GE 117/220
Name:  



Lab Exercise:  Sun, Moon, and Earth System
Unit:   Astronomy (combination lab exercise and reading/study guide)

This lab ties in the following content themes, course outcomes, and abilities listed in your syllabus:

Main Content Concepts 

· The solar system and the Earth-Moon system 

· Time and size scales in Earth and Space sciences

· Energy and Earth systems

Course Outcomes

Pretty much all of them are used in this exercise.

Abilities

· Problem Solving Levels 1, 2

· Analysis levels 1 (observing), 2 (inferring), 3

Objectives:  After completing this exercise, you should be able to describe the different phases of the Moon, why we on the Earth see different Moon phases, how we can predict moonrise and moonset, how we can determine waxing and waning phases, and what causes eclipses.

Materials:  Model of the Earth-Moon system, sphere, light, box, meter stick, ruler, and sand, and 2 small items to drop, such as different size coins or balls

Background Information:  The following information may assist you doing this exercise.  You will also need to refer to your text (Chapter 20) to successfully complete the exercise.

The Moon’s phases are based on the fact that it is spherical in shape, it is illuminated by the Sun, and it revolves around the Earth.  The Moon waxes as we on Earth see more of the illuminated side, and wanes as the lighted portion that we can see decreases (wanes).  When we see none of the reflected light from the Sun, it is a new moon.  When we can see the entire lighted side, it is a full moon.  Any other planet or moon, which has no light of its own but which reflects the Sun’s light, will also have phases if viewed from a location that changes relative to the planet.  For example, phases of Venus have been observed from Earth, because the orbits of Earth and Venus are different, and therefore sometimes we see the entire illuminated side of Venus, but sometimes when Earth and Venus are on the same side of the Sun we only see part of Venus because part is in shadow.

Eclipses occur when the Sun, Moon and Earth are in a direct line, and the shadow of one blocks out the light to a viewer on Earth.  Eclipses can be solar (when the Sun is blocked out), or lunar (when the Moon is blocked out).

The Moon

(Refer to Chapter 20 and 21)  

The lunar surface

Since the Moon lacks atmosphere and water, the landscape is not shaped in the same way as on Earth.  Meteoroid impacts and ancient volcanic processes are thought to be the major “landscapers”.  The lunar highlands, or terrae (plural of terra), are highly cratered and the bright portions seen from Earth.  The lowlands, or maria (plural of mare), are fairly flat basalt flows with a few impact craters.  The maria appear dark from Earth.  Use Ch 21 of your text (Foundations Ch 15) to help answer the following questions:

1. How are the maria formed?

2. The number of impact craters within an area can be used to determine the approximate relative age of a surface – the more craters, the older it is.  Based on this assumption, are the terrae or maria older features (circle one)?

3. Do the following impact crater experiment:

· Get a box, meter stick, ruler, and sand, and 2 small items to drop, such as different size coins or balls.

· Add about 3-5 cm of sand to the box and flatten it with the ruler.

· Write 3 hypotheses (testable statements; in the format  “If [I do this]… then [prediction of what will happen]… because [general reasoning]...”) to predict the relationship between the size (diameter and depth) of an impact crater, and the 1)size (width), 2)mass, and 3)velocity of the object that produces it.  Note:  objects accelerate as they fall, so the further they fall, the faster they move, so velocity relates to the height you drop your object from.

1)  If an object has more mass, then

2)  If an object is larger, then

3)  If an object is moving faster, then

· Drop the objects, one at a time into the sand and observe the impact craters they make.  Record the size and mass of the object, the height you dropped it from (this will equate to velocity – see above), and the diameter and depth of the crater on a data table (see below).  Make several trials to verify your results, and find the average of your trials for each object at each height.  Flatten the sand periodically.

Make and use observations from your experiment to answer the following questions about craters.

4. When craters overlap, how can you tell which is the younger crater and which is the older crater? 

5. Based on your observations of the craters that you made, what might be the origin of the bright rays that radiate outward from a crater (such as shown in Figure 21.6 on p.582 of your text, or Foundations Fig 15.18)?

6. Evaluate your data.  What, if any, relationship exists between the crater size (depth and diameter) and the 

a. Width of a falling object

b. Mass of a falling object 

c. Velocity of a falling object

7. Use your conclusions to evaluate your hypotheses.  Were your hypotheses proven, disproved, or couldn’t you tell based on your results?  Provide some evidence for each hypothesis using actual data from your experiment.

1)

2)

3)
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Phases of the Moon

Use the figures and diagrams to help explain how the phases of the Moon appear to a viewer on Earth.  Using the diagram below, you should be able to determine the phases of the Moon in each position, and for each position you should be able to determine the approximate time that a viewer on Earth would see moonrise and moonset.













Figure 1.  The Lunar Cycle, viewed from above the North Pole of Earth.  Each of the small outer circles represents a location or phase of the Moon, as it revolves counter-clockwise around the Earth.  Earth, which also revolves counter-clockwise, is the large circle, with the North Pole shown in its center.  

8. Pretend you are standing on the North Pole, and looking at the moon shown as circle 3.  Which portion of the moon would be visible to you?  Draw a line through the moo to show the visible portion, then do the same for each Moon phase shown (1-8).  Summarize in your own words the portion visible to an observer on Earth.

9. Based on the location of the Sun’s rays, (think of a flashlight shining from that direction) shade both the Earth and each of the eight Moon locations to illustrate which portion is in shadow.  Summarize in your own words the location of the shadow versus the illumination.

10. As the Moon revolves around the Earth starting from position 1 moving to position 5, does the portion of the illuminated Moon visible from Earth increase or decrease (circle one)?  As it goes from Position 5 to 8 does the illuminated portion increase or decrease (circle one)?
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Figure 2 - Phases of the Moon as Seen from Earth (in no particular order).

11. Use the completed Figure 1, the background information, and Figure 2 - Phases of the Moon Seen from Earth to complete the following, and match the letter (from Figure 2) for the phase described below in the 2nd blank for each question.

· As viewed from Earth, which position (1-8) would be the new moon?


  

Which letter above matches the new moon?







· As viewed from Earth, which position would be the full moon?



  

Which letter above matches the full moon?







· As viewed from Earth, which position would be the waxing crescent moon? 


Which letter above matches the waxing crescent moon?





· As viewed from Earth, which position would be the waning gibbous moon? 


  

Which letter above matches the waning gibbous moon?





12. Recall that the Earth on Figure 1 is shown from above the north pole, and that the Sun rises in the east and sets in the west.  Does the Earth spin clockwise, or counterclockwise (circle one)?  On the Earth on Figure 1, draw an arrow to show the direction that the Earth spins.

13. Recall that the Earth in Figure 1 is shown from above the North Pole, so the circle actually represents the equator.  Make an X on the equator to show where it would be noon if you were standing on the Earth, and label it with the word “noon”.    Do the same thing for midnight, sunrise, and sunset.    

14. A person standing on the equator can see from horizon to horizon, but cannot see through the Earth.  Therefore, you should be able to use Figure 1, and any given phase of the Moon to determine what time the moon would rise over the eastern horizon, and what time the moon would go below the western horizon.   Try it with the full moon.  Use a straight edge to draw a line from the full moon to the “top” edge of the Earth, and from the full moon to the “bottom” edge of the Earth.  The moon will be visible to people standing on the Earth between those lines, and not visible (it will have set) for people on the other side of the Earth.  The two positions on Earth that are at the “edges” are the positions that are moonrise and moonset.  Based on your answer to the question above, you can tell the time of moonrise and moonset.

15. When is moonrise for the full moon? 








16. When is moonset for the full moon? 








17. When is moonrise for the first quarter? 







18. When is moonrise for the new moon? 








19. Is it possible to have the moon visible in the daytime (including dawn and dusk)?  
 Explain:

20. Is it possible to have the full Moon visible in the daytime? 

  

Explain:

21. Look for patterns to help make predictions.  Does the time of day that the Moon rises become earlier or later each day (circle one)?   

Eclipses
(refer to Chapter 20)

22. Briefly describe a solar eclipse, and prepare a side view drawing to show the relation of the Sun, Moon, and Earth during the solar eclipse.  

23. Briefly describe a lunar eclipse, and prepare a side view drawing to show the relation of the Sun, Moon, and Earth during the lunar eclipse.  

24. An eclipse can occur only during one certain phase of the Moon.  What phase of the Moon would a solar eclipse occur during, and why?

25. What phase of the Moon would a lunar eclipse occur during, and why?

26. Why doesn’t the Earth have a solar and lunar eclipse every month?
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