
SPIRIT 2.0 Lesson: 

Seasonal CEENBot—Astronomy

[image: image3.wmf]===============================Lesson Plan================================
Lesson Title:  Seasonal CEENBoT

Draft Date: July 17, 2008
1st Author (Writer): Craig Vinopal

Science Topic: Astronomy – Seasonal Variation

Grade Level: Secondary – Middle and High School

Content (what is taught): 
· Earth’s seasonal variation that is caused by its oblique angle of 23.5 degrees with respect to its orbit.

· Geometry, circumference formula, circumference (C = *d). Calculation of the Earth’s revolution

· The impact of the Earth’s elliptical orbit. The Earth travels in an ellipsis around the Sun. Ellipses have to two foci.  

· The concept of astronomical unit (AU ~ 150 million kilometers) as the average distance between the Earth and the Sun.
Context (how it is taught):

· A globe or an Earth model is attached to the classroom robot.  

· A model of the Earth’s revolution is prepared by using a lamp as the Sun and placing the robot a proportionate distance (e.g. 1 m = 30 million km, so 5m) of radius to the lamp. This represents the Earth’s orbit around the Sun.

· The robot is moved in circular 90 degree increments to represent each of the seasons.  Note the significance of the Earth’s equator at the equinoxes, and the topic latitudes during solstices.

Activity Description:

This lesson will teach the causes of the Earth’s seasonal variation. The CEENBoT will carry a model of the Earth through incremental revolutions around the Sun. Students will use a lamp to simulate the Sun and will focus its light energy on particular Earth latitudes depending on the month. Students will predict what type of weather will be exhibited by the Sun’s heat and light energy during the yearly solar cycle.
Standards:

	· Math-C4, D1
	· Science-D1, D2, D3, G3, B1
	· Technology-A3, A4, C3, D1, E2


Materials List: 

	· Classroom Robot
	· Laser Light (optional)
	· Globe or Styrofoam Earth Model

	· Lamp without shade
	· Meter Stick
	

	· Calculator
	· Notebook
	


ASKING Questions (Seasonal CEENBoT)

Summary: 

Students are asked questions about the influence of solar energy on the Earth at each seasonal stop.

Outline:

· Demonstrate a robot as it moves around the Sun model. (It would be helpful to program the CEENBoT to move automatically 90 degrees with a radius of 5 meters.)

· View the Earth model and the lamp focus. It may be helpful to use a laser light to focus on the significance of the equator, Tropic of Cancer, Tropic of Capricorn, Arctic Circle, and Antarctic Circle latitudes.

· Ask students about expected outcomes.

· Determine variables and measurements. 

Activity: 

Demonstrate how the robot moves an Earth model through its revolution around the Sun. 

	Questions
	Possible Answers

	Why do we have seasons?  

What are the seasons called? How are they defined?
	We have seasons because of the 23.5-degree angle of the Earth relative to its orbit. The seasons are the Summer solstice, Vernal equinox, Autumnal equinox, and the Winter solstice.

	When the Northern Hemisphere is in summer, what weather is in the Southern Hemisphere?
	The Southern Hemisphere is experiencing winter.

	What is the importance of the tropics and the equator?
	The equator is the point where the Sun is focused when the tilt of the Earth's axis is most orientated toward or away from the Sun. The tropics (23.5 degrees latitude north and south) are where the Sun’s focus resides during the equinoxes.

	What is the difference between the Earth’s rotation and its revolution?
	The Earth’s rotation is 24 hours, and it revolution is 365.25 days.

	Approximately, how many degrees does the Earth travel between seasons?
	90 degrees.

	If one AU equals 149,597,870 km or 92,960,116 miles, what is the distance the Earth travels in one year?
	Circumference = 2r, so the answer is approximately….? 

	What is the Earth’s average speed in miles per hour around the Sun in one year? What is the Earth’s average speed in miles per second?
	67,062 miles per hour (velocity=107,300 km/h) or 8.55 miles per second

	Knowing that the Earth travels in an elliptical orbit, does it travel faster in winter or summer?
	The Earth is closer to the Sun (i.e. perihelion) in winter, so it travels faster due to the Sun’s additional gravitational pull at 30,300 m/s.
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EXPLORING Concepts (Seasonal CEENBoT)

Summary:   
Students will either program or steer the CEENBoT to the appropriate season location using the solar-Earth model that is on the floor. Students will observe how the stepper motor operates and how the robot will avoid floor objects via the Bump-Bot sensors.

Outline:

· Demonstrate a robot as it moves around the Sun model. It may be helpful to program the CEENBoT to move automatically 90 degrees with a radius of 5 meters.

· View the Earth model and the lamp focus. It may be helpful to use a laser light to focus on the significance of the equator, Tropic of Cancer, Tropic of Capricorn, Arctic Circle, and Antarctic Circle latitudes.

· Discuss weather implications based on the Sun’s energy.

Activity: 

Working with a classroom robot, students will setup a floor model of the Earth and the Sun. Students will calculate an apportioned distance between the Earth and Sun based on the Astronomical Unit of 150 million kilometers. Students will turn on the lamp and will drive the CEENBoT/Earth model to the summer solstice position. Initiate a discussion on the significance of the latitudes and solar energy at various seasonal positions.  

Provide formative assessments as students explore concepts. Ask yourself or your students these questions:

1. What is the significance of seasonal latitudes (e.g., equator, Topic of Cancer, Tropic of Capricorn)?

2. What weather would you expect to witness on other Earth latitudes during this seasonal point (e.g. temperature, amount of daylight).

3. What would happen to the Earth’s weather if it revolved in a circular versus elliptical pattern around the Sun?

4. How did students calculate the distance traveled around the Sun? Is this the actual “real” distance? Why?

Online Resources Search: Journey North Axis of the Earth
INSTRUCTING Concepts (Seasonal CEENBoT)

Planetary motion
Planetary motion is defined as the way a planet moves through a solar system. Planets move two distinctly different ways. First, they revolve around a sun in an orbit that is elliptical. Secondly, they rotate on an axis. The whole solar system is also moving as a unit though the universe.  

Revolution

The movement around the sun called a revolution is different for every planet.  The length of time it takes to complete one revolution around the sun is called a year. The path that the planet travels around the sun is elliptical and will follow Kepler’s Law of planetary motion. There are 3 distinct laws that Kepler discovered. The first law states that each planet orbits the sun in an elliptical orbit with the sun at one of the foci of the ellipse. The second law, called the law of equal areas, states that a line, which connects a planet and the sun will sweep out equal areas during equal intervals of time no matter the position of the planet in its orbit. The third law states that the square of the time a planet takes to orbit the sun is directly proportional to the cube of the semi-major axis (the distance from the center of the ellipse to the ellipse along the major axis) of the planet’s orbit. Mathematically this law can be represented by the formula:
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, where a is the semi-major axis and p is the orbital time of the planet.

Rotation

The rotation of the planet on its axis is different from planet to planet. The rotational period is called a “day” and on the earth it is 24 hours in length. Other planets rotate at different speeds but their “day” is defined in terms of “earth” hours. The axis that the planets rotate on is also different from planet to planet. The earth rotates on an axis that has a 
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 tilt from vertical. This tilt combined with the elliptical orbit gives the earth different seasons.  

Planetary Speed

The motion of the planet can be calculated by knowing how far the planet moves in a set interval of time.  Take the earth for example; if you divide the circumference of the elliptical orbit by the time it takes the earth to complete one revolution its speed can be calculated.  One unit of measurement that is often found is the AU or astronomical unit.  An AU is defined as 149,597,870 or the average distance the earth is from the sun.  
ORGANIZING Learning (Seasonal CEENBoT)

Summary:  
Students will take notes, draw the Earth/solar model, and move to the correct season location when prompted by the teacher.

Outline:

· Have students complete “What they know” about the seasons and “What they want to know” on the K-W-L chart.

· Have students build an Earth/Sun model on the floor. Students will determine the correct radius of the circle based on a proportion of an AU.

· The classroom robot will be adapted to carry a globe or a built Styrofoam Earth model.

· As selected students drive the robot around the Earth revolution, they will observe the high and low solar energy points.

· Calculations could include distance of Earth’s revolution based on a radius of 1 AU. 
· Students will complete “What they learned” about the seasons on the K-W-L chart.

Activity:

The angle at which the Sun’s rays strike each part of the Earth’s surfaces changes as the Earth moves through its orbit. This change in the angle of the sun’s rays is what causes the seasons. During this activity, students will get a three dimensional view of the Earth as it revolves around the Sun. The CEENBoT will be used to move an Earth model around the Earth’s path around the Sun. Students will build a floor model using the CEENBoT, globe, lamp, and their knowledge about the Earth.  

The activity starts by having the students complete the K-W-L chart.  Following the activity, students will document what they learned. As an extension, lunar and solar eclipses may be discussed.

Worksheet:  KWL Chart


UNDERSTANDING Learning (Seasonal CEENBoT)
Summary:  

Students will take a summative assessment using clickers to examine their assimilation of the relationship between seasons and Earth’s position in its revolution. Earth science, general geometry, and physics will be assessed with connections to the real world. Extensions may include solar and lunar eclipses.

Outline:

· Formative assessment of current student knowledge and what they want to learn.

· Summative assessment of Earth’s average velocity and revolution distance.

· Summative assessment of drawing the Earth / Sun relationship
Formative Assessment

As students are engaged in learning activities ask yourself or your students these types of questions:

1. Were the students able to apply the v = d/t formula and solve for the Earth’s average speed? 
2. Using the value of 1 AU, were the students able to calculate the distance of one Earth revolution?

3. Are students able to explain the reasoning for the seasons?

Summative Assessment

Students will complete the following questions regarding seasons.
1. Write a story involving the motion of a classroom robot moving the Earth around the Sun.

2. Create a picture of your favorite season.

Students should be able to answer the following questions:

1. Why do we have seasons?  

2. What are the seasons called?  How are they defined?

3. When the Northern Hemisphere is in summer, what is the weather in the Southern Hemisphere?
4. What is the importance of the tropics and the equator?
5. What is the difference between the Earth’s rotation and revolution?
6. Approximately, how many degrees does the Earth travel between seasons?
7. If one AU equals 149,597,870 km or 92,960,116 miles, what is the distance the Earth travels in one year?
8. Knowing that the Earth travels in an elliptical orbit, does it travel faster in winter or summer?

9. What season is it when the sun’s rays are focused on the Topic of Cancer?

10. At what latitude does the Sun focus its energy during the equinoxes?
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