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Outline of Activities in this Unit

II.
 Earth‑Sun Relationships


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

5

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.

7

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

11

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

15

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





19

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.

23

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.

25

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.

29

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


31

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.

35

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.
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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.

47

2.
The Moon Dance – A Handy Way to Teach Moon Phases [Power Point 1F2]
Demo.
U 
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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
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3. 
How Big is the Sun? [Power Point 4B3]
Lab
U
45 min
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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.

77

1
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.

79

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




V. Astrology and the Constellations
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Astrology is not a true science. Astrology can not be used effectively to determine one's personal characteristics.
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U
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Constellations are groups of stars which suggest certain shapes. Constellations are the products of human imagination.
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Disc.
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U
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U
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Make Your Own Constellation
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Lab
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)

ASTRONOMY
Introduction

WORKSHOP LEADER TOPIC INFORMATION

INTRODUCTION TO ASTRONOMY  2

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.
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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: image53.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)

[image: image1.png]


[image: image25.png]Figure 11. Waxing gibbous at noon.



[image: image26.png]Figure 10. Waxing crescent at noon.



[image: image27.png]Figure 9. Third quarter moon at noon.



[image: image28.png]- Figure 4. Full moon at noon.



[image: image29.png]Figure 6. First quarter moon at noon.



[image: image30.png]Figure 3. New moon at midnight.



[image: image31.png]Figure 2. New moon at sunrise.



[image: image32.png]Figure 5. Full moon at sunset.
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[image: image34.png]Figure 7. First quarter moon at sunset.



[image: image35.png]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
2B2

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

[image: image42.png]


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 locatrion.

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.

1.
Go to Web Site:  www.cvcaroyals.org/~rheckathorn/   

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.

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
2B3

Drawing a Human Sundial on Concrete  2

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

[image: image46.jpg]Wd HO W'V SY IWILLHOIN MHYW
" NNS 3HL 01 3SO70 OOL SI 11 3SNY038 N33S N338 LONNVO
NOOW 3HL LYHL 3LYOIONI OL S13xovdd [ 13sn

- - S - o ~ IN3JS3¥D ONINVM

¥314VND QHE |

| snoggIn ONINVM

1n4d

' SN0g8I19 ONIXYM

W  y31avd 1St

| ,_ , INIDSIHD ONIXVM |

M3IN
SLAS  ANS NYILSIM ANS NI LSTIHOIH AXS NYILSVH NI/ S4S1d _ISVHd
EIN @ AVQ 40 INIL ANV SISYHd NOOW

& W‘ : “UOILDWIOJUI Y4 PJOI 04 [22YyM Y4

UJN PUD UOOW , MU, DU} Y4IM 4JD}S "25DYd JDUN| PUD W14 Y4IM [DIP 2Y4 UO P2XIDW S1 (MP'S'T'N)
UOIL22JIP Y | "LJDUD Ul 3121dWod 04 [DIP UL 3SN ‘DI JOUNT UL BuIL2IdWod J2LLy :SUOILINJLSUT




     Painting the Locations
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Mass Production 2004
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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 A





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.
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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.
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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
2E1TN

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.
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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).

[image: image7.png]



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. 
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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
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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.
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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?


_______________________________________________________________________________________________
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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.
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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.
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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.
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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.

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.

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


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 
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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.


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.


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
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?


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.

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?


_______________________________________________________________________________________________
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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.

All Rights Reserved 1 March 2008 Richard Heckathorn
Astronomy
61 of 61

