _______________

11. 
According to your solar observatory, approximately how many hours is the sun up?

12. 
According to your solar observatory, which direction would you need to look to see the sun when it rises? When it sets?


Sunrise     _______________ 
Sunset   _______________

REPEAT THIS ACTIVITY DURING OTHER MONTHS AND SEE IF YOUR ANSWERS CHANGE.

ASTRONOMY
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BUILDING A SOLAR OBSERVATORY

IDEA:
PROCESS SKILLS:

The movement of the sun across the sky
Observe
Describe

is related to the passage of time. The sun
Record
Compare

follows different paths at different times of
Predict
Calculate

the year.
Explain
Interpret

LEVEL: L/U
DURATION: 2 days

STUDENT BACKGROUND: 

Participants should be able to read a magnetic compass and tell time.

ADVANCE PREPARATION:
NOTE: This activity relies on weather conditions and takes more than one workshop period to complete. Find a place that will be in the sun throughout the day. Find a way to ensure that the solar observatory will be exactly level. A magnetic compass is not likely to give a repeatable precise determination of north; consider providing accurate north‑south line for the participants.

MANAGEMENT TIPS: 
Marking the dome can be done at any convenient time, but be sure to mark at 12:00. Attempt to mark the dome at “local noon” as well. Check the 
local paper for times of sunrise and sunset.

RESPONSES TO

SOME QUESTIONS:
7. 
Answers will vary but should be between 11:30 a.m. and 12:30 p.m. local standard time (12:30 ‑ 1:30 p.m. daylight savings time).


8. 
No. Even the noontime sun is not directly overhead.


9. 
Toward the south.


10. Compare with times given in local newspaper.


11. Varies from month to month.


12.
In summer: rises north of east, sets north of west. At the equinoxes: 
rises east, sets west. In fall and winter: rises south of east, sets south of west. Noticeable changes are apparent in a month, particularly close to the equinoxes.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

Do not expect perfect results. Distortions in the dome and slight 
movements of the solar observatory will cause noticeable errors. –Emphasize the pattern that develops. The sun does not rise in the east and set in the west every day. The sun reaches its highest point in the sky at local noon. not necessarily at 12:00. Ibis maximum height changes during the year; it 
is highest on the first day of summer and lowest on the first day of winter. 
The sun is up longest in the summer, shortest in the winter. The sun 
reaches its highest point at local noon on the same day it is up the longest; 
this causes summer to be our warmest season. The opposite can be said for winter.

POSSIBLE EXTENSIONS:
1.   Have participants make a sundial and calibrate it.


2. 
Discuss reasons for time zones.


3. 
Arrange to have a solar observatory marked at some other place as far north or south of your location a possible or at the opposite sides of your time zone but at about the same latitude. Anyone traveling on vacation could do this.

ASTRONOMY
2B3


Drawing a Human Sundial on Concrete
Directions modified by Dick Heckathorn from

Exploratorium Recipe No 134
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Description

A person stands on a date marker for that date and her shadow is cast toward the time marked on a large ellipse.

Construction
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This sundial, called an “analematic” dial, is very simple to lay out in a parking lot or southerly facing patio of a building. Make sure that when the sun is shining there is no shadow on the sundial. After doing the calculations which follow, it will only take one pleasant afternoon to chalk out and another to paint.

The information can be marked and painted on a blue tarp so that it can be taken to any nearby locations.

The first step in the process is to find true north. This can be done using activity 2C1, “Using Shadows to Determine Geographic North”.

It can also be determined using a compass. If true north is to be found with a compass, then the effect of magnetic variation must be accounted for magnetic variation is the difference between true north and magnetic north. This information can be obtained from a local geologic or topographic map (It amounts to 5 deg. in Cleveland).

It can also be determined by sighting on the North Star (Polaris) will give you true north accurate to 1 degree.

The second step is to determine the x and y coordinates of the time marks and the Z coordinates for the center of the dial. To do so, you will need the latitude and longitude for the location of the sundial.

Use the following procedure to find the necessary information.
Alternate Easier System go to:
http://analemmatic.sourceforge.net/cgi-bin/sundial.pl 

to determine coordinate points, 

1.
Go to Web Site:  Go to Creating Sundial Section   

2.
Click on [Operation Physics]

3.
Click on [Astronomy]

4.
Click on [BASICW]

5.
Save this .exe file to a known location.

6.
Return to Astronomy Page on Web Site.

7.
Click on [Sundial.bas]


a.
You should see the listing of the [SUNDIAL.BAS] program on the screen.

8.
Select [File], [Save As], and save the file [SUNDIAL.BAS] to the same directory at you saved [BASICW]

9.
Run the [BASICW.exe] file

10
At the cursor type: Load “SUNDIAL.BAS”.  Be sure to include the quotes.

11.
Type [Run]

12.
Answer the following when prompted:


a. 
latitude (in decimal format) 


b. 
longitude (in decimal format)



Find data using computer program such as Streetfinder. The latitude is normally given in degrees and minutes. You must convert the minutes to a decimal format.


c. 
length of major axis (5 meters proves and excellent value)

13.
The data for your location should appear on the computer screen.

14.
Print out the data, go to your site and begin marking out the sundial information.
Data for locations in NE Ohio are provided.

Continue
Follow the following steps to draw your location on the concrete or asphalt.

1.
Locate true North. Place a meter stick in the true North position.

ASTRONOMY
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2.
Lay out 3 meter sticks to the right and left of the north pointing meter stick at its 0 location. (These are needed if you use 5 meters as the major axis.)

3.
Locate the position of the value of the x and y component for a given time. (Plus x is to the right or the north pointing meter stick while –x is to the left. Plus y is above the E-W meter sticks and –y is below.)

4.
The distance north or south of the center of the dial at  which the person stands (This varies due to the fact that the suns crosses the sky from 23.50 north to 23.50 south.) must now be added to the layout. These are   identified and declination values and plotted north and south from the center point of the diagram. 


A diagram for NE Ohio is also shown.

If one is going to paint the sundial on a blue tarp one must first determine the major axis acceptable for the tarp and then use the computer to determine the information that will fit on the tarp.

An excellent reference on sundials ​is:  

Sundials ‑ Their Theory and Construction   

Albert E. Waugh  

Dover 0‑486‑22947‑5

Sign to place at your sundial.

WITH YOUR BACK TO THE SUN

STAND ON TODAY’S DATE

YOUR SHADOW TELLS THE TIME
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        Using the Human Sundial
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                       Marking out the positions
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     Painting the Locations
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Analematic Sundial Coordinates For Northeast Ohio

LATITUDE = 41.37 DEGREES 
LONGITUDE = 81.8 DEGREES

MAJOR AXIS =  5 METERS

TIME(EST)
X COORD (M)
Y COORD (M)
TIME(EST)
X COORD (M)
Y COORD (M)



4:00
‑2.02
‑.97
1:00
.39
1.63



4:30
‑2.20
‑.79
1:30
.71
1.58



5:00
‑2.33
‑.59
2:00
1.02
1.51



5:30
‑2.43
‑.39
2:30
1.31
1.41



6:00
‑2.49
‑.17
3:00
1.57
1.28



6:30
‑2.50
.04
3:30
1.81
1.14



7:00
‑2.47
.26
4:00
2.02
.97



7:30
‑2.40
.47
4:30
2.20
.79



8:00
‑2.28
.67
5:00
2.33
.59



8:30
‑2.13
.86
5:30
2.43
.39




9:00
‑1.94
1.04
6:00
2.49
.17



9:30
‑1.72
1.20
6:30
2.50
‑.04



10:00
‑1.47
1.34
7:00
2.47
‑.26


10:30
‑1.19
1.45
7:30
2.40
‑.47




11:00
‑.90
1.54
8:00
2.28
‑.67


11:30
‑.58
1.61

 



12:00
‑.26
1.64



12:30
.07
1.65

Declination for first day of each month.  MAXIMUM EXCURSION = +/‑ 2.28
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JAN
‑.80


FEB
‑.58

MAR
‑.26


APR
.14

MAY
.50


JUN
.76

JUL
.80


AUG
.61

SEP
.28


OCT
‑.10


NOV
‑.47

DEC
‑.75
                                           WITH YOUR BACK TO THE SUN STAND ON TODAY’S DATE 

                                        YOUR SHADOW TELLS THE TIME

An excellent reference on’ sundials ​is:  Sundials ‑ Their Theory and Construction   Albert E. Waugh  Dover 0‑486‑22947‑5

ASTROMOMY
2B4
Can You Tell Time (Revisited) Using Golf Tees?

Place a golf tee at the place labeled Gnomon for March 21. Shine a flashlight (representing the sun) at the tee so that its shadow fills the shadow region. What is the location of the sun? Repeat for June 21, September 23 and December 21.
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ASTRONOMY
2C1

USING SHADOWS TO DETERMINE GEOGRAPHIC NORTH

Materials: 
drawing compass

shadow paper from Activity 2B1

 ruler

1.
Lay the shadow path paper on a smooth table. Using a drawing compass, place one end of the compass on the “x” (the place where the toothpick was) and spread the compass so that it will cross the shadow line approximately as shown in the figure. Draw an arc that crosses the shadow line as shown. (Your shadow line may not look like this one, depending on when you did the activity). Mark the two points where the arc made by the compass crosses the shadow line.

[image: image4.png]Shadow Line





2.
Draw a straight line connecting these two points, and label the line “A”. Carefully measure the length of this line and then determine its mid‑point. Draw a straight line from the “x” to this mid‑point. Label this line “B”. You should now have two intersecting straight lines.

3.
Using the reference direction lines you marked on the paper earlier (the lines denoting N‑S and E‑W), determine the direction  of lines A and B. What are the directions?


_______________________________________________________________________________________________

4.
Does either of these lines (A or B) match the direction of the shortest shadow? If so, which one?


_______________________________________________________________________________________________

5.
The shortest shadow is the one pointing closest to due north. How close does the direction of this line compare to the north direction you marked from your compass?


_______________________________________________________________________________________________

6. 
At the time when the shadow points due north, what is the altitude of the sun compared to earlier or later times?


_______________________________________________________________________________________________

7. 
From these observations, how might you define the directions N‑S and E‑W?


_______________________________________________________________________________________________

ASTRONOMY
2C1TN

USING SHADOWS TO DETERMINE GEOGRAPHIC NORTH

IDEA:
PROCESS SKILLS:

The position of the sun at its highest
Measure
Observe

point defines the north‑south direction.
Test
Describe


Explain
Compare


Interpret
Record

LEVEL: U
DURATION: 
1 day

STUDENT BACKGROUND:
Participants should have done the activity “Can You Tell Time by Using Shadows?” The background for that activity is needed here also.

ADVANCE PREPARATION:
Be sure the sheet of paper from the sun shadow activity is available. If the curve is not drawn well, consider “smoothing” it out prior to this activity.

MANAGEMENT TIPS:
Be sure all participants have their own drawing or have copies if one group drawing was made.

RESPONSES TO

SOME QUESTIONS:
3.
They should be E‑W (A) and N‑S (B). In most locations be sure to 
account for magnetic variation.


4.
B matches. It should point due north. If it doesn’t, it could be measurement error or compass direction error.


5.
It should be the same, but it may not be if the compass was not properly aligned.


6.
Altitude should be highest​


7.
N‑S is the direction of the shortest shadow. E‑W is the direction perpendicular to N‑S.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Symmetry of the sun’s motion either side of its highest point reveals two points where the shadow is the same length. This is where the arc crosses the shadow line. Bisecting this line gives the line of symmetry (N‑S line).

POSSIBLE EXTENSIONS:
Compare the direction N obtained this way with North gained by observing the direction of Polaris. Check E‑W by the rising or setting sun position on March 21 or September 21.

ASTRONOMY
2D1

KEEPING A SUN JOURNAL

Materials:
2 sheets of white paper (unruled, 8.5 “ x 11”)
magnetic compass


calendar
clock


journal

1.
For making observations of the sun’s setting position, you should choose an exact spot on which to stand. The location should be such that you can return conveniently for several observations. Use a magnetic compass or some other means to determine due west. Be sure you have a very clear view of the western horizon.

2.
On a sheet of paper (preferably in a notebook or attached to heavy backing of some kind), draw very carefully a view of the western horizon (see example below). The landmarks you draw will serve as permanent markers for locating the sun when it sets, so be sure to draw them in as well.

[image: image5.png]



3.
Every 7 days return to exactly the same location. Over a period of several months, observe the rising and setting sun and mark carefully on the diagram the position of the sun and time of day. The activity will still work if weather or other commitments cause you to miss a day, but your results will be much better if you can make your drawing on the same day each week. Be sure to watch the papers and the skies for sunset times.

4.
At the same time that you make your observation, record in a journal any changes in the sun’s time or location or any outstanding characteristics you notice.

Using your data from the observations, answer the following questions:

5.
Does the sun set in the same position each day?


_______________________________________________________________________________________________

If not, describe how the positions change.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.
Did the sun set at the same time every day?


_______________________________________________________________________________________________


If not, describe how the times changed.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

7.
Did any changes occur more quickly during one time of the year than another? If so, describe.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

ASTRONOMY
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8.
Consider the time interval between sunrise and sunset (total time of daylight). How did this change throughout your observation time? You can look up these times in your local paper. Describe.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

9.
When the sun rises does it move straight up from the horizon or does it rise at an angle to the horizon?


_______________________________________________________________________________________________

Even if you failed to notice, how might you answer this question using the sunset portion and altitude of the noon sun for a given date?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

ASTRONOMY
2D1TN

KEEPING A SUN JOURNAL

IDEA:
PROCESS SKILLS:

Seasons result from the apparent yearly N‑S motion
Describe
Observe

of the sun on the celestial sphere.
Compare
Predict


Interpret
Explain

LEVEL: L[U
DURATION: several weeks

STUDENT BACKGROUND.
Participants should know approximately when they will need to go outside


to make observations since being only minutes late will mean missing the


exact moment of sunrise or sunset.

ADVANCE PREPARATION:
NOTE: This activity relies on weather conditions and takes several weeks to complete. The only preparation involves planning the time when sun observations will be most productive and picking a good location from which to make observations.

MANAGEMENT TIPS:
Getting participants to observe regularly over an extended period of time is


difficult   Incentives and reminders are necessary. Emphasize that careful


observations are essential.

RESPONSES TO

SOME QUESTIONS:
5.
No. It will rise due east and set due west on these days. After March 21and before September 22 the sun will rise more northeast and set more northwest. After September 22 and before March 21 the sun will rise 
more southeast and set more southwest.


6.
No. As you move toward winter, the sun sets earlier. Toward summer, the sun sets later.


7. 
Changes occur more quickly around the equinoxes.


8.
The time interval between sunrise and sunset gets shorter each day from June 21 to December 22 and longer each day from December 22 to June 21.


9.
As the sun rises and sets it does so at an angle. It sets toward the northwest in the summer and toward the southwest in the winter. In the winter, the sun strikes the surface (in the northern hemisphere) at more of a slant and the sun is visible for a shorter period of time. The climate is cooler.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The sunset position changes indicate a general N‑S movement of the sun superimposed on its daily motion. The setting sun positions are symmetric about the E‑W line with the rising positions, i.e., if the sun rises 10 degrees N of E, it will set 10 degrees N of W. As the sun migrates southward, the rising times are later and the setting times are earlier. Ile altitude of the noon sun also decreases, indicating the southward migration. Since the sunset and sunrise occur more northward after the vernal and before the autumnal equinox, it stands to reason that the sun will sweep out a bigger arc and therefore go higher in the sky during these months. The converse is true between September 22 and March 21 when the arc spans less of the horizon and therefore need not go as high.

POSSIBLE EXTENSIONS:
Describe or demonstrate using the celestial sphere from section 3.

ASTRONOMY
2E2

DIRECT VS. INDIRECT SUNLIGHT AND

THE REASON FOR SEASONS

Materials:
flashlight


index card

1.
Have someone hold a flashlight far enough away from an index card so that the brightest part of the beam is bigger than the card. Hold the index card so that the beam from the flashlight is perpendicular to the card (shining fully on it). Notice the brightness of the card. If the room is dark enough, there should be a shadow of the card somewhere. Notice how big the shadow is.

2.
Slowly tilt the card back so the light from the flashlight becomes less and less perpendicular to the card. Notice what happens to the brightness of the card. Also, notice what happens to the size of the shadow.

3.
Does the card appear brightest when the beam is most perpendicular to the card or when the beam is less perpendicular to the card?


_______________________________________________________________________________________________

4.
During which season is the light from the sun most like your answer to number dime?


_______________________________________________________________________________________________

5.
During which season is the light from the sun least like your answer to number three?


_______________________________________________________________________________________________

6.
Relate the size of the card’s shadow to the brightness of the card.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

7.
Why does the bigger shadow relate to summer and the smaller shadow to winter?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

ASTRONOMY
2E2TN

DIRECT VS. INDIRECT SUNLIGHT AND THE REASON FOR SEASONS

IDEA:

PROCESS SKILLS:

We have summer when the rays of the

Compare
Observe

sun are more direct, and winter when

Interpret
Describe

the rays are less direct.



LEVEL: LIU

DURATION: 
15 minutes

STUDENT BACKGROUND:

None required.

ADVANCE PREPARATION:
Acquire one flashlight for every 2 or 3 participants. Have a globe handy to


help students extrapolate from flashlight and card to sunlight and ground.

MANAGEMENT TIPS:
The room should be darkened somewhat, but not too much. In a very dark room slight differences in brightness are hard to notice. This activity can be 
done during the time that you are doing activity 2E1.
RESPONSES TO

SOME QUESTIONS:
3. 
When the beam is more perpendicular to the card.


4.
Summer


5.
Winter.


6.
The bigger the shadow, the brighter the card.


7.
The biggest shadow happens when the card is stopping the most light. When almost no light hits the card, the shadow is smallest.

POINTS TO EMPHASIZE IN

THE SUN04ARY DISCUSSION:
The warming effect of the sun is greatest when the rays are most direct. This happens when the sun is highest in the sky at noon. When the sun is low in the sky, the rays are indirect. When the rays are indirect, the same amount of light is spread out over more ground. This results in less heating.

POSSIBLE EXTENSIONS:
Place two identical dark objects in a sunny place. Place one so its largest 
surface is receiving direct rays from the sun. Place the other so its largest 
surface is receiving indirect rays. After a few minutes, feel the objects. The one on which the sun shines more directly should be warmer.

ASTRONOMY
2E1

PASSING THE GLOBE

Materials:
25 W fight bulb and holder


Earth globe with a relatively shiny surface (either a desk model or a larger inflated globe are fine)

1.
Set up the chairs in the room in an ellipse (a slightly flattened circle). Toward one end of the ellipse (but not too far from the center) set the light bulb in its holder on a table. Turn the light bulb on.

2.
With a person sitting in each chair, designate the person at the end of the ellipse closest to the sun as “winter.” The person at the far end of the ellipse, furthest from the sun is “summer.” Spring and fall each he in between and on either side of summer and winter, as shown.

[image: image6.jpg]2 O




3.
Hold the globe so that it is situated at a 23.5o tilt. If your globe comes on a stand, the stand should already be tilted at this angle for you. If you are using an inflatable globe it may have a hook of the top for hanging that holds it at the appropriate tilt. Remember that the globe must always be tilted at this angle with respect to the sun.

4.
With the globe hanging at the proper angle, situate the globe so that the geographic North Pole points to a spot directly over the head of the person you have called “winter”. Mark this spot on the wall and remember to always keep the earth’s North Pole pointed toward this spot at all times. This spot is called the North Star.

5.
Hand the globe to the person sitting in the seat labeled “spring” and ask them to hold the globe at 23.5o and pointed toward the North Star. Have them adjust the height of the globe with respect to the light bulb until people on the opposite side of the circle see the light bulb shining directly over the earth’s equator. This is what really happens on the first day of spring.

6.
Maintaining this height and angle configuration, slowly pass the globe around the circle first to summer, then fall and then winter. As you pass the globe, allow it to pause at each location for a moment as people on the other side of the circle note the location of the sun and the earth. The sun should be shining directly over 23.5 o N latitude (the Tropic of Cancer) on the first day of summer and should be over 23.5 o S latitude (the Tropic of Capricorn) on the first day of winter. It should be directly over the equinox again on the first day of fall.

7.
Is the earth closer to the sun during our summer or our winter?


_______________________________________________________________________________________________

Does this have to do with our distance from the sun or the tilt of the earth’s axis or both?


_______________________________________________________________________________________________

8.
Based on the earth’s tilt with respect to the sun, what season is it in the southern hemisphere when it is summer in the northern hemisphere?


_______________________________________________________________________________________________

ASTRONOMY
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9.
For each position of the earth, is there any part of the earth that gets no light during that season? If so, which?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

Is there any part that gets light all during the rotation? If so, which?


_______________________________________________________________________________________________

10.
The word “equinox” means ‘equal night.’ Why do you suppose the first day of spring and the first day of fall are called the equinoxes?


_______________________________________________________________________________________________

11.
Is there any part of the United States in which the sun is directly overhead at some time during the year? If so, where?


_______________________________________________________________________________________________

12. 
If you live in the continental United States, which direction must you always look to see the sun? What if you live in Australia?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

ASTRONOMY
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PASSING THE GLOBE

IDEA:
PROCESS SKILLS:

Seasons result from the tilt of the earth as it
Model
Explain

orbits the sun.
Observe
Compare


Describe
LEVEL: L/U

DURATION: 
30 minutes

STUDENT BACKGROUND:
It would be helpful if participants have made the sun observations, though it 
is not crucial that they have done so. It would be helpful if participants understood the following terminology before beginning: equator, Tropic of 
Cancer and Tropic of Capricorn, northern hemisphere, southern hemisphere, 
north and south pole, and axis. Participants should be reminded that the earth is tilted 23.5o to the vertical and that the geographic north pole of the 
earth always points toward the north star.

ADVANCE PREPARATION.
It is best to have a globe of the type that is “tilted,” i.e., the N‑S axis is at 
23.5o to the vertical. If you do not have a tilted globe, you can use a plain globe with an axis, but you must be careful that the axis doesn’t change orientation in space.


You will probably wish to have the desk already set up in an ellipse prior to the arrival or participants. If so, you can pre‑label them winter, summer, spring and fall and can place a spot on the wall labeled “North Star.” 
For the best results, use a 25 W bulb for the sun, and darken the room as much as possible.

RESPONSES TO

SOME QUESTIONS:
7.
Winter. The tilt of the earth’s axis.


8.
Winter.


9.
When it’s summer in the northern hemisphere, the southern most part of the earth gets no light for up to 6 months. When its winter in the northern hemisphere, the northern most part of the earth gets no light for up to 6 months.



Anyplace between 66.5o S and 66.5o N latitude will never have a full day of total darkness.


10.
On the first day of spring and the first day of fall, the sun is directly over the equator, causing the entire earth to get even amounts of day and night (12 hours of each).


11.
The sun will be directly overhead sometime during the year at any location within 23.5o N and 23.5o S. Hawaii is the only place in the United states that falls within this range, with a latitude of about 20o N.


12.
In the continental U.S. you must always look toward the south to see the sun. In Australia you must always look toward the north.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Remind participants that the sun never got above 23.5o N or below 23.5o S.

POSSIBLE EXTENSIONS:
1. 
Place a small piece of clay on the globe and insert a toothpick into it. Watch what happens to the shadow as the globe is passed around the room.
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EARTH‑MOON RELATIONSHIPS

The moon is an easily observable astronomical object. Ibis subtopic uses astronomical observations and observations from models to correct some of the misconceptions that participants have about the moon, and why and when we see the moon.

Naive Ideas

1.
The moon can only be seen during the night. (1A1, 1A2, 1D1, 1E1, 1F2)

2.
The moon does not rotate on its axis as it goes around the earth. (1D2)

3.
The phases of the moon are caused by shadows cast on its surface by other objects in the solar system. (1A2, 1B1, 1F1, 1F2)

4.
The phases of the moon are caused by the shadow of the earth on the moon. (1A2, 1B1, 1F1, 1F2)

5.
The phases of the moon are caused by the moon moving into the sun’s shadow. (1B1, 1F1, 1F2)

6.
The shape of the moon always appears the same.  (1A1, 1A2, 1B1, 1C1, 1E1, 1F1)

7.
The moon is black and white and rotates. (1B1, 1F1)

8.
The moon is visible in the sky every night.  (1A1, 1B1, 1D1, 1E1, 1F2)

9.
The moon is in the same place in the sky each night.  (1A1, 1A2, 1D1, 1E1, 1F1, 1F2)

10.
The moon and the earth are similar in size. (1G1)

11.
The moon is very close to the earth. (1G1)

12.
The moon has air. (1H1)

13.
The moon has a magnetic field.  (1H1)

14.
The moon has no gravity because it has no air.  (1H1)

A. 
ADULTS AND STUDENTS HAVE MANY MISCONCEPTIONS IN ASTRONOMY.

1.
Activity: Astronomy Man


Participants find errors in a picture of a little man.

2.
Video ‑ “A Private Universe”


This videotape will expose participants to some of the popular misconceptions in astronomy.

B.
THE PHASES OF THE MOON ARE BASED UPON THE RELATIVE POSITION OF THE EARTH. MOON AND SUN.

1.
Discussion: Focus on Physics ‑ The earth. moon and sun.

ASTRONOMY 
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C.
THE MOON GOES THROUGH PHASPS AS IT PASSES AROUND THE EARTH.

1. 
Activity: Picturing the Moon


This activity will allow participants to rank order pictures of the phases of the moon, in an effort to predict its shape prior to observation.

D.
THE MOON APPEARS TO MOVE ACROSS THE SKY AS THE EARTH. ROTATES.

1. 
Activity: Observing the Moon One Night


This activity will allow participants to observe the moon each hour throughout the evening to better understand the earth’s rotation. This activity is weather dependent.

E.
THE MOON GOES THROUGH PHASES THAT ARE RELATED TO ITS LOCATION IN THE SKY

1. 
Activity:   Keeping a Moon Journal


This activity is designed to help demonstrate that the phases of the moon are related to its position relative to the sun. Participants make and record their observations of the location and shape of the moon over a period of several days. This activity is weather dependent.

F.
THE PHASES OF THE MOON ARE BASED UPON THE RELATIVE POSITION OF THE EARTH, MOON AND SUN.

1.
Activity: Having a Ball with Moon Phases


This activity utilizes a model to show the phases of the moon. It can be used best after participants have made observations of the phases of the moon. It can also be used to model eclipses.

2.
 Activity: The Moon Dance ‑ A Handy Way to Learn Moon Phases


In this activity, participants use their hands to represent the sun and moon and learn the relationship between the moon phase, location of the moon and time of day.

G.
THE MOON IS MUCH SMALLER THAN THE EARTH AND IS QUITE FAR AWAY

1. 
Activity: How Big is the Moon?


Participants are handed spheres of varying size and work together to try to create a scale size and distance model of the earth‑moon system.

H. 
THE MOON’S CHARACTERISTICS ARE QUITE DIFFERENT FROM EARTHS.

1.
Activity: Wrecked on the Moon


This activity created by NASA asks participants to pretend they are shipwrecked on the moon’s surface and must reach the mother ship. Participants must rank order the necessary items for the trip.

ASTRONOMY
1B1F

FOCUS ON PHYSICS

EARTH‑MOON

(Discussion)

The moon revolves about the earth in the same direction the earth rotates, i.e., west to east. This motion. is completed, relative to the fixed stars, in 27.3 days. (This time is called a sidereal month). Because the earth is moving about the sun, however, the time from new moon to new moon is a bit longer ‑ 29.5 days. It is the latter, called the synodic month, upon which our months are based. So, although in one synodic month the moon moves through a bit more than one complete circle, we say the moon has made one complete revolution around the earth when it has gone from any specific phase back to the same phase again.

As the moon revolves around the earth, it keeps the same face toward the earth all the time. The “man in the moon” is always looking at us! If you lived on the nose of the man in the moon, it would be noon to you when we on earth see a full moon. It would be midnight to you when we on earth have a new moon. A full day‑noon to nooon‑‑on the moon is 29.5 earth‑days long.

Many children (and adults!) think that the phases of the moon are caused by different amounts of the moon’s surface being illuminated by the sun. In fact, the sun always illuminates half the moon surface. The phases result because we see more or less of the illuminated side at different times of the month. The amount of lighted surface we see depends on where we see the moon compared to where we see the sun (see Figure 1).
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Figure 1

Astronomers use a variety of terms to describe the phases of the moon. The four most common terms are marked with an * below. Compare the descriptions below with Figure 2 on the next page.

NM*: The precise moment when the moon is closest to being exactly between the earth and the sun. The moon will be directly above or below the sun and not more than about 5’ away. The new moon is invisible because the side facing us is the unilluminated side. Worst yet, the much brighter sun blinds any attempt to see the moon. Occasionally, the moon is precisely between earth and the sun blocking our view of the sun. This event is called a total solar eclipse. A slightly imprecise alignment results in a partial solar CCU=

Waxing Crescent : As the moon moves away from the sun, a small curved portion of the illuminated side can be seen. This crescent increases (waxes) day by day.

First Quarter*: The precise moment when we can see exactly one‑half of the illuminated side. This is the right side of the “face” of the moon. Sometimes this is referred to as a half‑moon though astronomers prefer the term “quarter”.

Waxing Gibbous: As the moon continues to move farther away from when we see the sun, an increasingly large portion of the illuminated side can be seen. The moon is approaching full.

Full*: The precise moment when the moon is as close to being exactly opposite the sun as it will be that month. We can now see all of the illuminated side. Occasionally, the moon is close enough to being precisely opposite the sun that it moves into a region where the earth is blocking the light from the sun ‑ the earth’s shadow. If the moon is completely immersed in the shadow, we see a total lunar eclipse. If the moon passes only partly through the shadow, we see a partial lunar eclipse. 

ASTRONOMY
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(Discussion)

Even during a total lunar eclipse, we can see the moon dimly. Light entering the earth’s atmosphere at the edges of the earth‑‑as seen from the moon‑has its direction slightly changed so it enters the shadow area, giving a small amount of illumination to the moon. For the same reason that we often see a reddened sun at sunset and sunrise, the light reaching the moon during a total lunar eclipse often gives the moon a slightly reddish color.

Waning Gibbous:  As the moon moves away from being full, we see less and less of the illuminated side. The moon is approaching last quarter.

Last Quart:  (Also Third Quarter) ‑ The precise moment when we see exactly one‑half of the illuminated side. This is the left side of the “face” of the moon.

Waning Crescent:  As the moon moves closer to the sun, we see less and less of the illuminated side. The crescent we see gets smaller until the moon is lost in the glare of the sun again. The moon is approaching New.
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Knowing the cause of each phase of the moon helps us predict when the moon will be visible. The moon can be seen for about twelve hours every day except for two or three days before and after new moon. Since new moon means the moon is in the same direction as the sun, we know the moon will rise and set at the same time‑as the sun. A few days later the waxing crescent becomes visible shortly after sunset; it is just a few degrees “cast” of the sun. It was there all day, of course. but was hidden by the glare of the nearby sun. The moon, therefore, was theoretically visible from a few minutes after sunrise until a few minutes after sunset!

Long before first quarter, the moon is far enough away from the sun to be visible even before the sun sets. At first quarter the moon is one quarter of the way around the earth; it is therefore one quarter of a day behind the sun. This means that when the sun is setting, the moon will be in about the same place the sun was at noon (standard time). At noon, the moon was rising, Therefore, we can predict that the first quarter moon is visible from about noon until about midnight.

Continuing this line of reasoning, we can predict that the full moon is visible from sunset until sunrise. The last quarter moon must rise at about midnight and set at about noon. It is often easier to think of the first four phases of the moon as evening sky moons and lagging the sun, whereas the final four phases can be considered morning sky moons and leading the sun.

Eclipses of the sun occur only during a new moon and eclipses of the moon occur only during a full moon because it is only at these times that the moon and earth are fined up with the sun. Even so, eclipses do not occur twice a month because the plane of the moon’s orbit is tilted 50 with respect to the earth’s orbital plane.

ASTRONOMY
1F3D

Flip Book – Phases of the Moon
Cut out the individual rectangles. Stack them in order with number 1 on top. Staple the left end. Then flip the stack to watch the moon change phase. Enlarge the page as much as you can before  printing.
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PICTURING THE MOON

Materials: 

Moon cut outs

Below are pictures of the moon shown in various phases from waxing crescent to waning crescent. Cut the pictures into individual squares. Mix up the pictures and then lay them out across the table in the order they would appear in the sky throughout the month starting with the new moon. See if you can name the phase of each moon once you have them in order.
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PICTURING THE MOON

IDEA:
PROCESS SKILLS:

The moon changes shape throughout
Predict

the month.
Observe


Describe

LEVEL: L/U
DURATION: 15 minutes

STUDENT BACKGROUND: 
Participants should recognize that the moon goes through phases.

ADVANCE PREPARATION: 
Make copies of the moon pictures and cut them out for each participant.

RESPONSES TO SOME

QUESTIONS:
The moon phases pictured should be place in order from waxing 
crescent as follows: A, F. C. H. D, B, G, E

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The moon’s phases are created by the position of the earth, moon and 
sun as we will see in the following activities

POSSIBLE EXTENSIONS:
Use this activity as a lead‑in to Activity 1E1 which has participants observe and describe the appearance and location of the moon over a 2‑week period.

ASTRONOMY
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LUNAR LOG
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OBSERVING THE MOON IN ONE NIGHT

Materials: 
paper and pencil

1. 
During a time when the moon is in the first quarter phase, go to a location that gives you a clear view of the southern, eastern and western horizons. Look in the sky and find the moon. Which direction do you have to look to find it?


_______________________________________________________________________________________________

2. 
On your paper, draw the horizon from east to west so that the east is on the left side of your paper and the west on the right. Draw in any objects that you see near the horizon, such as trees, houses, etc. Finally, draw in the moon in relation to the foreground objects. Each hour, return to the same location and stand so that you are facing exactly the same way. On the same drawing, draw the moon again. What changes do you notice in the location of the moon each hour?


_______________________________________________________________________________________________

3. 
How far does the moon move in one hour?


_______________________________________________________________________________________________

ASTRONOMY
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OBSERVING THE MOON IN ONE NIGHT

IDEA:
PROCESS SKILLS:

The moon is visible during the daylight hours.
Observe

The moon appears to move across the sky
Draw

throughout the day.
Describe

LEVEL: L/U
DURATION: several hours

STUDENT BACKGROUND:
Participants should be able to tell geographic directions. Participants


will also need to know which direction to turn to face south.

ADVANCE PREPARATION:
Check the newspapers or calendar and then the sky to be sure the


moon is visible. It is best to do this activity during a first quarter


moon.

RESPONSES TO
NOTE: This activity is weather dependent and takes an

SOME QUESTIONS
entire evening to complete. If you choose a moon in any


phase other than first quarter, you will need to watch for the optimum


time to begin the activity. You need to begin the activity when the


moon is first rising. For the first quarter moon, this will be in the


mid to late afternoon.


1. 
Initially you need to look to the east to find the moon.


2. 
The moon has moved further to the west each hour.


3.
150
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Remind participants that the moon is not always above the horizon


during the night. It can be seen during the day, as well as at night.

POSSIBLE EXTENSIONS:
Use this activity as a lead-in to Activity 1E1 which has participants


observe and describe the appearance and location of the moon over a


2-week period.

ASTRONOMY
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DOES THE MOON ROTATE ON ITS AXIS?


(Demonstration)

Materials: 
volleyball with colored tape stuck to one side

I
Ask one of the participants to stand in front of the room with the taped volleyball at arm’s length. This participant should be facing the classroom and holding the ball so that the others cannot see the tape.

2.
Ask the viewers what must happen if they are to see the taped side of the ball. After they tell you that the ball must be turned around (turned on its axis), ask the participant holding the ball to turn it half way around.

3.
Now ask what must be done to complete one turn of the ball. Then have the ball turned another half turn.

4.
Ask if there is any other way to see the taped side of the ball without it being turned on its axis.

5.
After class discussion, ask the person holding the ball to make one complete turn while continuing to hold the ball at arm’s length. You may need to have this done more than once to make sure that all viewers realize that the person holding the ball did not turn the ball in his hand as he turned around.

6.
The earth moves in its orbit around the sun while the moon is turning on its axis. Check to see that everyone realizes that, in the time between two full moons, the moon has made more than one rotation on its axis. You can demonstrate this by having the person holding the ball move across the front of the room while he makes one turn. Shine a flashlight on the ball from the middle of the room. Most viewers will observe that when the ball has made one complete rotation, it is not yet back to a full moon.

ASTRONOMY
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Moon Dance – A Handy Way to Teach Moon Phases
Type: Modeling

Grade Level: 3 ‑ 12

Setting: Classroom

Duration: Two 45‑minute periods

Skills: Visualization, Manual

Key Words: Phase, new moon, full moon, quarter moon, crescent, gibbous, waxing, waning, local celestial meridian 

Source: Larry Kirkpatrick Dept of Physics, Montana State Univ. Bozeman, MT 59717  406-994-6182

◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊  ◊

OBJECTIVES

The students will be able to predict the approximate rising times, setting times, and the times of crossing the local celestial meridian for various phases of the moon. Given any two of the following‑phase of the moon, its location in the sky, and the time ‑‑ the students will be able to give the third.

MATERIALS
No materials are necessary for this exercise. However, younger children might enjoy having a paper sun to hold in one hand and a paper cutout of the appropriate phase of the moon to hold in the other. You could also put large letters N, S, E, and W on the walls to remind the students of the directions. It may also be useful to have a globe and an overhead or slide projector to remind the students of how the various shapes of the moon are formed.

PREREQUISITES

This activity requires that the students understand the following concepts that are covered in other parts of this manual: 

1. 
The sun is very much farther away than the moon 

2. 
The moon shines by reflected sunlight. 

3. 
The angle between the sun and the moon determines the phase of the moon. 

4. 
The earth is a sphere. 

5. 
Celestial bodies rise in the east and set in the west. 

6. 
The definition of the local celestial meridian. 

7. The sun crosses the local celestial meridian at local noon.

METHOD

This is a movement activity. Students are asked to use their arms to predict the locations and times of the various phases of the moon.

This is activity is best done with the teacher standing in front of the class demonstrating the concepts while the students follow along. It avoids confusion if everyone is facing south. Some students are bothered if you call some 

other direction (like the front of the classroom) south when it really isn’t. The teacher should face the same way as the students so the students don’t have to reverse the directions. The students should make the same arm movements as the teacher as an added form of reinforcement.

The activity should be done in a minimum of two sessions. Introduce the basic concepts in the first session. Follow this with some drill. Then ask the students to go home and practice. The second session should go over the concepts again and include some informal testing. Additional aspects of the model can be introduced in this session or subsequent ones.

PREDICTING THE MOON

The phase of the moon is completely determined by the angle between the direction to the moon and the direction to the sun as seen by the observer. If they are in the same direction, we have a new moon: If they are, in opposite directions, we have a full moon. The first and third quarter moons occur when the angle is a right angle. This is easily shown with a globe and a light source such as an overhead or slide projector. See A Model for the Phases of the Moon for details.

New Moon

Let’s begin with the simplest case, the new moon. We know that the moon and sun are in the same direction whenever we see a new moon. The sun is very much farther away and, therefore, shines on the back side of the moon. We, here on earth, see the front side of the moon which is dark.

We now use our hands to represent this. Let your head represent your position on earth. Stand facing south and hold your right hand in front of you so that it points upward at, about 45o as shown in Figure 1. Extend the fingers of your right hand to represent the sun’s rays.

ASTRONOMY
1F2D

Moon Dance – A Handy Way to Teach Moon Phases 2

[image: image59.jpg]JM\Z»
M_AW' NOWON9 %&:

¢

0

jasuns asuung

uoousa)e -pIN AeppIN Bujuiow -pIN

1Z HJHUW %



Keep the fist of your left hand closed to represent the moon. It should be placed just in front of your right hand, so that the sun shines on its side that is away from you. This is the configuration of the new moon. Your two hands are always in the same direction with the sun being farther away.

The particular position that we have chosen corresponds to the time when the sun and moon both cross the local celestial meridian south of you. What time is this?

Since the sun is located on the local celestial meridian, the time is local noon. Let us just call this noon for simplicity. We, therefore, conclude that the new moon crosses the local celestial meridian at noon.

But when does it rise? Although the answer may be immediately obvious, let us use our model to determine the answer so that we will get some practice for later maneuvers.

Rotate your upper body so that both arms point horizontally to the left as shown in Figure 2. It is very important that you do not change the relative position of your hands. Remember that it is this relative position that determines the phase. In this case, we are still asking about the new moon.
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When an arm is pointing horizontally to the left, it is pointing to the eastern horizon. Therefore, whenever your sun hand is in this position, the time is sunrise. We will only use this approximate term because the actual clock time depends on many other factors that we chose to ignore. Besides, knowing the approximate time is a giant step forward.

Whenever your moon hand points to the eastern horizon, the moon is rising. Therefore, we can conclude that the new moon rises at sunrise. You should now be able to show that the new moon sets at sunset.
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Where is the new moon at midnight? At midnight the sun has traveled half‑way around the earth from its position at local noon. Therefore, rotate your body halfway around so that you are facing north. At the same time lower your hands so that they end up pointing about 450 downward as if you were trying to point at the sun in its midnight position. This is shown in Figure 3. At midnight the new moon is located on the local celestial meridian on the other side of the earth. It is halfway between its setting and rising locations.

You should now be able to rotate your body to other positions to answer the following questions: 

1. 
Where is the new moon at mid afternoon? 

2. If you knew that the new moon was located to the south east of you, what time would it be? 

3. During what times is the new moon below the horizon?

Answers: 1) southwest. 2) mid morning. 3) all night, from sunset to sunrise.

Full Moon
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The next simplest case is that of the full moon. At full moon the sun and moon are in opposite directions so that the sun shines on the side of the moon that is facing earth.

Once again let your right hand represent the sun at noon. Your left hand should then be aimed downward and backward so that it is on the opposite side of your head (the earth) from the sun hand as shown in Figure 4. This tells you that the full moon is 

ASTRONOMY
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on the opposite side of the earth at noon. When does the full moon rise? Rotate your body so that the moon hand is pointing horizontally to the left, that is, it is pointing to the eastern horizon. This is the rising position of the moon. During the rotation you must maintain the relative orientation of your two hands. Therefore, the sun hand is pointing horizontally to the right; it is in the sunset position as shown in Figure 5. Hence, we conclude that the full moon rises at sunset.
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You can now rotate your body to other positions to answer the following questions: 

1. When does the full moon cross the local celestial meridian? 

2.
When does it set? 

3. 
During what times is it above the horizon? 

4. 
Where will the full moon be located at mid morning? 

5. 
Where is the full moon halfway between midnight and sunrise?

Answers: 1) midnight. 2) sunrise. 3) from sunset to sunrise. 4) well below the horizon in the west. 5) southwest.

First Quarter Moon

Let’s return to the case of the new moon at noon shown in Figure 1. Both hands are upward to the south with the right hand representing the sun. During the next 24 hours the sun and moon revolve around the earth.
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Show this by rotating your body westward all the way around. However, the moon is a little bit slow and will not make it back to the noon position when the sun does. It will be to the left (east) of the sun. This pattern continues for 7 or 8 days until the moon has fallen one‑quarter of a circle behind. (I usually do not show all 7 or 8 revolutions because I get dizzy.) The moon has fallen 900 behind the sun.

This is the orientation for the first quarter moon shown in Figure 6. From this orientation we can conclude that the first quarter moon rises at noon.

Once again you can rotate your body to correspond to other times and other locations for the moon.   However, you must maintain the 90o orientation of your arms for these to yield answers for the first quarter moon.

1) 
When does the first quarter moon set? 

2) When does the first quarter moon cross the local celestial meridian? 

3) 
During what times is it above the horizon? 

4) If you see the first quarter moon on the western horizon, what time is it? 

5) 
What time is it when the first quarter moon appears in the southeast?

Answers: 1) midnight. (See Figure 7.) 2) sunset. 3) noon to midnight. 4) midnight. (See Figure 8.) 5) between sunset and midnight.

Third Quarter Moon
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The third quarter moon occurs three-quarters of the way through the moon’s cycle. At this time the moon has fallen three‑quarters of revolution behind the sun. It is 2700 behind (or 900 ahead) of the sun as shown in Figure 7. It is often convenient to change hands for this situation. Use the left hand for the sun and the right hand for the moon. Figure 9 shows that the third quarter moon sets at noon.

1) 
When does the third quarter moon rise? 

2) 
Cross the local celestial meridian? 

3) What time is it when the third quarter moon is on the local celestial meridian on the other side of the earth? 

4) Where do you expect to see the third quarter moon around mid morning?
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Answers: 

1. 
midnight. 

2. 
sunrise. 

3. 
sunset. 

4. 
southwest.

Questions

These questions all refer to the new, first quarter, full, and third quarter moons. 

1. Which phase do you expect to see in the southeast after a few hours after sunset? 

2. 
What phase rises at noon? 

3. 
What phase is up all night long? 

4. Which phase crosses the local celestial meridian at noon? 

5. 
Which moon sets at noon? 

6. 
What moon would you observe in the southwest at mid morning?
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Answers: 

1. full. 2. first quarter. 

3. full. 4. new. 5. third quarter. 6. third quarter.

This completes the basic concepts in the model for predicting the moon. Additional topics are covered in the remaining sections. You may use these if you and your class would like additional work and a more complete model.

Crescent Moons

The moon appears in the crescent phase whenever its angle with the sun is less than 900. It is waxing shortly after new moon and trails the sun by less than 900. It is waning shortly before new moon and leads the sun by less than 900.

Figure 10 shows that a waxing crescent moon appears in the southeastern region of the sky at noon. The new (skinny) crescent will appear closer to south, while the crescent just before the first quarter moon will appear closer to the eastern horizon. Remember that the crescent refers to a range of phases that occur over a period of 7.5 days. The waxing crescent moon that appears in Figure 10 is roughly 3‑4 days old.

The waning crescent moon appears in the southwestern region of the sky at noon since it precedes the sun by less than 900. You can shift both crescents to other times and locations by rotating your body while keeping the angle between your arms fixed.

In the following questions assume that the crescent is 3‑4 days away from the new moon. 

1) When does the waxing crescent moon rise? 

2) When does the waning crescent moon set? 

3) Which crescent moon is in the southwest at sunset? 

4) Which crescent moon crosses the local celestial meridian during the morning hours? 

5) When and where would you look for the waxing crescent moon in a dark sky? 

6) Which crescent moon would you see at dawn? 

7) Where is the waning crescent moon at sunset?

Answers: 1) mid morning. 2) mid afternoon. 3) waxing. 4) waning. 5) after sunset in the west. 6) waning. 7) below the horizon in the west.
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Gibbous Moons

The moon appears in the gibbous phase whenever its angle with the sun is more than 900 as shown in Figure 11. It is waxing shortly before full moon and trails the sun by more than 900 but less than 1800. It is waning shortly after full moon and leads the sun by more than 900.

In the following questions assume that the gibbous moon is 3‑4 days away from the full moon. 

1. When does the waning gibbous moon set? 

2. Which gibbous moon appears in the sky at sunset? 

3. When and where would you look for a waning gibbous moon in a dark sky? 

4. Where is the waxing gibbous moon at midnight?

Answers: 1. mid morning. 2. waxing. 3. in the west before sunrise. 4. southwest
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.EXTENSION

You could ask your students to image that they are watching the moon from someplace south of the equator such as Australia. Could their model still be used? If so, which answers would change?

To use our model from south of the equator, we turn and look to the north because Australians would look north to see the moon as it crosses the local celestial meridian. We must also remember that east is now to our right and west is to our left. Therefore, the moon falls behind to the right. With these changes everything will work out just fine. The only changes in our answers will be substituting “north” for “south.” For instance, in the last question we expect to see the waxing gibbous moon in the northwest at midnight.

The only way you can get into trouble is when you describe the lighted portion of the moon with words like left and right, rather than waxing and waning. The waxing moon is always bright on the west side. Although we would describe this as the right‑hand side, the Australians would call this the left‑hand side because we are facing opposite directions. Remember that west is to our right as we view the moon, but it is to the Australian’s left. This is similar to what happens if the teacher faces the class during this demonstration.

EVALUATION

You can use your model to make up questions of the types asked here. They could be multiple choice questions or fill in the blank. Students should be encouraged to stand up and move their arms to obtain the answers.
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KEEPING MOON JOURNALS

Materials: 
paper and pencil

1.
Select a location that you can return to each night for the next two weeks. This spot is your astronomical observatory. You will need as clear a view as possible of the southern horizon stretching from the east to the west.

2.
On a sheet of paper, make a sketch of the southern half of the sky and its horizon, extending from the eastern horizon on the left side of your paper to the western horizon on the right. On your drawing include features of the horizon such as am, houses, etc. to help identify the exact location of the moon. Also label the compass directions east, west, and south.

3.
In a journal keep a record of the dates and time that you make your observations. Make notes about the moon’s phase and position relative to the horizon and record anything else you notice about the moon compared to the previous nights.

4.
Make all of your observations at the same time each night. Pick a time that is within one hour of sunset. Each time you make an observation, draw the moon at the proper place in the sketch. Show where it is, how high it is above the horizon, and its shape Be sure to record the date of each drawing next to the moon in your sketch.

5.
How did the position and shape of the moon appear to change during the two weeks that you were making your observations?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.
Each night, how did the position of the moon change relative to the previous night?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

7.
How much of the moon actually has sunshine failing on its surface at any time?


_______________________________________________________________________________________________

ASTRONOMY
1E1TN

KEEPING MOON JOURNALS

IDEA:
PROCESS SKILLS:

The moon goes through phases that are
Observe

related to its location in the sky.
Measure


Describe


Predict

LEVEL: LIU
DURATION: 2 weeks

ADVANCE PREPARATION:
Prepare sheets that show the southern horizon. You will want to remind participants that when they are facing south, east will be on their left and west on their right. A folk tale or myth about the moon would make an interesting introduction to this activity.

MANAGEMENT TIPS:
NOTE: This activity is weather dependent. You may want to 
make a large poster to mark the positions and appearance of the moon on 
each day. This will also serve as a reminder‑you win probably have to 
remind everyone on a daily basis about the assignment. Also, this activity 
should be done at a time of the year when you can expect the weather to be 
good so that observations aren’t hindered by clouds. Remind participants that 
the drawings must be made at exactly the same time each night in order for the results to be analyzed most effectively. Also, remind participants to 
record the observations they make about the moon in their journals   as well.

RESPONSES TO

SOME QUESTIONS:
2. 
The sheet should resemble the one used in activity 1D1


5. 
The important thing for the participants to show is that:



‑ 
The moon is higher in the sky each night until the first quarter.



‑ 
The moon moves east of its position the previous night. For the same observation time, therefore, the moon moves eastward relative to 
the viewer on a nightly basis.



‑ 
The moon is almost directly south when at the first quarter.



‑ 
The moon gets lower in the sky and continues its eastward movement 
until it is on the eastern horizon at full moon.



‑ 
The illuminated portion changes from a small sliver to a full moon.


6. 
The moon moved from close to the sun to the opposite part of the sky. 
At first it is close to the west and then it moves toward the east until it 
is on the opposite side of the sky from the sun.


7. 
One half of the moon always has sun shining on it. (But not the same 
half!)

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Participants should realize that the moon changes its position about 12o 
each night. It moves across the sky from west to east as the phase changes 
from a crescent moon to a full moon. This exercise follows the moon for only about one‑half its orbit.

POSSIBLE EXTENSIONS:
Ask participants to draw the brighter stars or planets near the moon each night. Continue this exercise for the remainder of the moon’s orbit or have more energetic participants get up early in the morning to do moon 
drawings and keep moon journals of the last quarter moon.

ASTRONOMY
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A SCALE MODEL OF THE EARTH AND MOON


(Demonstration)

Materials: spheres of various sizes, from the head of a pin to the largest ball you can find

1.
You and the rest of the participants have each been handed a sphere. Walk around the room and find someone with a sphere that could represent the size of earth if your sphere were the moon or vice versa.

2.
How many moons do you guess fit across the earth?   _______________
3.
Now stand a distance away from your partner that you think represents the correct scale distance between the earth and moon.

4.
How many moons do you guess fit between the earth and the moon?   _______________
ASTRONOMY
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A SCALE MODEL OF THE EARTH AND MOON


(Demonstration)

IDEA:
PROCESS SKILLS:

The moon is smaller than the
Predict

earth and far away.
Observe


Compare

LEVEL: L/U
DURATION: 30 minutes

ADVANCE PREPARATION:
Gather spheres of various sizes. If you can work in a hall or gym or outdoors you may find it easier to construct models of the appropriate scale distance.

MANAGEMENT TIPS: 
It is likely that participants may feel frustrated if they have no intuitive feel 
for the relative size or distance of the earth‑moon system. Ask them to use their best judgment or gut reaction. The moon is about one‑quarter the size of the earth and about 100 moon‑diameters away. You may wish to have a desk‑top solar system model handy to discuss the 
inaccuracy of the earth‑moon scale on the model. You can also show numerous text book pictures depicting inaccurate earth‑moon models.

RESPONSES TO

SOME QUESTIONS:
2. 
Four.


4. 
About 110.

POINTS TO EMPHASIZE IN THE

SUMMARY DISCUSSION:
1. 
The sun is about 100 times larger than the earth (in diameter).


2. 
The earth is about four times larger than the moon (in diameter).


3. 
There is a lot of empty space in the solar system.


4. 
The ratio of the diameters to the distances between the earth, moon and 
sun is so large that trying to draw them to scale on a sheet of paper is 
not as helpful as having a scale model.

POSSIBLE EXTENSIONS:
1.
Have participants create (or describe) a much larger‑scale model, perhaps the size of the whole school or town.

2.
Construct a scale model of the earth and moon using the information on the following page.
ASTRONOMY
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Earth-Moon Scale Model

9 October 1992 - by Dick Heckathorn

Radius of Earth - 6.38 x 106  m
Radius Tennis Ball - 32 mm

Radius of Moons Orbit - 3.8 x 108  m

Radius of Moon -  1.74 x 106  m
Radius of Scale Moon - 8.7 mm

Circumference of Earth -  4.0 x 107  m

Radius of Moon’s Orbit = 9.48 x Circumference of Earth

Distance Between Earth & Moon
=
Radius of Moon’s Orbit
- 
Radius of Earth
-
Radius of Moon 


3.72 x 108  m 
=
3.8 x 108  m 
- 
6.38 x 106  m
- 
1.74 x 106  m


Distance Between Earth and Moon = 9.3 x Circumference of Earth = 187 cm :  + 3.2cm + .87 cm = 191 cm
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Materials:


tennis ball


wood marble or bead with radius of 8.7 mm or diameter of 17.4 mm


small metal washer


heavy thread (2 meters)

Construction:


1.
Tie end of string to metal washer.


2.
Cut slit in tennis ball to accept washer with thread attached to it.


3.
Push washer into tennis ball.


4.
Wrap thread 9.3 times around the tennis ball and mark this point on the thread.


5.
Attach marble to string at marked point.

Exploration:


1.
Have one person hold the tennis ball and another the marble. Shine a light on the marble so that it also hits the tennis ball. One should see the shadow of the marble. If the hand holding the marble is in the way, use a tooth pick or some other pointed object to hold the marble.


2.
How big is the sun in this scale model? -> About 7 meters (check it to be sure.)


3.
How far away is the sun in this scale model? -> 747 meters away. (check this too.)

Addendum : 17 October 2001 (Thanks to Ed Sunderhouse of Cincinnati for showing it to me.)

Materials:
(2) – 1” x 2” x 40” straight boards.


(2) – 5” hinge


(1) – tennis ball



(1) – wood marble with radius of 8.7 mm or diameter of 17.4 mm


(1) – threaded rod, 1/8 inch  to hold marble and tennis ball above wood board
Construction


1.
Join two ends of boards together using the hinges, one on top and the other on the bottom. 

2.
Tap two holes into edge of boards 95.5 cm from hinge end so that threaded rod can be screwed into them.

3.
Fasten threaded rod to the tennis ball and marble. Screw thread rod of each into the board.
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4.
Adjust height of each so that each are the same distance above the board.

5.
Use wing nuts on the top hinge so that the hinge may be removed on one side so that the apparatus can be folded.
ASTRONOMY
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Wrecked on the Moon

This activity was created by NASA to help you better understand the characteristics of the moon.

You are a member of a space crew originally scheduled to rendezvous with a mother ship on the lighted surface of the moon. Due to mechanical difficulties, however, your ship was forced to land at a spot about 200 miles from the desired location. During the landing, much of the equipment aboard your ship was damaged and since survival depends on reaching the mother ship, the most critical items must be chosen for the 200 mile trip. Listed below are the fifteen items which were left intact and undamaged after landing. Rank them in terms of their necessity to your crew in reaching the rendezvous point. Place number I by the most crucial item, number 2 by the second most crucial and so on through number 15, the least important.

Box of Matches
______
Food Concentrate
______
50-Feet of Nylon Rope
______
Parachute
______
Portable Heating Unit
______
45-Caliber Pistol
______
Case of Dehydrated Milk
______
2 100-lb Tanks of Oxygen
______
Moon Constellation Map
______
Self-Inflating Life Raft
______
Magnetic Compass
______
5 Gallons of Water
______
Self-igniting Signal Flares
______
First Aid Kit with Hypodermic Needles
______
Solar Powered FM Transceiver
______
ASTRONOMY
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WRECKED ON THE MOON

IDEA:
PROCESS SKILLS:

The moon’s characteristics are quite different
Predict

from earth’s.
Explain


Compare

LEVEL: L/U
DURATION: 45 minutes

STUDENT BACKGROUND:
Participants will need to have some basic understanding of lunar characteristics to answer properly.

ADVANCE PREPARATION:
None needed. If you wish, you could show NASA footage of actual Apollo landings and then initiate discussion.

MANAGEMENT TIPS: 
This activity takes about 15‑20 minutes for groups to complete.


However, discussion of the correct answers can go on for 30 
minutes or more if you really choose to talk thoroughly about the answers.

RESPONSES TO

SOME QUESTIONS:
See answer sheet on following page.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
You may want to remind participants that while the moon has no atmosphere, it still has 1/6 the gravity of earth. It also has no 
magnetic field.

POSSIBLE EXTENSIONS:
This activity could also be used as a Physics Olympics event. Working in teams, participants discuss and answer the questions on the sheet. Scoring can be done by giving a team points for each digit they are off from the correct answer. For example, if the food concentrate is #4 and a group listed it as #6 they would get 2 points. The group with the lowest score in the end wins the event.

ASTRONOMY
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Item
Expert Ranking
Reason

Box of matches

15 
No air on the moon so matches will not bum

Food Concentrate
4 
Efficient means of supplying energy requirements

50‑Feet of Nylon Rope
6 
Useful in scaling cliffs or in case of injury

Parachute
8 
Possible use as a sun shield

Portable Heating Unit
13 
Not needed unless on dark side of moon

45‑Caliber Pistol
11 
Possible means of self‑propulsion

Case of Dehydrated Milk
12 
Bulkier duplication of energy source

2 100‑lb Tanks of Oxygen
1 
The most pressing survival requirement

Moon Constellation Map
3 
Primary means of navigation on the moon

Self‑Inflating Life Raft
9 
C02 bottle in raft might be used as a propulsion source

Magnetic Compass
14
Magnetic fields of moon are not polarized so compass is useless

5 Gallons of Water
2 
Replacement of tremendous liquid loss

Self‑igniting Signal Flares
10 
Distress signal when mother ship is sighted

First Aid Kit with

Needles for medicines and vitamins fit special

Hypodermic Needles
7 
space suit aperture

Solar‑Powered FM Transceiver
5
For communication with mother ship on line of sight

ASTRONOMY
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WORKSHOP LEADER’S PLANNING GUIDE

THE SOLAR SYSTEM

This subtopic provides a discussion and presentation of the components of a heliocentric solar system, currently accepted as the model of our own system. Especially stressed is the size of the solar system and the fact that it is mainly empty space.

Naive Ideas
1.
The earth is the center of the solar system. The planets, sun and stars revolve around the earth. (4A1, 4B1, 4B2)

2.
The earth is the largest object in the solar system. (4A1, 4B2, 4B3, 4B4)

3.
The solar system is very crowded.   (4B1, 4B1, 4B2)

4.
The solar system contains only the sun, planets and the moon. (4A1, 4C1, 4C2, 4C3)

5.
Meteors are falling stars.   (4C1, 4C2, 4C3)
6.
Comets and meteors are out in space and do not reach the ground. (4A1, 4C1, 4C2, 4C3)

7.
The surface of the sun is without visible features.   (4C4)

A.
THE SOLAR SYSTEM FORMED FROM A CLOUD IS, IT US VERY LARGE AND VERY EMPTY.
1.
 Discussion ‑ Focus On Physic: The Solar System


This focus provides relative sizes, masses and distances between objects in the solar system.

B.
PLANETS ARE NOT ALL THE SAME SIZE OR DISTANCE FROM THE SUN,

1.
Demonstration: A Scale Model of the Moon, Earth and Sun


In this demonstration, participants will use spheres of various sizes to visualize the relative sizes and


distances between the moon, earth and sun.

2.
Activity:  How Big is the Solar System? (Indoor Activity)


In this activity, participants calculate the distances between the sun and planets on a scale that will fit the


solar system into the classroom.

3.
Activity:  How Big is the Solar System? (Outdoor Activity)


In this activity, participants calculate both the distances between the sun and planets, as well as the


diameters of the sun and planets on a scale that will fit the solar system into the schoolyard.

4.
Activity:  How Big is the Sun?


In this activity, participants will actually calculate the diameter of the sun, based on simple geometric


relationships, after measuring the diameter of a pinhole‑formed image of the sun.

C.
THERE ARE OTHER THINGS AND OCCURRENCES IN THE SOLAR SYSTEM SUCH AS COMETS, METEORS AND SUNSPOTS.

1. 
Discussion/Overhead ‑ Focus On Physics: What are Comets and Where do They Come From? Discusses the fact that comets are parts of the solar system with extended, eccentric orbital periods.

2.
Discussion/Overhead ‑ Focus On Physic:  What are Meteors?


Discusses the fact that meteors are chunks of iron rich rock that originated from comets or asteroids passing


through this region of our solar system.

3.
Activity:  How Can You Collect Micrometeorites? Participants collect meteorite dust in rainwater using a magnet.

4.
Activity:  What are Sunspots?

This activity allows participants to see and measure sunspots safely.

ASTRONOMY
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HOW BIG IS THE SOLAR SYSTEM?


(Indoor Activity)

Materials:
calculator


adding machine tape or computer paper


meter stick (one or more) or measuring tape


pens, pencils or markers

1.
Measure the longest distance you can use, such as a hallway or gym. Measure to the nearest meter. This distance will represent the distance between the sun and the planet Pluto. Record the distance here.


_______________________________________________________________________________________________

2.
To calculate the distance from the model sun to each model planet, you want to calculate a scaling factor. Determine the scaling factor by dividing the distance from the line above by the actual distance in AU from the sun to Pluto. Find this distance in the table below. Record the scaling factor here.


_______________________________________________________________________________________________

3.
Multiply the scaling factor from question 2 by the actual distance from the sun to each of the planets. Use the table below. Record the answer in the column labeled “scale distance to sun”.



Distance to Sun
Scale Distance to Sun



(AU)
(meters)

Mercury
0.4
__________

Venus
0.75
__________


Earth
1.0
__________


Mars
1.5
__________

Jupiter
5.2
__________

Saturn
9.6
__________

Uranus
19.3
__________

Neptune
30.2
__________

Pluto
39.6
__________

4.
Stretch a strip of adding-machine tape or computer paper along the distance you measured for question No. 1. Mark the position for the center of the sun at one end. Using the values you added to the table, measure the corresponding distance and label the position of each of the planets. Are the planets evenly spaced?


_______________________________________________________________________________________________

5.
This model shows only how far apart the planets are and how far they are from the sun. In order to get a good idea of what the solar system is really like, it is helpful to see how big the planets are at the same time. At each position you marked on the paper tape, predict the diameter of a model planet and sun that would fit this scale. Write the predicted diameter on the paper tape.

6.
To calculate the diameters of the sun and planets, you must use the same scaling factor as before. Just to get an idea of this, find the scale size for the sun and for the largest planet, Jupiter. Fill in the table below as you did before.


Actual Diameter
Scale Diameter


(meters)
(AU)


Sun
0.0093

Jupiter
0.00095

7.
Remember that 0.001 meters is one millimeter. Draw the sun and Jupiter the proper size on the adding-machine tape. The earth is ten times smaller than Jupiter. Can you draw the earth to the same scale? Mercury, the smallest planet, is 29 times smaller than Jupiter (about one-third the size of Earth). Can you draw Mercury to scale?


_______________________________________________________________________________________________

8.
Were your predicted values for the diameters of the sun and planets close to the sizes you calculated? Too large? Too small?


_______________________________________________________________________________________________

ASTRONOMY
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HOW BIG IS THE SOLAR SYSTEM?


(Indoor Activity)

IDEA:
PROCESS SKILLS:

The planets are not all the same distance
Measure

from the sun. The planets are not evenly
Calculate

spaced
Compare

LEVEL:
DURATION: 
40 minutes

STUDENT BACKGROUND:
Participants should be able to use a calculator and work with ratios.

ADVANCE PREPARATION:
Measure the distance you want the participants to use ahead of time. Make sum to have enough adding‑machine tape to supply each team.

MANAGEMENT TIPS: 
Make the calculations yourself ahead of time so you can spot obvious errors while participants are working. You may want different teams to use different distances. You might also build just one solar system and give 
groups of students one planet each to work with.

RESPONSES TO

SOME QUESTIONS:
2. 
For a ten‑meter distance the scaling factor is 0.255 meters per AU.


3.

For a ten‑meter distance Mercury is 0.099 meters from the sun (9.9 cm);



Earth is 0.255 meters from the sun (25.5 cm); etc.


4.

No.


6.

For a ten‑meter distance, the sun has a diameter of 0.002 meters (2 millimeters); Jupiter has a diameter of 0.0002 meters (two tenths of a millimeter’).


7.

No. No. (The dots could be seen, but probably can’t be made with a pencil.)


8.

Most likely too large.

POINTS TO EMPHASIZE IN THE

SUMMARY DISCUSSION:
1.
The solar system is very large and very empty.


2.
A scale model of the solar system needs a lot of space; it can’t be accurately drawn on a sheet of paper.


3.
Even on a large scale, like the size of a classroom, the distances between planets and their diameters cannot both be shown using the same scaling 
factor.


4.
The planets are not really all stretched out in a line. They are scattered 
around the sun in a pattern that changes as they orbit the sun.

POSSIBLE EXTENSIONS:




1.
Have participants calculate a scaling factor that would give the model a 
much larger size, perhaps with the sun at one edge of town and Pluto at the other. The actual diameters of the planets can be found in Activity 4B2.


2.
On paper tape, or marking tape (shown) obtained from a lumber store, 
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2.
Have participants calculate a scaling factor that would allow the use of 
objects to represent the sun and planets. (The smallest pin‑head‑to represent Mercury‑‑easily available has a diameter of about 1.5 mm. 
The resulting scale would make the sun about 44 cm in diameter. Pluto 
and the sun would be about 1,800 meters apart!)

ASTRONOMY
4B2

HOW BIG IS THE SOLAR SYSTEM?

(Outdoor Activity)

Materials:
tape measure


calculator


ten brightly-colored objects to represent planets and sun


ten sheets of paper

1.
Measure the longest distance you can use. Measure to the nearest meter. This distance will represent the distance between the sun and the planet Pluto. Record the distance here.


_______________________________________________________________________________________________

2.
To calculate the distance from the model sun to each model planet, you want to calculate a scaling factor. Determine the scaling factor by dividing the distance from the line above by the actual distance from the sun to pluto. Find this distance in the table below. Record the scaling factor here.


_______________________________________________________________________________________________

3.
Multiply the scaling factor from question 2 by the actual distance from the sun to each of the planets. Use the table below. Record the answer in the column labeled “scale distance to sun”.



Distance to Sun
Scale Distance to Sun



(AU)
(meters)

Mercury
0.4
__________

Venus
0.75
__________


Earth
1.0
__________


Mars
1.5
__________

Jupiter
5.2
__________

Saturn
9.6
__________

Uranus
19.3
__________

Neptune
30.2
__________

Pluto
39.6
__________

4.
Mark the position for the center of the sun with a brightly-colored object. Using the values you added to the table, measure the corresponding distance and mark the position of each of the planets with a brightlycolored object- Are the planets evenly spaced?


_______________________________________________________________________________________________

5.
This model shows only how far apart the planets are and how far they are from the sun. In order to get a good idea of what the solar system is really Me, it is helpful to see how big the planets are at the same time. At each position, predict the diameter of a model planet and sun that would fit this scale. Write the predicted diameter on a sheet of paper.
6.
To calculate the diameters of the sun and planets, you must use the same scaling factor as before. Fill in the table below as you did before. Divide meters by 100 to get centimeters.



Actual Diameter
Scale Diameter 
Scale Diameter



(AU)
(meters)
(centimeters)

Sun
0.0093
__________
__________
Mercury
0.000033
__________
__________
Venus
0.000081
__________
__________
Earth
0.000085
__________
__________
Mars
0.000045
__________
__________
Jupiter
0.00095
__________
__________
Saturn
0.00084
__________
__________
Uranus
0.00035
__________
__________
Neptune
0.00033
__________
__________
Pluto
0.000033
__________
__________
ASTRONOMY
4B2

HOW BIG IS THE SOLAR SYSTEM?

(Outdoor Activity)

7.
Remember that 0.01 meter is one centimeter. Draw the sun and each planet on a separate sheet of paper. ‘Is a regular-size sheet of paper large enough for the sun?


_______________________________________________________________________________________________

8.
Were your predicted values for the diameters of the sun and planets close to the sizes you calculated? Too large? Too small?


_______________________________________________________________________________________________

9.
Place the sheets of paper with the sun and each planet drawn on it at the proper marker. Take a walk through the solar system! (It takes about two years for a spacecraft to travel from the earth to Mars!)

Extra

Using the 8 cm (3.15 inch) size for the sun, use the following table to locate the position of the planets on mason chalk line. Then go outside and unroll the chalk line. Have a person hold an 8 cm diameter (yellow) sun at the starting position and have a student stand at the location of each planet. (Make sure you have enough space to accomplish this.)
Diameter of Sun
8 cm

Distance from Sun
(mine)

 to Planets
(m)

Sun
0

Mercury
3.35

Venus
6.25

Earth
8.63

Mars
13.11

Jupiter
44.81

Saturn 
81.99

Uranus
165.20

Neptune
258.78

Pluto
339.85
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HOW BIG IS THE SOLAR SYSTEM?


(Outdoor Activity)

IDEA:
PROCESS SKILLS:

The planets are not all the same distance from
measure
Calculate

the sun. The planets are not evenly spaced.
Predict 
Compare

LEVEL:
14U
DURATION: 
1 hour

STUDENT BACKGROUND:
Participants should be able to use a calculator and work with ratios.

ADVANCE PREPARATION:
Measure the distance you want the students to use ahead of time. Gather ten brightly‑colored objects to mark the positions of the sun and planets. Bright colors help prevent them from becoming lost.

MANAGEMENT TIPS: 
Make the calculations yourself ahead of time so you can spot obvious‑errors 
while participants are working. You may want different teams to use 
different distances.


There are two distinct parts to this activity; scaling the distance between the planets and the sun, and scaling the sizes of the planets and the sun. Having participants predict the sizes of the scale‑model planets the day before going outdoors will save time. Having participants predict the positions of the planets may increase interest for the work outdoors.

RESPONSES TO

SOME QUESTIONS:
2. 
For a 100 m distance the scaling factor is 2.55 m per AU.


3. 
For a 100 m distance, Mercury is 0.99 m from the sun (99 cm); Earth is 
2.55 m from the sun; etc.


4. 
No.


6. 
For a 100 m distance, the sun has a diameter of 0.024 m (2.4 cm);



Jupiter has a diameter of 0.002 m (2 millimeters); etc.


7. 
Yes.


8. 
Predictions will most likely be much too large.

POINTS TO EMPHASIZE  IN THE

SUMMARY DISCUSSION:
1.  The solar system is very large and very empty.


2.  Even on a large scale, like the size of a school yard, the distances between 
the planets and their diameters cannot both be shown using the same 
scaling factor. (For a 100‑meter distance, Mercury would be only eight hundredths of a millimeter in diameter!)


3.  The planets are not really all stretched out in a line. They are scattered 
around the sun in a pattern that changes as they orbit the sun.

POSSIBLE EXTENSIONS:
1. 
Have participants calculate a scaling factor that would give the model a 
much larger size, perhaps with the sun at one edge of town and Pluto at the other.


2. 
Have participants calculate a scaling factor that would allow the use of 
objects to represent the sun and planets. The smallest pin‑head to represent Mercury - easily available has a diameter of about 1.5 mm. The resulting scale would make the sun about 44 cm in diameter. Pluto 
and the sun would be about 1,800 meters apart!)


3. 
Introduce comets, meteors and asteroids. Have participants move in a path modeling the motion of a comet. See 4A1F


4.
Make the scale model solar system as indicated under Extra.

ASTRONOMY
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HOW BIG IS THE SOLAR SYSTEM?  2

(Outdoor Activity)
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(Outdoor Activity)

	The Solar System: A Guide to Relative Sizes for NASA Lewis Speakers Bureau Members

	Don Palac
	2/8/1996
	 
	Ali common objects/distances are approximate.
	 

	If you could shrink the sun to the size of a basketball (say 1 ft dia.) then the solar system would be:

	 
	Diameter
	Distance from Sun (or from Earth for Moon)

	 
	Actual (mi.)
	Relative (in.) 
	Common Object 
	Actual (106 mi.) 
	Relative (ft) 
	Common distance

	Sun
	864100
	12
	Basketball
	 
	 
	 

	Mercury
	3024
	0.04
	Pin point
	35.96
	42
	Big classroom

	Venus
	7600
	0.11
	Small pin head
	67.2
	78
	Auditorium

	Earth
	7916.6
	0.11
	Small pin head
	92.9
	108
	Big auditorium

	Moon
	2150
	0.03
	Pin point
	0.25
	0.29
	Hand width

	Mars
	4140
	0.06
	Thin pencil dot
	141.6
	164
	School bldg.

	Jupiter
	86800
	1.21
	Golf/ping, pong b
	483.3
	559
	School grounds

	Saturn
	71500
	0.99
	Golf/ping pong ball
	886.2
	1026
	1/5 mile

	Uranus
	29400
	0.41
	Marble
	1784
	2065
	2/5 mile

	Neptune 
	27000
	0.37
	Marble
	2794
	3233
	3/5 mile

	Pluto
	3100
	0.04
	Pin point
	3670
	4247
	4/5 mile (avg)

	If you could shrink Jupiter to the size of a basketball, then the solar system would be:
	 

	 
	Diameter
	Distance from Sun (or from Earth for Moon)

	 
	Actual (mi.) 
	Relative (in.) 
	Common Object 
	Actual (106 mi.) 
	Relative (ft) 
	Common dist.

	Sun
	864100
	119
	Up to the ceiling
	 
	 
	 

	Mercury
	3024
	0.42
	Marble
	35.96
	414
	School grounds

	Venus
	7600
	1.05
	Golf/ping pong ball
	67.2
	774
	2 School grounds

	Earth
	7916.6
	1.09
	Golf/ping pong b
	92.9
	1070
	1/5 mile

	Moon
	2150
	0.3
	Pea
	0.25
	3
	Yardstick

	Mars
	4140
	0.57
	Marble
	141.6
	1631
	1/4 mile

	Jupiter
	86800
	12
	Basketball
	483.3
	5568
	1 mile

	Saturn
	71500
	10
	Soccer ball
	886.2
	10210
	2 miles

	Uranus
	29400
	4.06
	Softball
	1784
	20553
	4 miles

	Neptune
	27000
	3.73
	Softball
	2794
	32189
	6 miles

	Pluto
	3100
	0.43
	Marble
	3670
	42281
	8 miles

	If you could shrink Earth to the size of a basketball, then the solar system would be:
	 

	 
	Diameter
	Distance from Sun (or from Earth for Moon)

	 
	Actual (mi.) 
	Relative (in.) 
	Common Object 
	Actual (106 mi.) 
	Relative (ft) 
	Common dist.

	Sun
	864100
	1310
	Big auditorium
	 
	 
	 

	Mercury
	3024
	5
	Softball
	35.96
	4542
	1 mile

	Venus
	7600
	12
	Basketball
	67.2
	8488
	1 1/2 mile

	Earth
	7916.6
	12
	Basketball
	92.9
	11735
	2 miles

	Moon
	2150
	3
	Baseball
	0.25
	32
	Class width

	Mars
	4140
	6
	Football diameter1
	141.6
	17886
	3 miles

	Jupiter
	86800
	132
	Up to ceiling
	483.3
	61049
	12 miles

	Saturn
	71500
	108
	Up to Ceiling
	886.2
	111942
	20 miles

	Uranus
	29400
	45
	Up to 6th grader
	1784
	225349
	45 miles

	Neptune
	27000
	41
	Up to 6th grader
	2794
	352929
	70 miles

	Pluto
	3100
	5
	Softball
	3670
	463583
	Toledo, 100 mi.

	1. A “McDonalds” inflatable miniature soccer ball would be about right on this scale 
	 

	I substitute an inflatable beach ball for a basketball, and the inflatable miniature soccer ball for a softball.
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(Outdoor Activity)

I’ve done this for years as an outdoor lab experiment in my Physical Science class at Collin County College (northern Dallas suburbs). I made up some signs on 1/4‑inch pegboard (stiff but lightweight) for the sun and planets, and for posts I got some 6‑foot‑long green steel posts, the kind used to erect chicken coop fences. The entire class walks across the campus to plant the signs at the appropriate distances.

The sun sign is on a 4‑foot square piece of pegboard painted black with a white circle painted on it. It is supported by a post at each edge. Each planet sign is on a 1‑foot square piece of pegboard painted white mounted on a single post. The planet models are black circles on white copy paper glued to the pegboard.

I initially scouted the campus to find the longest clear line of sight. It was 3900 feet. If I scaled this to the sun Plato distance, it would have made the diameters of the terrestrial planets too small. So I ended up scaling that maximum cross‑campus distance to the sun‑Saturn distance and simply discussing the off‑campus positions of the three outer planets.

We first erect the sun sign on a small hill at one edge of the campus. Then, carrying the signs, a step stool, and a hand sledge hammer, we start walking along the 3900‑foot line. We measure the distance with a Rolatape model 30 measuring wheel. At each planet distance we erect the appropriate planet sign, facing away from the sun. When we reach the far edge of the campus, also on a small hill, we erect the Saturn sign, look back along our path, and discuss what we can see.

Most students are amazed that the sun model, 3900 feet away, looks the same size to us (subtends the same angle) as the actual sun in the sky. A few of them can even figure out why we can’t see the models of any of the planets on their signs although we can easily see these planets in the night sky (it’s their contrast against the background). The sizes and distances for this scale‑model solar system are:

Sun (45.9 inch diameter),

Mercury (0.163 inch diameter, 161 feet distance),

Venus (0.40 inch diameter, 298 feet distance),

Earth (0.43 inch diameter, 413 feet distance),

Mars (0.23 inch diameter, 627 feet distance),

Jupiter (4.77 inch diameter, 2,138 feet distance),

Saturn (4.02 inch diameter, 3,924 feet distance).

Uranus, 8,000 feet

Neptune, and 12,366 feet

Pluto 16,245 feet (over 3 miles)

The nearest star (Alpha Centauri) would be 22,420 miles away‑or about the distance eastbound from Dallas to Honolulu (90% of the earth’s equatorial circumference).

Of course, our scale model doesn’t reflect the real solar system because the real planets are never lined up like this; but there are a lot of interesting questions to be discussed as we stop at each planet’s position (e.g., which way would the planets be revolving as we approach them with the sun at our backs; how many solar diameters would the sun’s distance be from each planet; which planets would an observer on Saturn ever see in his night sky).

All my students enjoy this exercise. They are, without exception, amazed at the amount of empty space in the solar system.


Paul O. Johnson

ASTRONOMY
4B3

HOW BIG IS THE SUN?

Materials:
2 meter sticks
tape


aluminum foil
2 squares of cardboard (12” x 12’)


thumbtack

1.
It is possible to determine the size of the sun using a simple ratio. In this ratio, three of the numbers will be known (or measured); it will be necessary to solve only for the missing number, which will be the diameter of the sun.

2.
To begin, cut a 5 cm square hole in the center of one piece of cardboard. Cover it with a square piece of aluminum foil held on with tape.

3.
Carefully punch a small hole through the center of the aluminum foil on the cardboard. Use a pin or other sharp object.

4.
Use a thumbtack to attach this piece of cardboard to the end of a meter stick. Attach the cardboard with most of it above the meter stick. (Hint: calculations will be easier if you attach it to the 0 end of the meter stick.)

5.
Aim the 0 end of the meter stick toward the sun so that the sunlight strikes the cardboard and passes through 
the small hole. CAUTION DO NOT LOOK DIRECTLY AT THE SUN! Move the second piece of card-
board along the meter stick until you get a focused image of the sun on the cardboard. Hold the card in place in place.

6.
Measure the diameter of the sun’s image on the card = _________ (in centimeters). This will be the value for


“d” in the equation below.

7.
Measure the distance between the image card and the pinhole card = __________
(in centimeters). (Remember the hint in #4). This will be the value for “l” in the equation below.

8.
The average distance between the earth and sun (in meters) is 150,000,000,000 meters. This will be the value for “L “ in the equation below.
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9. 
The equation we will be using is: and we will be solving for “D” the diameter of the sun. 
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10. 
To solve for D, or the diameter of the sun = the diameter of the sun’s image/distance between the 

two cards x distance between the sun and the earth. Therefore,   D = ________________  x  150,000,000,000 m
11. 
What is the diameter of the sun in kilometers?


_______________________________________________________________________________________________

12. 
The diameter of the earth is about 13,000 kilometers. How many earths would fit on the sun’s diameter?


_______________________________________________________________________________________________

13. 
Could you measure the diameter of another star using this method? If so, how?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

ASTRONOMY
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HOW BIG IS THE SUN?

IDEA:
PROCESS SKILLS:

Planets are not all the same size or distance
Observe

from the sun.
Measure


Calculate


Explain

LEVEL: U
DURATION: 45 minutes

STUDENT BACKGROUND:
Participants should have a basic understanding of mathematical 
operations and should be able to use a calculator.
ADVANCE PREPARATION:
Prepare materials. Carry out the entire process on your own prior to 
conducting this activity.

MANAGEMENT TIPS:
Have the participants work in groups of 2 to 3 for the measurement phase,


repeating the measurements so that everyone does each measurement,


then have each person do the calculations separately.

RESPONSES TO

SOME QUESTIONS:
11. 
The actual diameter of the sun is 1,392,000 92,000 kilometers.


12. 
107. 
       


13.
Yes, providing that you know the distance to the star, but the light arriving from stars other than the sun is too faint to form a measurable image on the back of the cardboard sheet.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Emphasize the sheer size of the sun compared to the earth. Mention that



a. 
the diameter of the sun is 100 times the diameter of the earth



b. 
1,000,000 earths would fill the volume of the sun.


2.
 The farther away an object is, the smaller it looks. Many stars are 
larger than the sun.


3. 

The actual diameter of the sun is 1,392,000 kilometers

POSSIBLE EXTENSIONS:
1.
Use the outdoor demonstration of relative sizes and distances in the 
inner solar system. (4B2)


2. 
Discuss the use of time to measure distance in the universe. It takes 
about 8.5 minutes for light from the sun to reach the earth, but 5.5 
hours to reach Pluto. Light from the nearest star (Alpha Centauri) 
takes over 4 years to reach us. Me concept of the light year could come in here).

ASTRONOMY
4B4

Great Ball of Fire - How Big is the Sun - Revisited
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Great Ball of Fire - How Big is the Sun - Revisited
Objective

To measure the relative diameters of the earth, moon and sun using scale models. 

To distinguish between apparent size and real size.

Supporting Concepts

☺ 
A 3-dimensional sphere projected straight onto a 2-dimensional plane (a piece of paper) forms a circle. Demonstrate this by casting the shadow of a tennis ball onto a piece of paper held perpendicular to a bright, distant light source (the sun).

Lesson Notes

3a. 
Ideally, the pencil lines (from a reasonably sharp pencil) should just touch. These circles will overlap unless a slight gap is left as a pencil allowance when the nickel is placed next to the previously-drawn circle. Sloppiness here will multiply in step 3b.

3b. 
Allow your students to devise their own methods for marking the 20 and 30 nickel divisions, as long as they are reasonably accurate. They might fold the tape, or mark a 10 nickel distance against notebook paper, or use the measuring triangle.

3c. 
Again, careful placement of these paper circles will ensure a more accurate calibration of the rest of the ruler in step 3e.

3e. 
The measuring triangle is an ideal tool to use here.

Answers

 

1a. 
The real earth, moon and sun are 558,000,000 times bigger than these models.

1b. 
No. The real earth, moon and sun are 3-dimensional spheres, while these models are 2-dimensional circles.

1c. 
No. The model moon and earth are taped to the wall less than one model sun diameter away. This is much too close!

2a. 
To increase the apparent size of your hand, place it nearer your eye. Though the hand now appears bigger, its real size hasn’t grown at all.

2b. 
These models have different apparent sizes than the real objects outside because we are viewing them at different distances: we are standing on the real earth, while viewing the real sun from a great distance.

4a. 
About 108 earth diameters fit across the model sun. (Those who measured more earths squeezed the nickel circles closer together along their rulers, while those who measured less used rulers with more widely spaced circles.)

4b. 
About 3.5 moon diameters fit across the model earth.

4c. 
Yes. These models were all reduced by the same scale (558 million times). Therefore, the ratio of corresponding model diameters is proportional to actual diameters.


model sun/model earth = 108 = actual sun/actual earth


model earth/model moon = 3.5 = actual earth/actual moon

Materials

☺ 
Model the earth, moon and sun as shown in step 1. Tape them to your classroom wall.

☺
Cut at least four strips of adding machine tape into 248 cm lengths to “build” the sun. Use masking tape to connect the “spokes” into a rough circle. Label it with an index card. (if you have butcher paper and tempera paint, a solid orange circle is even better.) 
☺
Use pen or pencil to draw the outline of a nickel on another index card. Label it “earth.” Do not tape a real nickel to the card. Its actual diameter is slightly smaller than its outline diameter.

☺
Tape a paper punch (colored for contrast) to a third index card and label it “moon.”
☺ 
Adding machine tape, (Hereafter we will call this “add-tape,” in both the worksheets and teaching notes.)

☺ 
meter stick (optional).

☺ 
scissors.

☺
masking tape,

☺
the measuring triangle.

☺ 
a nickel.

☺
a paper punch tool.

☺
colored paper.

☺
straight pin.

☺ 
clear tape. The kind you can write on is best. Otherwise, number above each paper punch on the add-tape ruler, at the top edge of the clear tape.

ASTRONOMY
2F1

Building and Using a Quadrant

Project ESTEEM (Earth Science Teachers Exploring Exemplary Materials) is one of several science education projects at the Center for Astrophysics. Project ESTEEM brings together earth science teachers from across the nation for workshops each summer. At those workshops, the teachers share activities. Then throughout the school year, they work as resource teachers, conducting workshops at science meetings. Glynn Delano of LeBlanc Middle School in Sulphur, Louisiana contributed this activity during the 1990 workshop.

In this activity students build a quadrant and then use it to measure latitude and the height of a tall object or building. (Math teachers may also want to use the quadrant when teaching plane geometry.)

MATERIALS

Large index cards 

protractors 

30 cm of string 

small metal washers 

tape large diameter drinking straw

PROCEDURE

1. 
With a protractor, draw a semicircle across the index card and label it 0 o at the center of the curve. (See Figure 1.) Label 15o, 30o, 45 o, 60 o, 75 o, and 90 o in both directions. Draw a straight line connecting the two 90o marks. 

2. 
Tie the washer to one end of the string. Make a small hole in the index card at the center of the straight line, and thread the loose end of the string through the hole. 

3. 
Tie the loose end of the string around the plastic straw. Tape the straw to the index card along the straight line. 

NOTE: A quadrant should contain only a 90 o arc. By extending the arc to 180 o, students may look through either end of the straw and get the same results. Thus, it works well for all students regardless of their eye and hand dominance.
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4. 
Your quadrant can now be used to calculate your latitude in degrees.

‑ 
On a clear night, when Polaris, the North Star, is clearly visible, sight it while looking through either end of the straw. (Use the Big Dipper as a guide to help you find the North Star.)

‑ 
Hold the hanging string in position with your thumb and read the degree reading on your quadrant. This reading will be your approximate latitude.

‑ 
Record all of the findings of your class and take an average of all readings. The average may be even closer to your true latitude.

‑ 
Discuss with the class the possibility of sailing ships using this method for navigation.

ASTRONOMY
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5. 
Use your quadrant to determine the actual height of an object. (See Figure 2.)

‑ 
Locate the object whose height you wish to find.

‑ 
Using your quadrant,, walk away from the object while sighting the top of the object through the straw. Continue walking until your string hangs at a 45o angle.

‑ 
Measure the distance from you to the bottom of the object, and measure the distance from your eyes to the ground, then add the two measurements together. This distance will be the height of the object in question.

6. 
Draw a picture of your activity on a sheet of paper. Be sure to show the object you measured, the height of the object, and the distance you were from the object. Have advanced students make scale drawings. If necessary, have the students check in their math text to find out how many degrees are in a triangle, then have them label each angle of their triangle in degrees. (See ABC in Figure 2.)

[image: image79.jpg]



EXTENSIONS

1. 
Draw a picture of yourself standing on the earth using the quadrant to find your present latitude. Your position on the earth and the location of the North Star are critical to your drawing. Good Luck!!

2. 
Could the people in the southern hemisphere use the quadrant to find their latitudinal position? Explain your answer and compare your thinking with others in your class.


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________

3.
Does the southern hemisphere have a “South Pole Star?”

​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________

4. 
Why can’t the quadrant be used to find longitude positions?


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________


​​​​​​​​​​​​​​​​​​​​​​​​​​​​_______________________________________________________________________________________________

ASTRONOMY
4C4

WHAT ARE SUNSPOTS?

Materials:
sheet of cardboard or heavy paper


unlined sheet of light paper on a clipboard or notebook


binoculars or small telescope

1.
The purpose of this exercise is to allow you to survey the, surface of the sun for sunspots safely. But before we begin, what are sunspots?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

2.
Sunspots show up on the surface of the sun in cycles and you may or may not be able to see them today. (The cycle is about 11 years long with a peak in the fall of 1989.) First, cut a circular opening in the cardboard sheet just large enough to fit the front (objective) lens of the binoculars or telescope.

3.
Go outside with a partner and set up your equipment. Fit the cardboard over one of the objective lenses. Hold the binoculars or telescope below your head so light from the sun enters the objective lens and exits the eyepiece.


CAUTION: DO NOT LOOK AT THE SUN THROUGH THE BINOCULARS OR TELESCOPE! You will severely bum the light-sensitive portion of your eye ) (retina) You will not be able to sense pain but damage will be occurring!

4.
Vary the distance from the binoculars or telescope to the sheet of unlined paper until you get a usable image of the sun. Focus the binoculars or telescope so that the edge of the sun looks sharp (not fuzzy). It is difficult to hold steady enough to study the sunspots on the paper. Most telescopes and some binoculars can be mounted on a camera tripod, do so if you can. Otherwise, it may help to brace yourself on a fence post, comer of the building or something similar to hold the image steady.

5.
Quickly sketch marks on the unlined paper at the top, bottom and sides of the sun’s image and draw dots to show the location and size of the sunspots.

6.
Back in the classroom, sketch in the edge of the sun based on your marks. Answer the following questions:


a.
Sunspots usually have dark centers and light edges. What does a dark center vs. a light edge tell us about the sunspot?



__________________________________________________________________________________________


Did the sunspots you saw have dark centers and light edges?



__________________________________________________________________________________________


b.

What would you expect to find if you repeated this experiment every day, at the same time of day, for the next 3 or 4 days?



__________________________________________________________________________________________
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WHAT ARE SUNSPOTS?

IDEA:


PROCESS SKILLS:

The surface of the sun sometimes has


Observe

dark spots.


Measure




Predict




Explain

LEVEL: U


DURATION: 45 minutes + 3 Follow‑ups

STUDENT BACKGROUND.
Participants should have a working knowledge of the solar system and its 
make‑up.

ADVANCE PREPARATION:
Secure enough binoculars and/or telescopes for a worthwhile attempt. Try 
to get ones which can be mounted on tripods. Secure as many tripods as possible. Binoculars may not work too well for this activity for they will create a rather small solar image and seeing the actual sunspots may not be easy. Research information about sunspot activity during the time you plan to do the exercise.

MANAGEMENT TIPS:
1. 
Stress caution in working with solar observations. Eye damage is a real



and serious consideration. Demonstrate a safe way to proceed.


2. 
Try for a minimum disc diameter of 6 inches.

RESPONSES TO

SOME QUESTIONS:
1. Sunspots are magnetic storms on the surface of the sun.


6. 
a. 
Sunspots usually do have dark centers and light edges. It seems to be due to temperature differences within the sunspot, with the edges being warmer than the center. The participant drawings and observations, however, may not be accurate enough to show dim differences.



b.
The spots would move from right to left across the face of the sun, coinciding with the rotation of the sun.

P0INTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
Emphasize the proper method of making solar observations.


2. 
Relate the size of the sunspots seen to the known diameter of the sun 
calculated from a previous activity. Sunspots can be larger than the earth (even up to 4 times as large!)

POSSIBLE EXTENSIONS:
1. 
Continue mapping of the sunspots across the face of the sun for a two week period (which coincides with the rotation period of the sun) as they 
move from right to left across the sun.


2. 
Research the correlations of the sunspot activity with effects on weather, 
radio and TV transmissions, etc.


3.
Obtain a Sun Spotter apparatus and view the sunspots.
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THE SUN AND SUNSPOTS
By Doris G. Simonis Kent State University

Objective:

Students will learn about the primary source of energy for Earth and Moon and, given annual mean sunspot numbers for recent years, will discover patterns of change in solar behavior.

Background Information:

The largest single power plant serving Earth and Moon is located 93 million miles (150 million kilometers) away. This nuclear fire called Sun releases energy from nuclear fusion. In solar fusion, nuclei of hydrogen atoms collide, uniting to form helium nuclei and releasing bursts of energy. Deep within the core of this solar reactor, about 564 million tons of hydrogen are converted to 560 tons of helium each second. The remaining 4 million tons per second radiate away as light and heat.

Although these numbers seem very large, solar fusion goes on at a very slow pace compared to other energy conversions only because the Sun itself is so large does its energy output become enormous. Pound for pound, Sun releases much less heat than the human body. How do we know this? It’s a matter of arithmetic:

The solar statistics are: 



MASS: 1.998 x 1030 kg or 4.38 x 1030 lbs.


HEAT OUTPUT: 3.9 x 1023 kw/sec or 93.6 x 1023 kwh daily, the equivalent of 8.05 X 1030 calories or 8.05 x 1027 kilocalories. (A kilocalorie is the food Calorie which is 1,000 calories.)

Human metabolism converts chemical energy at a rate of 0.1 kwh hourly or 2.4 kwh daily, the equivalent of 2,016 Calories for a person weighing 150 ‑ 200 pounds.

Sun’s output of radiant energy, divided by Sun’s mass, shows a daily production of less than two calories per pound or 0.002 kilocalories. Human bodies, by contrast, radiate about 10,000 ‑14,000 calories or 10 ‑ 14 Calories per pound per day. Maybe you have noticed how quickly a room warms up when people crowd into it for a class or a party.

Although the Sun has seemed to be very reliable throughout human history, it may not be totally constant in its energy output. Information obtained since 1980 from an orbiting spacecraft called Solar Max suggests that the Sun’s energy output varies as much as 0.2% every few days. (See Science World, October 21, 1990.) Sun seems to pulse like a giant heart (Science News, April 21, 1979), evidenced in rhythmic vibrations in the gases on its surface. Also, Sun has a granular complexion with noticeable “spots” that vary in size and number. Some scientists think that these outbreaks indicate fluctuations in the rate of solar fusion.

When fog or haze reduce the glare of sunlight, careful observers can often see large spots on the surface of Sun. Chinese astronomers recorded sunspots for hundreds of years before telescopes were known in western Europe.

Sometimes a sunspot lasts for only a few hours, but occasionally one will grow and persist for weeks and months. A relatively small spot measures only a few thousand miles in diameter, roughly the size of Earth. The largest spot on record (1947) expanded to more than seven billion square miles.

Spots are characteristically about 4200 C in their funnel shaped center, hotter than the hottest blast furnace on Earth. Yet compared to the 5700 C average temperature of the surrounding surface of the Sun, spots are cool and appear relatively dark. They are also enormously magnetic and can cause radio and TV transmission difficulties. The strong magnetic impulses also interfere with carbon‑14 production in Earth’s upper atmosphere. As a result, less of this form of carbon finds its way into growing tissues of trees. Astrophysicist Sallie Baliunas says, “The amount of carbon‑14 in trees over time maps the history of solar magnetism; the tree rings thus provide a timeline of the magnetic history of the sun.” (Science News, January 13, 1990.)

Scientists are particularly interested in possible correlation of patterns in sunspot activity and climate on Earth. Sun actually brightens a little when there are more sunspots. Lack of sunspots during “quiet Sun” periods has been associated with unusually cold weather.

One of the most intriguing features of sunspots is the apparent pattern in their appearances and disappearances. A regularity has been noted in data from the last two hundred years. However, two centuries is a very short time compared to the 5 billion years that scientists estimate is the age of the Sun. Modern behavior of the Sun may not represent “normal” behavior over a much longer span of time.

Do modern records describe a brief and temporary phase in solar history or is this small sample representative of typical solar behavior? Do other stars have sunspots? Is the lunar surface also affected by small changes in 
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amounts and kinds of energy received from Sun? Would Moon colonists be cut off from Earth communications during maximum sunspot activity? Does food crop production increase and decrease with numbers of sunspots? There are many unanswered questions about solar behavior and its effects on planetary life.

Activity: Sunspot Cycles

Materials:

Graph paper, pencil, Record of annual sunspot numbers, 1906‑1989

Procedure:

Look at the columns of mean numbers of sunspots for various years. Do the numbers increase over time? Is there a “trend” in the numbers? If so, how long does the trend last?

The answers to these questions may be more obvious if you draw a picture of the numerical relationship between sunspots and Earth time. Such a picture is called a graph.

Draw boundaries first, a vertical one near the left edge of your graph paper and a horizontal one near the lower edge.

Label the left, vertical axis “number of sunspots.” Locate the largest and smallest numbers recorded on the chart of Annual Sunspot Numbers. These indicate the range of numbers to be keyed on the vertical axis of your graph. (The numbers are often fractions because they represent weighted averages of measurements made from an international network of cooperating astronomers.) Always keep the same unit of space for a given number of sunspots.

Next, mark the intervals for years on the horizontal axis. Put a point in the appropriate place for each year’s data. Then connect the points.

Now use your graph to help you make predictions that answer some of the following questions:

1. 
What is the average time between the high points (periods of maximum sunspot activity) on your graph?

2. 
How many sunspots will there probably be this year?

3. 
What future years will be best for the next International Quiet Sun Year (time of minimum sunspots)? 1985‑86 was such a period in the past.

4. 
In what year will the next maximum sunspot activity likely take place?

5.
How old is Sun compared to the length of your sunspot record?

6.
Given tahe same ration of time observed to approximate age, how long a period of your life would this be?

7.
Is this sunspot record long enough to be a fair sampling of solar behavior?

8.
Do you think that other stars are likely to have spots? Provide a reason for your answer.

9.
Use school or local library resources to find out more about contributions to knowledge about Sun by one of the following astronomers:


A.
Johann Rudolph Wolf


B.
S. H. Schwabe


C.
R. C. Carrington


D.
George E. Hale


E.
Vilhelm Bjerknes


F.
Sallie Baliumas

10.
Why are spolar scientists interested in the Maunder minimum?

Answers for Teachers

1. 
The eight peaks in the data provided are in 1907, 1917, 1928, 1937, 1947, 1957, 1968, and 1979. Some students may predict that 1989 was also a peak year, but it may not have been. Given 8 peaks (7 time intervals of 9 to 11 years), the average is 10.3 years. If 9 peaks are assumed, the 8 intervals’ average is 10.25. Most books and scientific journals will say that the number of sunspots (based on over 200 years of data) reaches a maximum about every eleven years, but if students do the calculations with the data given, their averages will not be this high..

2. 
Reasonable predictions for 1990 may range from 140 to 195. Note gradual drops from peaks in preceding decades. Also, some students may have read that 1990 is predicted to be a peak year, even possibly THE peak year and hope for a record exceeding that of 190.2 in 1957.

3. 
Minimum years have usually been 6‑8 years after a maximum sunspot year during the time period for the data provided. Depending on whether the student assumes that 1989 or 1990 was “peak”, reasonable estimates are 1995‑96, 1996‑97, and 1997‑98.

4. 
Again, depending on whether the student assumes 1989 was peak or not, reasonable answers are 1990, 1991, 2000, and 2001.

5.
The Sunspot record provided encompasses 84 years (or 85 if‑you add data from 1990). The Sun is 
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estimated to be five billion years old. 84/5,000,000,000 = 0.0000000168 of solar existence.

6. 
If the student is 16 years old, s/he is 60 sec. x 60 min. x 24 hours x 365 days x 16 years old = 504,576.000 seconds. The same fraction of the student’s life, .0000000168, times 504,576,000 8.48 seconds.

7. 
Would YOU like to be judged on only 8 seconds of your behavior? Would it be fair to decide that you have always done and always will do the same things you did for the only 8 seconds of your behavior that was observed and recorded?

8. 
Students assumptions may determine this answer. If they think that Sun is unique, then the answer is likely to be negative. If they already know or assume that Sun is a typical star, then it is reasonable to assume that other stars also have “star spots”. In fact, astronomer Olin Wilson collected 22 years of data, starting in 1966, on 100 nearby stars. He used the 100 inch Mt. Wilson telescope, the same instrument his colleagues use to continue and extend his work. They now keep watch on 1200 stars. One of them, Sallie Baliunas, says that Wilson’s 22 years of data not only show star spots but also show apparent changes in activity. (See Science, vol. 243, Feb. 17, 1989, pp. 890‑891.)

9. 
In 1848 the Swiss astronomer Johann Rudolph Wolf introduced a daily measurement of sunspot number. His method, which is still used today, counts the total number of spots visible on the face of the Sun and the number of groups into which they cluster, because neither quantity alone satisfactorily measures sunspot activity.

S. H. Schvabe claimed discovery of the solar cycle (in 1843) in which sunspots reach a maximum about every 11 years.

[image: image80.jpg]


R. C. Carrington who observed sunspots f or years noticed that sunspots are never seen at the equator or near the poles. He inferred (c. 1860) that the Sun rotates differentially, fastest at the equator, not moving as a solid body would.

George Ellery Hale discovered the magnetic fields of sunspots (1908).

Vilhelm Bjerknes hypothesized (1926) that sunspots are ends of magnetic vortices broken by the Sun’s differential rotation. Cause of sunspots is still considered uncertain, however, and this is only one of multiple working hypotheses.

Sallie Baliunas of the Harvard‑Smithsonian center for Astrophysics in Cambridge, Mass. is a contemporary astronomer at the forefront of solar physics. Her work on starspots (see answer # 8) won her the American Astronomical Society’s 1988 Pierce Prize for distinguished observational work by a young astronomer. She recently drew attention to the De Vries effect, correlating carbon‑14 in tree rings to records of solar magnetic variations over time. (See reference in Background Information above.)

10. 
Annie Russel Maunder and/or E. Walter Maunder (as cited in Encyclopedia Britannica, 1987 edition, or in “The Case of the Missing Sunspots”, scientific American 236:80-88, May 1977) charted the latitude drift of spots during each solar cycle and noticed that the Sun was not the predictable star it had been believed to be. Specifically, old accounts showed that for a period of 70 years ending in 1715, sunspots all but vanished from the Sun. In 1894 E. Walter Maunder published a paper on “A Prolonged Sunspot Minimum” correlating these observations with a period of unusually cold weather in Europe. Modern astronomers are wondering whether periods of peak solar activity may also affect Earth’s climate, contributing to warming and to interference with telecommunications.
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	Number of Sunspots per Year from 1700 through 2000

	1700
	5
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1701
	11
	1751
	47.7
	1801
	34
	1851
	64.5
	1901
	2.7
	1951
	69.4

	1702
	16
	1752
	47.8
	1802
	45
	1852
	54.1
	1902
	5
	1952
	31.5

	1703
	23
	1753
	30.7
	1803
	43.1
	1853
	39
	1903
	24.4
	1953
	13.9

	1704
	36
	1754
	12.2
	1804
	47.5
	1854
	20.6
	1904
	42
	1954
	4.4

	1705
	58
	1755
	9.6
	1805
	42.2
	1855
	6.7
	1905
	63.5
	1955
	38

	1706
	29
	1756
	10.2
	1806
	28.1
	1856
	4.3
	1906
	53.8
	1956
	141.7

	1707
	20
	1757
	32.4
	1807
	10.1
	1857
	22.7
	1907
	62
	1957
	190.2

	1708
	10
	1758
	47.6
	1808
	8.1
	1858
	54.8
	1908
	48.5
	1958
	184.8

	1709
	8
	1759
	54
	1809
	2.5
	1859
	93.8
	1909
	43.9
	1959
	159

	1710
	3
	1760
	62.9
	1810
	0
	1860
	95.8
	1910
	18.6
	1960
	112.3

	1711
	0
	1761
	85.9
	1811
	1.4
	1861
	77.2
	1911
	5.7
	1961
	53.9

	1712
	0
	1762
	61.2
	1812
	5
	1862
	59.1
	1912
	3.6
	1962
	37.6

	1713
	2
	1763
	45.1
	1813
	12.2
	1863
	44
	1913
	1.4
	1963
	27.9

	1714
	11
	1764
	36.4
	1814
	13.9
	1864
	47
	1914
	9.6
	1964
	10.2

	1715
	27
	1765
	20.9
	1815
	35.4
	1865
	30.5
	1915
	47.4
	1965
	15.1

	1716
	47
	1766
	11.4
	1816
	45.8
	1866
	16.3
	1916
	57.1
	1966
	47

	1717
	63
	1767
	37.8
	1817
	41.1
	1867
	7.3
	1917
	103.9
	1967
	93.8

	1718
	60
	1768
	69.8
	1818
	30.1
	1868
	37.6
	1918
	80.6
	1968
	105.9

	1719
	39
	1769
	106.1
	1819
	23.9
	1869
	74
	1919
	63.6
	1969
	105.5

	1720
	28
	1770
	100.8
	1820
	15.6
	1870
	139
	1920
	37.6
	1970
	104.5

	1721
	26
	1771
	81.6
	1821
	6.6
	1871
	111.2
	1921
	26.1
	1971
	66.6

	1722
	22
	1772
	66.5
	1822
	4
	1872
	101.6
	1922
	14.2
	1972
	68.9

	1723
	11
	1773
	34.8
	1823
	1.8
	1873
	66.2
	1923
	5.8
	1973
	38

	1724
	21
	1774
	30.6
	1824
	8.5
	1874
	44.7
	1924
	16.7
	1974
	34.5

	1725
	40
	1775
	7
	1825
	16.6
	1875
	17
	1925
	44.3
	1975
	15.5

	1726
	78
	1776
	19.8
	1826
	36.3
	1876
	11.3
	1926
	63.9
	1976
	12.6

	1727
	122
	1777
	92.5
	1827
	49.6
	1877
	12.4
	1927
	69
	1977
	27.5

	1728
	103
	1778
	154.4
	1828
	64.2
	1878
	3.4
	1928
	77.8
	1978
	92.5

	1729
	73
	1779
	125.9
	1829
	67
	1879
	6
	1929
	64.9
	1979
	155.4

	1730
	47
	1780
	84.8
	1830
	70.9
	1880
	32.3
	1930
	35.7
	1980
	154.6

	1731
	35
	1781
	68.1
	1831
	47.8
	1881
	54.3
	1931
	21.2
	1981
	140.4

	1732
	11
	1782
	38.5
	1832
	27.5
	1882
	59.7
	1932
	11.1
	1982
	115.9

	1733
	5
	1783
	22.8
	1833
	8.5
	1883
	63.7
	1933
	5.7
	1983
	66.6

	1734
	16
	1784
	10.2
	1834
	13.2
	1884
	63.5
	1934
	8.7
	1984
	45.9

	1735
	34
	1785
	24.1
	1835
	56.9
	1885
	52.2
	1935
	36.1
	1985
	17.9

	1736
	70
	1786
	82.9
	1836
	121.5
	1886
	25.4
	1936
	79.7
	1986
	13.4

	1737
	81
	1787
	132
	1837
	138.3
	1887
	13.1
	1937
	114.4
	1987
	29.7

	1738
	111
	1788
	130.9
	1838
	103.2
	1888
	6.8
	1938
	109.6
	1988
	100.2

	1739
	101
	1789
	118.1
	1839
	85.7
	1889
	6.3
	1939
	88.8
	1989
	157.6

	1740
	73
	1790
	89.9
	1840
	64.6
	1890
	7.1
	1940
	67.8
	1990
	142.9

	1741
	40
	1791
	66.6
	1841
	36.7
	1891
	35.6
	1941
	47.5
	1991
	145.7

	1742
	20
	1792
	60
	1842
	24.2
	1892
	73
	1942
	30.6
	1992
	94.3

	1743
	16
	1793
	46.9
	1843
	10.7
	1893
	85.1
	1943
	16.3
	1993
	54.6

	1744
	5
	1794
	41
	1844
	15
	1894
	78
	1944
	9.6
	1994
	29.9

	1745
	11
	1795
	21.3
	1845
	40.1
	1895
	64
	1945
	33.2
	1995
	17.5

	1746
	22
	1796
	16
	1846
	61.5
	1896
	41.8
	1946
	92.6
	1996
	8.6

	1747
	40
	1797
	6.4
	1847
	98.5
	1897
	26.2
	1947
	151.6
	1997
	21.5

	1748
	60
	1798
	4.1
	1848
	124.7
	1898
	26.7
	1948
	136.3
	1998
	64.3

	1749
	80.9
	1799
	6.8
	1849
	96.3
	1899
	12.1
	1949
	134.7
	1999
	93.3

	1750
	83.4
	1800
	14.5
	1850
	66.6
	1900
	9.5
	1950
	83.9
	2000
	119.6
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ASTRONOMY
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WORKSHOP LEADER’S PLANNING GUIDE

ASTROLOGY AND THE CONSTELLATIONS

This unit attempts to debunk astrology and explain the differences between it and astronomy. Astrology is also used here to introduce constellations. Constellations are discussed both through hands‑on activities and suggestions for outdoor observations.

Naive Ideas

1. 
Astrology is a science and is the same thing as astronomy. (5A1, 5A2, 5A3)

2. 
There are only 12 basic human personalities whose characteristics are based on our astrological signs.  (5A2)

3. 
People always posses the characteristics of their astrological sign.  (5A1, (5A2) 5A3)

4. 
We were actually born under the sign that we read each day in the paper.  (5A4)

5. 
The constellations form patterns clearly resembling people, animals or objects.  (5B1, 5B2, 5B3, 5B4)

6. 
Stars are evenly distributed throughout the night time sky. (5B3)

A. 
THE STUDY OF ASTRONOMY BEGAN WITH ASTROLOGY.

1. 
Discussion ‑ Focus on Physics:  Debunking Astrology


Astronomy is a true science while astrology might be referred to as a pseudo‑science.

2. 
Activity:  Who Are You?


Participants determine whether they really match the characteristics of their astrological sign.

3. 
Activity: How Accurate is Your Horoscope


Three activities which allow participants to debunk astrology from newspapers and printed horoscopes.

4. 
Activity: Under What Sign Were You Really born


Participants discover they may not have been born under the astrological sign they thought they were.
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B. 
CONSTELLATIONS ARE THE PRODUCTS OF HUMAN IMAGINATION.

1. 
Discussion ‑ Focus on Physics: Constellations


A brief introduction to understanding constellations is provided.

2. 
Demonstration: Pictures in the sky


By punching holes in construction paper and projecting the pattern with an overhead projector, participants are introduced to a few constellations.

3. 
Activity:  Star Chart Game


Two teams of participants race to find constellations on a star chart after having been given the ‑coordinates,

4. 
Activity:  Make Your Own Constellation


Participants make their own constellation complete with name and myth.

5. 
Activity: A New View of Constellations


Participants make a three‑dimensional scale model of Orion to discover that the pattern of stars in a constellation appears quite different when viewed from a different vantage point.

C.
CONSTELLATIONS CAN HE USED TO MAKE MEASUREMENTS,

1. 
Activity: Measuring the Earth’s Rotation


Participants use the stars of the Big Dipper and Little Dipper to measure the rotation rate of the earth.

ASTRONOMY
5A1F

FOCUS ON PHYSICS

DEBUNKING ASTROLOGY

From “The Universe in the Classroom” a newsletter on Teaching Astronomy, sponsored by the Astronomical Society of the Pacific. The following was written by Andy Fraknoi.

The revelation in 1988 that the former First Lady Nancy Reagan consulted a San Francisco astrologer in arranging the president’s schedule may have surprised or amused many teachers and parents who pay little attention to this old superstition. Unfortunately, belief in the power of astrology is much more widespread among our students than many people realize. A 1984 Gallup Poll indicated that 55% of American teenagers believe that astrology works. Astrology columns appear in over 1200 newspapers in the US; by contrast, fewer than 10 newspapers have columns on astronomy. And all around the world, people base personal, financial and even medical decisions on the advice of astrologers.

Furthermore, astrology is only one of a number of pseudo‑scientific beliefs whose uncritical acceptance by the media and the public has contributed to a disturbing lack of skepticism among youngsters (and, apparently, presidents) in the U.S. Many teachers feel that it is beneath our dignity to address topics like this in our courses or periods on science. Unfortunately, by failing to encourage healthy doubt and critical thinking in our children, we may be raising a generation that is willing to believe just about any far‑fetched claim printed in the newspapers or reported on television.

For those who follow newspapers or magazine columns on astrology, it’s useful to begin by asking how likely it is that 1/12 of the world‑over 400 million people for each sign of the zodiac‑will have the same kind of day? This question sheds some light on why the predictions in astrology columns are always so vague that they can be applied to situations in almost everyone’s life.

Why is it the moment of birth, rather than the moment of conception, which is the critical one for calculating a horoscope? To figure this one out, it’s helpful to know that when astrology was first set up thousands of years ago, the moment of birth was considered a magic time. But today, we understand that birth is the culmination of roughly nine months of complex, intricately orchestrated development inside the womb. Many aspects of a child’s personality are set long before the time of birth.

The reason the astrologers still adhere to the moment of birth has little to do with astrological “theory.” The simple fact is, almost everyone knows his or her moment of birth‑but it is difficult (and perhaps embarrassing) to find out one’s moment of conception.

“Serious” astrologers claim that the influence of all the major bodies in the solar system must be taken into account to arrive at an accurate horoscope. They also insist that the reason we should believe in astrology is because it has led us to accurate predictions or personality profiles for many centuries.

But anyone who knows the history of astronomy can tell you that the most distant known planets‑Uranus, Neptune and Pluto‑were not discovered until 1781, 1846 and 1930, respectively. So why weren’t all the horoscopes done before 1930 incorrect, since the astrologers before that time were missing at least one planet from their inventory of important influences? Moreover, why did the problems or inaccuracies in early horoscopes not lead astrologers to “sense” the presence of these planets long before astronomers discovered them?

All the long‑range forces we know of in the universe get weaker with distance (gravity is an excellent example). Yet for astrology it makes no difference whether Mars is on the same side of the Sun as we are (and therefore relatively near us) or way on the other side‑‑‑its astrological influence (force) is the same. If some influence from the planets and the stars really did not depend on how far away the source of the influence was, it would mean a complete revolution in our understanding of nature. Any such suggestion must therefore be approached with extreme skepticism.

Furthermore, if the astrological influences do not depend on distance, why don’t we have to consider the influences of other stars and even galaxies in doing a horoscope? What inadequate horoscopes we are getting if the influence of Sirius and the Andromeda Galaxy are omitted! (Of course, since there are hundreds of billions of stars in our Galaxy and hundreds of billions of other galaxies, no astrologer could ever hope to finish a horoscope that took 0 their influences into consideration.)
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Even after thousands of years of study and perfecting their art, different schools of astrology still vehemently disagree on how to cast a horoscope and especially on how to interpret it. You can have your horoscope cast and read by different astrologers on the very same day and get completely different predictions, interpretations or suggestions. If astrology were a science‑as astrologers claim‑you would expect after all these years that similar experiments or calculations would begin to lead to similar results.

What’s the Mechanism?

Even if we put such nagging thoughts about astrology aside for a moment, one overriding question still remains to be asked. Why would the positions of celestial objects at the moment of our birth have an effect on our characters, lives, or destinies? What force, what influence, what sort of energy would travel from the planets and stars to all human beings and affect our development or fate?

One can see how the astrological world view might have been appealing thousands of years ago when astrology first arose. In those days, humanity was terrified of the often unpredictable forces of nature and searched desperately for regularities, signs, and portents from the heavens that would help them guide their fives. Those were days of magic and superstition, when the skies were thought to be the domain of gods or spirits, whose whims humans had to understand‑‑or at least have some warning of‑if they were to survive.

But today, when our spacecraft have traveled to the planets and have explored them in some detail, our view of the universe is very different. We know that the planets are other worlds and the stars other Suns‑physical bodies that are incredibly remote and mercifully unconcerned with the daily lives of creatures on our small planet. No amount of scientific‑sounding jargon or computerized calculations by astrologers can disguise this central problem with astrology‑we can find no evidence of a mechanism by which celestial objects can influence us in so specific and personal a way.

ASTRONOMY
5A2

WHO ARE YOU?

Circle the 12 different characteristics fisted below which best describe your own personality.

1. desire to be popular
33. serious thinker

2. materialistic
34. often tired

3. takes initiative
35. excellent memory

4. philosophical
36. need for companionship

5. not a gambler
37. neat and cleanly

6. straightforward
38. possessive of material goods

7. fair and just
39. communicator

8. truthful
40. impatient

9. meticulous
41. likes authority and responsibility

10. good imagination
42. aloof

11. intellectual
43. energetic and outgoing

12. creative
44. secretive

13. works well with others
45. sensitive to other’s feelings

14. often nervous or tense
46. sees projects through to the end

15. dislikes repetition
47. loyal friend

16. jealous
48. not athletic

17. sensitive to ridicule
49. frugal

18. tends to discriminate
50. domestic

19. romantic
51. determined or strong willed

20. practical
52. eager to study

21. generous
53. committed to your work


22. organized
54. possessive of loved ones

23. stubborn
55. methodical


24. religious
56. highly competitive

25 gets deeply involved in projects
57. imaginative

26. likes being the center of attention
58. conscientious

27. nonconformist
59. understanding

28. shy
60. aggressive


29. impulsive
61. emotionally sensitive

30. spender rather than a saver
62. easily influenced by others

31. high mental ability
63. active ‑ go getter

32. good at finding solutions to problems


ASTRONOMY
5A2TN

WHO ARE YOU?

IDEA:
PROCESS SKILLS:

Astrology can not be used effectively to
Predict

determine one’s personal characteristics
Compare


Explain

LEVEL: U
DURATION: 15 minutes

STUDENT BACKGROUND: 
Participants should know their own astrological sign.

ADVANCE PREPARATION:
None required. Do not tell participants that this is an astrology activity.

MANAGEMENT TIPS:
1. 
Participants should be made to believe that they are simply picking 12 characteristics that best describe themselves. They should not be forewarned that these characteristics are related to the signs of the zodiac.


2.
After giving out the answers and explaining the purpose of the activity,



go around the room and ask how many each participant got correct.



Chances are it will be from 0‑2 which is within the realm of guessing.



It is extremely rare for anyone to get 5 or 6, which means that if they 
know themselves well, they must riot have the characteristics of their 
sign. Maybe astrology doesn’t work as well as predicted!

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
Participants are given the opportunity to pick 12 characteristics from 60 choices. This means that just by guessing, they have a 20% chance of 
picking a correct match. Six of the characteristics go along with each 
sign (there are some duplication of characteristics for certain signs). Just by guessing, therefore, they should get 20% of 6 or at least I right. If they are at all familiar with the characteristics that accompany their astrological sign and have suspected that this activity may be related to astrology, those chances may increase.


2.
The point you are trying to make with this activity is that if one knows him or herself well, (which presumably we all do) and we do actually possess those characteristics that accompany our astrological sign, we should be able to match all 6 signs. Most participants will match from 0 to 2 and a few might get 3 or 4. This activity has been done with hundreds of people over many years and none have ever matched 5 or 6 characteristics. Perhaps astrology is not as accurate and scientific and some think.

POSSIBLE EXTENSIONS:
Go on to complete Activities 5A3D and 5A4 which also deal with debunking astrology.

ASTRONOMY
5A2TN

WHO ARE YOU?  2

               ANSWERS

Aries: 3, 29, 40, 56, 60, 63

Taurus: 2, 16, 20, 38, 51, 61

Gemini: 10, 14, 27, 31, 39, 52

Cancer: 5, 17, 28, 37, 50, 54

Leo: 4, 15, 20, 21, 26, 41

Virgo: 2, 9, 18, 30, 53, 55

Libra: 1, 3, 7, 11, 13, 36

Scorpio: 8, 19, 25, 44, 46, 59

Sagittarius: 6, 8, 12, 24, 33, 43

Capricorn: 20, 22, 32, 37, 49, 58

Aquarius: 2, 14, 23, 35, 47, 48

Pisces: 23, 34, 42, 45, 57, 62

ASTRONOMY
5A3D

HOW ACCURATE IS YOUR HOROSCOPE?

3 short activities in debunking astrology

(Demonstration)

Activity 1

1.
Hand out a horoscope to each participant and tell them you have had a detailed horoscope done for each person’s date of birth. Behave as if you are handing out different horoscopes with names on the top.

2. 
Ask participants to read the horoscopes carefully to themselves and then discuss with the class how accurate they think the description is.

3.
After some discussion, ask participants to trade horoscopes with someone else (preferably someone they know) to see if their partner finds the description to be accurate. Upon trading horoscopes, the individuals will see that each person has received the same horoscope. How many participants believed that their horoscope was a good description of themselves?

Activity 2

1.
Using a newspaper from the previous day, cut out the daily horoscope and white out the dates and signs for each. Assign each a random number that you have recorded elsewhere.

2.
Photocopy the sheet for each participant and cut up each sheet into 12 individual horoscopes.

3.
Hand each participant the pile of 12 cut outs and ask them to determine which one sounded most like the day they had yesterday.

4.
Record each participant’s name and birth date on the board and record which number they have chosen as their previous‑day horoscope.

5.
How many participants picked the one that went along with their date of birth? How many would you have expected just by chance?

Activity 3

1.
Gather a collection of as many newspaper and magazines as possible and compare the predictions and statements of different astrologers for the same sign. How many disagree or contradict each other?

ASTRONOMY
5A4D

UNDER WHAT SIGN WERE YOU REALLY BORN?

(Demonstration)

Most people simply assume that the astrological sign they mad in the paper each day is correct for their date of birth. However, due to precession, or gradual movement of the earth’s axis over time, the zodiacal signs have changed in the 2000 years since they were rust created. Just imagine, you may have been reading the wrong sign all along! Listed below are some numbers you should know when talking about horoscopes. The first column shows the signs usually found in newspapers, magazines. etc. The second column shows how these dates have changed during 2000 years of precession. The final column is the true astronomical sip based on the constellation boundaries adopted at the 1928 conference of the International Astrolonomical Union. Notice that the‑ constellation Ophiuchus is included as part of the zodiacal signs and it does not even appear in the original list. Now how accurate are those newspaper horoscopes?

Constellation/Sign
Unrevised Dates
Revised for 2000 Years
Scientific Sign




of precession

Aries
3/21 ‑ 4/19
4/18 ‑ 5/18
4/18 ‑ 5/12

Taurus
4/20 ‑ 5/20
5/19 – 6/18
5/13 ‑ 6/20

Gemini
5/21 ‑ 6/20
6/19 ‑ 7/20
7/21 ‑ 7/19

Can=
6/21 ‑ 7/22
7/21 ‑ 8/20
7/20 ‑ 8/9

Leo
7/23 ‑ 8/22
8/21 ‑ 9/20
8/10 ‑ 9/5

Virgo
8/23 ‑ 9/22
9/21 ‑ 10/20
9/6 ‑ 10/29

Libra
9/23 ‑ 10/22
10/21 ‑ 11/19
10/30 ‑ 11/22

Scorpius
10/23 ‑ 11/21
11/20 ‑ 12/19
11/23 ‑ 11/28

Ophiuchus
NONE
NONE
11/29 ‑ 12/17

Sagittarius
11/22 ‑ 12/21
12/20 ‑ 1/17
12/18 ‑ 1/18

Capricious
12/22‑ 1/19
1/18 ‑ 2/16
1/19 ‑ 2/15

Aquarius
1/20 ‑ 2/18
2/17 ‑ 3/18
2/16 ‑ 3/11

Pisces
2/19 ‑ 3/20
3/19 ‑ 4/17
3/12 ‑ 4/17

ASTRONOMY
5B1F

FOCUS ON PHYSICS

CONSTELLATIONS

(Discussion)

Constellations are simply imagined representations of mythological figures seen to be represented by the patterns of the stars visible in the night sky. Every culture has, at one time or another, depicted constellations named for their mythological figures, heroes, animals, etc. Many of the 88 most recognized of these originate from Greek mythology and have names that are Latin translations of the original Greek.

Look to star maps and other basic astronomical references for listings and diagrams of the most common constellations.

ASTRONOMY
5B2

PICTURES IN THE SKY

Materials:
construction paper



sharp object for punching holes in paper



overhead projector



star chart

1.
Label the walls N, S, E and W. It is convenient to Label the front of the classroom N.  (Maybe not. Students may know the actual directions relative to the room. It may be best to label the wall with the correct direction.)

2.
Take a piece of construction paper and draw a constellation on it from a star chart. Use a sharp object like a pair of scissors to punch out holes for the constellations. Choose simple, common examples, starting with the Big Dipper.

3.
Place your homemade constellation on the overhead projector and shine it on the appropriate wall (be sure it is facing the correct direction!).

4.
Discuss some of the mythology behind the constellations. For the Big Dipper and some other stars near the north celestial pole (around Polaris) discuss they way the constellation appears to rotate during a 24 hour period. Explain why some of the constellations further from Polaris appear to rise and set, as they appear to rotate around us. Discuss how the constellation would move during different seasons. Have students sketch and label the different appearances.

ASTRONOMY
5B2TN

PICTURES IN THE SKY

IDEA:
PROCESS SKILLS:

Constellations form pictures. They move accross
Observe

the sky as the earth rotates and as the seasons change.
Predict

LEVEL: U
DURATION: 30 to 60 minutes

STUDENT BACKGROUND, 

None required.

ADVANCE PREPARATION:
Prepare punched out constellations. Practice the motions you want to show. Have a celestial sphere handy.

MANAGEMENT TIPS: 

Punching different sizes of holes to represent different brightness; of stars 
adds to the realism. 
Use constellations that are visible at the time of year you are doing the demonstration. Describe for participants where to find these constellations 
if they look in the sky this evening. Using several overhead projectors makes the demonstration easier. This way 
you can project a variety of constellations that are visible in a given night.

POINTS TO EMPHASIZE IN

THE SUN04ARY DISCUSSION:
1. 
As the earth rotates the stars seem to rotate around Polaris. This can be 
seen quite nicely if one observes a few constellations early in the evening 
and then returns to the same spot to observe them again a few hours later.


2. 
At any specific time of night, each constellation will appear in a slightly different place than it did the evening before. Any one constellation is 
visible for only about six months.


3. 
The constellations do not look very much like their namesakes.

POSSIBLE EXTENSIONS:
1.
Make arrangements to follow this demonstration with a visit to a 
planetarium.


2.
Take participants outside at night for a star party and point out where some of the constellations they have learned are located.


3.
Have participants “adopt a constellation.” Have them draw and punch out their own constellation from a star chart, and ask them to demonstrate its daily and annual motion.

ASTRONOMY
5B3

STAR CHART GAME

Materials: 
SC1 and SC2 star charts

Introduction

The sky, or celestial sphere, is nothing more than an extension of the earth’s coordinate system into space. The earth’s equator projected into the sky is called the celestial equator. The north and south poles are called the north celestial pole (NCP) and the south celestial pole (SCP), respectively, when projected onto the sky. Likewise, the lines of longitude and latitude can be extended onto the celestial sphere. A star’s right ascension (RA) corresponds to the earth’s longitude while the declination (dec) corresponds to the earth’s latitude.

Right ascension is measured in units of hours, minutes and seconds, where there are 24 hours in one full rotation of the earth, 60 minutes in an hour and 60 seconds in a minute. Declination is measured in units of degrees, minutes and seconds where there are 3600 in one full rotation of the earth, 60 minutes in a degree and 60 seconds in a minute.

On the SC1 star chart itself, right ascension is read horizontally with 0 hours falling in the middle of the star chart and 12 hours at the end. Declination is read vertically on the star chart, with 00 failing in the middle, 600 at the top and -600 at the bottom. The northernmost part of the chart (from 600 to 900 N) and the southernmost part (from -W to -900 S) are on separate sheets. Here in the northern hemisphere, we do not see the stars near the SCP, so you have only received the northern SC2 star chart

The SC2 chart is read a little differently. This chart includes all the constellations which appear to revolve near the North Star, Polaris, from a declination of about 300 to 900. The chart resembles a wheel where the spokes are labeled with the declination and the circular portion of the wheel is the right ascension. The wheel will turn around once through a full 24-hour period.

The S-shaped line on the SC1 star chart is called the ecliptic. This is the path that the sun follows against the background stars throughout the course of the year. If you curl the star chart around with the printed portion inside, you will see that this S-shaped line becomes a complete circle tilted at a 23 1/20 angle to the equator. This tilt corresponds to the earth’s 23 1/20 tilt on its axis.

1.
This is a team competition. Split the group into two teams and ask them to pick team names. Designate someone on your team to be the first contestant. Using the SC1 chart first, the group leader gives the coordinates (right ascension and declination) of a particular constellation. When a contestant has located the constellation on the star chart, that person shouts out the name of the constellation. The person to find the constellation receives a point for their team.

2.
Each participant takes a turn as the contestant.

3.
As the game progresses, smaller and smaller constellations or individual stars, star clusters and galaxies will be used to make the competition more difficult.

4.
After working with the SC1 star chart, switch to the SC2 chart and try some of the more northern constellations.

ASTRONOMY
5B3TN

STAR CHART GAME

IDEA:
PROCESS SKILLS:

The positions of constellations and other celestial objects
Compare

are given using the celestial coordinates of right ascension

and declination.

LEVEL:  U
DURATION: 1 hour

STUDENT BACKGROUND:
Participants must know how to read a star chart. Use the instructions in the activity to prepare them in doing so.

ADVANCE PREPARATION:
Obtain the SC1 and SC2 star charts from Sky Publishing Co., 49 Bay State Road, Cambridge, MA 02238.


A list of some celestial objects follows, but you can also add more of your own.

MANAGEMENT TIPS: 
Remind participants that only one contestant from each team is eligible 
to answer on each round. If anyone answers out of turn they will lose a point for their team.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Using celestial coordinates allows computers to aim telescopes with great precision. This method is used to catalogue stars.

POSSIBLE EXTENSIONS:
A star chart is also available for the stars near the south celestial pole. Try a few of those for variety.


Include some interesting facts about the constellations, as each is


named. For example, you may wish to discuss the mythology be-hind


the constellations.

ASTRONOMY
5B3TN

CONSTELLATIONS

Name
Right Ascension
Declination

Pegasus
0 hr   0 min
200
Orion
5 hr 30 min
00
Aquilla
19 hr 40 min
30
Perseus
3 hr 30 min
400
Sagittarius
18 hr 30 min
-330
Bootes
14 hr 40 min
300
Canis Major
6 hr 40 min
-200
Aries
2 hr 20 min
200
Cygnus
20 hr   0 min
350
Centaurus
13 hr 30 min
.450
Delphinus
20 hr 40 min
150
Hercules
17 hr   0 min
350
Leo
10 hr 50 min
200
Lyra
18 hr 40 min
350
Ophiuchus
17 hr   0 min
00
Andromeda
I hr 20 min
400
                                         INDIVIDUAL OBJECTS

Name
Right Ascension
Declination

Betelgeuse
5 hr 50 min
70
Sirius
6 hr 40 min
-170
Arcturus
14 hr 10 min
190
Vega
18 hr 35 min
390
Andromeda Galaxy (M31)
0 hr 40 min
410
Pleiades
3 hr 40 min
250
Behive Cluster (M44)
8 hr 40 min
210
Antares
16 hr 30 min
-260
X and h Persei
2 hr 15 min
570
Deneb
20 hr 40 min
450
Altair
19 hr 50 min
80
                              OBJECTS ON CIRCULAR CHART (SC2)

Name
          Right Ascension
Declination

Casseopeia
1 hr   0 min
600
Ursa Major
12 hr   0 min
550
Perseus
3 hr 30 min
450
Draco
17 hr 30 min
650
Cepheus
22 hr   0 min
650
Ursa Minor
15 hr 30 min
800
ASTRONOMY
5B4

MAKE YOUR OWN CONSTELLATION

Materials:
paper



pencil



stick‑on stars (2 large, I medium and 4 small)



chalk

1.
Create a picture to fit the constellation shown. It may be a real person, an animal, an object or it may be completely imaginary.


2.
The final picture will be on dark blue or black paper. Place the stick‑on stars in position. Draw your picture with white chalk.

3.
Write a short description of your constellation and how it came to be part of the star patterns.


_______________________________________________________________________________________________


_______________________________________________________________________________________________


_______________________________________________________________________________________________


_______________________________________________________________________________________________

4.
Make up a mythological story about your constellation to share with the group.


_______________________________________________________________________________________________


_______________________________________________________________________________________________


_______________________________________________________________________________________________


_______________________________________________________________________________________________


_______________________________________________________________________________________________

ASTRONOMY
5B4TN

MAKE YOUR OWN CONSTELLATION

IDEA:
PROCESS SKILLS:

People use their imaginations to “see” star
Observe

patterns and create stories about them.
Describe



Explain

LEVEL: L
DURATION: 30 minutes

STUDENT BACKGROUND:
Participants should have heard at least one story about a familiar constellation.

ADVANCE PREPARATION:
Display a chart of any constellation of your choice and read or tell the story of  who/what it is – and how it got there.

Many elementary teachers read to their classes daily. They could introduce several stories and constellations over 2 to 3 days.

MANAGEMENT TIPS:
Have participants use scraps of paper to create their constellations until they are satisfied. Transfer from this paper to dark paper by punching holes and marking with chalk.


Don’t forget a name!

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
The shapes of the constellations are imaginary and are largely based on 
mythology.

POSSIBLE EXTENSIONS:

Make a book containing everyone’s drawings and stories.


Make a 101 zodiac around the room.


Use drawings to make different zodiac.


Sit around an imaginary “campfire” as if you were out observing the sky and tell your constellation stories.

ASTRONOMY
5B5

A NEW VIEW OF CONSTELLATIONS

Materials:
sheet of cardboard (tablet back)



sheet of black construction paper



aluminum foil



metric ruler



needle



tape



thread or fishing line



Orion constellation pattern

1.
Tape (or glue) the Orion constellation pattern to the cardboard. Tape (or glue) the black sheet of construction paper to the underside of the cardboard.

2.
Make small balls out of aluminum foil to represent the stars in the Orion constellation. Make the balls the same size as the circles on the pattern.

3.
The number next to each circle on the pattern indicates the length of the thread from which the foil ball should be suspended. Cut pieces of thread that are a little longer than the lengths indicated. Thread each piece through a needle. Use the needle to push the thread through the cardboard so that it hands down from the black underneath side of the cardboard. Use tape to attach the thread to the cardboard. Measure to make sure the thread is the correct length; if it is too long, cut it off.

4. 
Attach the foil balls to the ends of their respective threads. Have one person hold the cardboard so that the foil balls hang straight down. To see the way Orion looks from Earth, sit or lie down so that you look directly up at the constellation model. To see the way Orion looks from somewhere else in space, stand up and view the foil balls from the side. Does the pattern of stars still resemble Orion the Hunter?

ASTRONOMY
5B5TN

A NEW VIEW OF CONSTELLATIONS

IDEA:
PROCESS SKILLS:

Constellations are the products of
Observe

human imagination.
Measure



Describe

LEVEL: U
DURATION: 30 minutes

ADVANCE PREPARATION:
Students should have been introduced to constellations. No special preparations are needed to conduct the activity, other than supplying groups with necessary materials. Each group will require about 2m of fishing line or thread.

MANAGEMENT TIPS: 
If you don’t feel comfortable using needles, use pushpins to poke holes in 
the cardboard and then run the thread through these holes.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Constellations are a group of stars that form a recognizable pattern when 
viewed from earth. If the same group of stars are viewed from a different 
perspective, such as from somewhere else in space, they don’t form the same 
pattern. This is true for all constellations, including astrological constellations.

ASTRONOMY
5C1

MEASURING THE EARTH’S ROTATION

Materials:
paper pencil flashlight

As you watch the stars throughout the evening you may notice that they appear to move across they sky. We now know that this apparent movement is due to the rotation of the earth. If we were able to calculate how fast the stars appear to move, we could use this information to determine the rotation rate of the earth.

1.
After dark, go to a location where you can face due north. You should have a relatively clear horizon but you will want to have one landmark somewhere in front of you to use as a reference point. You may choose to use the roof of a house in the distance, a tree, etc. Mark the spot you where stand so that you can be sure to return to exactly the same place later.

2.
Draw the outline of the landmark in front of you. Looking into the sky, find the Big Dipper and follow the two stars in the end of the dipper (the pointer stars) up until you come to the North Star, Polaris. Polaris is in the handle of the Little Dipper. Take a moment to locate the other visible stars in the Little Dipper. It is likely that you will only be able to see the two in the end of the dipper portion.

3.
Draw Polaris and the two stars in the Little Dipper as accurately as possible. Use your landmark to determine the exact location of the three stars. Precision in drawing is the key to getting good results, so mark your paper carefully. Label the dipper stars IA and 1B

4.
After exactly one hour (a few minutes more or less will affect your calculations so be careful) return to the same spot, and with Polaris in exactly the same location as before, redraw the two stars in the dipper portion of the Little Dipper. Label these stars 2A and 2B.

5.
Back in the classroom or at home, draw a straight line from each of the four stars to Polaris.

6.
With a protractor, measure the angle between stars IA and 2A and. How many degrees was this angle?


_______________________________________________________________________________________________

7.
Again with the protractor, measure the angel between stars I B and 2B. How many degrees was this angle?


_______________________________________________________________________________________________

8.
Find the average of these two angles.


_______________________________________________________________________________________________

9.
Set up a ratio that allow you to find the rotation rate of the earth. If the earth turns through 360’ in one rotation, compare this to the number of degrees turn in 1 hour of observing.


10. What is you measured rotation rate of the earth?


_______________________________________________________________________________________________

ASTRONOMY
5C1TN

MEASURING THE EARTHS ROTATION

IDEA:

PROCESS SKILLS:

The rotation rate of the earth can

Observe

be determined by measuring the angular

Sketch

movement of stars.

Measure




Calculate

LEVEL: U

DURATION: 1.5 hours

STUDENT BACKGROUND:
Participants should be able to determine which direction is north and should be able to find Polaris and the two brightest stars in the Little Dipper.

ADVANCE PREPARATION:
None required.

MANAGEMENT TIPS:
This activity is weather dependent and must be done at night. 
You may wish to have flashlight available for participants. You my also need to indicate which direction is north and explain in the classroom how the drawing will be made

ANSWERS TO SOME QUESTIONS: 
6. 
The angle should be 150 if measured in exactly one hour.


7. 
This angle should also be 150


8. 
The average of these angles should be 15’

10.
The rotation rate of the earth should be 24 hours.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

Each of the two stars should be expected to move through the same number 
of degrees in one hour. However, two stars are averaged to account for any measurement error.

POSSIBLE EXTENSIONS:

Make the same observation at one time of year and come back and do it again 1 month later at the same time of night. This will allow you to detect yearly motion of the earth around the sun as well.

ASTRONOMY
6WL

WORKSHOP LEADER’S PLANNING GUIDE

STARS, GALAXIES AND THE UNIVERSE

In this unit, participants will become more familiar with the cosmological end of astronomy, and will study the color, brightness and evolution of stars as well as the structure of the Milky Way Galaxy.

Naive Ideas
1.
The galaxy is very crowded.  (6A1, 6B2)

2.
Stars are evenly distributed throughout the universe.  (6A1)

3.
Stars are evenly distributed throughout the galaxy.  (6B2)

4.
All stars are the same distance from earth.   (6A1, 6B2, 6C3)

5.
All stars are the same size.  (6B2, 6C3)

6.
The brightness of a star depends only on its distance from earth. (6V3)

7.
All stars are the same brightness.  (6C2, 6C3, 6C4)

8.
All stars are the same color.  (6CV1, 6C4)

A. 
OUR SUN IS ONE STAR IN A LARGE GROUP OF STARS CALLED A GALAXY.

1.
Discussion ‑Focus on Physics: Our Galaxy


Our galaxy is called the Milky Way. It is very large and very empty. Alight year is defined.

B. 
THERE IS A HIERARCHY IN THE UNIVERSE,

1.
Activity:  Where are You in the Universe?


Participants work out their position in the universe starting with house number and working up to universe.

2.
Activity:  Where are You in the Galaxy?


Participants draw the size and relative positions of classmates heads as seen from their own point of


view. After exchanging anonymous papers, participants guess whose drawings they have.

C. 
NOT ALL STARS ARE ALIKE.

1.
Activity: Star Colors


Participants make observations of stars at night to determine the difference in color. This activity is weather dependent and must be done at night.

2.
Activity: Star Magnitudes


Participants make observations of stars at night to determine their difference in brightness. This activity


is weather dependent and must be done at night.

3.
Activity: Why do Some Stars Seem Brighter than Others?


Participants use flashlights to simulate intensity, brightness and distance of stars.

4.
Activity: The H‑R Diagram


Participants see how astronomers compare star brightness to star color.

D
THE UNIVERSE IS FILLED WITH LOTS OF LARGE NUMBERS,

1.
Activity: The Song of the Universe


Participants sing a humorous, yet factual astronomy song to end the workshop.

ASTRONOMY


THE DO‑IT‑YOURSELF PLASTIC PLANETARIUM

Gene Easter and Doris Simonis,

Kent State University

(Project adapted from P.T.R.A. program developed by American Association of Physics Teachers)

Objectives:

*
to provide an effective, inexpensive, self‑constructed, and safe environment for sharing information about the night sky

*
to become acquainted with locations of prominent stars in the sky

*
to introduce the terms: planets, comets, stars, asteroids and “shooting stars” and concepts: constellations, star systems, ecliptic of the sun and moon
Equipment and Materials:

*
6 mil thick black plastic sheeting, 12 ft x 38 ft (from hardware, lumber, or building supply store)
*
large roll of duct tape (at least 2 in wide, 180 ft long)
*
scissors and measuring tape (50 ft length preferred)
*
portable window fan
*
2 ‑ 4 flashlights per class
*
100+   self‑adhesive labels or roll of masking tape. (Round 1 inch dots are nice or oblong stickers made by cutting small address labels in half will work. Pieces of 1 inch masking tape are flexible and inexpensive.)

Procedure:

1. 
Cut plastic into a sheet 12 feet by 30 feet. Save the rest for later.

2. 
Fold the 12 ft x 30 ft plastic sheet in half so that the new dimensions are 12 ft x 15 ft.

3. 
Tape the three open sides with duct tape so that the seams will not leak air.

4. 
From the remaining plastic on the roll, cut a section wide enough to go around the entire perimeter of the window fan (typically about 8 feet) and six foot long.

5.
Fold this 6 ft x 8 ft sheet in half so that the new dimensions are 6 ft x 4 ft.

6. 
At the corner of the larger taped plastic sheet, cut a four foot section of the 15 foot taped seam open again. Insert the 4 foot end of the folded smaller piece of plastic sheeting and tape the seams to the insert.

7. 
Tape the window fan into the other end of the 4 ft x 6 ft insert.

8. 
Turn on the fan. When it has inflated the new planetarium, cut a four foot vertical slit into the middle of the 15 ft side opposite the fan. Reinforce the edges of the slit with tape. This slit is the entrance.

9. 
Students and teacher enter the planetarium. At least the first and last persons entering should carry flashlights and leave them on for the next step.

10. 
With a star map as a guide, have students place stickers on the ceiling where constellations, planets, comets, etc. are located. When their mapping is complete, poke a hole through the center of each sticker. Then turn off the flashlights. The light entering the holes will simulate stars in the sky.

11. 
Using a standard flashlight with a 6 inch cardboard tube extension taped onto the lighted end, or using a small focused beam flashlight, you can simulate the path of Sun and/or Moon.

12. 
Now is the time to have children tell what facts and stories they already know about the planets, solar systems, and stars. Then add your own.

TEACHER’S NOTES:

You will need a large unobstructed area, such as a gym floor or wide hallway in which to set up this imitation planetarium.

The plastic sheeting can be stored and re‑used many times. Gene Easter had 1200 teachers (in shifts) in one he made before the floor wore out.

Total cost of this model as described is $30‑40 (not including fan).

Transparent models can be made to simulate greenhouses, airships or spaceships, Biosphere II, underwater sea base, etc. Use imagination!
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ISBN 0-906212-59-6     Published by Tarquin Publications

Go to http://www.bestwebbuys.com/books/ to search for a supplier on line or a bookstore near you.


                          A Basic Test of Astronomical Facts and Concepts...                      Name__________________________
                                                   Project STAR Activity
                                                         NOT for a grade!

1.
One night we looked 
A few days later we looked


at the Moon and saw:
again and saw this:


What do you think best describes the reason for this change?


A. Clouds block the Moon.
B. The Moon mo5es into the Earth’s shadow.


C. The Moon mo5es into the Sun’s shadow.
D. The Moon is black and white and rotates.


E. The Moon mo5es around the Earth.
F. The Earth mo5es around the Moon.


G. The Moon passes the planets and goes in and out of their shadows.

2. 
What causes night and day?


A. The Earth turns on its axis.
B. The Earth mo5es around the Sun.


C. The Moon blocks out the Sun’s light.
D. The Earth mo5es in to the Sun’s shadow.


E. The Sun goes around the Earth.

3. 
On October 17, 1604, J. Kepler went outside, looked up and saw a bright star where none had been what astronomers call a superno5a. When do you think the star exploded?


A. 
Before October 17, 1604.
B. 
On October 17,1604.
C. 
After October 17, 1604.

4. 
The man is reading a newspaper by the light of a single candle 5 feet away. Draw in the number of candies necessary to light up the paper to the same brightness, if the candle holder were mo5ed to be 10 feet from the newspaper.


A. 1 candle
B. 2 candles


C. 3 candies 
D. 4 candies


E. 5 candles
F. more than 5 candles

5. 
What causes the seasons? 
A. 
The Earth’s distance from the Sun. 
B. 
The Earth’s axis flipping back and forth as it tra5els around the Sun. 
C. 
The Sun’s motion around the Earth. 
D. 
The Earth’s axis always pointing in the same direction.


E. 
The shifting seasons on the Earth.

6. Which answer goes from smallest size to largest size?


A. Sun ‑> Earth ‑> Moon
B. Sun ‑> Moon ->
Earth


C. Earth‑> Moon ‑>Sun
D. Earth ‑> Sun ->
Moon


E. Moon ‑>Sun‑> Earth
F. Moon ‑> Earth ‑>Sun

7. What time could it be if you saw a thin crescent Moon on the western horizon?


A. Sunrise
B. Sunset

C. Noon 
D. Midnight


E. Anytime of day or night
F. Not possible
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8. What is the name of this pattern of stars?

A. Orion

B. Ursa Minor

C. North Star

D. Big Dipper

E. Pleiades

9. It you could see stars during the day, this is what the sky would look like at noon on a gi5en day. The Sun is in the constellation of Gemini.


In what constellation is the Sun at Sunset?

A. Leo
B. Canis Major
C. Gemini
D. Cancer
E. Taurus

10. Assume these circles represent two objects in the solar system with their diameters drawn to scale.


Which objects could they represent?


A. Earth and Moon 
B. Jupiter and Earth

C. Sun and Earth
D. Sun and Jupiter

TEACHER’S NOTES FOR ADMINISTERING THE PROJECT STAR QUESTIONNAIRE:

Please follow these basic guidelines: 
1.
Photocopy the test so each of your students has a copy. 
2.
Take the test yourself. 
3.
Make note of the questions that contain concepts you ha5e taught. 
4.
Predict how well you think your class will score on each of the questions. (NOTE: Write down your prediction and file it away. That way you will not be tempted to change your mind after the fact.) 
5.
Score the results. 
6.
Compare your students’ results with your predicted results.

‑
If you’d like to share your results or your reactions with us, please do:


Project STAR


Center for Astrophysics


60 Garden Street, MS 71


Cambridge, MA 02138

- - - - - - - - - - - - - - - Remove Before Making Copies for Students - - - - - - - - - - - - - - -
Answers:  1. E        2. A        3. A        4. D        5. D        6. F        7. B        8. D        9. C        10. A

If you need a laugh, then read through these Children’s Science Exam Answers. 

Q: Name the four seasons. 
A: Salt, pepper, mustard and vinegar. 

Q: Explain one of the processes by which water can be made safe to drink. 
A: Flirtation makes water safe to drink because it removes large pollutants like grit, sand, dead sheep and canoeists. 

Q: How is dew formed? 
A: The sun shines down on the leaves and makes them perspire. 

Q: How can you delay milk turning sour? (brilliant, love this !) 
A: Keep it in the cow. 

Q: What causes the tides in the oceans? 
A: The tides are a fight between the Earth and the Moon. All water tends to flow towards the moon, because there is no water on the moon, and nature hates a vacuum. I forget where the sun joins in this fight. 

Q: What are steroids? 
A: Things for keeping carpets still on the stairs. 

Q: What happens to your body as you age? 
A: When you get old, so do your bowels and you get intercontinental. 

Q: What happens to a boy when he reaches puberty? 
A: He says good-bye to his boyhood and looks forward to his adultery. 

Q: Name a major disease associated with cigarettes 
A: Premature death. 

Q: How are the main parts of the body categorized? (e.g., abdomen.) 
A: The body is consisted into three parts - the brainium, the borax and the abdominal cavity. The brainium contains the brain; the borax contains the heart and lungs, and the abdominal cavity contains the five bowels, A, E, I, O, and U. 

Q: What is the fibula?     
A: A small lie. 

Q: What does “varicose” mean? (I do love this one...) 
A: Nearby. 

Q: Give the meaning of the term “Caesarean Section” 
A: The Caesarean Section is a district in Rome. 

Q: What does the word “ benign” mean?’ 
A: Benign is what you will be after you be eight

Additional Resources

A.
Videos – Moody Institute of Science


Moody Video     520 N LaSalle Blvd    Chicago, IL    60610


1.
Journeys to the Edge of Creation  -  Our Solar System


2.
Journeys to the Edge of Creation  -  The Milky Way and Beyond

B.
Sunsp☼tter  -  The Safer Solar Telescope    $335


Learning Technologies, Inc    40 Cameron Ave    Somerville, MA    02144    www.starlab.com
C.
Poster  -  The Transit of Venus  
from NASA 

D.
http://www.teachspacescience.org/cgi-bin/ssrtop.plex

NASA Space Science Educational Directory 
E.
http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/       

Web site of

Powers of Ten - Cosmic View, the Universe in 40 Order of Magnitude Jumps from 1026 to 10-14 
E.
www.rheckathorn.weebly.com 


Web site of Dick Heckathorn with an area devoted to Operation Physics topics:


Astronomy    
Behavior of Light
Color and Vision    
Electricity    


Energy   
Force and Fluids
Force and Motion    
Heat   


Magnetism    
Measurement    
Simple Machines    
Properties of Matter    Sound
Miscellaneous Forms, etc
Activity Matrix for each Unit
F.
geepaw@wowway.com 


Email address of Dick Heckathorn
G.
http://www.bestwebbuys.com/books/

Excellent source of sources of books. Can search by title, author, key word, isbn number.


Also for: Music, Video, Electronics, Bikes

1.
DVD
Powers of Ten, The Films of Charles and Ray Eames Volume 1 (DVD)

http://aapt.org/Store/description.cfm?ID=NVT-01-DVD&Category=All&Type=All&Level=All&Keywords=&Site
2.
24. Navigating in Space   http://www.learner.org/resources/series42.html 

Computer Programs

1.
Starry Night Enthusiast

2.
Atlas of the Sky

3.
Shadows – Dealing with Sundials
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