Calculating the Future- Math, Science and Green Technology at Waquoit Bay
“Mix It Up: Combining Science and Math” Session Overview:

Scientists study climate change and it’s often in the news. What types of data are they looking at? Why are so many so concerned about changing climate? This session will focus on naturally occurring cycles, geological processes, and factors that influence weather and climate. Hands-on activities are designed to weave math skills into a science context.

Learning Objectives

As a result of participating in this session, participants will be able to:

Define the electromagnetic spectrum and give examples of its range.

Describe the four components of Earth’s atmosphere.

Gain experience in looking at graphs and interpreting data.
Recognize opportunities for connecting mathematics and science instruction.
Agenda
Welcome and Introductions
“Near and Far” Image Sorting

The Electromagnetic Spectrum and Energy from the Sun
Introduction to the Earth’s Atmosphere

Building a Model of the Atmosphere
Wrap-up 
Additional web resources available at 

http://globalchange.gov/resources/educators

Activity #1: Near and Far
Brief Description: This icebreaker is designed to engage participants in sorting images according to their distance from the Earth to gain a basic understanding for the scale of distances in the Universe.
Time: 5 minutes

Learning Objective: Participants will come away with an understanding that:
There are several different kinds of objects in the Universe;

They are located at different distances from us;

They can be organized by their relative distance from us and each other.

Materials
Cut (laminated optional) “Near and Far” cards from the Alien Earths museum exhibition website www.alienearths.org. Companion “Small to Large” card set can also be used.

Activity Outline

Start with the cards mixed up each time. 

Directions from facilitator: You have ten images. You and your partner must put the objects in these images in order from nearest to the surface of Earth to farthest from the surface of Earth. 

Discussion

Offer hints as needed: 

Ask the students to respond to these hints before showing the solution, when offering  help. You can give one or more hints as needed. 

Eagle Hint: Eagles soar in the sky searching for prey on the ground. 

Jet Airplane Hint: Usually, jet airplanes fly above the clouds in the stratosphere, at more than 10 kilometers (6 miles) above the surface of Earth. 

Aurora Hint: Auroras are found in the highest regions of Earth’s atmosphere. 

Hubble Hint: The Hubble Space Telescope orbits around the Earth at an altitude of about 369 kilometers (353 miles). 

Moon Hint: The space shuttle can’t go to the Moon but it can go to service and repair the Hubble Space Telescope. 

Earth-Moon-Sun Hint: The distance between the Sun and Earth is 400 times greater than the distance between the Moon and Earth. 

Saturn Hint: Earth orbits the Sun at a distance of 1 AU (Astronomical Unit). Saturn orbits the Sun at a distance of 10 AU. 

Orion Constellation Hint: Stars that we see at night are all within our Milky Way galaxy. 

Galaxy Hint: If you can see the spiral structure of a galaxy, like in this image, it is certain to be outside of our own Milky Way galaxy. 

Hubble Deep Field Hint: Each blob of light in this image is an entire galaxy made up of hundreds of billions of stars. 

Answers: 

1. Eagle 

2. Jet 

3. Aurora 

4. Hubble Space Telescope 

5. Moon 

6. Sun 

7. Saturn 

8. Orion Constellation and Nebula 

9. Andromeda Galaxy 

10. Hubble Deep Field View
Questions:

What order are your images in? Does everyone agree? Were there any images that puzzled or surprised you?

Massachusetts ABE Curriculum Frameworks

Science Strand-Doing Science and Technology; Standard- Science as a process of inquiry.
Science Strand- Unifying Concepts; Concept- Order and Organization.
Math Strand- Geometry and Measurement;Standard-use and apply geometric properties and relationships to describe the physical world.
Activity #2:
Brief Description: Facilitator describes features of the Electromagnetic Spectrum. Participants are given a diffraction grating square to observe visible light and colored pencils to draw observed spectrums.
Time: 20 minutes

Learning Objective:  Participants will be define the electromagnetic spectrum and give examples of its range. They will be able to implement activities which demonstrate the properties of light
Materials

Electromagnetic spectrum illustration from http://en.wikipedia.org/wiki/File:EM_Spectrum_Properties_edit.svg
Diffraction Grating Squares (available from www.rainbowsymphony.com, $0.40 each)

Overhead projector (optional)
Black paper (optional)


Graph paper

Colored pencils

Note: Optional article to accompany this activity:

Smith, D., B. Esienhamer, E. DeVore and L. Bianchi. 2003. The Electromagnetic Spectrum. The Science Teacher Oct. p. 47-51.

Activity Outline (20 minutes)

Intro Question: What kinds of waves can you think of? (List on board).

The electromagnetic spectrum is the range of all possible electromagnetic  waves that travel at the speed of light. They contain an electric field and a magnetic field and carry different amounts of energy. These wavelengths range in size from thousands of kilometers down to fractions of the size of an atom. Nearly all objects in the universe emit, reflect or transmit some light. Light from the sun warms the earth and provides the energy that plants use to photosynthesize (adapted from Simple English Wikipedia).
The visible spectrum of light can be projected with a diffraction grating or, less optimally, a prism using an overhead projector as a light source.  To use an overhead projector, place two pieces of 8-inch by 10- inch dark paper on the projector to create a “slit” about 1in. wide on the base plate. Turn on the projector lamp and focus the “slit” on a screen. Place the diffraction grating (about 4 or 5 in. square) in front of the upper lens (head) of the overhead, and rotate the grating until the spectrum appears on either side of the projected slit on the screen. Note that this works best in a darkened room. Alternately, ask each participant to view the spectrum through their individual diffraction grating square.  Learners use colored pencils to draw and label the spectrum

Discussion

Participants share their drawings and note any differences in perception.

Asking if there is anything beyond the red and violet ends of the spectrum introduces the notion of “non-visible” electromagnetic energy.
Point out math connections to scale, magnitude,  and scientific notation.
Massachusetts ABE Curriculum Frameworks

Science Strand-Unifying Concepts in Science; Concept- Order and Organization.
Math Strand- Patterns, Function and Algebra; Standard- Explore, identify and analyze and extend patterns in mathematical and adult contextual situations.
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Activity #3:
Brief Description: Facilitator highlight key points from Background as participants read along. Participants construct bar and circle graphs and a model of the Earth’s atmosphere.
Time: 25 minutes

Learning Objective:  Participants will understand how relatively thin the atmosphere is and the relative extent of the four atmospheric layers.
Background from Introduction to the Atmosphere, http://www.ucar.edu/learn/
	The general concepts found in this section are:

The earth's atmosphere is a very thin layer wrapped around a very large planet.

Two gases make up the bulk of the earth's atmosphere: nitrogen ([image: image2.png]=



), which comprises 78% of the atmosphere, and oxygen ([image: image3.png][ )=



), which accounts for 21%. Various trace gases make up the remainder.

Based on temperature, the atmosphere is divided into four layers: the troposphere, stratosphere, mesosphere, and thermosphere.

Energy is transferred between the earth's surface and the atmosphere via conduction, convection, and radiation.

Ocean currents play a significant role in transferring this heat poleward. Major currents, such as the northward flowing Gulf Stream, transport tremendous amounts of heat poleward and contribute to the development of many types of weather phenomena. 


Atmospheric Properties
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The thin envelope of air that surrounds our planet is a mixture of gases, each with its own physical properties. The mixture is far from evenly divided. Two elements, nitrogen and oxygen, make up 99% of the volume of air. The other 1% is composed of "trace" gases, the most prevalent of which is the inert gaseous element argon. The rest of the trace gases, although present in only minute amounts, are very important to life on earth. Two in particular, carbon dioxide and ozone, can have a large impact on atmospheric processes. 
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Another gas, water vapor, also exists in small amounts. It varies in concentration from being almost non-existent over desert regions to about 4% over the oceans. Water vapor is important to weather production since it exists in gaseous, liquid, and solid phases and absorbs radiant energy from the earth. 

Structure of the Atmosphere
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The atmosphere is divided vertically into four layers based on temperature: the troposphere, stratosphere, mesosphere, and thermosphere. Throughout the Cycles unit, we'll focus primarily on the layer in which we livethe troposphere. 

Troposphere
The word troposphere comes from tropein, meaning to turn or change. All of the earth's weather occurs in the troposphere. 

	The troposphere has the following characteristics.

· It extends from the earth's surface to an average of 12 km (7 miles). 

· The pressure ranges from 1000 to 200 millibars (29.92 in. to 5.92 in.). 

· The temperature generally decreases with increasing height up to the tropopause (top of the troposphere); this is near 200 millibars or 36,000 ft. 

· The temperature averages 15°C (59°F) near the surface and -57°C (-71°F) at the tropopause. 

· The layer ends at the point where temperature no longer varies with height. This area, known as the tropopause, marks the transition to the stratosphere. 

· Winds increase with height up to the jet stream. 

· The moisture concentration decreases with height up to the tropopause. 

· The air is much drier above the tropopause, in the stratosphere. 

· The sun's heat that warms the earth's surface is transported upwards largely by convection and is mixed by updrafts and downdrafts. 

· The troposphere is 70% [image: image7.png]=



and 21% [image: image8.png][ )=



. The lower density of molecules higher up would not give us enough [image: image9.png][ )=



to survive. 
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Atmospheric Processes
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In the Cycles overview, we learned that water is an essential part of the earth's system. The oceans cover nearly three-quarters of the earth's surface and play an important role in exchanging and transporting heat and moisture in the atmosphere. 

· Most of the water vapor in the atmosphere comes from the oceans.

· Most of the precipitation falling over land finds its way back to oceans.

· About two-thirds returns to the atmosphere via the water cycle. 

You may have figured out by now that the oceans and atmosphere interact extensively. Oceans not only act as an abundant moisture source for the atmosphere but also as a heat source and sink (storage). 

The exchange of heat and moisture has profound effects on atmospheric processes near and over the oceans. Ocean currents play a significant role in transferring this heat poleward. Major currents, such as the northward flowing Gulf Stream, transport tremendous amounts of heat poleward and contribute to the development of many types of weather phenomena. They also warm the climate of nearby locations. Conversely, cold southward flowing currents, such as the California current, cool the climate of nearby locations.
Energy Heat Transfer
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Practically all of the energy that reaches the earth comes from the sun. Intercepted first by the atmosphere, a small part is directly absorbed, particularly by certain gases such as ozone and water vapor. Some energy is also reflected back to space by clouds and the earth's surface. 
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Energy is transferred between the earth's surface and the atmosphere via conduction, convection, and radiation. 

Conduction is the process by which heat energy is transmitted through contact with neighboring molecules. 

Some solids, such as metals, are good conductors of heat while others, such as wood, are poor conductors. Air and water are relatively poor conductors. 

Since air is a poor conductor, most energy transfer by conduction occurs right at the earth's surface. At night, the ground cools and the cold ground conducts heat away from the adjacent air. During the day, solar radiation heats the ground, which heats the air next to it by conduction. 

Convection transmits heat by transporting groups of molecules from place to place within a substance. Convection occurs in fluids such as water and air, which move freely. 

In the atmosphere, convection includes large- and small-scale rising and sinking of air masses and smaller air parcels. These vertical motions effectively distribute heat and moisture throughout the atmospheric column and contribute to cloud and storm development (where rising motion occurs) and dissipation (where sinking motion occurs).

To understand the convection cells that distribute heat over the whole earth, let's consider a simplified, smooth earth with no land/sea interactions and a slow rotation. Under these conditions, the equator is warmed by the sun more than the poles. The warm, light air at the equator rises and spreads northward and southward, and the cool dense air at the poles sinks and spreads toward the equator. As a result, two convection cells are formed. 
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Meanwhile, the slow rotation of the earth toward the east causes the air to be deflected toward the right in the northern hemisphere and toward the left in the southern hemisphere. This deflection of the wind by the earth's rotation is known as the Coriolis effect.

Radiation is the transfer of heat energy without the involvement of a physical substance in the transmission. Radiation can transmit heat through a vacuum.

Energy travels from the sun to the earth by means of electromagnetic waves. The shorter the wavelength, the higher the energy associated with it. Most of the sun's radiant energy is concentrated in the visible and near-visible portions of the spectrum. Shorter-than-visible wavelengths account for a small percentage of the total but are extremely important because they have much higher energy. These are known as ultraviolet wavelengths. 
Activity Outline

Give participants 5-10 min. to briefly read Introduction to the Atmosphere.  Review information in each of the illustrations.

Optional activity #1 to accompany the circle graph in illustration #2:

Ask participants to draw a graph with an x-axis labeled Days ranging from 1-10 and a y-axis labeled Pennies ranging from 1 to 50. Pose the question: how many pennies will I have if I’m given 2 cents each day (x + 2). In another color, graph how many pennies I’ll have if I’m given twice as many pennies each day (2x). Have piles of pennies available as manipulatives.
Ask for observations about the amount accumulated through each method.

On a separate sheet of graph paper, create a bar graph of the atmospheric gases data shown in illustration #2 using a different color for each gas.  Create a legend showing the different colors for each gas. Cut out each bar of the graph (the legend helps keep these straight). Tape each color together to form a circle. Place the circle on another sheet of paper. Draw a line from the end of each color to the center of this circle. Color in each segment. You’ve now created a circle graph from your bar graph data.
Note: this activity can be used to accompany “Countries in Our Closets” from the Data and Graphs book in the EMPower math series:

http://www.keypress.com/x5153.xml
See sample lesson #1 under sample lessons entire series, pdf file.
Activity 2:

Use a 1000 ml graduated cylinder and represent the layers by using the following amounts of colored sand or any materials of different color, texture or fragrance.
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	Atmospheric Layer
	Color Code
	Thickness
	Top of Layer
	% of Total

	Troposphere
	Color 1
	15 ml
	15
	

	Stratosphere
	Color 2
	45 ml
	60
	

	Mesosphere
	Color 3
	45 ml
	105
	

	Thermosphere
	Color 4
	895 ml
	1000
	


Keep in mind these are relative proportions and not exact points of departure for the different layers. 

Discussion
Observations and Questions about the model:
1. What atmospheric layers are represented by the different colors?

2. How much thicker is the stratosphere compared to the troposphere?

3. How much thicker is the thermosphere compared to all the other layers combined?

4. Where in this model would you expect to find clouds?

5. Where in this model would you expect to find Mt. Everest?

6. Where in this model would you expect to find a satellite?

7. Where in this model would you expect to find the space shuttle? 

The physical and chemical structure of the atmosphere, the way that the gases interact with solar energy, and the physical and chemical interactions between the atmosphere, land, and oceans all combine to make the atmosphere an integral part of the global biosphere. For learners to truly understand the nature and importance of the atmosphere, they should understand the answers to these questions:

1. What is the structure and composition of the atmosphere?

2. How does solar energy influence the atmosphere?

3. How does the atmosphere interact with land and oceans?

        4. How is heat transferred throughout the earth system?
Massachusetts ABE Curriculum Frameworks
Science Strand- Unifying Concepts Concepts- Systems, Measurement Magnitude and Models, Patterns of Change.
Math Strand: Data and Graphs; Geometry and Measurement: understand measurable attributes of objects and the units, systems and processes of measurements.
Activity #4: Carbon Dioxide Levels in the Atmoshpere
Brief Description: Carbon dioxide (CO2) levels have been measured at Maona Loa since 1958. Examine the trend portrayed in this data.
Time: 15 minutes

Learning Objective: Participants will examine real scientific data which contributes to an understanding of global climate changes.
Materials

Maono Loa CO2  level graph available from

http://www.esrl.noaa.gov/gmd/ccgg/trends/co2_data_mlo.html
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Activity Outline
Distribute graph. Ask for observations on the data.

Discussion
What might be causing the trend od increasing levels?
Why do scientists value long-term data sets? What’s the difference between annual variation and change over time?

Massachusetts ABE Curriculum Frameworks

Science Strand-Doing Science and Technology; Standard- Science as a process of inquiry.

Math Strand- Data and Graphs
Activity #5:
Brief Description: Opportunity for questions and reflection on the workshop experience.
Time: 5 minutes

Learning Objective: “We learn not by doing but by reflecting on what we’ve done” (Patricia Donovan)
Discussion

This session had four objectives:  

· Define the electromagnetic spectrum and give examples of its range.

· Describe the four components of Earth’s atmosphere.

· Gain experience in looking at graphs and interpreting data.
· Recognize opportunities for connecting mathematics and science instruction.
While these activities generated fruitful discussions and provoked some interesting thinking, they were included because they also connected to the Mass. ABE Curriculum Frameworks for Science and for Math/Numeracy.

How did they connect? We have listed a few of the ways in which they connected to Core Concepts, Strands and Standards –
Math/Numeracy Frameworks Connections

Core Concepts

Problem Solving

Reasoning

Communication

Connections

Strands 
Geometry and Measurement 

Number Sense

Statistics and Probability

Science Frameworks Connections

Strands 
Doing Science & Technology
Unifying Concepts in Science & Technology
Standards and Concepts
Science as a process of inquiry
Systems

Order and Organization

Measurement, Magnitude and Models

Patterns of Change
Bearing all this activity and connectivity in mind, what are YOU walking away with today in terms of learning? (Take a few comments.)
And as you leave, please remember that “Math is the hammer in the toolbox of science”  (F. Bahr)
Special thanks to Patricia Donovan especially in development of Frameworks Connections.













































