SPIRIT 2.0 Lesson: 

“Hello, Sunshine!”
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==========================Lesson Header ==========================

Lesson Title: “Hello, Sunshine!”

Draft Date: June 4, 2010
1st Author (Writer): Krista Holliday

Instructional Component Used: Terrestrial Seasons 

Grade Level: 6-8

Content (what is taught): 

· How the sun’s path causes the differences between day and night throughout the year

· How the amount of day time and night time changes through the seasons

· How the Earth’s tilt on its axis affects the seasons

· How latitude affects daylight hours

Context (how it is taught): 
· Explore shadows cast by a sphere with tilted axis using foam balls and a light source
· Using the Solar Motion Demonstrator, students will observe how the sun’s path changes with different seasons and latitudes
· Using the Solar Motion Demonstrator, students will be able to see the difference in daytime and nighttime and how that changes with the seasons and latitude
· Using the globe and the Solar Motion Demonstrator, students will note the tilt of the Earth’s axis and how it affects the seasons
Activity Description:

Students will explore how the Earth’s tilt affects daylight and causes seasons.  They will use a foam ball and light source to model this tilt and the sun’s rays.  Students will construct a Solar Motion Demonstrator to determine the effects of the tilted axis on daylight around the Earth.

Standards:

Science:  SD1, SD3
Materials List: 

· Solar Motion Demonstrator templates

· Manila folders

· Brass brads

· Scissors

· Glue

· Globe

· Foam balls

· Bamboo skewers

· Flashlights

· Internet access

Asking Questions: (“Hello, Sunshine!”)
Summary: Students will think about how the tilt of the earth and latitude affects the amount of daylight hours.

Outline: 

· Observe the time of sunrise and sunset in your area 

· Question students to generate interest about the amount of daylight and why it varies

Activity: 
	Questions
	Answers

	What have you noticed the amount of daylight and nighttime each day throughout the year?
	Daylight is longer in the summer and shorter in the winter.  Take a look at the changes throughout the year on a chart.

	There are just two days a year when the amount of daylight and night are equal.  Any guesses as to when?
	The first days of spring and autumn—called the vernal and autumnal equinoxes (equinox means “equal night”)

	If these days have equal amounts of night and daylight, what’s special about the first days of summer and winter (called solstices)?
	The first day of summer has the most daylight and the first day of winter has the least daylight.  They aren’t the hottest and coldest days of the year because it takes a while for the Earth to warm up and cool down from these changes in light.

	Why does the amount of daylight we have change throughout the year?
	The earth is tilted on its axis.  It points toward or away from the sun at different times of the year.  By the way, this also means that the sun only rises exactly in the east and sets exactly in the west twice a year—on the equinoxes. 

	Have you heard what happens to daylight at the north pole during the summer and winter?
	It has day-long sunlight in the summer and day-long darkness in the winter

	Why?
	Again, because of the tilt of the Earth 

	Does latitude affect the amount of sunlight received during the day?  Why or why not?
	Yes indeed!  That old tilt of the Earth!

	Nobody knows why the Earth is tilted…maybe a collision with another planet when Earth was very young.  How would things be different on Earth if its axis did not tilt?
	There would be no seasons.  The areas near the equator would be hotter and the areas near the poles would be darker and colder. 

	What effect would no tilt have on hibernation and migration? 
	There would be no hibernation or migration

	What if the earth tilted at 90 degrees instead of 23.5 as it does now?
	Half of the Earth would be in darkness for some portion of each year 


Resource: http://www.usno.navy.mil/USNO/astronomical-applications/data-services/rs-one-day-us
This website provides the amount of daylight/night for any given day/location.  You can enter several days through the year for comparison purposes.

Exploring Concepts: (“Hello, Sunshine!”)
Summary:  Students will explore how shadows are made using a foam ball with a skewer type axis through it, and a light source.  They will note how much of the sphere is lit and how much is in darkness.  They will be encouraged to try different angles and rotate the sphere to see how this affects the portion of the sphere in the light.

Outline: Students will investigate the following questions:
· How much of the sphere is lit up at any given time?

· How does the sphere’s tilt affect what part of the sphere is lit up?

· How does the tilt affect the intensity of light on different locations of the sphere? This effect is accentuated at the poles and equator.
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Activity:  Students will be given a Styrofoam ball and a skewer in order to make a model of the earth.  The skewer represents the Earth’s axis.  The skewer should not go all the way through the ball.  It is important that the students attempt to direct the skewer so that it goes into the very center of the ball so that when the skewer is spun, the ball seems to spin without wobbling.  Students will draw a reference point on the foam ball that will accurately indicate their location’s latitude (on the northern hemisphere).  An equator should also be drawn circling the ball—this is more easily done if the students work with a partner.  Each pair of students will be provided with a flashlight in order to explore how much and what portion of the sphere is lit vs. in darkness.  They will also explore the effects on tilting axis to approximately 23 degrees while rotating it and orbiting it around the light source.  Note: while the light source itself should turn so that it continues to shine a bright light on the ball, it is important that the ball’s tilt remain oriented in the same position.  That is, the tilt does not change its orientation as it goes around the light—just as the Earth remains tilted in the same direction in reference to its orientation with the stars.  This constant tilt as it orbits the light creates the seasons—the change in whether the northern or southern hemisphere receives the most direct sunlight.  The students could also experiment with the tilt in order to see the effects of no tilt or a 90 degree tilt.  Watch the video and explore the Earth’s tilt, seasons, the solstices, equinoxes, etc. It may be most helpful to show the video after the students have experimented for a few minutes with the ball, skewer, and light but to then also allow some more time with these manipulatives after the video.
Materials: 

· Styrofoam balls (2” diameter is adequate) 
· Bamboo skewers

· Flashlights 
Resources: http://www.videojug.com/film/why-does-the-earth-have-seasons
This website has a video of the earth’s tilt, rotation, and orbit around the sun.

Instructing Concepts: (“Hello, Sunshine!”)
Terrestrial Seasons

Vocabulary

Solstice:  Occurs twice each year when the tilt of the earth’s axis is more inclined completely towards or away from the sun, causing the Earth’s northern-most or southern-most points to be at their most (summer) or least (winter) direct exposure to the sun.  Literally means “the sun stands still.”

Equinox:  Occurs twice each year when the tilt of the earth is neither inclined towards nor away from the sun. Literally means “equal night.”  Equal hours of daytime and night time result.  The sun appears to rise exactly in the east and set precisely in the west on each equinox.  The vernal and the autumnal equinox herald the beginning of spring and autumn respectively.

Axis:  An imaginary line around which the Earth rotates.  It could be considered the axle on which the Earth spins.  It happens to tilt at a 23.5 degree angle away from the vertical.

Hemisphere: Half of the Earth.  For the purposes of this lesson we are concerned with the northern and southern hemispheres as divided by the equator.

Latitude: an imaginary line which circles the Earth and is parallel and at some given distance from the equator.
The tilt of the Earth’s axis is an accidental occurrence, which has a profound effect on the Earth’s climate and its life.  Since this tilt remains oriented in the same direction as the Earth orbits the sun, it results in consistent differences in the amount of daylight experienced across the Earth throughout the year. 

At two points in each year, the vernal and autumnal equinoxes, the tilt of the axis is alongside the sun: the poles neither point towards nor away from the sun. Therefore, 12 hours of daylight and 12 hours of night are experienced across the globe.  As the Earth continues its orbit from these points, one pole begins to point away from the sun—daylight hours decrease and that hemisphere begins to move towards winter, while the other pole begins to point towards the sun—daylight hours increase and that hemisphere begins to move towards summer.  The apparent movement of the sun across the sky also changes throughout the seasons.  During the summer months the sun appears more directly overhead.  During the winter months the sun appears lower in the sky, even at noon.  This direct/indirect receipt of solar energy is the cause of the changes in temperature and the seasons.  It also affects the architecture of savvy builders: wide eaves shade windows from the sun during the summer, yet permit sunlight to enter those same windows during the winter.

The result of the Earth’s tilt on the climate as well as plant and animal life is profound.  The existing 23.5-degree tilt results in a gradual and balanced warming and cooling of each hemisphere through the course of a complete year.  Temperatures and wind patterns flow accordingly.  Animal and plant life have established rhythms, which depend on this tilt/the seasons.  If the axis were oriented without any tilt from the vertical, the area of the Earth’s surface that the current life forms consider hospitable would be significantly decreased: broader areas at the poles would be colder and darker.  A wider equatorial region would experience hotter temperatures than now.  Imagine the result if the axis were tilted at a right angle to the sun!  One complete hemisphere would be in darkness for a portion of each year.

Organizing Learning: (“Hello, Sunshine!”)
Summary:  Students will use a Solar Motion Demonstrator to observe how the sun travels across the sky at different latitudes and also different months of the year.  They will observe the position of the sun in the sky and note the differences in daylight and night time.  They will also note the tilt of the axis and the reason for the seasons.

Outline: 

· Students will see how the sun’s path causes differences in the amount of daylight and night and how these change through the seasons

· Students will see how the earth’s tilt on its axis affects the distribution of sunlight and creates the seasons
Activity: The teacher will model the construction and set-up of the Solar Motion Demonstrator (designed by Professor Joseph L. Snider).  Students will work in pairs (or on their own) to construct a Demonstrator.  Students will then use a globe to locate the latitude of their location and put the horizon disc in the correct slot for that latitude.  They will then move the brass brad to the correct month and observe how the sun travels over the horizon disc on that date.  They can also see the length of day light versus night time by the way the sun travels over the horizon disc.  They will then research and collect data on differences in daylight hours at their current location or locations around the globe (at the teacher’s discretion) throughout the seasons, or at the same time of month with different latitudes.

For example, the teacher may ask one group to determine the amount of daylight on the 15th of each month at a given latitude.  Another group may be asked to determine the amount of daylight on the first day of each season (using the terms equinox and solstice) at latitudes which are equidistant north and south from the equator.  Still another group may discover the amount of daylight at 15 degree intervals north and south of the equator on several selected dates (such as January 1st, July 4th, and December 25th).  They will use their Solar Motion Demonstrators to collect data (the teacher may choose to have the students verify their data with the internet site, below).  Students will then organize their data in a table which includes the latitude, date, and amount of daylight of each observation.  The students will respond to the teacher’s questions in a class discussion as to the effects of the Earth’s tilt on the amounts of daylight at various latitudes and the resultant seasons.
Resources: 

Both of these websites have directions/templates for the creation and use of Solar Motion Demonstrators, as well as questions/answers and potential lessons.
· http://lawrencehallofscience.org/pass/passv12/PASSv12SolarMotionDemo.pdf
· http://skolor.nacka.se/samskolan/eaae/summerschools/SMB_GB.html
This website gives sunrise and sunset times for different locations.

· http://www.usno.navy.mil/USNO/astronomical-applications/data-services/rs-one-day-us
Materials:  Cardstock, scissors, hobby knife (to be used by the teacher only or under careful supervision-at the teacher’s discretion), 1” brass paper fasteners (one per student), copies of the Solar Motion Demonstrator (one per student), manila file folders, and glue stick/rubber cement

Understanding Learning: (“Hello, Sunshine!”)
Summary:  Students will be able to answer questions concerning seasons, the sun’s path, and what happens to daylight hours as latitude and seasons change.

Outline: 

· Formative assessment of seasons of the earth

· Summative assessment of seasons of the earth

Activity:  Students will use the data discovered and recorded in the activity in the Organizing Learning section of this lesson in order to answer questions in written form about the differences in daylight and creation of the seasons due to the Earth’s tilt.  The data provided to the students will be copies of selected data tables which have been checked for accuracy.  The students will be encouraged to use illustrations in their explanations.
Formative Assessment

As preparation for the summative assessment, the teacher will divide the class into groups of three.  In each triad, the students will take turns answering these questions among themselves.  As the students discuss the questions, the teacher will circulate among the students in order to answer questions and observe the accuracy of answers.

1) How does latitude affect the number of daylight hours?

2) What is the relationship between the tilt of the Earth’s axis and the seasons?

3) How do seasons differ on any given date at different latitudes?

Summative Assessment

Students will write short essays and/or create illustrations in order to answer the following questions:

1) What happens to the number of daylight hours as the seasons progress from Spring through Winter in our community?  What effect does this have on the area’s plant and animal life and weather?
2) What happens to daylight hours as latitude changes on any given date?
3) What happens during the summer solstice in the northern hemisphere?
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What is an equinox?  What is known about the amount of daylight and the direction of the sun’s rising and setting on an equinox? 
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