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Science SAG 2004

Earth’s Place in Space with ... 
Adapted from a work by Dr. Brian Lewthwaite, University of Manitoba, Faculty of Education

Manitoba Curriculum Connections:

Grade 6 – Cluster 4, Exploring the Solar System
	6-4-07 
	Describe how the conception of Earth and its position in space have been continuously questioned and how our understanding has evolved over time. 

Include: 

from a flat Earth, to an Earth-centred system, to a Sun-centred system; Greek conceptions of a spherical Earth 



	6-4-12 
	Explain, using models and simulations, how the Earth's rotation causes the cycle of day and night, and how the Earth's tilt of axis and revolution cause the yearly cycle of seasons.


	6-4-15 
	Identify points of reference in the night sky and recognize that the apparent movement of celestial objects is regular, predictable, and related to the Earth's rotation and revolution. 

Examples: 
planets, constellations 



Skills and Attitudes Specific Learning Outcomes

6-0-1A. Formulate specific questions that lead to investigations.
Include: Rephrase questions to a testable form, focus research questions,
GLO: A1, C2 (ELA Grade 6, 3.1.2; Math: SP-I.1.6)

6-0-1B. Identify various methods for finding the answer to a specific question and select one to implement.
Examples: generating experimental data, accessing information from a variety of sources
GLO: C2 (ELA Grade 6, 3.2.2; Math: SP-I.2.6, SP-II.1.6)

6-0-2A. Access information using a variety of sources.
Examples: libraries, magazines, community resource people, outdoor experiences, videos, CD-ROMS, Internet
GLO: C6 (ELA Grade 6, 3.2.2; Math: SP-II.1.6; TFS 2.2.1)

6-0-3A. Formulate a prediction/hypothesis that identifies a cause and effect relationship.
GLO: A2, C2 (Math: SP-I.1.6)

6-0-4C. Work cooperatively with group members to carry out a plan, and troubleshoot problems as they arise.
GLO: C7 (ELA Grade 6, 5.2.2)

6-0-7B. Base conclusions on evidence rather than preconceived ideas or hunches.
GLO: C2, C4

6-0-7C. Identify a new prediction/hypothesis based on results of investigations.
GLO: A1, C2 (ELA Grade 6, 3.3.4)

6-0-7H. Identify connections between the investigation results and everyday life.
GLO: C4

6-0-9C. Demonstrate confidence in their ability to carry out investigations in science and technology.
GLO: C5

6-0-9D. Appreciate the importance of creativity, accuracy, honesty, and perseverance as scientific and technological habits of mind.
GLO: C5

Senior 1 – Cluster 4, Exploration of the Universe

	S1-4-01 
	Use a coordinate system to locate visible celestial objects, and construct an astrolabe to determine the position of these objects. 

Include: 

altitude, azimuth 



	S1-4-02 
	Observe the motion of visible celestial objects and organize collected data. 

Examples: 
graph sunrise and sunset data, track the position of the Moon and planets over time, maintain a log of changes in the night sky 


	S1-4-05 
	Explain reasons for the apparent motion of the Sun, stars, planets, and the Moon as seen from Earth. 

Include: 

daily rising and setting, seasonal constellations, retrograde motion 




Skills and Attitudes Specific Learning Outcomes

S1-0-1a. Propose questions that could be tested experimentally.
GLO: C2 (ELA S1: 3.1.2)

S1-0-1b. Select and justify various methods for finding answers to specific questions.
GLO: C2 (Math: S1: A-1)

S1-0-3a. State a testable hypothesis or prediction based on background data or on observed events.
GLO: C2

S1-0-3b. Identify probable mathematical relationships between variables.

S1-0-5a. Select and use appropriate methods and tools for collecting data or information.
GLO: C2
TFS: 1.3.1

S1-0-5b. Estimate and measure accurately using Système International (SI) and other standard units.
Include: SI conversions
GLO: C2

S1-0-5c. Record, organize, and display data using an appropriate format.
Include: labelled diagrams, graphs, multimedia
GLO: C2, C5
TFS: 1.3.1, 3.2.2
(ELA S1: 4.1.1, 4.1.2)

S1-0-6a. Interpret patterns and trends in data, and infer and explain relationships.
GLO: C2, C5
TFS: 1.3.1, 3.3.1
(ELA S1: 3.3.1)

S1-0-7a. Draw a conclusion that explains the results of an investigation.
Include: cause and effect relationships, alternative explanations, supporting or rejecting the hypothesis or prediction
GLO: C2, C5, C8 (ELA S1: 3.3.4)

S1-0-7e. Reflect on prior knowledge and experiences to develop new understanding.
GLO: C2, C3, C4 (ELA S1: 4.2.1)

S1-0-8b. Explain the importance of using precise language in science and technology.
GLO: A2, A3, C2, C3 (ELA S1: 4.4.2)

S1-0-9c. Demonstrate confidence in their ability to carry out investigations in science.

 GLO: C2, C4, C5

S1-0-9d. Value skepticism, honesty, accuracy, precision, perseverance, and open-mindedness as scientific and technological habits of mind.
GLO: C2, C3, C4, C5

Earth’s Place in Space: Reconciling First-Hand Experiences, Working With Models and Starry Night™
The purpose of the following exercises is for you to reconcile patterns observed in Starry Night™ with your personal astronomical observations and experiences. In all exercises that follow, you will be able to make predictions based on your observational and model observations. Once you have made predictions, you should be able to verify these predications using Starry Night™™ and finally, explain these phenomena using your developing understanding of Earth’s place in space.

Set A: Seasonal Changes: Sun Rise and Sun Set

Begin by setting the time to today’s date. Observe the path of the sun across the sky from sunrise to sunset. Note the location (e.g. ENE or SE) and time (e.g. 7:02 a.m.) of sunrise. This movement should confer with your firsthand experiences regarding sunrise – sunset times during the year.

1. Predict the location (____) and time (____) the sun will rise on December 21st.

2. Using Starry Night™, verify the location (____) and time (____) of the sun’s rise.

3. Predict the location (____) and time (____) the sun will set on December 21st.

4. Using Starry Night™, verify the location (____) and time (____) of the sun’s set.

5. How long is the sun “up” on December 21st?

6. Predict the location (____) and time (____) the sun will rise on June 21st.

7. Using Starry Night™, verify the location (____) and time (____) of the sun’s rise.

8. Predict the location (____) and time (____) the sun will set on June 21st.

9. Using Starry Night™, verify the location (____) and time (____) of the sun’s set.

10. How long is the sun “up” on June 21st?

11. Predict the location (____) and time (____) the sun will rise on March 21st.

12. Using Starry Night™, verify the location (____) and time (____) of the sun’s rise.

13. Predict the location (____) and time (____) the sun will set on March 21st.

14. Using Starry Night™, verify the location (____) and time (____) of the sun’s set.

15. How long is the sun “up” on March 21st?

16. Predict the location (____) and time (____) the sun will rise on September 21st.

17. Using Starry Night™, verify the location (____) and time (____) of the sun’s rise.

18. Predict the location (____) and time (____) the sun will set on September 21st.

19. Using Starry Night™, verify the location (____) and time (____) of the sun’s rise.

20. How long is the sun “up” on September 21st?

Summary:

1. List the patterns and trends that are evident from these data (sunset, sunrise, length of day) during the year.

2. Using your understanding of earth’s place in space developed through the use of models in class, attempt to explain why these patterns occur.

3. Explain, with justification, how these patterns influence seasonal changes. You should also be able to explain how ancient cultures were able to use the sun’s changing seasonal position and the positions of objects on earth to monitor seasonal changes and mark seasonal events. 

SET B: Seasonal Changes: Sun’s Position at Midday

Begin by setting the time to today’s date. Observe the position of the sun (approximately how many thumb widths with your hand at “arm’s length” from your body) relative to the horizon. Second, observe the length of a tall tree shadow (again, how many thumb widths). Again, these observations should result from your first hand experiences.

1. Change the date to June 21st. Predict the position of the sun at midday (____thumbs) and the length (____thumbs) of the shadow relative to today’s position and length.

2. Using Starry Night™ verify the position of the sun at midday (____thumbs) and the length (____thumbs) of the tree shadow. 

3. Change the date to September 21st. Predict the position of the sun at midday (____thumbs) and the length (____thumbs) of the shadow relative to today’s position and length.

4. Using Starry Night™ verify the position of the sun at midday (____thumbs) and the length (____thumbs) of the tree shadow. 

5. Change the date to December 21st. Predict the position of the sun at midday (____thumbs) and the length (____thumbs) of the shadow relative to today’s position and length.

6. Using Starry Night™ verify the position of the sun at midday (____thumbs) and the length (____thumbs) of the tree shadow. 

7. Change the date to March 21st. Predict the position of the sun at midday (____thumbs) and the length (____thumbs) of the shadow relative to today’s position and length.

8. Using Starry Night™ verify the position of the sun at midday (____thumbs) and the length (____thumbs) of the tree shadow. 

9. Change the date to today’s date. Predict how the position of the sun at midday and the length of the shadow relative to today’s position and length will change month by month throughout the year.

10. Using Starry Night™ verify the changing monthly position of the sun at midday and the length of the tree shadow throughout the year.

Summary:

1. What patterns ands trends are evident from these data?

2. Using your understanding of Earth’s place in space, explain why these patterns in the sun’s position and corresponding shadow length occur.

3. Explain, with justification, how these changes influence seasonal changes.

SET C: Seasonal Patterns: The Ecliptic.

1. Begin by surveying the class to determine what month of the calendar year corresponds to what birth (astrological) sign during the year. As an example, someone with their birthday in late May, early June is a Gemini. List these month-astrological sign relationships in order in the space below.

2. Set the time to NOON, June 2nd. On the “Display” panel ensure all buttons are ON except for ‘ECLIPTIC’. Set the time increment to “sidereal day” (23hr. 56min.) and toggle off the “daylight” by pressing CTRL + D. Run the program for a few days and nights, taking note of the sun’s location in the sky with the constellations as a backdrop. Which constellation(s) are in this backdrop? List some of these constellations.
3. Repeat this identification of background constellations for these further dates at midday during the year:

January 1


April 21

July 27


Oct 11
February 24


May 17


August 21

Nov 9

March 18


June 24


September 19

Dec 20 

Compare your list in Question 1 with your observations on Starry Night™.

4. The ancients noted, as you may have, that the sun throughout the year was always found “in” certain constellations. One question that comes to mind is, “how did they know this?” when the Sun is not above the horizon for nighttime observing. 
Since seasonal changes were occurring simultaneously, a certain ‘power’ was attributed to these constellations leading to the development of astrology and the position of the sun at one’s birth as a birth sign. Can you see how this made sense to them? This pattern was identified by the ancients. Is it still accurate today? If not, how much is it out? Also you should be able to explain, using models, why the sun’s position in these constellations during the year is changing.

5.  Click on the Display button “ECLIPTIC”. By running through the position of the sun at midday, month-by-month through the year, determine the relevance of the ecliptic. What is the ecliptic in actual fact? What is its significance astronomically?

6. Using models, you should be able to explain what the ecliptic is. Your explanation should include reasoning as to why the ecliptic does not run at the same angle to the horizon throughout the year.

SET D: Moon Rise and Moon Set:

1. Using your first-hand observations and models investigation, predict what time the moon will rise (____) and set (____) when it is in the first quarter (waxing) stage.

2. Set your date to a day in which the moon is in this phase. Verify your prediction by determining moon rise (____) and moon set time (____) for this date.

3. Using your first-hand observations and models investigation, predict what time the moon will rise (____) and set (____) when it is in the full moon stage.

4. Set your date to a day in which the moon is in this phase. Verify your prediction by determining moon rise (____) and moon set time (____) for this date.

5. Using your first-hand observations and models investigation, predict what time the moon will rise (____) and set (____) when it is in the last quarter (waning) stage.

6. Set your date to a day in which the moon is in this phase. Verify your prediction by determining moon rise (____) and moon set time (____) for this date.

7. Using your first-hand observations and models investigation, predict what time the moon will rise (____) and set (____) when it is in the new moon  stage.

8. Set your date to a day in which the moon is in this phase. Verify your prediction by determining moon rise (____) and moon set time (____) for this date.

Use the models to again verify the moon rise and moon set times identified in this computer activity.

Explain what combined motions are responsible for the phases of the moon.

Explain why the moon appears to set and rise each day.

Explain why the times for moon rise and moon set may not be the same for your model predictions and Starry Night™ simulation results.

Extension:
Set Starry Night to a location in Manitoba, and find an evening where a thin crescent moon is located low in the western sky just after sunset. Now, open a second window in Starry Night and set the location to Auckland, New Zealand for the same date and time of night (locally).

Find the crescent moon at this new location.....are there differences in the appearance of the moon at the two locations, and can you account for these differences? Sketch each view with a horizon in the space below to assist you....
SET E: North and South Celestial Pole (NCP and SCP)
1. Orientate Starry Night™ so that the viewer is looking into the northern sky. Click on all features on the display panel drop-down menu.

2. Run the program and observe the changing pattern of constellations in the night sky over several days and nights. Focus on Cassiopeia, Ursa Major (Big Dipper), Ursa Minor ( the Little Dipper). These computer observations should confirm your night sky observations and positions noted on star charts used in class.

3. Note the movement of the constellations around the North Celestial Pole (NCP). Describe this movement. Note the position of the star Polaris.

4. Identify a means by which you can locate the NCP using other constellations as a guide.

5. Using your earth model to support your understanding, what is the significance of the NCP relative to planet Earth and the geographical North Pole. How is it different from Zenith?

6. The position of Ursa Major can help us to identify time of year. Run through the year at 10 p.m., month by month, and note the changing position of the Big Dipper through the year. Note the pattern observed.

7. Change the location setting to a location in Southern Australia. Run the program and look at the northern sky. Is the NCP visible? Is Ursa Major visible? Why or why not?

8. Look to the southern sky and run the program for a few evenings. Identify the South Celestial Pole. What is its relationship to the NCP?

SET F: The Midnight Sun

1. Set the location to a place in the northern Yukon Territory or on the Arctic Ocean.

2. Set the date for June 1st.

3. Run the program for a few days watching the position of the sun around midnight. What trend is noticed?

4. Use your model and understanding of the earth’s place in space to explain this phenomenon.

5. Determine how long a “day” (absence of dark) is during the summer for this northern location.

6. Set the date for December 21st.

7. Run the program for a few days watching the position of the sun and the amount of daylight. What trend is noticed?

8. Use your model and understanding of the earth’s place in space to explain this phenomenon.

9. Determine how long a “night” (absence of light) is during the winter for this northern location.

10. You may wish to change the setting for a location in the Antarctic and compare the northern location and southern locations for June 21st and December 21st.
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