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UNIFYING CONCEPTS AND PROCESSES

1. Systems, Order, and Organization

a.

f.

The goal of this standard is to think and analyze in terms of systems, which will help students keep track of
mass, energy, objects, organisms, and events referred to in the content standards.

Science assumes that the behavior of the universe is not capricious, that nature is the same everywhere, and
that it is understandable and predictable. Students can develop an understanding of order—or regularities—
in systems, and by extension, the universe; then they can develop understanding of basic laws, theories,
and models that explain the world.

Prediction is the use of knowledge to identify and explain observations, or changes, in advance. The use of
mathematics, especially probability, allows for greater or lesser certainty of prediction.

Order—the behavior of units of matter, objects, organisms, or events in the universe—can be described
statistically.

Probability is the relative certainty (or uncertainty) that individuals can assign to selected events happening
(or not happening) in a specified time or space.

Types and levels of organization provide useful ways of thinking about the world.

2. Evidence, Models, and Explanation

a.

Evidence consists of observations and data on which to base scientific explanations. Using evidence to
understand interactions allows individuals to predict changes in natural and designed systems.

Models are tentative schemes or structures that correspond to real objects, events, or classes of events, and
that have an explanatory power. Models help scientists and engineers understand how things work.

Scientific explanations incorporate existing scientific knowledge and new evidence from observations, ex-
periments, or models into internally consistent, logical statements. As students develop and as they under-
stand more scientific concepts and processes, their explanations should become more sophisticated.

3. Change, Constancy, and Measurement

a.

PAGE 4

Although most things are in the process of change, some properties of objects and processes are character-
ized by constancy; for example, the speed of light, the charge of an electron, and the total mass plus energy
of the universe.

Energy can be transferred and matter can be changed. Nevertheless, when measured, the sum of energy
and matter in systems, and by extension in the universe, remains the same.

Changes can occur in the properties of materials, position of objects, motion, and form and function of
systems. Interactions within and among systems result in change. Changes in systems can be quantified
and measured. Mathematics is essential for accurately measuring change.

Different systems of measurement are used for different purposes. An important part of measurement is
knowing when to use which system.
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CONTENT STANDARDS FOR GRADES K-4

PRIMARY STANDARD A: SCIENCE AS INQUIRY
1. Abilities Necessary to do Scientific Inquiry
a. Ask a question about objects, organisms, and events in the environment.
b. Plan and conduct a simple investigation.
c. Employ simple equipment and tools to gather data and extend the senses.
d. Use data to construct a reasonable explanation.
e. Communicate investigations and explanations.
2. Understandings about Scientific Inquiry

c.  Simple instruments such as magnifiers, thermometers, and rulers provide more information than using only
senses.

PRIMARY STANDARD B: PHYSICAL SCIENCE
1. Properties of Objects and Materials

a. Objects have many observable properties, including size, weight, shape, color, temperature, and the ability
to react with other substances. Those properties can be measured using tools such as rulers, balances, and
thermometers.

b. Objects are made of one or more materials, such as paper, wood, and metal. Objects can be described by
the properties of the materials from which they are made, and those properties can be used to separate or
sort a group of objects or materials.

3. Light, Heat, Electricity, and Magnetism

a. Lighttravels in a straight line until it strikes an object. Light can be reflected by a mirror, refracted by a lens,
or absorbed by the object.

b. Heatcan be produced in many ways, such as burning, rubbing, or mixing one substance with another. Heat
can move from one object to another by conduction.

PRIMARY STANDARD D: EARTH AND SPACE SCIENCE

1. Properties of Earth Materials

a. Earth materials are solid rocks and soils, water, and the gases of the atmosphere. The varied materials have
different physical and chemical properties, which make them useful in different ways; for example, as
building materials, as sources of fuel, or for growing the plants we use as food.

b. Earth materials provide many of the resources that humans use.

2. Objects in the Sky

a. The sun provides the light and heat necessary to maintain the temperature of the earth.

PRIMARY STANDARD E: SCIENCE AND TECHNOLOGY
2. Understandings about Science and Technology

a. People have always had questions about their world. Science is one way of answering questions and explain-
ing the natural world.

b. People have always had problems and invented tools and techniques to solve problems. Trying to determine
the effects of solutions helps people avoid some new problems.

e. Tools help scientists make better observations, measurements, and equipment for investigations. They help
scientists see, measure, and do things that they could not otherwise see, measure, and do.
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Teacher Guide

HANDS-ON EXPLORATIONS INTRODUCE PRIMARY STUDENTS TO THE
BASIC CONCEPTS OF SOLAR ENERGY.

BACKGROUND

Students use a backgrounder and hands-on explorations to develop a basic understanding of solar energy.

CONCEPTS

Nuclear reactions within the sun produce enormous amounts of energy, some in the form of radiant
energy that travels through space to the earth.

Most of the energy on Earth came from the sun. Only geothermal, nuclear, and tidal energy do not.
The sun'’s energy makes life possible on Earth because of the greenhouse effect.
We use the sun’s energy to see.

Through the process of photosynthesis, plants convert the sun’s energy to chemical energy to provide food
for growth and life.

Fossil fuels and biomass contain chemical energy from plants and animals that we use to produce heat and
light.

Radiant energy from the sun powers the water cycle and produces wind.

B [tisdifficult to capture the sun’s energy because it is spread out—not concentrated in any one area. We can
capture solar energy with solar collectors that convert the energy into heat.

B Photovoltaic (PV) cells convert radiant energy directly into electricity.

TIME

Eight 30 minute class periods.

PROCEDURE

Step One—Preparation

B Familiarize yourself with the Teacher and Student Guides, and with the materials in the kit.
B Make transparencies of the masters you want to use on pages 12-19. The kit includes transparencies.

B Collect the materials that are not included in the kit. See the Materials List on page 3 for materials that are
not in the Kkit.

B Review the Lab Safety Rules on page 22.

These activities are designed for students in kindergarten through fourth grade. Many of the
activities require reading skills. For younger students with limited reading skills, it is suggested
that the teacher have aides, parent helpers, or upper elementary students assist.
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TEACHER INFORMATION: What is Enerqy?

Energy is the ability to do work, the ability to make a change. Everything that happens in the world involves a
change of some kind, the exchange of energy in some way. The total amount of energy in the universe remains the
same. When we use energy, we do not ‘use it up’, we convert one form of energy into other forms. Usually the
conversion of energy produces some heat, which is considered the lowest form of energy, since it dissipates into the
surroundings and is difficult to capture and use again. Energy is categorized in many ways—by the forms it takes
and by what it does—the changes it makes and the effects we can see or feel or measure.

What Energy Does: Energy is recognized in the following ways:

¢ Energy is light—energy produces light—the movement of energy in transverse waves or rays—radiant
energy.

¢ Energyis heat—energy produces heat—the movement of atoms and molecules within substances—thermal
energy.

¢ Energy is sound—energy produces sound—the back-and-forth vibration of substances in longitudinal
waves.

¢ Energy is motion—energy produces motion—Kkinetic energy.
¢ Energy is growth—energy is required for cells to reproduce—chemical energy stored in the bonds of nutrients.
¢ Energy is electricity to run technology—the movement of electrons from atom to atom.

Forms of Energy: Energy is recognized in many forms, all of which are potential or kinetic:
¢ Thermal Energy (Heat)

Mechanical Energy (Motion)

Chemical Energy (Energy in Wood, Fossil Fuels)

Electrical Energy (Electricity, Lightning)

Nuclear Energy (Fission, Fusion)

Radiant Energy (Light, X-rays)

Sound (Motion)

® & 6 & o o

TEACHER INFORMATION: Solar Enerqgy

Solar energy is energy from the sun. The sun is a giant ball of hydrogen and helium gas. The enormous heat and
pressure in the interior of the sun cause the nuclei of two hydrogen atoms to fuse, producing one helium atom in
a process called fusion. During fusion, nuclear energy is converted into thermal (heat) and radiant energy. The
radiant energy is emitted from the sun in all directions and some of it reaches Earth. Radiant energy is energy that
travels in electromagnetic waves or rays. Radiant energy includes visible light, x-rays, infrared rays, microwaves,
gamma rays, and others. These rays have different amounts of energy depending upon their wavelength. The
shorter the wavelength, the more energy they contain.

ACTIVITY 1: INTRODUCTION TO SOLAR ENERGY (60 minutes over two days)

Objective: To learn about solar energy by reading and completing worksheets.

o Introduce solar energy as the topic of exploration and make a list of the things the students
know about solar energy. Write their ideas on the board.

o Distribute the Student Guides to the students and have them write their names on the cover.

o Have the students read the backgrounder (pp. 3-10 in the Student Guide) or read the
backgrounder with/to them, depending upon grade level. Use the transparencies to help
explain the greenhouse effect, the water cycle, how wind is made, photosynthesis, and fossil
fuel formation, as you choose. The graphics in the Student Guide are designed so that younger
students can color them.

o Have the students complete the Solar Energy and Wind & Water worksheets (pp. 11-12 in
the Student Guide) to reinforce new concepts and vocabulary.
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ACTIVITY 2: SOLAR ENERGY TO HEAT AND MOTION (30 minutes)

Obijectives: To learn how to read a thermometer with Fahrenheit and Celsius scales.

To learn that radiant energy can be reflected and absorbed by objects. When
it is absorbed by objects, some radiant energy is converted into heat.

MATERIALS IN KIT: 12 theymometers and four vadiometers

MATERIALS NEEDED: white and black construction paper wtiwz”)cz”:quara

Go to PAGE 13 of the Student Guide. Use the Thermometer Transparency 6 to explain how to
read a thermometer with Fahrenheit and Celsius scales. Have the students fill in the tube of
the thermometers on the worksheet to the level of the Fahrenheit reading, then write the
corresponding Celsius reading in the circle of each thermometer. Review with the students.

Go to PAGE 14 of the Student Guide. Set up four centers in sunny areas, each with three
thermometers and pieces of black and white construction paper.

Explain the procedure and have the students complete the exploration. Review the worksheet
with the students to make sure they understand that:

¢ white objects tend to reflect radiant energy.

¢ black objects tend to absorb radiant energy.

¢ when radiant energy is absorbed by objects, some of it is converted into heat.
Go to PAGE 15 of the Student Guide. Have one radiometer at each center.

Explain the procedure, emphasizing that the radiometer is made of glass and can break very
easily. Have the students complete the exploration.

Review the worksheet, using the Radiometer Transparency 7, to make sure the students
understand that:

¢ the black vanes absorb more energy than the white vanes.
¢ the radiometer is a partial vacuum with few air molecules.

& the air molecules in the radiometer move around and bounce off the black vanes with
more force because the black vanes have more energy.

¢ the force of the air molecules bouncing off the black vanes pushes the black vanes
and makes the radiometer spin in a clockwise direction.

ACTIVITY 3: SOLAR ENERGY CAN CAUSE CHEMICAL REACTIONS (30 minutes)

Objective: To learn that solar energy can cause chemical changes in objects when it is

absorbed by the objects.

MATERIALS IN KIT: priewofNatur&Print@’Wer ﬁr each student

MATERIALS NEEDED: White paper, red construction paper, :/mlloarpm:f
water, scissors for each student

PAGE 8
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o Go to PAGE 16 of the Student Guide.

o Explain the procedure and have the students complete the exploration. Review the worksheet
with the students to make sure they understand that:

¢ solar energy can cause a chemical reaction when it is absorbed by objects.

¢ chemical reactions can produce a change in color.

ACTIVITY 4: SOLAR ENERGY TO HEAT AND MOTION (30 minutes)

Objectives: To learn that air expands when it gets hotter—the molecules gain energy
and bounce against each other with more force, pushing away from each
other.

To learn that warm air rises because it is less dense—there are fewer molecules
per given volume than the surrounding air.

MATERIALS IN KIT: Two solar balloons wz't/v:trinﬁ

o Go to PAGE 17 of the Student Guide. Explain the procedure to the students, go outside and
have fun! The balloons should work on any clear, sunny day even if the temperature is cold.
Avoid very windy days because it is difficult to tell whether the sun or the wind is lifting the
balloons.

o Review the activity with the students, correlating it with the way wind is produced, to make
sure they understand that:

¢ black objects tend to absorb solar energy.
¢ when solar energy is absorbed, some of it turns into heat.

& warm air is less dense and rises.

ACTIVITY 5: COOKING WITH SOLAR ENERGY (30 minutes)

Objectives: To learn that shiny materials reflect solar energy.
To learn to cook with a solar oven.

MATERIALS IN KIT: Two solar ovens

MATERIALS NEEDED: Food to cook tn solav ovew—chocolatechq&wokia arajooat

o Go to PAGE 18 of the Student Guide. Explain the procedure to the students, go outside and
cook a snack! The ovens will work even in really cold weather if you cover the ovens with clear
plastic wrap.

o Review the activity with the students to make sure they understand that:
¢ the shiny sides of the oven reflect the solar energy onto the food.

¢ the food absorbs the solar energy and turns it into heat that cooks the food.
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TEACHER INFORMATION: Photovoltaic {PV} Cells

Photovoltaic (PV) comes from the words photo meaning light and volt, a measurement of electricity. PV cells are
made of two thin pieces of silicon, the substance that makes up sand and the second most common substance on
earth. One piece of silicon has a small amount of boron added to it, which gives it a tendency to attract electrons.
It is called the p-layer because it has a positive tendency. The other piece of silicon has a small amount of phosphorous
to it, giving it an excess of free electrons. This is called the n-layer because it has a tendency to give up electrons.
When the two pieces of silicon are placed together, some electrons from the n-layer flow to the p-layer and an
electric field forms between the layers. The p-layer now has a negative charge and the n-layer has a positive charge.

When the PV cell is placed in the sun, the radiant energy energizes the free electrons. If a circuit is made connecting
the layers, electrons flow from the n-layer through the wire to the p-layer. The PV cell is producing electricity—the
tlow of electrons. If a load such as a lightbulb is placed along the wire, the electricity will do work as it flows. The
conversion of sunlight into electricity takes place silently and instantly. There are no mechanical parts to wear out.
(See the diagram on the next page for a graphic explanation of how a PV cell works.)

ACTIVITY 6: TURNING SOLAR ENERGY INTO ELECTRICITY (30 minutes)

Obijectives: To learn that photovoltaic (PV) cells turn solar energy into electricity.
To learn that electricity can produce light and motion.

MATERIALS IN KIT: Four Solar House kits, transparency ﬁlm/, day

MATERIALS NEEDED: Three cardboard boxes , black paper, tape, scissors

o Go to PAGE 19 of the Student Guide. Set up four centers, each with one Solar House Kit, a
piece of transparency film, a small piece of clay, scissors, and tape. You can also have crayons
and markers on hand if you would like the students to decorate the boxes to look like houses.
Divide the class into four groups.

o Explain the procedure to the students, emphasizing that all of the students in the groups
should have an opportunity to help with the activity. {As an alternative, every student can
prepare his/her own box house and take turns installing the PV equipment.} Assign each
group of students to a center and have them complete the activity. For younger students, it is
recommended that adult helpers at each center assist students with this activity.

o Review the activity with the students to make sure they understand that:
¢ a solar collector turns solar energy into heat
¢ a PV cell changes solar energy into electricity

¢ electricity can produce light and motion

ACTIVITY 7: PV CELLS ON THE SCHOOL (30 minutes)

Objective: To learn about the PV cells in use on the school.

o Have the school energy/facility manager or administrator show the students the PV system on
the school and explain how the system helps the school reduce its energy costs. If the system
is separately metered, older students can monitor the electricity use to determine how much
electricity the system is producing, keeping a journal of weather conditions and output each
day. See NEED’s Monitoring & Mentoring activity for more information.
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Transparency 2
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Transparency 3

HOW WIND IS MADE

1. The sun shines on the Earth.

ﬂ 2. Land heats up faster than water.
3. Warm air over land rises.
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Transparency 7

TOP VIEW OF RADIOMETER
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Transparency 8
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Worksheet Answer Sheet
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Thermometer & Radiometer Answer Sheet
Freezing
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Lab Safety Rules

EYE SAFETY
¢ Always wear safety glasses when performing experiments.
FIRE SAFETY
¢ Do not heat any substance or piece of equipment unless specifically instructed to do so.
¢ Be careful of loose clothing. Do not reach across or over a flame.
¢ Pull long hair back and keep secure.
¢ Do not heat any substance in a closed container.
¢ Always use the tongs or protective gloves when handling hot objects. Do not touch hot
objects with your hands.
Keep all lab equipment, chemicals, papers, and personal effects away from the flame.
¢ Extinguish the flame as soon as you are finished with the experiment and move it away from

the immediate work area.

HEAT SAFETY

¢
¢

Always use tongs or protective gloves when handling hot objects and substances.

Keep hot objects away from the edge of the lab table—in a place where no one will come
into contact with them.

Do not use the steam generator without the assistance of your teacher.

Remember that many objects will remain hot for a long time after the heat source is removed
or turned off.

GLASS SAFETY

¢
¢

¢

Never use a piece of glass equipment that appears cracked or broken.

Handle glass equipment carefully. If a piece of glassware breaks, do not attempt to clean it
up yourself. Inform your teacher.

Glass equipment can become very hot. Use tongs if glass has been heated.

Clean glass equipment carefully before packing it away.

CHEMICAL SAFETY
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® & o o

Do not smell, touch, or taste chemicals unless instructed to do so.
Keep chemical containers closed except when using them.

Do not mix chemicals without specific instructions.

Do not shake or heat chemicals without specific instructions.

Dispose of used chemicals as instructed. Do not pour chemicals back into container without
specific instructions to do so.

If a chemical accidentally touches your skin, immediately wash the area with water and
inform your teacher.



PRIMARY SOLAR ENERGY
Evaluation Form

Please let us know what worked well with your class, what didn’t, and how we can revise the unit to make it better.

State: ___ Grade Level: ___ Number of Students: __
1. Did you conduct the entire unit? Yes No
2. Were the instructions clear and easy to follow? Yes No
3. Did the unit meet your academic objectives? Yes No
4. Were the activities age appropriate? Yes No
5. Were the allotted times sufficient to conduct the activities?  Yes No
6. Was the kit easy to use? Yes No
7. Was the preparation time acceptable for the unit? Yes No
8. Were the students interested and motivated? Yes No
9. Was the reading level age appropriate? Yes No
10.  Would you use the unit again? Yes No

How would you rate the unit overall?

How would your students rate the unit overall?

What would make the unit more useful to you?

Additions/Suggestions/Comments:

Please fax or mail to:
The NEED Project
PO Box 10101
Manassas, VA 20108
FAX: 1-800-847-1820
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