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WHAT IS SOIL?
THE WORLD’S CONTINENTS ARE COVERED in decay, for that is exactly what soil is ---- a
mixture of rotting rock, plants, and animals. Soil is actually quite a complex substance, and
there are many different kinds, but the basic ingredients are rotting organic matter, which is
anything derived from plants or animals, and fragments of rock from the bedrock below.
The tiny gaps between the decaying material are filled with air and water, along with vast
numbers of bacteria, fungi, and tiny plants. Each of these subtly alters the chemistry of the soil,
speeding up the process of decay and making the soil a better home for larger plants and
countless burrowing insects, worms, and larger creatures. In fact, more animals live in the soil
than in almost any other environment on Earth.
The basic texture of a soil depends on its bedrock, but the soil’s character varies enormously
with such factors as the shape of the landscape, the vegetation growing on it, and, above all,
the climate.

SOIL
SOIL IS THE FRAGILE LAYER OF LOOSE MATERIAL that covers most of the world’s land, varying in
depth from just a few inches to hundreds of feet. Without it, we would have no plants, no food,
nor any of the vegetable products on which we rely. Soil is mostly weathered rocks, containing
water, air, and rotting organic matter. But the rich plant and animal life os the soil and the
complex, ongoing physical, chemical, and biological processes make it a dynamic, living
system.

Soil profile
If you cut down through the soil to the bedrock below, you would see a soil profile. In many
profiles, you can identify about five layers or horizons. Each of these is given a letter, starting
with O and running down through A, B, C, and D. The illustration below shows a fairly typical
profile.

The O horizon is a thin layer of humus (dead leaves and other organic
matter).
The A horizon is topsoil, dark, and rich in humus.
The B horizon is subsoil poorer in humus, but rich in materials from
the topsoil.
The C horizon includes weathered rock fragments.

The D horizon is solid bedrock.
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FOSSILS
THERE WAS LIFE ON EARTH more than 3.5 billion years ago. We know this because
bacteria preserved in stone have been found inside rocks that were formed that long
ago. Stone remains like these are called “fossils” and can be found in many kinds of
sedimentary rock. Any creature can be fossilized — providing its body is buried quickly
by mud or sand before it begins to rot or break up. Because quick burial is most likely
to occur at sea, fossils of shells and sea creatures are much more common than those
of land animals. However, lake and swamp sediments often hide the fossil remains of
plants and even dinosaurs.

Discovery

Georges Cuvier
It was known what fossils were as long as the days of Leonardo da Vinci (1452-1519).
But it was not until the French anatomist Georges Cuvier (1769-1832) began to study
fossils that the science of paleontology was born. Cuvier was an expert in animal
anatomy and taught at the Museum of Natural History is Paris, then the largest scientific
institution in the world. When he studied fossils, he used his skill as an anatomist to
work out exactly what an animal had looked like from the remains of a few bones. In
this way, he was able to classify and study fossil vertebrates (reptiles and mammals) —
even if they belonged to species that had been extinct for millions of years.
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MOLTEN ROCKS AND FIERY GASES
WHEN A VOLCANO ERUPTS, a terrifying
mixture of red-hot lava, cinders, and gases
burst onto the Earth’s surface. Some
volcanoes spew runny lava that flows freely
over wide areas. Others ooze stickily lava
that piles up in a cone and may plug the vent.
When this happens, pressure built up beneath
the plug can blow it out in a jet of gas, steam,
lava drops, and cinders that shoot high into
the air, or roars down the volcano as a “nuée
ardente” (glowing cloud), burning all in its
path. How far the pyroclastic (solid) material
is flung depends on its size. Lava drops fall
close to the vent as solid volcanic “bombs”;
cinders blanket a vast area in ash; while winds
high in the air can carry fine dust right around
the world.

Discovery
Volcanoes and Rocks
In the early days of geology, volcanoes were a puzzle.
One important group of geologists, the Neptunists,
thought all rocks were created by sedimentation — in
other words from fragments laid down by water. They
believed that volcanoes burned fuel, like coal, which
was itself created by sedimentation. Leopold Buch
(1774-1853), a German geologist and great traveler,
was at first convinced by the theories of the Neptunists.
But later, after studying Vesuvius, a volcano in Italy, and
the Auvergne, a volcanic landscape in France, he began
to have doubts. He found no trace of any fuel that the
volcanoes might have burned. His studies also showed
that, in some places basalt must have formed
volcanically. Buch did not
completely reject the ideas of
Neptunism, but his work helped
make it clear that volcanoes play an
important part in the rock cycle. He
also coined the word, “andesite” for
the volcanic rock found in the Andes
and in other subduction zones.
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VOLCANIC INTRUSIONS
ERUPTING VOLCANOES ARE DRAMATIC, but they are
only a small part of the Earth’s volcanic activity. Much of
the molten rock (magma) rising from the Earth’s mantle
never reaches the surface, especially when it rises beneath
continents. Instead it cools slowly and hardens
underground, forming many different kinds of igneous
intrusion. These include almost vertical walls of rock
called “dikes,” formed when magma is forced into
cracks opened up in the crust; horizontal sheets called
“sills,” formed where magma seeps along existing
cracks; and vast domes called “batholiths,” formed
where sticky magma wells up beneath the surface.
Although they form underground, intrusions can often
be seen on the surface. This occurs when the overlying
rock is worn away, exposing the harder igneous rock
underneath.

How dikes form
Dikes usually cut right across
existing rock formations. In some
places, many dikes lie side by
side, making a “swarm.”

Hot rock from below
Volcanic activity tends to occur along the edges of
tectonic plates or where isolated plumes of hot rock
bubble up beneath the surface. When adjacent plates
are moving apart, magma rises to the surface to form
ridges of new crust. When plates collide, one is forced
under the other and melts into magma, which then rises
through the adjacent plate and may burst onto the
surface to form a chain of volcanoes.
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MICHIGAN’S HIDDEN TREASURES

The treasures in Michigan’s
ground are the results of actions
over millions, and in some
cases billions of years:
Volcanoes erupted, saltwater
seas ebbed and flowed over the
state, glaciers moved back and
forth. Here are seven of the
important resources Michigan
has beneath its surface, roughly
how long ago they developed
and their key uses. The map
shows places where they have
been heavily mined.
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COPPER
Deposited about 1
billion years ago.
Used for wires and
plumbing. First used
by ancient inhabitants
7,000 years ago for
tools and weapons
They were the first
people in the
Western
Hemosphere to work
with metal

IRON ORE
Formed about
2 billion years
ago. Used in
making steel.

Salt
Formed about 410 million
years ago. Used for cooking
and for icy roads in winter.
There is enough salt under
Michigan, mostly in the
southeast to supply the
world for thousand
of years.

Gold

Sand

Deposited about
2.5 billion years
ago. Used for
money, jewelry
and dental work.
There is not
much left; the
mine is inactive
now.

Deposited by glaciers mostly 10,—
to 50,000 years ago. Dunes were
built up by wind and wave action.
Coastal dunes are about 4,500
years old. Used for glass in
construction.

Limestone
A lot was formed 360
million years ago. Used in
cement and for building.
Rogers City has the
largest limestone quarry in
the world.

Soft
Coal
Formed about 300
million years ago.
Used for fuel, but
Michigan coal is
too poor in quality
to be economically
useful now.
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Assessment
Grade 3
GEOSPHERE
Classroom Assessment Example SCI.V.1.E.2
The teacher will give students Earth materials and a hand lens. Each student will identify the
Earth materials by sorting the samples into pre-labeled containers.
(Give students rubric before activity.)
Scoring of Classroom Assessment Example SCI.V.1.E.2
Criteria
Identification of
Earth materials

Apprentice
Identifies less
than 70% of the
Earth materials
correctly.

Basic

Meets

Identifies 70% of
the Earth
materials
correctly.

Identifies 80% of
the Earth
materials
correctly.

Exceeds
Identifies more
than 80% of the
Earth materials
correctly.
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Earth/Space Science
Worksheet

GRADE LEVEL:

Third

Topic:

Geosphere

Grade Level Standard:

3-4 Compare and contrast the features, materials,

history, and changes of the Earth’s surface.
Grade Level Benchmark:

3. Describe natural changes in the Earth’s surface.

(V.1.E.3)
Learning Activity(s)/Facts/Information

Resources

Central Question:
How are materials taken from the Earth used?
1.

“It’s Your Fault” 

2.

“A Blast From the Past: Creating Volcanoes” 

3.

“Weathering and Erosion” 

4.

“Erosion: The Wind’s Powerful Forces” 

5.

“Water Erosion” 

6.

“Natures Mitten: Glaciers and Erosion” 

7.

Investigate weathering of Rocks
“Water Changes Rock” 
“Cracking of Rocks by Ice and Plants” 

Magic School Bus —Inside
the Earth Book/Video

 Activity is attached
Process Skills: Observing, Communicating, Classifying, Developing Models, and Theories

New Vocabulary:

volcanoes, earthquakes, erosion, gravity, glaciers
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IT’S YOUR FAULT!
MICHIGAN ESSENTIAL GOALS AND OBJECTIVES
EG 1: Describe major features of the earth's surface.
EG 4: Describe natural changes in the earth’s surface.
THINK QUESTION
How do earthquakes change the land?
ACTIVITY
Observing how earthquakes change the earth's surface.
SCIENCE PROCESSES
observing, experimenting
OBJECTIVES
Students will understand and observe how the movement of the crust causes earthquakes.
MATERIALS
• wooden blocks (2/student)
• clay
• worksheet, Earthquakes Change the Surface
• worksheet, The Great San Fran. Earthquake
• directions worksheet, It's Your Fault!
Teacher Provided:
• optional: drawing paper
• optional: toy people, houses, etc.
TIME
30 minutes
PROCEDURE
Anticipatory Set:
1. Ask: What is the earth's surface made of? (rocks, soil, minerals)
2. Ask: What forces change the earth's surface?
3. Read and discuss the worksheet, Earthquakes Change the Surface of the Earth.
4. Make a list of verbs that describe an earthquake and what happens to the earth during
one: shake, quake, tremble, tumble, crack, move, break, crumble.
5. Ask: Are there any fault lines that you have heard of?
6. Where do earthquakes in the U.S. occur?
7. Explain that the students will be making a model of the earth's crust along a fault line.
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Input:
1. Set up a center within the room with the six sets of blocks and the clay.
2. Place a directions worksheet in the center. Optional: If students brought things from
home (toy houses, people, etc.), put those in the center as well.
3. Send groups of six students to the center to complete the activity. The directions are on
the worksheet.
4. While the students are at the center, have the remaining students draw a picture of what
it might look like during an earthquake. This can be done in their journals or on drawing
paper.
DISCUSSION
1. How did the force of your hands affect the surface of the clay?
2. Where did the crack(s) appear?
3. What things do you think are damaged by an earthquake?
4. How do you think earthquakes can affect the surface of the land?
5. How would the effects of an earthquake in a city be different from those in a rural
(country) area? For example, how would an earthquake change the land in Detroit? How
would it change the land in Sanilac County?
CLOSURE
Have the students find newspaper or magazine articles about a recent earthquake. Some
more recent earthquakes are: Mexico City, 1985; India/Nepal, 1988; San Francisco, 1991;
Los Angeles, 1994. Have them find out the following information about their earthquake:
1. How large an area was affected by the earthquake?
2. What problems were caused by the earthquake?
3. What was needed to rebuild the area after the earthquake?
4. How is the area today?
5. What changes happened to the land after the earthquake?
EXTENSION
Construct a paper model of the earth as it looked before continental drift broke it apart. Cut
up a map of the continents and try to piece them together. Explain how moving plates could
cause changes in the earth's surface.
NOTES FOR REVISION
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How Do Earthquakes Change the Earth’s Crust?
Earthquakes can change the make up of the earth's surface in a matter of minutes. The earth's
crust isn't a solid, unbroken piece of land. It is like a jigsaw puzzle with huge chunks of rock
called crustal plates. Look at a map of the continents. Notice that many of them seem to fit
together like puzzle pieces. Scientists think that millions of years ago, the continents were
joined in one large piece of land. Then, the continents broke apart and moved away from each
other. These crustal plates move very slowly. You and your school are riding on a plate that
moves about 1 inch per year. That is about as fast as your fingernails grow.

Continents move because the crustal plates move. The plates move because they float on top
of the hot mantle. As the plates move, some of them move away from each other. This can
cause volcanoes to form. Other plates bump into each other. These plates cause mountains to
build up. Other plates slide past each other. This can cause earthquakes.
An earthquake is a shaking or sliding of the earth's crust. Earthquakes happen when large
blocks of rock in the crust move. As the rocks move, they form cracks in the crust. If the rocks
move along the crack, the crack is called a fault. When rocks at a fault move, the ground
shakes. Most earthquakes are so weak that people cannot feel them. Other earthquakes are
powerful enough to move buildings. The movement of the rocks along a fault can make the land
move up, down or sideways.
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The Great San Francisco Earthquake
On the morning of April 18, 1906, disaster struck San Francisco, California. Buildings
toppled. Huge cracks opened in the streets. The whole street looked like waves on the
ocean. Cable-car tracks were twisted. Many people were tossed from their bed. They
rushed into the streets, only to be struck by parts of falling buildings.
The earthquake lasted only a minute. But people were killed, buildings crumbled, and
fires broke out. The fires were responsible for most of the deaths. They could not be put
out because the water mains were broken by the earthquake.
San Francisco was rebuilt. It now stands as one of the great cities of the world. Many of
its newer buildings have been built to withstand earthquakes. But everyone living there
knows that another great earthquake could occur at any time.
The city of San Francisco is located near a very famous fault line-the San Andreas
fault. Most earthquakes take place along faults. Before a quake, pressure begins to
build on both sides of a fault. The pressure would be released if the crust could move.
But the rocks on each side of a fault tend to be locked together. They do not move
easily. When the pressure is great enough, one side of the fault slips down or slides
along the fault.
This movement releases the stored energy. This energy causes vibrations in the earth.
Vibrations travel in waves or ripples. Have you ever thrown a rock in a pond or lake?
Ripples move out from the center in all directions. This is how earthquake waves travel
under the ground.
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IT’S YOUR FAULT
Directions
MATERIALS
2 wooden blocks
pencil
clay
optional: toy people, houses, buildings, plants

1. Place two wooden blocks next to each other. The long sides should be touching.
See the diagram below.

2. Imagine that your blocks are rocks that form plates found under the earth's surface.
The line between them is a fault line.
3. Next, press clay firmly on top of both blocks. Keep the clay in one piece. The clay
represents the earth's surface.
4. Put the toy people and buildings on top of the clay.
5. Move the blocks slowly, so they slip past each other. Next, move them a little faster.
6. What happens to the earth's surface as you move the "land?”
7. This movement along fault lines causes earthquakes!
8. In your journal, explain what happens to the earth's surface when an earthquake
moves the land.
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The land at one time was joined together into one large land mass. Do you see continents that look like they might fit
together like pieces of a puzzle? Which ones?
Directions: Cut apart the large land masses. Try to put the pieces together as they might have looked millions of
years ago.
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A BLAST FROM THE PAST: CREATING VOLCANOES
MICHIGAN ESSENTIAL GOALS AND OBJECTIVES
C I:
Generate reasonable questions about the world, based on observation.
C2:
Develop solutions to unfamiliar problems through reasoning, observation and/or
experimentation.
EG I: Describe major features of the earth's surface.
EG4: Describe natural changes on the earth’s surface.
THINK QUESTION
How does an erupting volcano change the surface of the earth?
BACKGROUND
The baking soda reacts with the vinegar to produce carbon dioxide gas. The gas builds up
enough pressure to force the liquid out the top of the cylinder. The mixture of the gas and
the liquid produces the foam.
ACTIVITY
Creating a volcanic eruption to observe how volcanoes change the surface of the earth.
SCIENCE PROCESSES
observing, experimenting
OBJECTIVES
Students will 1) learn how volcanoes change the earth and 2) create a model of a volcano.
MATERIALS
• worksheet, A Blast from the Past
• plastic tubs
• vinegar
• baking soda
• food coloring, red
• measuring cups
• plastic spoons
• graduated cylinders
• soil
• worksheet, How Do Volcanoes Change...
Student Provided:
• optional: small rocks and twigs
• optional: toy trees, people, houses, etc.
TIME
45 minutes

181

PROCEDURE
Anticipatory Set:
1. Review what forces change the earth's crust. (erosion, earthquakes)
2. Ask: What is a volcano?
3. Where are they found in the United States? (Hawaii, Washington)
4. Ask: When a volcano erupts, what comes out? (lava--liquid rock)
5. Ask: What happens to the land around a volcano? (it is covered with the liquid rock)
6. Read and discuss the worksheet, How Do Volcanoes Change the Earth's Crust?
Input:
1. Break the students into groups of six.
2. Give each group the materials listed on their experiment worksheet.
3. Have the students bury their graduated cylinder in a tub of soil. Note: They do not need
much soil. Give them just enough to cover the sides of the graduated cylinder.
4. Have the students add about 4 spoons of baking soda to the graduated cylinder.
5. Next, they should measure out 1/3 cup of vinegar in a measuring cup. Have them
measure out a small amount (1 spoon full) of red food coloring and add it to the vinegar.
6. Optional: Put twigs, rocks, toy houses, etc. on the side of the volcano. Watch what
happens to the land as the volcano erupts.
7. Slowly pour the vinegar mixture into the cylinder. The volcano will erupt.
DISCUSSION
1. How would an erupting volcano change the land around it?
2. What happens to the lava after it cools? (turns to rock-igneous rock)
3. Are there any volcanoes in Michigan?
4. What did you learn from the experiment?
CLOSURE
• In student journals, have the students describe how their volcano resembles an actual
volcano.
•

Optional: Have the students research volcanoes found in the United States or around
the world. They can work in teams or on their own. Have the students present their
research to the class. They should use a map to show where their volcano is located.
Encourage them to write at least two paragraphs and draw a picture of their volcano.

NOTES FOR REVISION
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HOW DO VOLCANOES CHANGE
THE EARTH’S CRUST?
Volcanoes can change the earth's surface in a matter of minutes. A Volcano changes
the shape of the land around it. However, not all erupting volcanoes change the land in
the same way.
A Volcano is a mountain with an opening at the top. Inside these mountains, heated
water vapor and oilier gases are trapped inside the magma. Magma is melted rock
under the earth's surface. If the heated water vapor can't escape, pressure is built up.
The weight of the mountain is not powerful enough to hold the water and magma inside.
The mountain explodes as a volcano! When a volcano erupts, the magma is pushed to
the surface of the earth. When magma reaches the surface, it is called lava. Some lava
oozes slowly from a hole in the ground. Some lava erupts in a powerful fountain of
melted rock. When the lava cools, it hardens into solid rock. This rock forms new crust.
These rocks are igneous rocks.
If a volcano erupts under the ocean, the lava forms underwater mountains. If these
mountains grow tall enough, they can become islands. The Hawaiian Islands are a
chain of volcanoes that formed in the Pacific Ocean.
Volcanoes can be dangerous. Hot lava that flows from volcanoes can bum houses,
trees and other living things in its path.
Volcanoes can be helpful. After many years, some lava breaks down and changes into
soil. This soil is used by farmers to grow food for us to eat. Volcanoes are also being
used to create electricity. The United States and other countries are developing ways to
use the heat and pressure in volcanoes to generate electricity.
Many volcanoes are still active today. About 850 active volcanoes exist on the earth.
There are many volcanoes that are extinct. These volcanoes will probably never empt
again. There are some volcanoes that are trying to trick us. They are "sleeping" or
laying dormant. The sleeping volcanoes have erupted in the past, but show no activity
at the moment. But, they could erupt someday!

183

A BLAST FROM THE PAST: MAKING A VOLCANO!
Activity Worksheet
MATERIALS NEEDED
 soil
• graduated cylinder
• red food coloring
• measuring cup
• plastic spoon
• vinegar
• baking soda
• plastic tub
DIRECTIONS
1. Gather your materials.
2.

Fill your plastic tub with a small
amount of soil (about 4 cups).

3.

Cover the sides of your graduated cylinder with soil. See the picture above.

4.

Pour four spoons of baking soda to the graduated cylinder.

5.

Measure out 1/3 cup of vinegar into a measuring cup.

6.

Add 1 spoon of red food coloring to the vinegar.

7.

If you brought toy people, cars, houses, or twigs from outside, place them
around the outside of your volcano.

8.

Predict: When your volcano erupts, what will happen to things you put around
it?
_______________________________________________________________
_______________________________________________________________

9.

Slowly pour the vinegar mixture into the graduated cylinder. DO NOT ADD ALL
THE VINEGAR. YOU HAVE ENOUGH TO MAKE MORE THAN ONE
ERUPTION.

10. Watch your volcano erupt. In a real volcano, what is the red liquid called?
___________________
11. How could a real volcano change the surface of the earth?
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
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WEATHERING AND EROSION
MICHIGAN ESSENTIAL GOALS AND OBJECTIVES
C1: Generate reasonable questions about the world, based on observation.
EG2: Recognize and describe different types of earth materials.
EG4: Describe natural changes in the earth’s surface.
THINK QUESTION
How are landforms changed by erosion?
ACTIVITY
Reviewing the concept of weathering and discussing three common types of
erosion.
NEW VOCABULARY
weathering, erosion
SCIENCE PROCESSES
communicating
OBJECTIVES
Students will read background information about weathering and erosion.
MATERIALS
• worksheet, Changing the Surface of the Earth
• video, Erosion: Earth is Change
Teacher/Student Provided:
• optional: soil samples
TIME
10-15 minutes; 15 minutes for video
PROCEDURE
Anticipatory Set:
1. Review that the students have learned about two ways the surface of the earth
can change quickly.
2. Ask: How can landforms on the surface change slowly? Introduce the terms
weathering and erosion. Students need to know that weathering merely breaks
down the rock into smaller pieces, eventually forming soil. Erosion is the concept
that is stressed by the Michigan Goals and Objectives.
3. Read and discuss the worksheet, Changing the Surface of the Earth.
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4. Ask: Where have you seen erosion happening in Sanilac County? (water making
small streams in fields, wind blowing away topsoil from fields, etc.)
5. Discuss how soils are made.
Optional: Have the students bring soil samples from home. Observe them for
the materials mentioned in the reading worksheet. Ask: Are there larger pieces of
rock in your soil sample? What other things did you find in your sample?
6. Explain that they will be doing experiments to observe how water, ice and wind
can change the surface of the earth.
CLOSURE
Show and discuss the video, Erosion: Earth is Change.
NOTES FOR REVISION:
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Changing the Surface of the Earth
The surface of the earth is always changing because of the weather. Falling rain, snow and
sleet hit the surface and sink into the ground. The sun dries the land. The wind lifts rocks,
soil and sand and carries them away to other places. The wearing away of the surface of
the earth is called weathering. Weathering is the process that forms soil.
Soil is made of more than rock. Soil also has air, water, and once-living matter in it. When
plants and animals die, they decompose. The decomposed matter becomes part of the soil
and adds nutrients to the soil. The nutrients are used by plants to live and grow.
There are many different kinds of soil. Soil can have different colors, textures and particle
sizes. Three common types of soil are clay soil, sandy soil and loam (a mixture of clay,
sand and humus-decomposed plants and animals).

Erosion—Carrying Away the Land
Every year, wind, water, and ice move tons of soil and rock. Erosion is the movement of
these materials from one place to another. Erosion changes the surface of the earth.
Erosion can be caused by running water, glaciers and wind.
Running Water
Water from rain and melting snow carries tiny rocks and soil as it moves across the land.
Water flowing over the surface of the land is called run-off.
As rivers and streams flow, they wash away small rocks, sand and soil that were once part
of the land. Water erosion formed the Grand Canyon. For millions of years, the Colorado
River carved the canyon as it traveled across the land. Scientists use the exposed layers of
rocks on the sides of the canyon to learn about the history of the earth.
Ice (Glaciers)
A large area of ice, or glacier, forms from snow. High up in the mountains, the weather is
cold all year. Some snow in the valleys never melts. Layers of snow build up slowly each
year. The top layers of snow press the bottom layers into ice. Over millions of years, a
glacier is formed. Glaciers slowly move across the land. As a glacier moves, it moves the
earth materials beneath it. Glaciers can move very large rocks. Glacial erosion caused
many of the surface features we have today. The Great Lakes were formed by these
glaciers.
Wind
The wind carries small pieces of rock, sand, and soil. Strong winds can carry these
materials long distances. When the wind slows down, these materials fall to the ground.
Wind erosion is most common in deserts, plowed farm fields and on beaches. Large piles of
windblown sand can form dunes along shorelines.
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EROSION: THE WIND’S POWERFUL FORCES
MICHIGAN ESSENTIAL GOALS AND OBJECTIVES
EG4: Describe natural changes in the earth’s surface.
THINK QUESTION
How can wind change the land?
ACTIVITY
Observing how the wind picks up small particles of the earth, changing the surface.
SCIENCE PROCESSES
observing, experimenting, making models
OBJECTIVES
Students will observe how wind can carry small particles of the earth and move it to
other places.
MATERIALS
• plastic tubs
• sand
• plastic cups
Teacher/Student Provided:
• medium-sized rocks
• dictionary
• optional: fan
TIME
15-30 minutes
PROCEDURE
Anticipatory Set:
1. Ask: What is erosion?
2. What are the three most common types of erosion? (wind, ice, and running
water)
3. Look up the word topsoil in the dictionary. Ask: In Sanilac County, why would a
farmer be concerned about wind erosion? How could the wind affect the amount
of topsoil on a field?
4. Explain that they will observe how wind moves earth materials from one place to
another.
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Input:
1. Put the students into 8 groups.
2. Give each group a plastic tub and ½ cup of sand.
3. Have the groups put their rocks in their tub.
4. Next, have the groups put the sand in the bottom of the tub.
5. Have each student in the group (one at a time) carefully blow across the top of
the sand. What happens? Does the sand move? If not, blow a little harder.
Optional: Place a fan over the tub of sand. What happens?

DISCUSSION
1. How does wind move pieces of the land? How could this movement change the
surface of the earth?
2. Did the rocks in the tub move with the wind? Why or why not?
3. Where would wind erosion occur in Sanilac County? (on the beach, in areas
without vegetation, farm fields)
CLOSURE
Have the students ask a farmer why wind erosion can be a problem for them and
what they do to keep their topsoil from blowing away. Have the students share their
information with the class on the following day.
EXTENSION
Ask a son conservation person to come in and speak to the class about erosion
problems and solutions.
NOTES FOR REVISION

189

WATER EROSION
MICHIGAN ESSENTIAL GOALS AND OBJECTIVES
EG4: Describe natural changes in the earth’s surface.
THINK QUESTION
How can rain erode a bare hillside?
BACKGROUND
Water is an important weathering agent. Water seeps into cracks in rocks. In cold regions,
the water may freeze into ice. Water expands when it freezes. This expansion creates
pressure on the rock. After a time the melting and freezing cause the rocks to weaken. The
large rocks break apart into smaller pieces. As this occurs, the rocks are again broken
down. After thousands of years rock is broken down into the mineral part of soil.
Rivers and streams move rocks, sand and soil from one place to another. This is called
water erosion. Water erodes soil that is exposed, usually due to human activity. Plowing
fields for farms, cutting trees for lumber, clearing land for buildings and making trails for
walking leave soil exposed and vulnerable to erosion. One way erosion can be controlled is
by covering bare land with vegetation.
ACTIVITY
Observing how water erodes the land and finding ways to prevent water erosion.
SCIENCE PROCESSES
observing, experimenting, making models
OBJECTIVES
Students will understand and observe how water erodes the land and changes the earth.
MATERIALS
• plastic tubs
• soil
• plastic cups
• wooden blocks
• worksheet, Water Erosion
Teacher/Student Provided:
• water
• leaves, twigs, rocks, plants, sticks
TIME
30 minutes
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PROCEDURE
Anticipatory Set:
1. Ask: How can water erode the soil? Make a list of the different types of water erosion
(rain forming gullies, rivers and streams carving out sides of mountains, rain water
running-off farm fields, etc.)
2. Ask: Where have you seen evidence of water erosion? (Grand Canyon, banks of local
rivers)
3. Ask: How can water erosion help the earth? How can it harm the earth?
4. Review how water erosion carries rock and soil from one place to another. Explain that
the areas most effected by water erosion are those left bare from human activities.
5. Predict: What can people do to help prevent water erosion?
6. Explain that the students will be observing how water changes the surface of the earth.
Input:
I. Divide the students into 8 teams.
2. Give each team 2 cups of damp soil, 2 wooden blocks, 1
plastic tub, 1 cup of water and a worksheet, Water
Erosion.
3. The teams should make a hill out of the soil at one end
of the tub. Elevate the tub so the hill is at the higher end.
Place the two wooden blocks under the tub to raise it.
4. Draw a picture of the hill in the pan marked blocks
before on the worksheet.
5. Hold the cup of water about 5 inches above the hill. Very slowly, pour the water over the
sides of the hill (represents a hard rain).
6. On the worksheet, draw a picture of the hill. Show where the dirt was carried, where the
water is located and what the hill looks like.
DISCUSSION
I. What does your model show about the effects of moving water on the land?
2. What happened to the soil when the rain fell?
3. What did the moving water do to the surface of the hill?
CLOSURE
Do the experiment again, this time adding vegetation to the hill. Have the students draw a
picture (on the worksheet) of what their new hill looked like after it rained. You might want to
give the student new soil, since the first soil will be wet. Ask: What effect did covering the
hill with plants have when it rained?
NOTES FOR REVISION
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WATER EROSION
Activity Worksheet
MATERIALS NEEDED
• soil
• plastic tub
• plastic cup of water
• 2 wooden bocks
• grass, leaves, plants, twigs

DIRECTIONS
1. Gather your materials.
2. In your tub, make a hill from the
soil. Raise the hill end of the tub
with two wooden bocks.
3. Draw a picture of your group’s hill
before it rains.
4. Next, slowly pour 1 cup of water
over the sides of your hill.
5. What happened to your hill?
Draw a picture of what you
observe.
6. Repeat the experiment. First,
place vegetation (twigs, grass,
leaves) on your hill. Completely
cover it.
7. Add 1 cup of water as you did
before.
8. Observe the amount of soil that
eroded away.
9. Draw a picture of your new hill
after it rained.
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NATURE’S MITTEN: GLACIERS AND EROSION
MICHIGAN ESSENTIAL GOALS AND OBJECTIVES
C I:
Generate reasonable questions about the world, based on observation.
C2:
Develop solutions to unfamiliar problems through reasoning, observation, and/or
experiments.
EG I: Describe major features of the earth’s surface.
EG4: Describe natural changes in the earth’s surface.
THINK QUESTION
How do glaciers erode the land?
BACKGROUND
A glacier is a large mass of snow and ice. The weight of glaciers and the slope of the land
cause the glaciers to move in a downward direction. The movement is a slow process. As
the glaciers travel, they scratch the surfaces of rocks and gouge away the land. A glacier
has the power to scoop out large valleys and level mountains. When a glacier recedes
(melts), it leaves deposits of soil and rock that was once frozen in its large mass. Glaciers
created the unique landscape that exists throughout much of the United States as well as
Canada.
The Great Lakes began their formulation about three billion years ago. The area where the
Great Lakes east was carved out long before the glacier covered Central North America. An
ancient river basin existed that emptied into the Hudson Bay and the St. Lawrence River
Valley.
About 70 million years ago, the Ice Age occurred. Glaciers covered North America as far
south as Kansas, as far east a New York, and as far west as the northern west coast. In
places, the glaciers were over 6,500 feet thick (about 1 ¼ miles high). The weight of the ice
and the hardness of the rock beneath it caused the river basin to be carved out. Natural
dams and dikes obstructed the flow of the river system. As the glaciers receded, the melting
water enlarged the original river basin. This complete process caused the creation of the
Great Lakes that exist today.
ACTIVITY
Making a model of a glacier to observe how erosion occurs.
SCIENCE PROCESSES
observing, experimenting, making models
NEW VOCABULARY
erosion, glacier
OBJECTIVES
Students will conduct an experiment to observe how glaciers erode the land beneath them.

193

MATERIALS
• sand
• clay
• plastic cups
• wooden blocks
• book, Paul Bunyan
Teacher Provided:
• rocks or pebbles
• water
• freezer
TIME
30-40 minutes
PROCEDURE
Anticipatory Set:
1.
Where have you seen ice form? (On anything wet when the temperature is below
32°F)
2.

How do you think snow and ice can change the land?

3.

Ask: What is a glacier?

4.

Ask: How were the Great Lakes formed?

5.

Ask: Has anyone heard the story about Paul Bunyan forming the Great Lakes? Read
the Paul Bunyan story to the class. Following the story, discuss the possibility of the
Great Lakes forming the way the book said. Review the background information about
the formation of the Lakes.

Input:
1.
Divide the class into teams of 4 students each.
2.

Explain that they will be making a model of a glacier to observe how they erode away
at the land beneath them.

3.

Each group should have at least 3-4 irregularly shaped rocks or pebbles.

4.

Give each group a plastic cup filled about ½ full with water, an empty plastic cup, and
a small amount of sand.

5.

Groups should place the pebbles and a spoonful of sand into the empty cup. Slowly fill
this cup ½ full of water. Let the sand and pebbles settle to the bottom.

6.

Place both cups (one with rocks and sand and one with just water) into the freezer
until the water is frozen. Note: This may take several hours.

7.

Remove the plain ice cups from the freezer. Give each team a wooden blocks and
small amount of clay. Have them press their clay over their blocks. The clay will
represent the surface of the earth.

8.

Have the teams carefully remove their ice from their cup. Wet the bottom surface of
the ice or allow it to melt a little. Place the ice on top of the clay and slide it back and
forth across it. Observe what happens to the surface.
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9.

Next, remove the ice with the sand and rock. Slide this ice across the clay surface.
Observe what happens.

10.

Compare the two different experiments and what happened to the earth's surface.

11.

Explain that as a glacier moves, it picks up rocks, soil, and sand and carries it along.
These particles scratch and gouge out the earth's surface as glaciers move.

DISCUSSION
1.
What is a glacier?
2.

How can glaciers change the surface of the earth?

3.

How did glaciers change Michigan?

4.

Where are glaciers found today? Discuss how Michigan would be different today if it
weren't for the glaciers? (soil types, land formations, Great Lakes)

EXTENSION
Freezing straws: How water can cause rock movement.
Materials: drinking straws, clay, freezer, plastic cups of water
Directions:
1.
Place one end of the straw into the cup of water.
2.

Fill the straw by sucking the water into it.

3.

Hold your tongue over one end to prevent water from
escaping.

4.

Put a small piece of clay into the open end of the straw.

5.

Remove your tongue and plug this end with clay.

6.

Lay the straw in the freezer for about 3 hours.

7.

Remove the straw and observe the ends.

8.

Discuss what happened to the water inside tile straw. Ask:
Did anything happen to the straw? What if the clay were
rocks? What did the ice do to the "rocks?”

NOTES FOR REVISION
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WATER CHANGES ROCKS
NEED?
2 pieces of chalk per group
plastic jar with cover
water
Break chalk into 3 pieces. Put all pieces except one into jar half full of water. Put
lid on. Take turns shaking for 5 minutes. Take out the pieces of chalk and
compare them to the piece that was left out.
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CRACKING OF ROCKS BY ICE AND PLANTS
MATERIALS
(Activity # 1)
Plaster of Paris, spoons, cups (paper or plastic), marking pens, liquid soap, freezer,
water, shallow pan
PROCEDURE # 1
1. Put plaster of Paris in a cup. Add water to the plaster and stir (pudding
consistency).
2. Dip the marking pen in liquid soap. Push it into the center of the plaster.
3. After the plaster dries, remove the pen. Take off the cup.
4. Have students write their name on their plastic cups.
5. Fill the pen hole with water. Put the plaster mold on a dish. Place it in a freezer
for one day.
6. Remove the plaster mold from the freezer. What happened?
DISCUSSION QUESTIONS
1. How was the water changed? (ice)
2. What happened to the plaster?
3. How can ice make holes in roads?
4. How can ice change rocks?
MATERIALS
(Activity #2)
shoe box lid (or aluminum foil tin pan), 6-10 bean seeds, water, cup (plastic or
paper), Plaster of Paris, paper towels
PROCEDURE #2
1. Mix two cupfuls of plaster of Paris with water. Add water a little at a time until it is
like pudding.
2. Pour the plaster into the shoe box lid. Let it harden overnight.
3. Soak the beans in water overnight.
4. Take the hard plaster out of the lid.
5. Put the seed on the plaster.
6. Cover the seeds with at least 3 wet paper towels.
7. Keep the towels damp for about one week to two weeks.
8. Look at the seeds and plaster daily.
9. Fill out data sheet after each observation.
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Assessment
Grade 3
GEOSPHERE
Classroom Assessment Example SCI.V.1.E.3
The teacher will give students the following scenario:
In the spring, road construction began on the highway near Jose's house. Jose observed a
cone-shaped pile of soil approximately six feet tall left by the construction crew. A heavy rain
occurred lasting two days. After the rain, Jose noticed the pile had changed.
Each student will write a paragraph describing the cause and effect of changes in a pile of soil
after a heavy rainstorm. Students will describe at least three changes Jose observed, including the
process (erosion). Students should refer to the Real-World Context in this benchmark in their
answers.
(Give students rubric before activity.)
Scoring of Classroom Assessment Example SCI.V.1.E.3
Criteria

Apprentice

Completeness of
description of
erosion

Describes a single
change, not a
process, without
using the word
“erosion.”

Completeness of
description of
effects of change

Describes fewer
than two
effects/changes
caused by
erosion.

Basic

Meets

Exceeds

Describes a
process of
change, without
using the term
“water erosion.”

Describes process
of change as
water erosion.

Describes process
of change as
water erosion and
other forces
(wind, gravity, or
glaciers) that
cause erosion.

Describes two
effects/changes
caused by
erosion.

Describes three
effects/changes
caused by
erosion.

Describes more
than three
effects/changes
caused by
erosion.
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Earth/Space Science
Worksheet

GRADE LEVEL:

Third

Topic:

Geosphere

Grade Level Standard:

3-4 Compare and contrast the features, materials,

history, and changes of the Earth’s surface.
Grade Level Benchmark:

4. Explain how rocks and fossils are used to understand

the history of the Earth. (V.1.E.4)
Learning Activity(s)/Facts/Information

Resources

Central Question:
How are rocks and fossils used to understand the
history of the Earth?
1.

“Oldies, But Goodies” 

2.

“What Are Fossils?” 

3.

“Petoskey Stone: Our State Rock” 

Geology (Creative Teaching
Press)
Change Over Time
Scholastic, 1995

 Activity is attached
Process Skills: Observing, Comparing/contrasting, Making models

New Vocabulary:

fossils, extinct animals, age of fossils, rock layers
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OLDIES BUT GOODIES
MICHIGAN ESSENTIAL GOALS AND OBJECTIVES
EC3: Explain how rocks and fossils are used to understand the history of the earth.
LE 1: Explain how fossils provide evidence about the nature of ancient life.
THINK QUESTION
How do fossils show a record of past life?
BACKGROUND
It is important to know that not all living things that died become fossils. Usually,
they are destroyed before a fossil is formed. Some organisms that are buried quickly
and left undisturbed may become fossils. Dead organisms in the ocean become
fossils more often than those on the land. This is due to the layering of the
sedimentary rocks.
One kind of fossil is called a mold and cast. They are formed when a dead organism
is covered by sediment which is hardened by heat, pressure and/or chemicals.
During this process, the remains decay. The hollow space left is called the mold.
The sediments slowly fill in the mold and harden. This is called the cast. The cast
will be the shape of the plant or animal that once was buried there.
ACTIVITY
Making a model of a fossil.
SCIENCE PROCESSES
observing, experimenting, making models
NEW VOCABULARY
fossil, ancient life
OBJECTIVES
Students will 1) understand how fossils are a record of ancient life on earth 2) make
a model of a fossil.
MATERIALS
• petroleum jelly
• Plaster of Paris
• wooden spoon
• sea shells
• fossil collection
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Teacher /Student Provided:
• clean milk carton (from school lunch) or paper cup
• scissors
• large bowl
TIME
45 minutes
PROCEDURE
Anticipatory Set:
1. Discuss with the students their prior knowledge about sedimentary rocks and
how they are formed.
2.

Ask: What is a fossil?

3.

Review what they already know about fossils and how they are formed.

4.

Ask: How does a fossil show what life is like on earth millions of years ago?
(an imprint of the animal or plant is left behind permanently set into rocks and
stones.)

Input:
1. Explain that the students will be making an example of a fossil. Optional:
Explain that sea shells are provided, but if they want to make a fossil of
something else, such as: a leaf, rock, twig, or toy, have them bring it to class on
this day.
2.

Have the students clean off their desks get one sea shell or their item brought
home and their clean milk carton (or paper cup).

3.

Using their scissors, have the students cut the top off of their milk carton. The
paper cups do not need any cutting.

4.

While the students are doing their cutting, mix the plaster. Follow the
directions, on the container. Use the bowl and wooden spoon for mixing.

5.

Next, the students should coat both sides of their object with petroleum jelly.
Be generous with the petroleum jelly! Otherwise the object will not come out
and they will not make a complete fossil. You may wish to distribute small
amounts of petroleum jelly to groups of kids. This can be done on a piece of
scrap paper.

6.

Pour a small amount of the plaster into each student's container. Make sure to
use all of the mixture because it will be of no use to you once it hardens.

7.

Have the students press their shell halfway into their plaster. MAKE SURE
THEY LEAVE PART OF IT STICKING OUT. THIS WAY THEY HAVE
SOMETHING TO HOLD ON TO WHEN REMOVING IT FROM THE PLASTER.

8.

Let the plaster harden.
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9.

Next, the students should carefully remove the sea shell or other object from
their dried plaster. If their objects do not come out easily, use a small knife or
sharp object to pry under it. This should loosen the shell. This bottom part of
the plaster is called the mold.

10. Optional: If you want to make a mold and cast fossil, mix another batch of
plaster. Have the students lightly cover the mold (imprint of objects) and the
edge of the plaster with more petroleum jelly.
11. Pour more plaster on top of the dry plaster.
12. Once the fossil is dry, remove the paper carton from around their fossil.
13. Break the plaster (carefully) along the line between the two layers.
14. The students should examine both sides of their fossil imprint. Explain that this
is called a mold and cast fossil. The mold is the imprint of the organism and the
cast is made of the sediment that settled into the mold.
DISCUSSION
1. How would a fossil show what life was like millions of years ago?
2.

Where can you find fossils? (anywhere, near water or areas once covered with
water are good places)

CLOSURE
Have the students take their fossil home to explain to their family what they made.
NOTES FOR REVISION
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WHAT ARE FOSSILS?
A fossil is the remains or trace of a once-living plant or
animal from long ago. A fossil may be a piece of wood, shell,
a bone, an animal footprint or the burrow of an ancient worm.
Many fossils are impressions that were formed in mud or
sand and quickly buried. The remains are often found
hardened in rock formations.
Some remains are petrified, which means that the original
material is replaced by minerals. Petrified wood has the
shape of wood, but the wood has been replaced by salts that
have hardened and turned to stone. By looking at a piece of
petrified wood, it is possible to see the grain of the original
wood.

A.

Look at fossils or pictures of fossils from a reference book. Draw a picture of
what the plant or animal may have looked like.

B.

Study the fossil carefully. Look for some clues of what the environment was like
when the plant or animal lived. Write down three ideas.

SCIENCE AT HOME
Pretend you are the plant or animal imprint on a fossil. Describe you life, and tell how
you became fossilized.
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PETOSKEY STONE: OUR STATE ROCK
MICHIGAN ESSENTIAL GOALS AND OBJECTIVES
C I: Generate reasonable questions about the world, based on observation.
EG3: Explain how rocks and fossils are used to understand the history of the earth.
LE 1: Explain how fossils provide evidence about the nature of ancient life.
THINK QUESTION
What Michigan rock links us to our past?
BACKGROUND
The Petoskey stone is a coral that lived 350 million years ago during the time when
the northern part of Michigan was covered with a sea of salt water. The scientific
name is Hexagonaria percarinata (hexagonaria meaning having six sides). The
Petoskey stone is also known as a colony coral.
Calcite and other minerals have replaced the original elements in each hexagonal
cell. Each chamber or corallite at one time was a living marine animal that grew in
colonies. The dark spot on the stone is the remnants of the food intake opening
(mouth). Surrounding the mouth were the tentacles that were used for gathering
food.
The Petoskey stone can be found in Michigan from the shores of Traverse City
across the state to Alpena. They can also be found in gravel pits and on road beds.
During early spring is a good time to look for the stones. Each year as the ice of
Lake Michigan breaks up and the wind shifts the ice back and forth, it pushes a new
crop of fossils to the shore. In the summer months, the best time to look for the
stone is after a wind storm or during a mist rain when the stones will show the fossil
pattern more clearly.
The city of Petoskey was named after an Ottawa Indian Chief, Chief Pet-O-Sega.
This means the "Rays of the Rising Sun.” The eye of the stones is seen as the sun,
and the lines or tentacles are seen as the rays radiating from the sun.
ACTIVITY
Comparing the difference between rocks and fossils.
NEW VOCABULARY
fossil, history, extinct, rock layers, age of fossil
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OBJECTIVES
Students will 1) learn how fossils are used to tell of ancient life. 2) observe Petoskey
stone fossils and 3) make a class fossil bed and 4) have a fossil dig.
MATERIALS
• Petoskey stones, unpolished
• Petoskey stone, polished slab
• Michigan road maps
• rocks (from Pet Rock lessons)
• book, Fossils Tell of Long: Ago
• plastic cups
• plastic tub
Teacher/Student Provided:
• soil or mud
• hammer
TIME
30-45 minutes
PROCEDURE
Anticipatory Set:
1. What is a fossil?
2. How do you think fossils are formed?
3. Why are fossils important to scientists?
4. Optional: Pass out the Michigan road maps. Have the students look for the
picture of our state stone. Point out that our state stone is also a fossil. Share the
background information about Petoskey stones with the students.
Input:
1. Read the story, Fossils Tell of Long Ago.
2. Discuss the new information in the book, especially how the rock layers
determine the age of the fossils.
3. Also discuss how fossils are the record of past living organisms.
4. Next, break the students into seven groups.
5. Give each group one small fossil (Petoskey stone) and a cup of water.
6. Have the groups wet their stone to observe the different parts.
7. Point out that the dark spot was the food opening of the coral and the lines
around were the tentacles.
8. Review the Petoskey stone information if the students have any new questions
after looking at the stones.
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9. Show the students your polished Petoskey stone. Show them how much better
the features can be seen when the rock is polished. Leave the polished stone
out so the students can take time later to look at it more closely. You may want
to leave the story book next to it for students to re-read.
DISCUSSION
1. How do fossils tell of creatures and plants from long ago?
2. How are rock layers used to date the fossils?
3. How is a fossil different from other rocks?
4. Do all dead plants and animals become fossils? Why or why not?
CLOSURE
• In the student journals, have the students draw a picture of their Petoskey stone
and write about what they know. Also, prior to the next lesson, each student
should bring in a clean milk carton from their lunch or a clean paper cup
from home.
•

Create a class fossil collection. Ask volunteers to bring in mud (possibly from a
dried up puddle). Put the mud into the plastic tub. Add a small amount of water
to the mud and stir. Add just enough to make it soupy, not runny! Have the
students bring things from home or outside to make into a fossil (i.e., rocks,
sticks, leaves, bones, shells, twigs, etc.). Have each student add their item to the
mud. Each student should add one thing. Ask: How is this like what happens in
nature? (mud and sediments cover once-living things—the pressure over millions
of years turns the objects to stone)

•

Set the plastic tub aside and let the mud dry. Put it in a dry, warm place to
speed drying. Eventually, the mud will harden. This is similar to what happens
when ancient sea-bottom or lake-bottom sediments harden into rock.

•

After the mud is completely dry, let the students help break it apart. A small
hammer might help break it up. As they break apart the dried mud, have them
look for the fossils buried inside. Also, have them carefully remove parts of the
mud that surround the objects. Have them look for the impressions of the objects
left behind.

NOTES FOR REVISION
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FOSSILS TELL OF LONG AGO
What is a fossil? A fossil is anything that has been preserved that tells about life
on earth. Some fossils are an imprint of an ancient plant or animal. Other fossils
are skeletons or other remains of plants and animals that turned to stone millions
of years ago. Some fossils are imprints of sea shells or coral.
Of the billions of plants and animals that have died over the years, only a few are
preserved as fossils. The reason is that most dead plants and animals decay
before they become fossils. Most organisms that become fossils have been
buried under layers of mud and other sediments. They are buried very quickly.
This keeps the plant or animal from decomposing. Many fossils are found around
water or areas that once were covered with water.
Many scientists use fossils to find out what life was like on earth millions of years
ago. They use these fossils to understand ancient plant and animal life. These
animals are no longer found on the earth. They are extinct.
Sometimes you can find fossils. Pick up a rock and look closely. You might see
an imprint of a plant or animal. Our state rock, the Petoskey stone, is actually a
fossil. Each time you or a scientist finds a fossil, we learn more about life on earth
years ago.
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Assessment
Grade 3
GEOSPHERE
Classroom Assessment Example SCI.V.1.E.4
Students will construct a labeled graphic representation of each shredded paper time period that
identifies and labels the time periods. The graphic representation should visually demonstrate
different lengths of time.
(Give students rubric before activity.)
Scoring of Classroom Assessment Example V.1.E.4
Criteria

Apprentice

Basic

Meets

Exceeds

Accuracy of
graphic
representation

Creates a graphic
representation
that inaccurately
represents the
time periods.

Creates a graphic
representation of
the time periods
that is incomplete.

Creates a graphic
representation of
the time periods
that is complete.

Creates a graphic
representation of
the time periods
that is complete
and includes
details.

Accuracy of
labels

Labels only one
layer accurately.

Labels some
layers accurately.

Labels most
layers accurately.

Labels all layers
accurately.

Correctness of
order

Does not arrange
layers in time
order.

Arranges some
layers in time
order.

Arranges most
layers in time
order.

Arranges layers in
time order.
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Earth/Space Science
Worksheet

GRADE LEVEL:

Third

Topic:

Geosphere

Grade Level Standard:

3-4 Compare and contrast the features, materials,

history, and changes of the earth’s surface.
Grade Level Benchmark:

5. Describe uses of materials taken from the earth.

(V.1.E.5)
Learning Activity(s)/Facts/Information

Resources

Central Question:
How are materials taken from the Earth used?
1.

“What are Fossil Fuels?” 

2.

“Why is Soil Important?” 

3.

“Why is Oil Called Black Gold?” 

4.

“Where do We Find Natural Gas?” 

5.

“How Does Nuclear Power Make Electricity?” 

6.

“Can Nuclear Waste be Controlled?” 

7.

Home Assignment–Natural Resources. List 10 items
found in your home, originally taken from earth’s
surface. Example, glass (sand).

Geology Creative Teaching
Press.

 Activity is attached
Process Skills: Mapping, Communicating, Observing, Hypothesizing, Predicting

New Vocabulary:

transportation, building material, energy, oil into gasoline, sand

into glass, gravel into concrete and asphalt, coal burned to produce electricity,
water for hydroelectric power, ores into metal for chairs
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Name ________________________

WHAT ARE FOSSIL FUELS?
When a material such as coal or petroleum comes from once-living things, it is called a
fossil fuel. Coal is made of the remains of plants that lived in swampy area long ago.
As the plants were buried under great pressure and heat, they decayed and turned into
coal. This process took millions of years.
Petroleum (gasoline, oil, fuel, and natural gas) is formed from marine sediments, and is
found underground in porous rock. It probably formed under less pressure and heat
than coal, since it is usually a liquid or a gas.
Fossil fuels are nonrenewable. Since they form slowly, once they are used they
cannot be replaced. We depend on fossil fuels to heat our homes, and power our cars
and factories. The lack of fuel creates problems. Mountains are dug away to mine coal
oil wells often pollute the oceans, and nations try to control fuel supplies. There are oil
wells often pollute the oceans, and nations try to control fuel supplies. There are
renewable sources of energy that nature provides, including solar, wind and water
power.
A. Use the information below to make a bar graph showing what sources provide the
world’s energy. Remember labels.
Oil 39%, Coal 28%, Gas 18%, Nuclear 4%, Water 3%, Wind 1%, Solar 1%, Misc.
6%

B. Look at the derricks to answer the questions.
1. Which well is dry? _________________
2. Which well will pump gas? __________ oil? ___________ water? __________
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WHY IS SOIL IMPORTANT?
People and animals cannot make their own food.
To survive we depend upon plants. Soil must
supply food, air and water for plants to grow.
Plants take energy from the sun and nutrients
form the soil. Since nutrients are used up when
plants are grown, more nutrients must be added
to fertilize the soil. In return, plants give us food,
oxygen, clothing and building materials.
A. What happens if soil is not fertilized?

HOW IMPORTANT IS SOIL?
MATERIALS
bean seeds, liquid fertilizer, 4 identical plant pots, good quality potting soil, poor soil,
such as clay
PROCEDURE
Fill two plant pots with good soil.
Fill a third pot with poor soil.
Do not use soil in the fourth pot.
Plant bean seed in each pot.
Care for each plant in the same way.
Give equal amounts of water and sunlight to each.
Regularly give a weak solution of liquid fertilizer to one pot with good soil.
B. Draw a picture of what you think will happen to the seeds in each pot. Circle the
potted plant that you think will grow the most. Draw a box around the potted
plant that you think will grow the least. After a few weeks, examine the plants.
Were your predictions correct?

C. There are many hungry people in the world. What could be done to prevent
starvation?
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Name _____________________________

WHY IS OIL CALLED “BLACK GOLD” ?
Petroleum, or oil, is a fossil fuel. It is formed from dead ocean plants and animals that sank to
the bottom of the sea millions of years ago and were covered by mud and sand. Oil first came
into use 100 years ago to lubricate machines and make kerosene for lamps. People soon
discovered how easy it was to transport oil through a pipeline and that one barrel (42 gallons or
158.8 liters) had as much energy as 500 pounds (225 kg) of coal.
By 1900, oil was being used to power machines. Oil refineries
quickly improved ways to clean out the impurities and make heating
oil for homes. Refineries also made oil to run generators that
produce electricity and gasoline for transportation. Americans now
use 600 million gallons (2,268 million liters) of oil per day. But
higher prices and decreasing supplies have forced people to find
new sources of energy while millions of dollars are still being spent
to look for more oil.
Geologists travel the world to study rock formations and study
photographs taken from space. They use seismograms to check
for special layers of rock. Exploration wells are drilled to bring up
samples before a permanent oil rig is built. Geologists are finding
more oil deep under the ocean floor as well as oil shale, a type of
rock that needs to be crushed and heated to extract the oil. Oil
from tar sands found in dry lake beds is also available, but very
expensive to collect.

1. Almost half of our oil supplies come from beneath the ocean floor. As more platforms are
being built, how do you think they affect sea life?
______________________________________________________________________
______________________________________________________________________
2. How much does gasoline cost at your local gas station? Do you think this price will change?
Why?
______________________________________________________________________
______________________________________________________________________
3. Oil products can cause a great deal of pollution. Gasoline burned by cars and trucks cause
heavy smog in large cities. Is there a smog problem in your city? What is being done about
smog?
______________________________________________________________________
______________________________________________________________________
SCIENCE AT HOME
Oil is used in an incredible number of products. Plastics, detergents, nylon, polyester, paint,
wallpaper, makeup, tires, fertilizers, and even medicines are made from oil. Write a list of
things in your kitchen that are made with oil products.
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Name _____________________________

WHERE DO WE FIND NATURAL GAS?
Like oil and coal, natural gas is a fossil fuel. Tiny plants and animals formed an ooze on the
bottom of the ocean. Buried under tons of earth for millions of years, the ooze changed into
pockets of gas trapped between layers of rocks.
Natural gas sources are reached by drilling wells deep
underground. Gas may have a temperature of 200°F (93°C)
when it reaches the surface. Before it is put into pipelines, it
must be cooled and have the water taken out. Sometimes
water must be pumped into the ground to break up the rocks
and force the gas into the well.
Although Alaska, Canada, and Mexico still have gas fields
that haven’t been developed, the supplies of natural gas are
shrinking. In the year 2000 only 2 percent of our electricity is
generated by gas. Natural gas can be transported from other
countries that still have large supplies. Before it is put into
special tankers, the gas must be changed by cooling it into a
liquid. The gas is cooled to -260°F (-160°C) and kept
extremely cold until it is ready to go into pipelines.
Then it is changed back into a gas.
1. The map shows natural gas deposits currently found in
the United States. Are there any deposits where you live? Which states have the most
deposits?
_______________________________
_______________________________
_______________________________
_______________________________
_______________________________
2. Natural gas has many important chemicals
that are used to make plastics, ink,
perfume, rubber, and medicine. Find out 3
more products made from natural gas.
___________________________________________________________________
___________________________________________________________________
SCIENCE AT HOME
Do you use gas in your home for heating, cooking, or drying clothes?
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Name _____________________________

HOW DOES NUCLEAR POWER MAKE ELECTRICITY?
Discovered in 1939, nuclear power has changed the way
we live more than any other energy resource. It is used to
make deadly bombs, but it is also used to make electricity
and operate huge ships.
Nuclear power stations are expensive to build, but they
don’t cost much to run. A reactor core is the most
important part of a nuclear power station. This is where
fuel rods that contain a metal called uranium gives off
heat. Continuous heat is made by the splitting or “fission”
of uranium atoms. Each atom breaks into smaller
particles called neutrons that crash into other atoms and
break them apart. This chain reaction produces enough
heat to boil water into steam. The steam is forced into a
hug turbine which turns a generator that makes electricity.
The heat from a nuclear reactor is so intense that it needs
to be controlled. Sometimes water is used to surround
and cool the fuel rods. Special control rods can be
lowered into a reactor to slow down the fission process.

1. Where is most uranium found in the United States?
__________________________________________________________________
2. What happens to uranium once it is mined?
__________________________________________________________________
__________________________________________________________________
3. Does uranium contain more energy than coal?
__________________________________________________________________
4. What happens to the steam after it goes through the turbine?
__________________________________________________________________
__________________________________________________________________
5. Bounce 6 to 8 Ping-Pong balls on the bottom of a large box. What happens when
the balls hit each other? This is similar to the chain reaction of neutrons bouncing off
atoms to split apart new atoms.
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Name _____________________________

CAN NUCLEAR WASTE BE CONTROLLED?
Each fuel rod in a nuclear reactor can fill the energy
demands of 80 people during their lifetimes. This is
because old fuel rods can be repaired so that they can be
used again. These rods are removed from the reactor
and cooled in a storage pond. Then they are taken to a
special reprocessing plant where a small amount of
nuclear waste is left behind.
The people who work with a nuclear reactor and nuclear
waste must be protected from the dangerous rays of
radiation that are given off by the reaction in the fuel
rods. They must stand behind glass windows and use
long robot arms to handle the fuel rods. They wear a
dosemeter that will sound an alarm if there is too much
radiation in the air.
Nuclear waste stays radioactive for many years. It is so
deadly that it must be put into thick steel tanks. Some
waste is dumped at sea or buried deep beneath the
Earth’s surface in concrete vaults. Other waste is made
into radioactive isotopes. These isotopes are used in
medicine and scientific research. They give off a
penetrating form of radiation that is used to kill cancer.
1. What would happen if the fuel rods became too hot inside a nuclear reactor and
could not be controlled?
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
2. What are the effects of the nuclear disaster in Chernobyl, Russia, April 1986?
__________________________________________________________________
__________________________________________________________________
3. What is your opinion on using nuclear energy to power submarines, aircraft carriers,
and to make nuclear weapons?
__________________________________________________________________
__________________________________________________________________
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Assessment
Grade 3
GEOSPHERE
Classroom Assessment Example SCI.V.1.E.5
Students will select five objects found around school. (A bit of guidance will be needed here
given that so many everyday objects are combinations of several materials (ex. brass, most
clothing, wood. A teacher provided list would allow students to choose from appropriate
objects.) Each student will create a booklet that illustrates each object and lists the Earth
materials that were used to make the object.
(Give students rubric before activity.)
Scoring of Classroom Assessment Example V.1.E.5
Criteria

Apprentice

Basic

Meets

Exceeds

Completeness of
illustrations

Illustrates fewer
than three objects
found around the
school.

Illustrates three or
four objects found
around the school.

Illustrates five
objects found
around the school.

Illustrates more
than five objects
found around the
school.

Completeness of
lists of Earth
materials

Creates a list that
includes an Earth
material for fewer
than three objects
found around the
school.

Creates a list that
includes an Earth
material for three
or four objects
found around the
school.

Creates a list that
includes an Earth
material for each
of the five objects
found around the
school.

Creates a list that
includes an Earth
material for more
than five objects
found around the
school.

Quality of
construction

Includes no table
of contents, two
covers, no title,
and no cover
design.

Includes table of
contents, two
covers, title, and
no cover design.

Includes table of
contents, two
covers with
binding, and a
basic cover
design.

Includes table of
contents, two
covers with
binding, and an
unique cover
design.
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Earth/Space Science
Worksheet
GRADE LEVEL:

Third

Topic:

Geosphere

Grade Level Standard:

3-4 Compare and contrast the features, materials,

history, and changes of the earth’s surface.
Grade Level Benchmark:

6. Demonstrate ways to conserve natural resources and

reduce pollution through reduction, reuse, and recycling of manufactured
materials. (V.1.E.6)
Learning Activity(s)/Facts/Information

Resources

Central Question:
What effects has technology had on the Earth’s surface
and resources?
1. “Why Recycle?” 
2. “Do You Use Water Wisely?” 
3. “Oil Spill Cleanup” 

50 Simple Things You Can Do
to Save the Earth. Earthworks
Group, Earthworks Press,
1989.

4. “Let’s Recycle” 
5. “Grab-Bag Garbage” 

Local Recycling Plant/Center

6. Design a poster showing responsible use of Earth’s
material. (i.e., recycling, erosion)
7. Tour Recycling Plant.
8. Recycle at School.

 Activity is attached
Process Skills: Classifying, Communicating, Observing, Predicting, Comparing/Contrasting,
Interpreting data

New Vocabulary:

materials that can be recycled—paper, metal, glass, plastic;

reduce; reuse; recycle
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Name _____________________________

WHY RECYCLE?
It is not just fossil fuels that the Earth is running out
of. Wood and metals, such as aluminum, copper,
and tin are also becoming scarce. Everyday items
made of these materials are carelessly tossed
away in the trash daily, when they could be
recycled. Recycling is reusing materials that would
be thrown away. Metal can be separated and used
again. Newspapers, food wrappings, and other
scraps of paper can be collected and recycled.
Products that are not recycled can be burned to
create electricity. By recycling trash, you can help
save our valuable resources.
A. What recycling plants are in your area? Find an
address or information about recycling plants. List the information below.

B. The average person contributes to 3.74 pounds of waste each day. According to
these statistics:
How many pounds of waste do you contribute in a week? ____________________
How many pounds of waste do you contribute in a year? _____________________
How many pounds of waste does your family contribute in a day? ______________
SCIENCE AT HOME
Collect all the trash your family uses in one day.
How much does it weigh? _____________
Were the above statistics correct? __________
Go through your trash. Separate the materials that could be recycled.
Are you surprised by the quantity? __________________
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Name _____________________________

DO YOU USE WATER WISELY?
Water is our most important resource. The amount of water on Earth is the same as it
was millions of years ago. However, there are more people using and wasting it. In the
past thirty years North Americans have doubled the amount of water they use. The
average person currently uses 87 gallons of water per day.
Though water covers 70% of the Earth, only 1 % is fresh water. Most of the fresh water
is underground. Poisonous wastes have leaked into our underground supply from
dumps. Once it is polluted with poisons water is almost impossible to clean. Industries
have been prime sources of pollution. With the help of good laws, more companies are
recycling their water. We can do our part by not polluting our water and by using it
wisely.
A. Water is recycled continuously in nature
through what is called the “water cycle.”
Look at the diagram and explain how the
water cycle works.

B. Suppose you lived in an area where it rained many inches in the winter, but it did not
rain in the summer. The summer is hot enough to grow crops, except all the
rainwater had flowed away in the winter. How could water conservation solve this
problem? Write 2 ways of solving this problem. Circle the suggestion you feel is
best.

SCIENCE AT HOME
Look for dripping faucets in your house. Place a measuring cup under each faucet for 1
hour. Measure the amount of water in the cup. _____________ How much water
would the faucet waste in one week? ____________ In one year? _______________
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OIL SPILL CLEANUP
YOU’LL NEED
A half-liter plastic soda bottle with cap; a large bottle of baby oil, blue
food coloring, glitter or sequins, large dish soap, a glass cake pan,
paper towels or newspaper, a spoon.
1. Fill the bottle one-third full with water. Add the food coloring. Fill the
rest of the bottle with baby oil. Add the glitter or sequins. Seal.
2. Roll, turn or swirl the bottle to make weaves. What happens?

WHAT HAPPENS
When you roll the bottle, the oil and water combine, then separate
when left to rest. Large and small oil globules float on the “ocean’s” surface like greasy
bubbles. How would you clean them up?

Oil and water do not mix. Oil sticks to the surface of water spreading out into a thin,
greasy slick. It’s very hard to clean up. Find out why.
1. Fill the cake pan with water.
2. Add a half-cup of baby oil. Let it set for a few minutes so the oil spreads.
3. Place several drops of dish soap at different spots on the water’s surface. What
happens?

4. Clean up the oil, using paper towels or newspapers. Try skimming off the oil with a
spoon. Keep cleaning until the water’s surface is no longer greasy.
WHAT HAPPENS
Oil and water don’t mix because the density of oil is less than the density of water. That
means oil molecules are farther apart than water molecules. The soap broke up the oil
into smaller slicks, but it didn’t make it easier to clean up. Imagine cleaning up a really
big oil spill, like the 10,000 gallons that the Exxon Valdez spilled in Alaska in 1989. It
takes years.
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LET’S RECYCLE
by Kim Sutton
TOPIC AREA
Application of percentage into a class recycling project.
INTRODUCTORY STATEMENT
Students will use a recycling project to reenforce concepts concerning collection of data and
conversion into percents. Students will collect the data monthly.
MATH SKILLS
Classification
Estimation
Graphing—point, bar, and circle
Column addition
Decimals
Percent

OTHER SKILLS
Recycling

MATERIALS
Student worksheets
Pencil and crayons
Protractors—circle type
Aluminum cans
Barrel
Plastic garbage bags
Newspaper
Whole group graphs
KEY QUESTION
At the end of each school month, how many pounds of aluminum will be collected by our
class? Of the sample collected, which type will have the highest percentage?
MANAGEMENT SUGGESTIONS
1. Estimated time: one 60 minute session for the classification of the cans with another 30
minute followup the next day. (This activity is done monthly throughout the year.)
2.

The class is divided into teams of six members each to help expedite the classification
and counting process.

3.

Students are responsible for group cooperation while doing the classification and
counting process.

4.

Students will use worksheets for the collection of data.

5.

At the beginning of the year, students can use calculators to facilitate the conversion of
fractions into decimals and decimals into percents.

WHAT THE STUDENTS WILL DO
1. Students will collect aluminum cans each month to deposit in the barrel in the
classroom.
2. At the end of the month, the students will be asked how they would like to classify the
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types of cans for that month. To begin this project, try to keep the number of types to
around five.
3.

Move the desks out of the way and spread the floor with newspapers or, weather
permitting, do this part of the activity outside on the blacktop.

4.

With students divided into small groups, give each group part of the can collection for
classifying and counting.

5.

Students will record the data on the tally worksheet.

6.

After completing the can classifying and counting, students place the cans into large
plastic garbage bags and close off the tops.

7.

On a large piece of butcher paper, students will give data for each type of collected
can. Numbers are placed in column and students copy data onto individual data
sheets.

8.

Students complete the column addition for each type and record class totals.

9.

Students will complete individual bar graphs for the totals, making a decision on the
intervals to be used on the graph.

10. Students then complete the table, converting types into fractions, decimals, and
percents.
11. After the cans have been returned to the recycling center, the class will meet in a whole
group situation to complete the worksheets and the point graph for the month.
12. Each month a different small group is asked to work on completing the circle graph for
the percentage of types of cans.
EXTENSION
1. Take a field trip to the different recycling centers available in the area.
2.

Do a creative or factual writing assignment following the life of an aluminum can.

3.

Tie this activity into a recycling project as part of many ways in which we can recycle.

4.

Do a playground cleanup project and collect and sort types of garbage collected and
repeat above activity. Display with a caption concerning eliminating this problem.

5.

Research with local beverage distributors the problems involved with states who have
deposits on aluminum cans.

BACKGROUND INFORMATION
1. Students need to learn to use a circle protractor.
2.

To find the percentages for a certain type of cans, divide 100% (actual total number of
cans) into the number of that particular type of can.
Total number of cans 490 ÷ 245.00 = .50. The number of cans of Diet Pepsi is 50%.

3.

Students will need to know the current rate for aluminum per pound in order to find the
value of each can. ( Amount will vary per month.)
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Type of Cans

Tally (IIII II
...)

Group Total

Class Total

Total for the
Month
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Environmentalist _________________________
Type of Cans

No. of Cans

Part/ Whole

Decimal
Equivalent

Percent
Equivalent

For the month of ____________________, ___________________ cans equal 100%.
(number)
225

226

GRAB-BAG GARBAGE
by Maribeth Clark and Wendy Knight
(Members of the first grade writing team under the direction of Barbara Ann Novelli)
TOPIC AREA
Decomposition
INTRODUCTION
Students will observe the changes in various materials over a period of time. From
their observations, they will see that some items decompose while others do not.
MATH
Measurement
change over time
SCIENCE
Life science
decomposition
MATH/SCIENCE PROCESS SKILLS
Predicting
Observing
Classifying
Comparing and contrasting
Recording data
Interpreting data
Applying
MATERIALS
garbage items (See Management)
3 5 gallon containers
3 1 gallon heavy duty Ziploc bags
soil
glue
hand lenses (optional)
large piece of plastic or paper
craft sticks–one per student
KEY QUESTION
How will the items change if they are placed into a bag of soil and water for varying
amounts of time?
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BACKGROUND INFORMATION
A landfill is a site where garbage is placed. A natural pit is usually selected and is
deepened by earth moving machines. Measures are taken in the landfill to prevent
ground water from being contaminated by the toxins in the garbage. The garbage is
dumped into this pit in layers. Each layer is covered with dirt. Eighty percent of our
garbage is put into landfills. Ten percent is burned and the other ten percent is
recycled.
Some items placed in our landfills decompose. Decomposition is the breaking down
of decaying organic matter. It is accomplished by organisms of decay, such as
bacteria and fungi. Many items do not decompose and therefore takes up more
space in the landfill.
In less than six years, it is predicted that about half of our landfills will be full. If we
make less garbage and recycle more we can greatly reduce the rate at which we are
using up our landfills.
MANAGEMENT
1. This activity will take five 30-40 minute class periods spread over approximately
six weeks. The first period will be for discussing decomposition and assigning
the task of bringing garbage from home. The second period will be used for
setting up the garbage bags. The third, fourth, and fifth periods will be for
observations made of the decomposition process.
2.

Prior to setting up this activity, ask students to bring from home three small
pieces of garbage from three different places: one from their kitchen; one from
another place in their house such as a den, their bedroom, or the living room;
and one from the yard.

3.

With a marker, draw a line halfway up the gallon-sized bags to indicate the level
to which the students are to fill the bag with soil.

4.

Label the three containers (KITCHEN GARBAGE, OTHER HOUSE GARBAGE,
YARD WASTE) so students can add their garbage contributions to the
appropriate containers.

5.

Devise a method for keeping the Ziploc bags together with the appropriate
record sheet to insure accuracy in observations. You may do this by color
coding with sticky dots or by using letters or numbers on the bags and record
sheets.
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6.

Locate a place where the bags will be easily observed and still have ventilation.
The decomposing material may begin to produce an unpleasant odor after a
period of time.

PROCEDURE
1. Discuss decomposition and ask students to bring items of garbage.

2.

Direct students to describe the garbage items they brought from home and to
put them into the appropriate containers. Ask the Key Question.

3.

Divide the students into four groups.

4.

Give each group a marked gallon-sized Ziploc bag. Instruct students to put soil
into the bag up the line that was drawn on it.

5.

Invite three students from each group to select a piece of garbage from the
KITCHEN GARBAGE container. They will carry these items back to their
group where they will take a small piece from each item and glue it to their
recording sheet. If the item is inappropriate for gluing onto the recording sheet,
students may draw that item instead. Students will now add their kitchen
garbage sample to the bag.

6.

Continue this process, inviting three more students from each group for each of
the two remaining containers. Remind students to glue small samples of their
garbage to their recording sheets before adding the remainder of their selected
items to the bags. Be sure each bag contains at least one food, one paper,
and one plastic item.

7.

Add ½ cup of water to the bag. Zip it shut.

8.

Have an adult check the bag to be sure they are zipped securely.

9.

Students should take turns mixing the ingredients in their bags by gently
shaking or kneading them. Hang the bags and their corresponding record
sheets in a well-ventilates area where students can observe them. If you use
tacks or staples for hanging the bags, be certain they are placed above the
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zipper on the bag.
10. At the end of two weeks, review the items in one bag by observing the record
sheet which corresponds to the bag which was selected to be opened first.
Have the students predict what the items will look like when the bag is opened.
List predictions on the board or a chart. Students may copy these predictions
onto their lined Grab-Bag Garbage sheet.
11. Take one bag outside and pour out the contents onto the plastic sheeting or
large piece of paper.
12. Using the craft sticks, have students sift through the contents of the bag.
Students may want to use hand lenses in their observation.
13. Discuss the changes which have occurred, comparing and contrasting them
with the students’ predictions for the various objects. Make a chart of
descriptive words as the contents are observed.
14. Follow the same procedure (Steps 12-14) with the remaining bags at two week
intervals.
DISCUSSION QUESTIONS
1. What happened to the items put into each bag?
2.

Which trash items decomposed the fastest? Which did not decompose?

3.

What happened to the items in the last bag compared to the same type of
items in the bag which was opened first?

4.

What items should we be concerned about filling up our landfills?

EXTENSIONS
1. Have students dictate one descriptive sentence about each bag. Write this on
a sheet of paper and hang in the space where the bag has been removed.
2.

Take a field trip to a landfill. Before going, prepare questions for students to
ask which draw upon their classroom experiences with decomposition.

CURRICULUM CORRELATIONS
The Compost Heap by Harlow Rockwell
Lots of Rot by Vicki Cobb
HOME LINK
Students will share their Please use these items! sheet with their parents. Have
students try this experiment at home with different items.
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Assessment
Grade 3
GEOSPHERE
Classroom Assessment Example SCI.V.1.E.6
Small groups of students will design a plan to reduce, reuse, or recycle a waste product from
school. They will estimate the volume/weight of the natural resources that will be conserved by
this plan.
(Give students rubric before activity.)
Scoring of Classroom Assessment Example V.1.E.6
Criteria

Apprentice

Basic

Meets

Exceeds

Completeness of
plan

Incomplete plan.

Complete plan,
but missing
details.

Complete plan
with details.

Complete plan
with details and
budget.

Completeness of
estimates

No estimates of
natural resources
conserved by the
plan.

Estimates some of
the natural
resources
conserved by the
plan.

Estimates most of
the natural
resources
conserved by the
plan.

Estimates all of
the natural
resources
conserved by the
plan.
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Earth/Space Science
Worksheet

GRADE LEVEL:

Third

Topic:

Atmosphere and Weather

Grade Level Standard:

3-5 Evaluate and predict weather.

Grade Level Benchmark:

1. Describe weather conditions. (V.3.E.1)

Learning Activity(s)/Facts/Information

Resources

Central Question:
What makes up weather and how does it change from
day to day, from season to season and over long
periods of time?
1. “Homemade Clouds” 
2. “What are Clouds?” 
3. “How are Clouds Formed?” 
4. Read weather poems. 
5. “Watching the Weather” 
6. “Air Temperature” 

Related Children’s Literature
List (Attached) *
The Cloud Book. Tomie
dePaola.
Scholastic Science Place.
“Air, Sun, Water.”

7. “Which Way?” 

 Activity is attached
Process Skills: Observing, Interpreting data, Compare/Contrast, Predicting

New Vocabulary:

atmosphere, temperature (cold, hot, cool, warm), characteristics

of air, cloud cover, precipitation, thunderstorms, lightening, tornadoes, blizzards
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HOMEMADE CLOUDS
AREA
Earth Science
TAKEN FROM
A Taste of Science/The Magic House, St. Louis Children’s Museum, a workshop
funded in part by the Monsanto Fund.
BACKGROUND
When you look at the sky, how many different types of clouds do you see? Can you
see any faces or characters in the clouds? Are some of the clouds closer to you
than others? Make your own cloud while making important discoveries, too.
MATERIALS
a partly or mostly cloudy day
blue construction paper
cotton
markers
glue sticks
PROCEDURE
Go outside and ask the children to describe what the sky looks like. Explain to them
that they are going to pick out one cloud and make a copy of it with cotton and glue.
Help them study their cloud by asking questions about it. Is your cloud all white? Is
it puffy? What shape is it, etc.?
After the children have made their clouds, let them dry for five minutes. Discuss the
different clouds that are copied. Are they all alike? Group the similar clouds
together, then compare the clouds in the different groups. Have the children
describe the difference between the types of clouds. Do this activity on two days
when the clouds are of noticeably different types.
EXTENSIONS
Keep a daily record of types of clouds observed on the “Cloud Chart” in the back of
the manual. Also, make notes on the type of weather each day. Ask the children if
they can predict the weather by the types of clouds present.
READ
It Looked Like Spilt Milk by Charles G. Shaw
SCIENCE PROCESS SKILLS
observing, classifying, predicting
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CLOUD CHART
DAY

TYPE OF CLOUD

TODAY’S WEATHER

CLOUD TYPES
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WHAT ARE CLOUDS?
AREA
Earth Science (K-4)
TAKEN FROM
State of Michigan Science Curriculum Support Guide Draft, K-3, Michigan
Department of Education, Lansing, Michigan
GROUP SIZE
Individual
TIME
Three 30 minute class periods
GENERAL OBJECTIVES
The learner will know the formation of clouds and the production of precipitation.
OVERVIEW
There are three basic kinds of clouds: stratus, cumulus, and cirrus. Stratus clouds
are layered, flat, blanket-like, and spread out. They usually mean rain will come
soon. Sometimes they make the sky look overcast or “white.” Fog and haze are
very low stratus type clouds that can be touched. Fog feels cool and moist.
Cumulus clouds are usually rounded, puffy, and white. They look like heaps of
cotton, and usually mean sunny weather. When a lot of cumulus clouds blow or
connect together, they can form a large, tall, cloud mass.
Cirrus clouds look like feather curls very high up in the atmosphere. They appear in
dry weather and usually are a warning that the weather will be changing soon. They
often indicate that a storm is coming.
Clouds may also be a combination of more than one type of cloud. Cumulo-nimbus
clouds are the thunderclouds.
LESSON OBJECTIVES
The learner will:
1. identify the type and composition of clouds,
2. recognize the formation and types of precipitation, and
3. recognize common weather instruments.
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MATERIALS FOR PROCEDURE: PART 1
tagboard clouds for each student
cotton balls
bar graph illustration (generated by teacher)
Student Activity Sheet # 1
PROCEDURE
Cut cloud shapes out of tagboard. Students can paste cotton on the shapes.
Varying thickness of the cotton will create different cloud types (use the Student
Activity Sheet # 1 as a reference).
MATERIALS FOR MOTIVATOR
pictures of clouds or a cloud book for students
MOTIVATOR
Show the students the various pictures of clouds from magazines or books. Discuss
the pictures, and discuss the kind of weather that usually result with the appearance
of the different kinds of clouds.
Ask the students what clouds look like. Listen to the responses. Ask the following
kinds of questions:
Do clouds always look alike? (no)
What colors are clouds? (Many colors at sunrise or sunset, but usually white
or shades of gray.)
Are some clouds higher in the sky than other clouds? (yes)
Can clouds ever be touched? (Yes. Fog can be touched.)
On a cloudy day, where is the sun? (Behind the clouds.)
When you fly in an airplane, can an airplane go above the clouds? (Yes)
When you stare at a cloud, does it stay still or does it move? (It moves, and
sometimes appears to form interesting and imaginative shapes.)
Make a bar graph to be displayed on the bulletin board with the three cloud types at
the top. Have a student color in a box each day that a certain cloud type is
observed.
MATERIALS FOR PROCEDURE: PART 2
blackboard
two sponges
water
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PROCEDURE
Wipe a blackboard with a wet sponge. Ask the students how long they think the
blackboard will stay wet. Ask the following kinds of questions:
Will the blackboard dry by itself? or does it have to be wiped dry? (It can dry
by itself.)
Where will the water go that was on the blackboard? (Into the air.)
Will the wet sponge dry by itself? (Yes)
Where will the water go that was in the sponge? (Into the air).
Wet two sponges. Place one sponge in the sunlight or over a heating vent and the
other sponge in a shaded and cool area. Ask the students which sponge they think
will dry faster.
Where will the water go? (Into the air)
Can they see the water as it leaves the sponge? (no)
Explain: When the water goes into the air, it is called vapor. Water vapor is
invisible. The process of water going into the air is called evaporation.
Ask them if they can think of things that are affected by evaporation. Suggested
things to discuss might be: where the water from puddles goes after a rain; how wet
clothes on a clothes line become dry; how dishes dry on a drainboard; how Play
Dough dries in the air; how a wet body becomes dry after swimming; etc.
EXTENSION/FOLLOW-UP/HOMEWORK
1. Here’s how to make a great-looking fog scene:
A. Cut trees, mountains, and other scenery from construction paper.
B. Glue the scenery to another piece of construction paper. (Gray works
best for a foggy scene.) Note: Leave a half-inch (1.3 cm) border on the
two short sides of the picture.
C. Cut a piece of wax paper the size of the construction paper. Lay the wax
paper over the scenery and glue it to the construction paper by putting a
dab of glue on each corner.
D. Cut trees, grass, and other foreground scenery from construction paper.
Glue the scenery on top of the wax paper.
E. Cut two block construction paper boarders, each about 1 ½ inches (4 cm)
wide. Each border should be as long as one of the short sides of the
picture.
F. Fold each of the boarders in half over the short sides of the picture and
staple them to the picture in two or three places. Your foggy scene is now
complete!
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2. Advanced students might do some experimenting to find out which kind of
container shape and container opening will let water evaporate faster.
3. Ask students to watch the clouds at home. Have them draw what kinds they
saw. You might want to ask them to draw what imaginary pictures they saw in
the clouds.
4. Have students make a rain picture by drawing themselves in a raincoat and
boots, carrying an umbrella. Use blue construction paper. After they have
finished coloring, have them put droplets of rain on their pictures using liquid
starch and eyedropper. Even when the starch dries it will look like rain.
APPLICATION
1. Create your own model of types of clouds.
2. Investigate and make a model of the combination of clouds.
TEACHING STRATEGIES
Discovery, Discussion, Illustration, Evaporation, Water Vapor
VOCABULARY
cumulus, stratus, cirrus, cumulo-nimbus
CONCEPTS/OUTCOMES
The student will recognize three types of clouds.
PROCESSES
Observation/Identification, Classification, Communication, Investigating
CAREERS
Meteorologist, Navigator, Pilot, Naturalist, Farmer
RESOURCES
Teaching Children About Science: Ideas and Activities Every Teacher and Parent
Can Use, by Elaine Levenson, New York, Prentice Hall Press, 1985.
About Clouds by Thomas McGrath, Melmont Publishers.
The Cloud Book, by Tomie de Paola, Scholastic Books.
Braus, Judy (ed.): “Wild About Weather,” Naturscope. Washington, D.C., National
Wildlife Federation, 1986.
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Student Activity Sheet # 1
Name ____________________________
Date ____________________________

CLOUD CHART

The high cloud family, Cirrus Clouds are often
called “Mare’s Tails”.

Thunderheads are Cumulonimbus clouds and
occur at 5,000 feet.

The middle cloud family, Cumulus Clouds are
dome-shaped heaps and are over 4,000 feet
high.

The low cloud family, Stratus Clouds are light
rain clouds and are 1,800 feet high.
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Cloud Types
Help students identify different cloud
types by having them match the cloud
description with the appropriate cloud
illustration and name.

These clouds usually appear on fair days
against a bright blue sky.
These small, fluffy white clouds often
form rows that sometimes resemble the
scales of a fish. This is where the term
“mackerel sky” originated.

These clouds most often appear in the
spring or summer on sunny, bright days.
They look like white, puffy heaps of
cotton that often resemble animals and
other shapes. Many of these clouds
tower to 12,000 feet in the air.

This cloud is most often seen in the
summer at the end of a hot day. It is
usually called a “thunderhead” and is the
sign of approach of an electrical storm
with thunder and lightning.
This cloud is often the form of an anvil
with heaps of clouds turning first to light
gray and then darker and darker.

These thin, white wispy clouds usually
appear against a bright blue sky, but may
be a sign of approaching rain or snow.

These clouds a large area of the sky and
most certainly mean that rain or snow is
on the way.

These clouds are found high in the
atmosphere at heights of more than
24,000 feet. They also travel very fast
and reach speeds of more than 200
miles an hour.

These long flat clouds have ragged
edges and range from light gray to dark
gray.

These heavy, dark gray clouds cover
nearly the entire sky. They can occur
anytime during the year and most
certainly mean rain or snow.

These thin layer of gray clouds cover the
entire sky. When they are found close to
the ground, they are called “fog.” A mist
or drizzle of light rain is always
associated with these clouds.
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HOW ARE CLOUDS FORMED?
AREA
Earth Science (K-4)
TAKEN FROM
State of Michigan Science Curriculum Support Guide Draft, K-3, Michigan
Department of Education, Lansing, Michigan
GROUP SIZE
24- 30 students
TIME
Three 20-minute settings
GENERAL OBJECTIVE
The learner will know the formation of clouds and the production of precipitation.
OVERVIEW
Clouds are composed of water vapor and dirt particles. As clouds move they will
gain or lose water. Once they reach the saturation point (dependent upon
temperature and humidity) they can become potential rain/snow clouds.
LESSON OBJECTIVES
The learner will recognize the formation of precipitation.
MATERIALS FOR MOTIVATOR
hand mirror for each learner
MOTIVATOR
Tell students they are going to breathe on the mirror. Have them predict what will
happen. After they breathe on the mirror have them tell what happened. Why did it
happen? Ask if they ever heard anyone say "the mirror is cloudy" or "my glasses are
cloudy. " Explain that clouds, like their breath, contain tiny droplets of water which
are called water vapor .
MATERIALS FOR PROCEDURE
drawing paper
crayons
pail or bowl
sponge
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PROCEDURE
Tell the student that clouds gather water and at a certain time (saturation) the clouds
drop the water. Demonstrate as follows:
1. Ask two students to stand side by side with a bucket or bowl between them.
2. The students should hold a sponge over the bucket.
3. The teacher pours some water into the sponge explaining that it represents a
cloud.
4. As the "cloud" becomes saturated the water will drip into the bowl. The drips
represent precipitation.
When the demonstration is done, have the students fold their drawing paper in half.
Ask them to think of and draw two forms of precipitation (rain, snow, sleet, hail, etc.).
Have class compare their pictures with each other.
EXTENSIONS/FOLLOW-UP/HOMEWORK
1. Encourage students to watch the sky and look for pictures or shapes in the
clouds. They might draw a picture or write a sentence or just learn to enjoy the
changing clouds.
2. Read Little Cloud by Robert Tallon.
3. On a foggy day initiate a short discussion about fog being a cloud which has
come to Earth. "Did you walk in a cloud today?", etc.
4. Teach the following poetry activity to the students (provide a copy of the
following for each student):
Black clouds are giants racing across the sky.
(Make a circle with arms and turn in small circle)
They shoot out bolts of lightning as they go swiftly by.
(Make zig-zag motions with arms)
When they meet each other, there's a mighty thunder clap!
(Clap hands)
Boom! Boom! Boom! Boom!
(Clap hands on each boom)
They greet each other like that.
(Shake hands with neighbor)
APPLICATION
Have students explain the water cycle and the role of clouds.
TEACHING STRATEGIES
Teacher-centered activity, Discussion, Demonstration, Observation, Communication
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VOCABULARY
droplet
precipitation
saturation
water vapor
CONCEPTS/OUTCOMES
Clouds are made of water vapor.
Precipitation comes from clouds.
PROCESSES
Observation /identification
Communication
Inference
Prediction
CAREERS
Meteorologist
Pilot
Naturalist
Farmer
RESOURCES
Black Clouds by Julie Shelton Hall
Little Cloud by Robert Tallon
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RELATED CHILDREN'S LITERATURE
How the Weather Works, Peter Seymour, MacMillan, 1985.
The Weather Wizard's Cloud Book, Louis Rubin, Algonquin Books, 1984.
Weather, Herta S. Breiter, Raintree Publishing, 1983.
Rain, Hail, Sleet and Snow, Nancy Larrick, Garrard, 1961.
What Makes the Weather, Janet Palazzo, Troll Associated, 1982.
Weather Experiments, Vera Webster, Children's Press, 1982.
Magic Monsters Learn About Weather, Sylvia R. Tester, Childs World, 1980.
I Can Read About Weather, Robyn Supraner, Troll Associates, 1975.
Weather Forecasting, Gail Gibbons, MacMillan, 1987.
Rhymes to Predict the Weather, Don Haggerty, Springmeadow Publishing, 1985.
Weather, Bill Martin, Jr., Holt Rinehart and Winston, Inc., 1967.
Poems for Weather Watching, Laurie Israel, Holt, Rinehart and Winston, Inc., 1963.
Good Morning, Mr. Sun, John and Cathleen Polgreen, Holt, Rinehart and Winston, Inc.,
1963.
How to Make a Cloud, Jeanne Bendick, Parents Magazine Press, 1971.
Flash, Crash, Rumble and Roll; Rain and Hail; Rain and Rainfall; Snow is Falling; Snow;
Franklyn M. Branley, Crowell, 1963-64.
I Can Be A Weather Forecaster, Claire Martin, Children’s Press, 1987.
One Thousand One Questions Answered About the Weather, Frank H. Forrester, Dover,
1982.
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WEATHER POETRY
Who Has Seen the Wind?
Who has seen the wind?
Neither I nor you:
But when the leaves hand trembling,
The wind is passing by.
Christina Rosetti
Rain Clouds
Along a road
Not built by man
There winds a silent
Caravan
Of camel-clouds
Whose humped gray backs
Are weighted down
With heavy packs
Of long-awaited,
Precious rain
To make old earth
Young again,
And dress her shabby
Fields and hills
In green grass silk
With wild-flower frills.
Elizabeth-Ellen Long
Spring Rain
The storm came up very quick
It couldn't have been quicker.
I should have brought my hat along,
I should have brought my slicker.
My hair is wet, my feet are wet,
I couldn't be much wetter.
I fell into a river once
But this is even better.
Marchette Chute

Rainy Nights
I like the town on rainy nights
When everything is wet-When all the town has magic lights
And streets of shining jet!
When all the rain about the town
Is like a looking glass,
And all the lights are upside down
Below me as I pass;
In all the pools are velvet skies.
And down the dazzling street
A fairy city gleams and lies
In beauty at my feet.
Irene Thompson
Winter Clouds
Under my hood I have a hat
And under that
My hair is flat.
Under my coat
My sweater's blue.
My sweater's red.
I'm wearing two.
My muffler muffles to my chin
And around my neck
And then tucks in.
My gloves are knitted
By my aunts.
I've got mittens too
And pants
And pants
And boots
And shoes
With socks inside.
The boots are rubber, red and wide.
And when I walk
I must not fall
Because I can't get up at all.
Karla Kuskin

251

Weather
Whether the weather be fine
Or whether the weather be not,
Whether the weather be cold
Or whether the weather be hot.
We'll weather the weather
Whatever the weather .
Whether we like it or not.
Anonymous

SOURCE: The Random House Book of Poetry for Children, Jack Prelutsky, Illustrated
by: Arnold Lobel
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WATCHING THE WEATHER
KEY QUESTION
What is the weather like today?
FOCUS
Students will observe and record weather conditions over a long period of time.
MATH SKILLS
Counting
Graphing
INTEGRATED PROCESSES
Observing
Comparing and contrasting
Predicting
Inferring
Collecting and recording data
MATERIALS
Butcher paper
Crayons, markers, or colored pencils
Glue
BACKGROUND INFORMATION
Weather affects our lives in many ways. The type of clothing we wear depends
largely on the weather. Many businesses are affected by weather; good and bad.
Farmers need rain to water crops and sunshine to make them grow. They need
clear weather to plant and harvest crops. Rain, snow, fog, and wind can disrupt
transportation. Inclement weather even affects children's plans for outdoor
recreation.
Weather is the condition of the atmosphere at a certain time in regards to the
amount of sunlight, precipitation, clouds, and range of temperature. The weather
can be windy, rainy, cold, hot, sunny, or a combination of things.
Weather can be very different all across our nation. The ocean, mountains, and
wind patterns create various weather systems. Young
children tend to think that the weather they experience today
is the same everywhere. It is a challenge to help them
realize that weather varies greatly from region to region.
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MANAGEMENT
1. The large weather symbols could be printed on different colors of paper, then cut
apart and kept in small boxes or plastic bags.
2. Make a large weather calendar chart on poster board or with yarn on a bulletin
board.
PROCEDURE
1. Begin the discussion by asking the students to describe the day's weather. Go
outside if necessary. Have them describe what the weather was like yesterday.
Ask them how the weather affects them.
2.

Use the recording sheet "Observe the Weather". Tell the students to use their
senses to observe the weather .

3.

Discuss how they or their parents decided what the weather would be like
today, for example: Did they look out the window to see if the sun were shining,
raining, snowing, etc. Or did they listen to the weather forecast?

4.

Brainstorm words to describe all sorts of weather. (foggy, rainy, snowy, cloudy)
List these on the board or on a large cloud-shaped piece of butcher paper.

5.

Explain that weather forecasters keep records of daily weather to help them
predict the weather for the following days. Tell the students that for the next
month, the class will use some weather symbols to make a record of the
weather on a class calendar chart. show and explain each of the symbols.

6.

At the same time each day, ask the students which symbol should be posted to
best represent the day's weather. Post the day's symbol on the class calendar
chart.

7.

After a few days of observing, ask the students to predict what they think the
weather will be like tomorrow. Have the class vote and post the most frequent
guesses next to the chart. Compare their predictions with the actual weather
conditions on the following day.

8.

On the student sheet "Watching the Weather Graph", record the number of
days that each type of weather occurred. Keep records for more than one
month ( or season) and compare the number of clear days, rainy days, foggy
days, etc.

9.

Have students record the week's weather from the class calendar onto their
chart "Watching the Weather". They can draw or write their observations on the
chart.

DISCUSSION
1. What is a word you would use to describe the weather today?
2.

How many days did we keep a record of the weather?
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3.

How many clear days did we have during the month. How many days during
the month were cloudy? Did we have more clear days than cloudy? How do
you know?

4.

Looking at the graph, what kind of weather did we have the most of?

5.

Did we have any rain (or snow) during the month? If so, how many days?

6.

What was the weather like today? What was it like a week ago? Why is it
easier to tell what it was like a week ago than to predict what it will be next
week?

7.

What type of clothing would you wear for a hot sunny day? What would you
wear on a cold, wet day? How does clothing color, weight, and thickness differ
with the kind of weather we are having?

8.

What kind of weather do you like the best? Why? What do you do on those
days?

EXTENSIONS
1. Weather affects all life on Earth. Discuss the danger of electrical storms and
procedures to stay safe during dangerous weather. Make a class plan for any
severe weather in your area.
2.

Make some paper dolls, then make clothing to match the local weather. Tell the
students they are to pick the clothes for the dolls, dress them according to the
day's weather and post them on the board near the weather calendar for the
day.

CURRICULUM CORRELATION
Art
The students can create pictures to match the weather
outside by painting bright sunny days with bold tempera
colors, rainy days with water color washes.
Math
Use the results of the Weather Graph. Have students make
up questions or statements about the graph such as: How many more sunny days
were there than cloudy days? How many rainy days and windy days did we have
during this month?
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AIR TEMPERATURE
KEY QUESTION
How does air temperature affect a thermometer?
FOCUS
Students use a thermometer to measure air temperature.
MATH
Measuring
INTEGRATED PROCESSES
Observing
Predicting
Comparing and contrasting
Collecting and recording data
MATERIALS
Immersion thermometer
Small buckets
Masking tape, optional
Permanent colored pens, optional
BACKGROUND INFORMATION
Temperature tells us how hot or cold something is. Most people are familiar with the
idea of temperature. The temperature of our bodies is important to our health; the
temperature of the air is given in the weather report. Our experience tells us that the
warmer something feels, the higher the temperature is likely to be.
A thermometer is an instrument whose size, shape, or some other feature changes
when its temperature changes so that it can be used to measure temperature. The
most common thermometers are those that have an expanding column of mercury
or colored alcohol. (In this activity, only alcohol thermometers should be used.)
Measuring temperature can be exciting for students. Just to see the red liquid move,
up and down seems like magic to them. In this activity, it may be enough that young
students observe the relative movement of the colored alcohol as it rises to indicate
something is warmer and falls when something is cooler. For older students,
attention to the scaling may be appropriate.
MANAGEMENT
1. CAUTION: Always use alcohol-tilled thermometers with young students.
2. Prior to this activity students should know the relative position of the alcohol in
the thermometer as it indicates hot or cold.
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3. If students are only looking at relative temperature, cover the thermometer’s scales
with masking tape. Use permanent pens to color in areas of hot (red), medium
(yellow), and cold (blue).
PROCEDURE
Learning to use the thermometer.
1. Instruct the students to look out the window and see if they can tell if it is hot or
cold outside. Ask them what they would be looking for to tell them what the
temperature is.
2.

Ask students to describe what the words hot and cold mean when referring to
air temperatures.

3.

Ask them if they have seen a thermometer and if they know how it is used to
measure temperatures.

4.

Give each group a thermometer. Have the student examine the thermometer
and discuss their observations.

5.

Explain to the students that the thermometer has colored alcohol in the bulb
that expands (takes up more room) when it gets warm or hot and the liquid
goes up the tube. Encourage them to offer ways they can get the alcohol to go
up the tube.

6.

Ask them what they think will happen if they put their thumb on the bulb of the
thermometer. Allow time for them to test their predictions. Ask them what they
know about the temperature of their finger. (If the alcohol rose in the
thermometer, their thumb was warmer than the surrounding air. ) Have them
remove their thumbs from the thermometers bulbs and after a short time ask
them what has happened to the column of liquid and why it happened.

7.

Provide the students with two buckets of water, one warm and one cool. Tell
them to stick one hand in each bucket and not the difference. Have them
predict what will happen when they place their thermometers in the two
different buckets of water.

8.

Direct them to place the bulb ends of their thermometers in the buckets of
water. Urge them to observe what happens to the red liquid.

9.

When the red liquid stops rising, ask the students which colored band (see
Management 3) or number the red liquid is next to.

10. Encourage them to compare their results with those of other groups and to
record their observations.
Using the thermometer for air temperature
11. Have the students take their thermometers outside and record (Measure Air
Temperature) the temperature of the air in the sun and in the shade.
12.

Ask the students to explain the differences in temperatures.
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13. Encourage them to find other areas which would have big differences in
temperatures, for example, the blacktop and a grassy area. Have the students
explain why they think one area will be hotter than the other.
DISCUSSION
1. What do you like to eat or drink that is hot? What is your favorite cold food or
drink? How does each of these foods become hot or cold?
2.

Do you have thermometers at home? What are they used for? (air
conditioning, heater, or furnace)

3.

When something is warm, what happens to the thermometer? When
something is cold what happens to it?

4.

When you were using your thermometer, what did you notice about the red
liquid in the tube? (It goes up when it is hot and it goes down when it is cold.)

5.

When you put your thumb on the bulb of the thermometer, what happened to
the red liquid? What temperature were you measuring? (my thumbs)

6.

When you put the thermometer in the buckets of water, what temperature were
you measuring? (the waters)

7.

For thermometers with colored masking tape: Beside which color did the red
liquid stop when you put the thermometer into the cup of hot water?

8.

For thermometers with colored masking tape; One a cool day, what color of
tape would you expect the alcohol column to stop at?

9.

When you measured the temperature of the air outside, where did you find the
coolest temperature? The warmest?

10. How can you tell is something is hot or cold without actually touching it
yourself?
EXTENSION
Challenge students to find the hottest and the coldest spot on the school ground. Let
them explain why they chose certain areas to investigate.
CURRICULUM CORRELATION
Literature
Maestro, Betsy and Giulio, Temperature and You, Lodestar Books, NY, 1990.

262

263

KEY QUESTION
How can you tell from which direction the wind is blowing?
FOCUS
Wind vanes are tools used to measure wind direction.
SCIENCE
Earth Science
direction
INTEGRATED PROCESSES
Observing
Classifying
Predicting
Applying

MATERIALS
Scissors
Glue
Drinking straws
Straight pins
Paper clips
Pencils with erasers
Tagboard
Tape
3" x 5 " note cards
BACKGROUND INFORMATION
Wind is moving air. We usually think of it as air that moves along Earth's surfaces.
As the sun heats the air, it expands and rises. Cooler, denser air moves in to take its
place. This movement of air is wind.
Wind direction is the direction from which the wind comes. We can usually tell from
which direction the wind is blowing by watching things as they move. A wind vane is
used to indicate the direction from which the wind is blowing. It does this by pointing
into the wind.
A wind vane consists basically of an arrow on a pivot. The wind blows the larger end
of the arrow away from the source of the wind, causing the smaller, pointed end to
point in the direction from which the wind is blowing. For many years people have
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referred to wind vanes as weather vanes probably because they
know the readings are closely related to weather changes.
Winds are named for the direction from which they come. A
north wind is blowing from the north to the south. A wind vane
points into the wind, so if it points to the north, the wind is a north
wind.
PROCEDURE
I. On a windy day, instruct the students to look out the window
and to name as many things as they can that tells them that the wind is blowing. (leaves
moving, flag flying, movement of the low clouds, dust and/or dirt blowing, papers and
trash moving on the ground) Ask them if they can point in the direction from which the
wind is corning.

2.

Take the students outside and ask them to determine from which direction the
wind is blowing. If they need assistance, suggest that they wet a finger and
hold it up. Ask them if one side of their finger feels cooler than the other. Inform
them that this is the direction from which the wind is blowing. Ask the students
to turn so they face the wind.

3.

Play the game Simon Says using wind directions. For example, " Simon says,
turn so the wind blows in your face." "Turn so the wind blows on your back."
"Simon says, turn so the wind hits your right side.", etc.

4.

Explain to the students that the direction of the wind is shown by a wind vane.
Describe a wind vane and ask if anyone has seen one. ( on top of barns,
houses, and/or at a weather station)

5.

Take the students back to the classroom. Inform them that they are going to
follow the directions on the sheet "Make a Wind Vane" so they can make their
own wind vane.

6.

After the students have finished constructing their wind vanes, test them with
an electric fan.

7.

Take the students and their wind vanes outside to see how they work.

8.

After they have seen a wind vane work, ask them if they can think of people
who need to know the direction of the wind. (pilots, sailors, parachutists,
hunters, air traffic controllers, farmers, weather forecasters)

Using Air
9. Brainstorm with the students all the things that fly in the air or use wind and air
currents to move. (birds, insects, kites, balloons, clouds, seeds, gliders, etc. )
Explain to the students that we use the wind in many ways; to turn windmills
and pinwheels, to dry clothes, to fly kites, etc.
10. Record all the ideas and group them into natural or human-made categories.
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Have the students bring pictures from home of these things or draw pictures
and make a Using the Wind bulletin board.
DISCUSSION
1. Why is it important to know what direction the wind is blowing?
2.

As you observed the wind, could you tell without using a wind vane what
direction the wind was blowing?

3.

Explain how a wind vane works.

4.

Where do you think wind vanes would be used? Why would they be important
at an airport?

5.

What things do you like to do on windy days? What things do you like to do on
calm days? Are any of them the same as what you do on windy days?

EXTENSION
Another type of instrument used to indicate wind direction is a wind sock. These are
often used at small airports. The wind sock fills with air and indicates the direction of
the wind and the speed of the wind. The more horizontal the stocking, the stronger
the wind is.

A wind sock is like a sock with a hole cut in the toe, the wind blows through the
sock. There are many colorful wind socks on the market today. Hang one outside
the classroom so that students can observe the speed of the wind as measured by
the wind sock.
CURRICULUM CORRELATION
Language Arts
Show a picture of people in a very strong wind. Have the
students write a story about the picture.
Have the students write a creative story about the wind.
An example of a writing prompt: One day, I was sitting
all by myself when the wind cam along and lifted me
high over the trees. I felt lighter than air... Finish the
story and tell what you saw, how you felt, and how you
got back.
Literature
Bauer, Caroline Feller, Windy Day, J.B. Lippincott, NY,
1988
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Assessment
Grade 3
ATMOSPHERE AND WEATHER
Classroom Assessment Example SCI.V.3.E.1
Each student will compose a shape poem, weather story, picture, or cinquain (a five-line stanza)
describing weather and containing at least three of the Key Concepts. The student will present his
or her description of weather conditions to the class. The teacher will send a copy of the students’
completed project to a local weather forecaster.
(Give students rubric before activity.)
Scoring of Classroom Assessment Example SCI.V.3.E.1
Criteria

Apprentice

Basic

Meets

Exceeds

Description of
key concepts

Describes one key
concept
accurately.

Describes two key
concepts
accurately.

Describes three
key concepts
accurately.

Describes all
weather
conditions
including severe
weather or tools
used to measure
it.

Quality of
project

Poor quality.

Average quality.

Above average
quality.

Excellent quality.

268

Earth/Space Science
Worksheet

GRADE LEVEL:

Third

Topic:

Atmosphere and Weather

Grade Level Standard:

3-5 Evaluate and predict weather.

Grade Level Benchmark:

2. Describe seasonal changes in Michigan’s weather.

(V.3.E.2)
Learning Activity(s)/Facts/Information

Resources

Central Question:
What are the relationships between human activities
and the atmosphere?
1.

Observe seasonal changes in a tree.
Take pictures.
Write about the changes.

2.

Read The Seasons of Arnold’s Apple Tree. Gail
Gibbons.

3.

“Weather” 

4.

Graph seasonal changes of weather AIMS Activity.
“Weather or Not” 

The Seasons of Arnold’s
Apple Tree. Gail Gibbons
Labs on Wheels. (Jan. 1993),
Earth Science. “Weather.”

 Activity is attached
Process Skills: Observing, Recording, Predicting, Interpreting data, Comparing/Contrasting

New Vocabulary:

Seasons – Characteristics of fall, winter, spring, summer
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WEATHER
AREA
Earth Science
TAKEN FROM
AIMS Education Foundation
TOPIC AREA
Weather
INTRODUCTORY STATEMENT
Students will become aware of the different types of weather and how it changes
daily.
MATH SKILLS
a. Graphing ( calendar and bar graph)
b. Counting
c. Estimating and predicting
SCIENCE PROCESSES
Observation
Recording data
Interpreting data
Applying and generalizing
MATERIALS
Calendar worksheet
Graphing worksheet
Crayons
Pencils
KEY QUESTION
Is weather always the same? How does it differ?
PROCEDURE
1. To start the lesson, discuss what the weather is like outside. Then ask if it is
always like this. How does it differ? Discuss the different types of weather we
have.
2. Have students draw a picture of each type of weather for their area on the
student's sheets, labeling each picture.
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3. Pass out the student's weather calendars. Discuss the use of a legend. As a
class, decide what types of weather you will need in the legend for that month.
Have the students draw the pictures for these types of weather in the legend and
label them.
4. Explain the procedure for charting daily weather .
5. Give your students their prediction graph. Discuss what type of weather your
area might have during this season. The students will predict the number of days
of each type of weather they expect during the month. Students will record their
predictions on their worksheets.
6. At the end of the month, make a new graph with accurate data and compare to
their estimates.
DISCUSSION
1 . Discuss different types of weather.
2. Discuss how certain kinds of weather can be helpful or harmful to us.
3. Discuss the different types of weather for the different seasons.
EXTENSIONS
1. Make weather equipment, i.e., rain gauge, weather vane, or barometer.
2. Chart the rainfall in your area with inches of precipitation, comparing with past
seasons and with other areas.
3. Study solar energy, wind power and hydropower.
CURRICULUM COORDINATES
Art
1. Paint pictures of different seasons and weather
2. Blow art (wind)
3. Sun prints
Language Arts
1. Poetry with weather theme
2. Creative writing
3. Stories dealing with weather
a. Sylvester and the Magic Pebble
b. Phantom Toll Booth
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Music
1. Songs
a. Raindrops Keep Falling On My Head
b. You Are My Sunshine
c. Zipity Doo Daa
d. Noah
e. Beethoven #6
2. Make wind harps or wind chimes
Social Studies
1. Energy and Weather
2. Weather in different countries.
3. Seasons in different parts of the world, i.e., Northern and Southern
Hemispheres.
4. Different types of clothing for different weather.
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Assessment
Grade 3
ATMOSPHERE AND WEATHER
Classroom Assessment Example SCI.IV.3.E.2
Students will draw a series of pictures in the order of the seasons. The pictures will show
precipitation and people wearing appropriate clothing for each season. Students will compare and
contrast their pictures with others in small groups (i.e., students will compare winter coats, hats,
and mittens with summer shorts, t-shirts, and swimsuits).
(Give students rubric before activity.)
Scoring of Classroom Assessment Example SCI.V.3.E.2
Note: Precipitation will be perceived differently by different students. We are taught early on
how “wet” it is in spring; while statistically, the most precipitation comes in the summer because
warm air can “hold” more moisture. The driest season, statistically also happens to be the
snowiest, namely, the winter.
Criteria

Apprentice

Basic

Meets

Exceeds

Correctness of
order

Incorrect order
with no labels for
seasons.

Correct order
with some
incorrect labels
for seasons and
no details.

Correct order
with correct
labels for seasons
and some details.

Correct order
with correct
labels for seasons
and many details.

Correctness of
precipitation

Incorrect
precipitation for
more than one
season.

Incorrect
precipitation for
one season.

Correct
precipitation for
all seasons and
some details.

Correct
precipitation for
all seasons and
many details.

Appropriateness
of clothing

Incorrect clothing
for more than one
season.

Incorrect clothing
for one season.

Correct clothing
for all seasons
and some details.

Correct clothing
for all seasons
and many details.

Quality of
project

Poor quality.

Average quality.

Above average
quality.

Excellent quality.
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Earth/Space Science
Worksheet

GRADE LEVEL:

Third

Topic:

Atmosphere and Weather

Grade Level Standard:

3-5 Evaluate and predict weather.

Grade Level Benchmark:

3. Explain appropriate safety precautions during severe

weather. (V.3.E.3)
Learning Activity(s)/Facts/Information

Resources

Central Question:
What are the relationships between human activities
and the atmosphere?
1.

Read the book, Thunder Cake, by Patricia Polacco.
Discuss. 

Thunder Cake Patricia
Polacco

2.

“Tornado In a Jar” 

3.

Discuss different severe weather conditions in “How to
be Safe in a Thunderstorm”  and “Weather
Disasters.” 

Weather and Climate Carson
Dellosa, “How to be Safe in a
Thunderstorm.”

4.

“Using Thunder to Measure the Speed of Sound” 

Process Skills: Observing, Communicating, Classifying, Developing a model

New Vocabulary:

Review of: thunderstorms, tornadoes, blizzards, precaution,

weather watch/warning
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Read, Thunder Cake, to your students (or have a student read it aloud). Select one or
more of these activities to accompany the story.
1. Recall events from the story.
2. Discuss the little girl's fear of thunder and how her grandma helped her deal with
the fear. Use this as a lead-in to a class discussion of the students' fears.
3. Bake a "thunder cake." The recipe is on the last page of the book. This is a
chance for your students to practice cooperation in a group and their
measurement skills at the same time.
4. Create "recipes" for other types of weather. These can be real or highly
imaginative creations. Write them up in recipe form, illustrate them, and collect
the completed creations into a cover for a class book of "Weather Recipes."
5. The little girl is from Michigan. Her Babushka was from Russia. Find these two
locations on a map. Extend this activity by having your students find out where
their own grandmothers came from and locate these place on a map.
6. Paint "thunder and lightning" pictures using watercolors or tempera paints. Write
original poems and about the sights and sounds of a thunderstorm to
accompany the paintings.
7. Teach the students how to use thunder to tell how far away the lightning flashed.
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TORNADO IN A JAR
Twister, cyclone, tornado—whatever you call
it, it can be scary and can cause great
damage.
Tornadoes are powerful storms in which
some of the clouds grow larger and form a
funnel shape. Cold air pushes up under
warm air. The lighter warm air rises rapidly
and spins around. The wind around the
funnel of the tornado moves very
quickly. As the tornado twists about, storm
winds push it across the earth. The small
end of the funnel touches the earth at times.
Tornadoes are very powerful. They can
pull trees up, rip the roofs off of buildings, and toss cars around. People who live in
places where tornadoes happen have to be prepared to go to a place of safety. Many
homes
have storm cellars underground to stay in until the tornado passes. These storms can
happen anywhere, but they usually occur where there is a lot of flat land.
You can make your own "tornado in a jar" following these directions:
MATERIALS
Jar
Water
Liquid detergent (such as Bold)
Small object (pebble, Monopoly house, button)
STEPS TO FOLLOW
I. Fill the jar almost full of water
2. Add 1/4 cup of liquid detergent and a small object.
3. Put the lid on securely. Hold the jar with both hands. Shake the jar in a circular
motion. Watch the tornado appear .
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HOW TO BE SAFE IN A THUNDERSTORM
PURPOSE
To promote discussion of safety during thunderstorms.
ACTIVITY
As a springboard for discussion about safety during a
thunderstorm, give students the following oral quiz with
true/false questions. Allow plenty of time for discussion of
each question.
1. It is dangerous to swim or boat during a thunderstorm.
(True. Water is a good conductor of electricity and
may carry the current a considerable distance)
2. You will be safe in a steel-frame building, even if the
building is struck by lightning. (True. The stroke of
lightning will pass through the steel framework into the
ground. )
3. If you are caught outside in a storm, you should seek
shelter under a lone tree. (False. The tree is more
likely to be struck by lightning, because it provides an
easier path for the lightning stroke. )
4. You would be safer in a forest than standing in an
open area. (True. Although standing under a lone tree
is dangerous, sheltering in a forest provides better
protection than standing in an open area. )
5. It is all right to use electrical equipment during a
thunderstorm. (False.)
6. A lightning rod on the roof of a building will keep you
safe when you are inside. (True. A lightning rod
provides an easy route for the lightning to follow the
ground. )
7. If you are outside during a thunderstorm, you would be
safer lying down on low ground than standing on high
ground. (True. )
8. It is extremely unlikely that you will ever be struck by
lightning. (True.)
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WEATHER DISASTERS
Organize your students to report on the topic of Weather
Disasters. Students may report individually or in groups.
Each report needs to organize the facts and present the
information about the assigned weather disaster. The
information may be gathered from books, encyclopedias,
newspapers, or even local agencies.
•
•
•
•
•
•
•
•
•

What is it? Describe your weather phenomenon.
Where does it occur? How big of an area is affected?
How often does it occur? Same or different places?
What are the immediate effects? Long range effects?
What is the cost in dollars? Property? Health? Life?
Who is usually affected the most? Why?
How predictable is it? Any prevention possible?
What preparations reduce the risk or damage?
Can you buy insurance for this kind of risk?

Provide time for each group to present their information to
the rest of the students.

We've All Heard People Say . . .
"Yes, but if you look into the future, smog will probably turn out to have the greatest
effect!"
"There sure was a lot of damage last year from hurricanes!"
"But aren't tornadoes worse than hurricanes?"
"Yeah, but how about floods? Aren't they the worst?"
" And don't we lose a lot of crops when they freeze?"
"Well, droughts affect a bigger area than floods do!"
"I heard that lightning starts a lot of forest fires!"
"If you look back in time, erosion has probably caused the most damage."
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USING THUNDER TO MEASURE
THE SPEED OF SOUND
A flash of lightning illuminates the evening sky. Several seconds later, a roll of thunder
alters you to the approaching storm. Lightning and its sound (thunder) are formed
exactly at the same time. If that’s the case, why don’t you see and hear those effects
together?
Light waves travel at a constant velocity – about 300,000 km (186,000 miles) per
second. At this speed, it takes light a nanosecond (one million of a second) to travel to
the length of a classroom ruler. That’s fast ! In fact, light travels so fast that the
movement of light waves seems instantaneous. In other words, we see lightning almost
exactly at the time it is formed.
Sound travels much slower than light. Although the thunder created by a lightning bolt
travels through air much more slowly than the light, it still moves at a tremendous
speed.

EXPERIMENTING TO FIND OUT THE SPEED OF SOUND MATERIALS:
MATERIALS
• A noisemaker that makes a sharp sound (a pot lid and a metal
spoon or two wooden blocks for example)
• A flat, hard surface from which sound can reflect. You need to
stand at least 25 meters away from this surface. The end of a
school building makes an excellent sound-reflecting surface
• A tape measure
• A calculator
HOW IT WORKS
An echo is formed when a sound bounces off of a surface and is
reflected back to the sender. It is exactly the same way that light bounces off a
mirrored surface and is reflected back to a viewer .
The human brain takes about 1/10 of a second to process a sound signal that
reaches the ear. In order for a sound to seem to echo, it must travel far enough that
the round trip between the sender and the listener takes more than 1/10 of a
second. If it takes less than that time for the sound to make a round trip (for
example, if you are very close to the sound-reflecting surface) the echo blends with
the original sound and becomes only one continuous sound to your brain. You can
use this phenomenon to measure the speed of sound.
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1. Stand about 20 meters (30 giant paces) back from the sound-reflecting surface
and clap the noisemakers together. You should hear two distinct sounds—the
original sound and its echo.

2. Walk toward the wall a heel-to-toe step at a time, repeating the noise with each
pace. Continue approaching the wall until the noise and its echo blend together
to become one sound.
3. Mark the position of your front heel, and measure the exact distance from that
mark to the wall.
In order for the echo of a sound to reach your ears, it had to travel to the wall and
back - twice the distance you measured, so double the measurement that you just
made. That is the distance that sound traveled in 1/10 of a second. To find out how
far sound would travel in one full second, multiply your round trip measurement by
10.

HOW FAR AWAY IS THAT LIGHTNING?
The precise speed of sound through air was determined in 1832 by two Dutch
scientists. Their measurements were later corrected to 332 meters (1090 feet) per
second at an air temperature of zero degrees Celsius.
You can use their discovery to calculate how near you are to a lightning strike. Simply
count the number of seconds between the lightning's
flash and the thunder's boom. The distance to the
lightning is about one kilometer for every three
seconds (or one mile for every five seconds).

283

Assessment
Grade 3
ATMOSPHERE AND WEATHER
Classroom Assessment Example SCI.V.3.E.3
Students will present their pictures to the class and will describe the safest location for their
chosen weather condition and the appropriate safety precautions.
(Rubric not required.)
Scoring of Classroom Assessment Example SCI.V.3.E.3
This assessment is evaluated on a pass or fail basis. The presentation will accurately describe the
safest location for the chosen weather condition and the appropriate safety precautions.
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Science Processes
Worksheet

GRADE LEVEL:

Third

Topic:

Science Processes

Grade Level Standard:

3-6 Construct meaning through the scientific processes.

Grade Level Benchmark:

1. Use the scientific processes to construct meaning.

(II.1.E.1-4)
Learning Activity(s)/Facts/Information

Resources

Central Questions:
How do scientists ask questions that help them learn
about the world? How do scientist figure out answers
to their questions by investigating the world? How do
scientist learn about the world from books and other
sources of information?
“My Mealworm.” 
Observe – Mealworms using as many senses as available.
Measure – Mealworms and compare their length to other
things that are shorter or longer.
Record – Data to explain growth of mealworm.
Controlling variables – Provide different food sources for
mealworms (cottage cheese, yogurt, etc.).
Classifying – Different stages of the life cycle: egg, larva,
pupa, adult.
Make a Model of the life cycle of a mealworm.
Communicate through recording data by keeping a daily
journal of observation.

Pet Store or Bait Shop (to
purchase mealworms).

 Activity is attached
Process Skills:

New Vocabulary:
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MY MEAL WORM
TAKEN FROM
AIMS Education Foundation
INTRODUCTORY STATEMENT
Students will use science process skills to become familiar with mealworms and their life
cycles.
MATH SKILLS
Measurement

SCIENCE PROCESSES
Observation
Classification
Manipulating variables

MATERIALS
Mealworms
Plastic shoebox or other container for classroom mealworm home
Cereal or grain
"My Mealworm" booklet for each student
KEY QUESTION
What do you know about mealworms?
BACKGROUND INFORMATION
See the mealworm fact pages.
MANAGEMENT SUGGESTIONS
1. Get a supply of mealworms for your classroom from a pet store and put them in a
container with some damp cereal in it.
2. To make the "My Mealworm" booklet, collate the three activity pages, fold in half, and
staple along the fold.
3. This can be a multiple lesson activity.
4. Allow students to familiarize themselves with their mealworms before beginning the
lesson.
5. Students can keep their mealworms at their desks in a small plastic container (cottage
cheese, yogurt, etc.) with holes in the lid. Some damp cereal inside will provide food,
and cover for the mealworms.
PROCEDURE
1. Each student receives a mealworm and a copy of the "My Mealworm" booklet.
2.

Have students draw a picture of their mealworms on the corner of the "My Mealworm"
booklet and give it a name.

3.

Students observe their mealworms using as many senses as possible and record their
observations on the observation page.
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4.

Students measure their mealworms and compare each mealworm's length to other
things that are longer or shorter. Record this data on the "Mealworms Measure Up"
page using words and/or pictures.

5.

On the center pages, which are blank, students can write and/or illustrate a story about
their mealworms. Suggested topics are: " A day in the life of my mealworm," "If my
mealworm could talk," poems about mealworms.

6.

Read and discuss "Mealworms on Stage" fact page.

7.

Have students draw and label the four stages of the life cycle on the opposite blank
page.

8.

Observe all mealworms in the classroom mealworm container and classify them as
larvae, pupae, or adults. Count the numbers of each and record this information on the
classification chart in the booklet. This can be repeated every two weeks, and the data
can be compared and analyzed. NOTE: This activity may be postponed until after the
life cycle has progressed (several weeks).

9.

On the blank page, have the students draw a natural environment for mealworms.

10. Perform the three tests on the "Watch Your Mealworm" page. Record your
observations.
DISCUSSION QUESTIONS
1. Are mealworms worms?
2.

Are all mealworms alike?

3.

How are your mealworms alike?

4.

How are they different?

5.

What affects a mealworm's behavior?

6.

What does a mealworm eat?

EXTENDED ACTIVITIES
1. Find the longest mealworm in the class.
2.

Add additional pages to the booklet with comparisons, graphs, etc. on observations and
measurements made.

3.

Put some food on one side of a container and your mealworm on the other side and
find out how long it takes to find the food.

CURRICULUM CORRELATIONS
Language Arts
Continue creative writing and poetry on the mealworm and its life cycle.
Art
Design a luxury home for your mealworm.
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Many insects go through four stages of growth. The changes that occur in their life
cycle are called metamorphoses. Metamorphosis is a Greek word that means to
transform or change. In complete metamorphosis the insect goes through four stages.

Mealworms are the larval stage of grain beetles. The life cycle begins with white oval
shaped eggs that are about 1 mm long. The egg usually hatch in about one week.
After hatching, the larvae (mealworms) begin to eat. They eat grains and soon become
too large for their hard skin. The larval stage lasts for 2 to 3 weeks. The mealworm
sheds its skin several times before it begins the pupa stage. Shedding it skin is called
molting.

The pupal stage lasts for about 1 to 3 weeks. While in the pupal stage the larva
transforms into an adult beetle.
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When the adult comes out of the pupa case it is white. It gradually turns brown and
finally black. The adult has wings but cannot fly. It can hop about 10-12 cm. The adult
beetle lives only a few months. The female may lay up to 500 eggs before it dies, and
the life cycle starts all over again.

Meal words are usually found in dark damp places. They are scavengers who like to
eat rotting grain and cereal. They will eat grain, cereal, flour, bran, bread, crackers,
meat scraps, feathers and the bodies of dead insects.
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MEALWORMS ON STAGE
TAKEN FROM
AIMS Education Foundation
INTRODUCTORY STATEMENT
Students will observe and record data for a changing population of mealworms.
MATH SKILLS
Graphing
Counting

SCIENCE PROCESSES
Observation
Classification
Manipulating variables
Inferences

MATERIALS
Class culture of mealworms
Both "Mealworms on Stage" activity sheets for each student
NOTE: Students will need four copies of the first activity sheet (for group results), one for
each week.
KEY QUESTION
How will a mealworm population change over a period of four weeks?
BACKGROUND INFORMATION
See the mealworm fact pages.
To make a classroom culture, you will need mealworms, oatmeal or bran, a plastic
container, and a potato. Add the bran or oatmeal to the container to form a layer two or
three inches deep. Put in a supply of mealworms and both halves of a potato. A cover is not
necessary.
MANAGEMENT SUGGESTIONS
1. Buy some mealworms from a pet store and begin a class culture about two weeks
before you collect the first data.
2.

Make a large copy of the data table and post it on a wall above the mealworm culture.

3.

Decide what day of the week you will do your population counts.

4.

Make sure that students know how to identify each stage of the mealworm's life cycle.

5.

Allow time for the students to observe the mealworms before beginning the population
count.

PROCEDURE
1. Each group scoops up a portion of the mealworm population to count. Make sure that
all the mealworms are taken from the class culture.
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2.

Each group will classify their sample according to life stages and count the number of
mealworms at each stage. This information will be recorded on the first page (group
results page).

3.

Each group will report their data and all students will fill in the data in the appropriate
space on the first page.

4.

After each group has reported the numbers of mealworms at each stage, students
should add the columns to find the total number of mealworms in the class culture at
each stage.

5.

The class totals should then be recorded on the second activity sheet and the line
graph begun.

6.

This activity will be repeated three more times at week intervals. Each time students will
need a new copy of the first activity sheet to find the group and class totals. The
second activity page should be continued each week. At the end of four weeks, the
chart and graph will be complete.

DISCUSSION QUESTIONS
1. How many mealworms were at each stage of the life cycle?
2.

How did these numbers change from the previous observation?

3.

Are there any patterns in the mealworm's life cycle that can be determined from this
activity?

4.

Can you determine the length of each stage in the mealworm' s life cycle?

EXTENDED ACTIVITIES
1. Continue the activity for longer than four weeks and see if any long term patterns in the
mealworm's life cycle emerge.
2.

Find the mass of the potato each week and explain the changes.

3.

Devise a way to accurately determine the length of each stage in the mealworm' s life
cycle.

4.

Make the "Metamorphosis Wheel" depicting the mealworm' s life cycle.

CURRICULUM CORRELATIONS
Language Arts
Pretend you are in the pupae stage and tell what it is like to go through metamorphosis.
Math
Convert the numbers on the chart to percentages.
Science
Make a list of other insects that go through a complete metamorphosis.
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Science Processes
Worksheet

GRADE LEVEL:

Third

Topic:

Science Processes

Grade Level Standard:

3-7 Reflect on the scientific processes.

Grade Level Benchmark:

1. Use scientific processes to reflect on meaning.

(II.1.E.1-4)
Learning Activity(s)/Facts/Information

Resources

Central Questions:
How do scientists decide what to believe? How is
science related to other ways of knowing?
Continue to use the “My Mealworm” activity from 3-6.1.
Predict – the length of the life cycle of a mealworm from
egg to adult.
Hypothesize – What the life cycle of a mealworm is; how
many stages.
Interpret – graph of the different stages of the life cycle of
the mealworm.
Infer the length of each stage of the mealworm’s life cycle.
Communicate – Creative writing and poetry on the
mealworm and its life cycle.

Process Skills:

New Vocabulary:
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Science Processes
Worksheet

GRADE LEVEL:

Third

Topic:

Science Processes

Grade Level Standard:

3-8 Apply the scientific method.

Grade Level Benchmark:

1. Use the scientific method to conduct an

experiment/investigation.
Learning Activity(s)/Facts/Information

Resources

Question – “How do fossils show a record of past life?”

See Oldies But Goodies!
Geosphere (V.1.E.4)

Research – See “Background Information.”
Collection of Information – Make a model of a fossil, record
observations.
Hypothesis – Students will make a prediction of how fossils
show a record of ancient life.
Investigation/Experimentation – See “Collection of
Information”.
Procedures – See procedure.
Results – Record fossil observations.
Conclusions – Answer “Think Questions.”

Process Skills: Observing, Comparing/Contrasting, Making models, Inferring,
Communicating, Interpreting data

New Vocabulary:

fossils, extinct animals, age of fossils, rock layers
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Technology
Worksheet

GRADE LEVEL:

Third

Topic:

Technology

Grade Level Standard:

3-9 Choose an appropriate technological tool.

Grade Level Benchmark:

1. Use a variety of technology to do research on a topic.

Learning Activity(s)/Facts/Information

Resources

Internet – Teacher and adult lead exploration of two or more
selected Internet addresses, to provide relevant learning
extensions of topic.
Organization of Living Things
The Electronic Zoo- http://www.netvet.wustl.edu/e-zoo.htm
Ecosystems
Activity Corner Animal Adaptations
http://www.environment.sfasu.edu/nai/activity1.html
Worm World http://www.nj.com/yucky/worm/index/html
Motion of Objects
http://www.utm.edu/departments/ed/cece/SAMK8/shtml

Process Skills:

New Vocabulary:
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Technology
Worksheet

GRADE LEVEL:

Third

Topic:

Technology

Grade Level Standard:

3-9 Choose an appropriate technological tool.

Grade Level Benchmark:

2. Use a variety of technology to create a document from

research.
Learning Activity(s)/Facts/Information
1.

Charts

2.

Graphs

3.

Spreadsheets

Resources

Process Skills:

New Vocabulary:
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Technology
Worksheet

GRADE LEVEL:

Third

Topic:

Technology

Grade Level Standard:

3-9 Choose an appropriate technological tool.

Grade Level Benchmark:

3. Use a variety of technology to develop a presentation.

Learning Activity(s)/Facts/Information
1.

Resources

Multimedia
Powerpoint

Process Skills:

New Vocabulary:
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Technology
Worksheet

GRADE LEVEL:

Third

Topic:

Technology

Grade Level Standard:

3-9 Choose an appropriate technological tool.

Grade Level Benchmark:

4. Use a variety of technology to develop projects.

Learning Activity(s)/Facts/Information
1.

Resources

Science Fair

Process Skills:

New Vocabulary:
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Gender/Equity
Worksheet

GRADE LEVEL:

Third

Topic:

Gender/Equity

Grade Level Standard:

3-10 Explore the contributions to science.

Grade Level Benchmark:

1. Develop an awareness of contributions made to

science by people of diverse backgrounds and cultures. (II.1.E.5)
Learning Activity(s)/Facts/Information

Resources

1.

Complete a time line of the major events and
accomplishments of a scientist’s life.

2.

Write a letter to a scientist.

3.

Make a poster advertising what the scientist is famous
for.

Attached Background
Information from
Cultural and Gender
Perspectives in Science,
Michigan Department of
Education

4.

Role lay an interview between a “scientist” and a
student.

Process Skills:

New Vocabulary:
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LIFE SCIENCE: GEOSPHERE

Louise Arner Boyd (1887-1972)
ARCTIC EXPLORER ON SCIENTIFIC EXPEDITIONS
As a youngster, Louise Arner Boyd was
expected to be accomplished in activities
like shooting and horseback riding. But
Louise had greater adventures in
mind—she dreamed of someday going to
the North Pole.
Louise Boyd’s father was a wealthy
mining operator in California, and she had
two brothers, both of whom died of
rheumatic fever when she was a teenager.
Her parents were also in poor health, but
Louise led a very active outdoor life.
By the time Ms. Boyd was 33, both her
parents had died and she found herself
head of the Boyd Investment Company of
San Francisco, California. A prominent Bay
Area socialite, she enjoyed traveling to
England, France, Belgium, and all of
Europe. It was while on a Norwegian cruise
that she saw some of the Arctic regions for
the first time. As in her childhood, Louise’s
sense of adventure surfaced once again.
She read all she could about the
region, collected maps and photographic
equipment, and organized her first
expedition. Louise chartered a Norwegian
boat, the Hobby, and invited some friends
to accompany her. She then led a team of
six researchers on a venture which included
microscopic study of arctic flora and fauna.
Ms. Boyd took all the expedition’s
photographs and did much of the surveying.
In fact, it is said that her expeditions were
uneventful because she planned them so
thoroughly, anticipating any and all
problems that might arise.

During preparations for her second
expedition, Ms. Boyd learned that Raold
Ammundsen had disappeared searching for

a group of Italian explorers lost in the polar
ice. Boyd offered her crew, ship and
supplies to the Norwegian government to
help with their rescue mission. During this
time, she met several other polar explorers
who accepted her almost as a professional
equal. After four months, the mission was
called off. Survivors of the Nobile
expeditions were found; Raold Ammundsen
was not. For her part, Louise Boyd was
honored by the King of Norway and the
French government.
On her third expedition in 1931, she
was the first to explore the inner ends of
Kind Oscar Fjord (or Fiord), also called Ice
Fjord, in Greenland. With good weather on
her side, she was able to travel farther north
along the Greenland coast than any other
American explorer before her. Boyd studied
the geology and botany of the region, made
magnetic observations, took depth
soundings, mapped the East Greenland
fjord region and also took lots of
photographs. An impressed Danish
government named this territory Miss Boyd
Land in her honor.
At the onset on World War II, the areas
visited by Ms. Boyd during the late 1930's
became a part of the war zone when
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Norway and Denmark were invaded. At
that time, she was writing a book about her
findings in these regions, and the United
States government told her how valuable
these reports and photographs would be to
the war effort — hers were the few accurate
materials the government could use for
defense purposes.

The Coast of Northeast Greenland. Louise
Boyd. American Geographical Society,
1949.
Further Explorations of East Greenland.
Louise Boyd, in Geographical Review, July
1934.

The U.S. War Department enlisted Ms.
Boyd as a technical adviser and selected
her to lead an investigation of magnetic and
radio phenomena in the Arctic waters. (All
of her activities during the war were kept
secret.) The Department of the Army
rewarded her with a Certificate of
Appreciation for “outstanding patriotic
service to the Army as a contributor of
geographic knowledge.” After the war
ended, she was free to publish her book of
the Denmark and Norway regions, and The
Coast of Northwest Greenland was finally
published in 1948.
In her sixties, Louise Boyd had one
more dream: she wanted to fly over the
North Pole. So, she chartered a plane and
did it — the first privately funded flight over
the region and the first such flight by a
woman.
By the time she died in 1972, Ms. Boyd
had spent almost every penny of her
inherited fortune on explorations and
scientific expeditions. But, Louise Boyd
viewed these contributions to the welfare of
the world as part of a great personal reward
for reaching her goals, and a pleasure
which she had thoroughly enjoyed.
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Rachel Louise Carson (1907-1964)
A CRUSADER AGAINST THE DANGERS OF PESTICIDES
Rachel Carson was raised in the towns
of Springdale and Parnassus,
Pennsylvania. It was here that she received
her early education in the public school
system, but it was her mother, Maria
McLean Carson, who taught Rachel to love
nature. She learned to appreciate birds,
insects, and the wildlife in and around
streams and ponds.
So, even though Rachel’s first career
goal was to become a writer, she later
changed her mind and earned a B.A. in
science from the Pennsylvania College for
Women at Pittsburgh. She then enrolled in
Johns Hopkins University in Baltimore,
Maryland, where she received a master’s
degree in zoology.
Rachel Carson went on to work as an
aquatic biologist with the U.S. Fish &
Wildlife Service in Washington, D.C. Later,
she became editor-in-chief of the bureau,
responsible for issuing bulletins and leaflets
aimed at preventing the depletion of the
nation’s wildlife. Through her writings,
Carson wanted to make people aware of
dangers to our environment such as
pesticides.
Modern science has developed a
variety of fertilizers for different purposes.
Some provide mineral nutrients necessary
for plant growth. Others are made to kill a
specific kind of insect or a variety of insects.
Then there are the kinds of pesticides that
kill other plants or weeds, which compete
with crops for mineral nutrients in the soul.
Even though fertilizers help increase the
size and amount of crops, questions exist
about their safety, both to nature and to
mankind. In general, fertilizers are safe.
But some fertilizers which contain pesticides
can also be dangerous.
Rachel Carson told the world about the
dangers of DDT, a pesticide widely used by
farmers in the 1960's to control bugs.

In her book, The Silent Spring, she told
how DDT was poisoning parts of the food
chain, and thus affecting all living things. In
the food chain, all living things are
connected in some way. When any part of
the food chain is harmed, we all are
harmed. The harm may not come in the
same ways or to the same degree, but all
living things are affected.
Pesticides can filter into waterways
through the soil and through improper
storage and disposal methods. Once in the
water, they affect the aquatic life found in
these ponds and streams, rivers and the
oceans. Then it is only a matter of time
before these pesticides begin to effect the
animals which prey on aquatic animals and
plant life.
For example, you can find fish with
toxic levels of pesticides in their bodies.
When birds eat these fish, they will also
become poisoned with pesticides. When
they lay eggs, the shells are too fragile to
protect the unborn baby birds, or their
babies may be deformed. We must also
consider the animals and insects living on
or near lands where pesticides are used.
They, too can get sick from eating these
plants or other small animals (prey).
Much of these contaminated lands are
farms where our food is grown, where we
get tomatoes, corn, wheat, beef, and pork.
And the list goes on and on. Ms. Carson
warned that we all needed to stop using
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DDT or many animals and plants would die.
Rachel Carson made us all aware that
it is important to know what pesticides are
being used and how they are used — for
the sake of all living things.
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Grace Chow
PROTECTING OUR CLEAN DRINKING WATER
sources.
Grace Chow works on developing
better water treatment systems. She is
involved with a number of projects designed
to recycle sewage water in such a way as to
put the water to good use not only people,
but also other animals and plant life.

Grace Chow is a civil engineer whose
work centers on concerns for the
environment. These concerns include
questions like how we use what is available
from nature in an efficient manner, how we
can protect the environment in innovative
ways, and how to develop new technologies
and methods to achieve these goals.

It is hoped that sewage water treated in
new ways can be re-used for things like the
irrigation of farms, parks, and recreational
areas, instead of using fresh water. That
way, the limited amount of fresh water
available can be used for drinking.

Environmental problems occur in a
variety of ways. When the water level on a
lake or a waterway is high, it can cause the
shoreline to erode away. When we build
anything along a shoreline, we must realize
that both the materials used in the building
process as well as those materials in use
after a building is complete can filter into the
nearby waterways. Also, that heavy rains
alone can cause flooding and soil erosion.
Cities build and maintain sanitary
sewage treatment facilities designed to
keep sewage (waste) water separate from
drinking water. They are also designed to
clean sewage from the water so that it can
be reused. But, storms can cause these
treatment plants to flood. When this
happens, sewage water spills out into the
rivers, streams, and other sources of clean
water. Or, sometimes these facilities are
designed wrong or operated in a careless
manner. Then they can cause the same
kinds of contamination of our clean water
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Gerty Theresa Cori (1896 - 1957)
FIRST AMERICAN WOMAN TO WIN THE NOBEL PRIZE
In the early 1900's it was unheard of for
a girl to study science, let alone become a
scientist. But Gerty Theresa Cori ignored
expectations of the time and went on to
become the first American woman to win
the Nobel Prize.
Her early education took place at an allgirls school, common where she grew up in
the European city of Prague, then located in
Austria. Here, the focus was on preparing
young women for life by developing their
social and cultural abilities. Science and
mathematics were not considered
important. Nevertheless, by the time Gerty
graduated from this school, she had been
influenced by her uncle, a professor of
pediatric medicine. She, too, decided to
become a doctor.
Before she could enter medical school,
however, Gerty would need eight years of
Latin. She would also need five more years
of mathematics, in addition to physics and
chemistry. It looked like It was going to
take eight years of rigorous study just to
qualify for medical school, plus six more
years once she was admitted. With that
kind of work ahead, Gerty decided to take
time out for a vacation before beginning her
ambitious program.
During this vacation, she met a teacher
who offered to help with her Latin studies.
What an offer that turned out to be! By the
time she began classes at the
Realgymnasium at Tetschen, Gerty had
completed three years' worth of Latin
requirements. A year later, she completed
all of her requirements and was ready to
take the medical school entrance exams.
At 18, Gerty entered the Medical
College of the German University at the
University of Prague. Here she earned her

M.D. medical doctor degree and met her
future husband, fellow medical student Carl
Cori.

Gerty Cori and her husband Carl Cori
Both were Interested In research, so
the two physicians eventually traveled to the
United States to begin joint research at the
New York State Institute for the Study of
Malignant Diseases in Buffalo. Of special
interest was the study of the chemical
process metabolism of foods we eat as they
are broken down into living body-building
materials.
Around this time, something called
insulin was discovered. The protein
hormone insulin is normally produced by the
human body to control the amount of
carbohydrates such as sugars and starches
in the blood. When the body can't use
carbohydrates because insulin is not
produced like it should be, a disease called
diabetes occurs.
The Cori’s discovered that the most
commonly eaten type of sugar is converted
to glycogen and stored in the liver and
muscles. Some is stored as fat, and the rest
is burned or oxidized into carbon dioxide
and water. They also found out that insulin
decreases the amount of sugar stored in
the liver and increases sugar used by the
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body. This was important information for
physicians to know when treating patients
with diabetes.

Enzymes & Metabolism: A collection of
papers. Gerty T. R. Cori. Elsevier Pub. Co.
Amsterdam. New York. 1956.

The Cori’s later demonstrated that
muscle glycogen produces lactic acid during
exercise and at other times. This lactic acid
is then carried by the blood stream to the
liver where it is changed into liver glycogen.
Liver glycogen is then converted to glucose,
and is carried back to skeletal muscles
which then gain the energy to do work by
converting glucose back to muscle
glycogen. This series of chemical changes
became known as the Cori cycle.

Harpers Review of Biochemistry. David W.
Martin. Peter A. Mayers and Victor W.
Rodwell. Lange Medical Publications. Los
Altos, CA 1981.

The couple also made some important
discoveries about other proteins called
enzymes — phosphorylase and
phosphoglucomutase. And, they discovered
the structure of the glycogen molecule.
Gerty, herself, discovered four different
types of glycogen storage diseases.
Drs. Gerty and Carl Cori shared the
1947 Nobel Prize in Physiology and
Medicine for their work showing how
glycogen is catalytically converted
(enzymes are involved in the process or
conversion). Although her husband was
made a member of the National Academy
of Sciences for his work, Gerty did not
receive this honor until eight years later –
after receiving the Nobel Prize. In fact, that
proved to be the case with most of her other
honors.
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Charles Robert Darwin (1809-1882)
THE FATHER OF EVOLUTION
and drifted through his courses. During this
time, he met a well-respected scientist,
Professor Henslow. Henslow suggested
that Darwin sail on a ship called The Beagle
as a naturalist. The Beagle was to make a
voyage around the world in search of
scientific truth.

Charles Robert Darwin, born February
12, 1809, was a gentle child — always deep
in thought and sharply observant of the
world around him. He collected all kinds of
objects, from pebbles, shells and birds'
eggs to flowers and insects.
This gentle nature came from his
mother, who died when he was only eight
years old. Little Darwin's relationship with
his farther was different, however. While he
loved and respected his father, Dr. Robert
W. Darwin didn't understand his son and
considered him a "good-for-nothing."
So, young Darwin was sent away to get
a classical education in Latin and Greek, in
spite of the lad's preference for chemistry
and physics. (Young Charles even
conducted experiments in these areas in a
secret laboratory.) The school's headmaster
thought of him as deranged for having such
interests. And Dr. Darwin, also disgusted by
his son's experimenting, sent him off to
medical school.
When medical school didn't work out,
Darwin's father sent him to Christ's
College in Cambridge, Massachusetts,
hoping he would become a clergyman. But
Darwin did not spend his years here wisely

At the time, Darwin considered the world
to be one big question, a mystery puzzle.
He was forever observing and collecting,
interested in only the facts. He was not
thinking about evolution yet; his only goal
was finding the truth about things. It wasn't
until the five-year voyage of The Beagle
was over and Darwin had returned home to
start his own family, that he began to
search for the secret to the true ancestry of
the human race.
He put together all his observations
from the voyage because he felt it was
important to present his findings in a simple
and understandable fashion. He wanted to
report the truth as it appeared to him.
(Darwin's first book, Voyage of The Beagle,
reads like a fine novel. His next book was
more scientific, and dealt with the nature
and habits of the barnacle. This one took
Darwin eight years to finish.)
During this time, Darwin began
developing his theory about the Origin of
Species and the Ascent of Man. Although a
theory of evolution had been around for
thousands of years prior to Christianity, it
was the belief in Creation which dominated
society. So, bringing the idea of evolution
back was a difficult task.
Darwin did not want there to be a battle
between the two schools of thought; he just
wanted to present his findings truthfully and
honestly. But he knew that a battle was
inevitable, so he spent 20 years reviewing
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his data — twenty years going over and
over his conclusions, testing every question
which came to mind so that he could
answer any question asked of him.
Darwin's major contribution to the
Theory of Evolution is that evolution takes
place by a process called natural selection.
In addition, certain truths about the world
exist; living creatures are constantly
multiplying in number, and can thus reach
unlimited numbers. But, the food supply is
limited, and so is living space. The result of
all these conditions is that there is an
ongoing life-and-death competition between
all living things.
It also stands to reason, he said, that in
order for a living thing to survive. It must be
better suited to the environment
(geography, climate, natural enemies and
availability of food) than the other types of
living things around It. Those less fit will die.
This process is called survival of the fittest.

the word “fittest” does not necessarily mean
the strongest but rather the most adaptable.
Darwin saw man's dominance as due
not to strength, but to adaptability. And he
pointed out that man has developed a
system of social cooperation. We have
learned that the best way to ensure the
survival of the individual human being is to
have a friendly cooperative relationship
between the entire human race. Finally,
Darwin saw human beings as not being
separate from nature, but rather a part of
nature — of all living things, including the
animal kingdom.

References
Fifty Great Modern Lives. Henry Thomas
and Dana Lee Thomas. Hanover House,
Doubleday and Company, Inc. 1941.

During the course of time, the world's
environment is always changing. Mountains
can form where there were valleys and
seas, seas can form where there were
lands, and the climate can change from
severe cold to tropical heat. Because of
these changes, living things need to change
in order to survive. The changes that living
creatures undergo is called evolution.
Evolution takes place by natural selection,
nature's way of choosing those
characteristics which enable a species to
survive in a new environment. Natural
selection also weeds out those
characteristics which are no longer useful
through the deaths of members of a
species.
Interestingly, Darwin is often given
credit for the theory that mankind is
descended from monkeys. Actually, what
Darwin said was that human beings and
apes are both evolved from a common
ancestor, thus apes are our distant cousins.
Darwin also wanted it understood that,
when speaking of the survival of the fittest,
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Albert Einstein (1879 - 1955)
CONCEPTUALIZED THE THEORY OF RELATIVITY
Dr. Albert Einstein was born the son of
an electrical engineer on March 14, 1879, in
Ulm, Germany. His scientific curiosity
began by age five as he pondered the
invisible force which directed the needle of
a compass given to him by his father. But,
he showed little academic promise at the
Catholic state school he was forced to
attend, and was unable to speak very well
at the age of nine. His teachers said he
was mentally slow, unsociable, and “adrift
forever in his foolish dreams.” Unaffected
by these criticisms, Einstein took refuge in a
sea of books and learned to play the violin.
These solitary pursuits brought him great
joy.
One day, Einstein’s teacher brought to
class a large nail she said was from the
crucifixion of Jesus. As the only Jewish
boy, all eyes turned to him as if he and his
religious ancestors were directly
responsible. Einstein did not understand
this senseless hatred, and he ran from the
room, returning to his books for comfort.
This incident stayed with him throughout his
lifelong fight against prejudice.
At the age of 12, Einstein’s life changed
dramatically when he discovered Euclidean
geometry. By age 16, he had also become
proficient in differentials and integral
calculus.
In the 1880's, Einstein’s family moved to
Switzerland. Even so, he continued to be
unhappy in school and was soon expelled
because his rebellious attitude hurt the
morale of fellow classmates. He then tried
to enter the Federal Institute of Technology
in Zurich. Even though Albert’s knowledge
of mathematics was superior to most, his
knowledge in other areas was greatly
lacking and he failed his first attempt at
taking the university entrance examination.
Later, in 1896, he was admitted to the
Institute. At first he wanted to become a

mathematics teacher, but soon realized that
his greatest interests lay in experimental and
theoretical physics.
Einstein passed his university
examinations in 1900, and was given a
teaching certificate —but not a teaching job
as was usual at that time. Anti-Semitism
was growing, and as a Jew, he was denied
any job with status attached to it. After
several years of unsuccessfully searching for
a teaching position, he accepted a job as a
technical expert, third class, in a patent
office.

Bored, Einstein began experimenting
with complicated mathematical formulas.
With a pencil in hand, he built a laboratory in
his mind. Those calculations were basis of
his doctoral dissertation which he completed
at age 26. They also were his first steps in
formulating a theory which shook the
foundations of science.
Einstein had long searched for a general
principal which would explain a paradox that
occurred to him when he was 16 — if
someone runs alongside a train at the same
speed as the train, it appears to be at rest.
But, if it were possible to run alongside a ray
of light, the ray of light – an oscillating
electromagnetic wave – would not appear to
be at rest. Therefore, everything in the
universe was actually in motion. Speed and
direction are relative, and only measured
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relative to other objects. Einstein then
concluded that space and time were also
relative. The only thing which was not
relative was the speed of light.
In short, he stated that, no matter how
fast an observer is traveling, he or she must
always observe the velocity of “c” as the
speed of light. He also hypothesized that, if
an observer at rest and an observer moving
at a constant velocity perform the same
experiment, they must get the same results.
These two considerations were the basis of
Einstein’s “Special Theory of Relativity.” He
went on to prove that this theory predicted
energy “E” and mass “m” are
interconvertible—thus “E = mc2". This
formula gave a remarkable new picture of
the universe.
The Special Theory of Relativity
challenged long-held views of time and
space. Always before, scientists had
believed that mass, length, and time were
absolute and unvarying. Einstein
demonstrated that they were dependent on
the relative motion between the observer
and what is being observed. In 1907, he
proved his entire quantum hypothesis by
showing that it accounted for the lowtemperature behavior of specific heat in
solids.
In 1909, he was made an associate
professor at the University of Zurich, and a
full professor two years later. A year-and-ahalf after that, he became a full professor at
the Federal Institute of Technology.
Einstein was rapidly advancing. He had
become so well known within the scientific
community that, in 1913, Max Planck and
Walter Nernest asked him to accept a
research professorship at the University of
Berlin. To further entice Einstein, Planck
also offered him full membership in the
Prussian Academy of Science. In 1914,
Einstein accepted and remarked, “The
Germans are gambling on me as they
would on a prize hen. I do not really know
myself whether I shall ever lay another
egg.”
By 1915, Einstein had refined his
General Theory of Relativity which
described the structure of space. He

maintained that the universe contained a
continuum of space and time in the form of a
complicated four-dimensional curve. Unlike
Newton, Einstein proved that gravity was
created by a localized bending of space
caused by the presence of large masses
such as planets and stars. In addition, he
demonstrated that the shortest distance
between two points in space was not a
straight line, but a curved line – light is
modified by the objects it encounters as it
travels from one point to the next.
In 1919, the light of a solar eclipse was
independently measured at two
observatories. Einstein predicted that light
rays which passed near the sun would,
because of the intense gravitational field, be
bent out of their path twice as much as could
be accounted for using Newtonian physics.
He was correct, proving his theory and the
existence of gravitational waves. He also
suggested that the universe is static and
uniformly filled with a finite amount of matter;
and although finite, it has no beginning or
end point. The proof of his predictions,
published in 1915, caused a great fury in the
scientific world.
In 1920, Einstein was appointed to an
honorary lifelong professorship at the
University of Leiden. A year later, he was
awarded the Nobel Prize for his famous
1905 equation for photoelectric effect.
During 1921-22, Anti-Semitic attacks on
Einstein were renewed. Even Nobel Prizewinning physicists Philipp Lenard and
Johannes Stark were known to criticize
Einstein’s theory of relativity as “Jewish
physics.” The Anti-Semitic prejudice
increased rapidly with the rise of Nazi
Germany. It was during this period that
Einstein took a public stand against AntiSemitism. For two years he and Chiam
Weizmann, the future first president of
Israel, traveled worldwide to gain support for
establishing Palestine as a Jewish
homeland.
In 1924, S.N. Bose, with Einstein’s help,
developed Bose-Einstein statistics. This
soon led to Einstein’s famous quantum
theory of an ideal gas. Around this same
time, he was offered an honorary vice
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presidency at the Mark Twain Society.
When he found that they also had offered a
similar position to Italian dictator Benito
Mussoli, however, he flatly refused. Shortly
thereafter, he found his name high on a list
of people who were to be assassinated by
the Nazis, and moved to Holland. But, he
found that formerly tolerant nation also to
be rife with Anti-Semitism and a fear of Nazi
Germany. In 1932, Einstein moved to the
United States.
Adolf Hitler then told Einstein that he
would overlook the fact that he was Jewish,
and asked him to return to Germany. When
Einstein refused, Hitler reversed himself,
insisted that no Jew could have formulated
the Theory of Relativity, immediately
revoked his German citizenship, and placed
a price of 20,000 marks on his head. At the
same time, Einstein resigned from the
Prussian Academy of Science because of
their Anti-Semitism, and was expelled from
the Bavarian Academy of Science.
A year later he was appointed a life
member of the Institute for Advanced
Studies at Princeton University in New
Jersey, and actively continued his work
there until 1939. At that time, American
scientists were becoming concerned that
the Relativity Theory (which showed that
mass could be converted directly to energy)
could be used by German scientists to build
a new “super weapon.” With the threat of a
world war looming, Einstein wrote to
President Roosevelt, suggesting that the
U.S. develop a counterweapon in hopes it
could be used to deter a war, it was used to
end one. In 1945, despite Einstein’s
appeals, an atomic bomb was dropped over
Hiroshima, Japan.
Einstein spent his last years in semiretirement at Princeton and continued to
work and teach until 1945, when he retired
and was made professor emeritus.
Between that time and his death in 1955,
Einstein became a strong advocate of a
world government as the only practical way
to achieve peace.
Dr. Albert Einstein’s legacy is unending.
He gave science an entirely new
understanding of the universe. He fought

against religious prejudice and war. And he
lived a full life – a life spent in the service of
others.
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Jane VanLawick-Goodall (1931 -

)

30 YEARS WITH THE CHIMPANZEES
Even as a child in England, Jane
Goodall was fascinated by animal life. She
spent much of her time watching animals
and making notes of their habits. She would
even use her allowance to buy books on
zoology and ethology. (Zoology Is the
scientific study of animals and Ethology Is
the study of animal behavior.)
One of her dreams was to someday
travel to the continent of Africa where she
could further study animals in their natural
habitats. At the age of 18, Jane took a
couple of jobs in order to make enough
money to go to Africa. Once there, she met
Dr. Louis S. B. Leakey in Kenya, a famous
anthropologist and paleontologist. Dr.
Leakey was curator of the National Museum
of Natural History in Nairobi, Kenya at the
time.
While working as his secretary, Jane
conducted a study of vervet monkeys of the
Lake Victoria region. Dr. Leakey found this
study interesting because he felt her
findings could help answer questions asked
about the evolution of human beings. In
fact, it was his suggestion that Jane go into
the Gombe Stream Reserve in Tanzania to
conduct a lengthy study of the chimpanzee
population.
At first, the Lake Tanganyika
chimpanzees fled at the sight of her. But,
two years of patience paid off when the
chimps became comfortable enough to visit
her campsite for bananas.
In her quest to fully understand the
chimps, Ms. Van Lawick-GoodaIl imitated
their habits. She spent a lot of time in trees
with them and ate the same foods they ate,

even insects! She wrote down everything
she saw — that they made nests or beds
for themselves, they aimed at their targets
when throwing stones, they frequently
walked upright, and even shared a
community or social life with rules for
behavior.
She also noticed that males courted
females with an elaborate swaggering ritual.
The males did not participate in family life,
but mothers and their offspring had a very
strong bond until the children reached
maturity. If a mother died, a child's older
sister cared for the orphan. Like humans,
chimps also hugged one another for
comfort. They communicated vocally, even
though the chimps could only make about
20 different sounds. Jane also noticed that
males who did the most posturing and
made the most noise were given a higher
social status.
Of major importance was her discovery
that chimpanzees are not strict vegetarians
—they often hunt their prey. They kill and
eat not only insects, but also animals as
large as the red colobus monkey and young
baboons. Another discovery set aside the
false belief that only humans were capable
of making tools. Goodall found the chimps
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would strip down blades of sword grass and
use the shafts to dig into holes in termite
hills.
Once the blade's shaft was removed
from a hill, it was covered with insects. The
chimps then used the shaft as an eating
tool, licking the insects off. She also
watched chimpanzees make sponges by
chewing up leaves and using them to soak
up water from the cracks in rocks and
hollowed trees.
Jane Van Lawick-Goodall earned a
Ph.D. degree in ethology in December of
1965, and wrote her thesis on the "Behavior
of the Free-Ranging Chimpanzee." Her
work and life have been written about in
several magazines and journals, and a few
documentaries on her work with the chimps
of the Gombe Stream Reserve have
appeared on TV.
In spite of all her academic
achievements, Dr. Goodall truly believed
that her chimpanzee companions of 30
years considered her just an inferior primate
— something on the level of a baboon.
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Matthew A. Henson (1866-1955)
and Robert E. Peary (1856-1920)
CO-DISCOVERERS OF THE NORTH POLE
Of the many adventures in the Arctic,
there is a story which is perhaps most
famous of all. And, it forever intertwined the
lives of two men – Matthew A. Henson and
Robert E. Peary. These two joined forces
in 1887 and spent some 20 years learning
about travel and survival in the Arctic before
they eventually reached the North Pole.
Earlier expeditions were designed to
explore the untouched Northern region of
Greenland, and these trips ultimately
penetrated deeper inland than any before
them. In 1891, Peary organized an
expedition for the push north to prove
Greenland was an island. During this trek,
he also discovered what may still be the
largest known meteorite, weighing some 90
tons. In his honor, the northern most
section – free of the ice cap which covers
most of Greenland – was named Peary
Land.
During the next 12 years, Peary and
Matthew Henson’s North Pole expedition
crew made several trips to Greenland. In
doing so, they fine-tuned their survival skills,
learning to live like the Eskimos. And, they
managed to get closer and closer to the
North Pole, their ultimate goal.
It was 1909 when an extensive crew
was organized to make the journey of all
journeys. This group included Admiral
Peary, explorer; Matthew Henson, explorer
and weather meteorologist; Ross Marvin,
secretary and assistant; Dr. J.W. Goodsell,
expedition surgeon; George Borup; Captain
began the drive to the Pole, some 413 miles
through what has been termed “a white
hell.”

Matthew Henson

Robert Peary
As a part of the expedition’s strategy,
Borup and Marvin were sent back early on
for additional supplies and fuel. Bartlett
was sent ahead to set the trial north. The
weather, a major concern for a successful
mission, was good, with temperatures
ranging from 5 degrees Fahrenheit to 32
degrees Fahrenheit below zero. However,
Borup and Marvin failed to return with the
needed fuel. After a week’s delay, the
group pushed ahead anyway. Three days
later, Henson was sent ahead to blaze a
trail for five marches (each march was
designed to be equivalent to 12 hours of
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travel), and Marvin and Borup finally arrived
with the fuel.
At the end of each march, igloos were
built, men and dogs ate, and, of course,
they slept. This plan worked well because
when crew members reached one of the
camps at the end of a march, fewer igloos
would need to be built because some were
already there. Along the way, the crew
made soundings of the arctic waters to
measure their depth using piano wire with a
lead weight tied to the end. Unfortunately,
Macmillan developed a bad case of frostbite
on his foot and was sent back to Cape
Columbia.
After two marches or so, the core group
caught up with Henson’s division which had
made camp to repair their sledges. Then,
after two more marches, Borup turned back
with his division – his job was done. He had
carried his heavy sledge through the ice
floes, but he lacked experience. And he,
too, had a case of frostbite.
One of the strategies for the long
journey was to allow some crew members
to turn back so the core group could carry
on with fewer worries about losing people,
time, and running out of food.
This left a total of 12 men. Henson and
Bartlett were sent forward to make their
march and camp. Peary and the rest of the
core group would follow 12 hours later.
When the core group arrived at camp,
Henson and Bartlett started out on the next
march. Marvin was next to be sent back
after the expedition had reached a position
of 86 degrees and 38 minutes. The North
Pole was at 90 degrees.
Here, the ice was level but treacherous.
It surged together, opened up, and ground
against the open waters. After making it
beyond some bad ice floes, it was time for
Bartlett to turn back. He had hoped to
make it as far as 88 degrees but at 87
degrees and 48 minutes there were not
enough supplies for his division to remain.
At this point, the crew was 133 nautical
miles from the Pole and had 40 days of
food left (50 if they used the dogs for meat).
But, they not only had to make it to the
Pole; they also had a return trip to think

about.
They decided to make five marches of
25 miles each. Barring bad weather, they
would be able to make it to their goal with
one final push forward at the end of the fifth
march. The crew moved ahead, often
pushing beyond their limits and receiving
minimal rest before starting out again. They
made the five marches in about four days.
Measurements showed them to be at 89
degrees and 57 minutes, only three nautical
miles from the North Pole, and Peary was
showing the wear from the journey.
Matthew Henson and his crew of Eskimos
continued the lead, allowing Peary some
time to recover. Not only did they reach the
Pole, but Peary’s division went beyond it by
about 10 miles.
Unfortunately, there has been a lot of
debate over the role Henson played during
the journey, not to mention who actually
arrived at the North Pole first. Much of the
trip’s documentation indicates that Matthew
Henson played a pivotal role in the survival
and success of the expedition team. Crew
members were very dependent on weather
data because the ability to predict storms
was crucial to their survival. But, Henson
was not only the weather metrologist, he
was also fluent in the language of the
Eskimos, was a master sledge and dog
handler, and a craftsman who, along with
the Eskimos, built and repaired many of
their igloos.
A well-known story says that Admiral
Peary, when telling the rest of the world
about their journey, left out Henson’s
contributions and those of the Eskimos –
indicating that he (Peary) was the “one” who
reached the North Pole first.
Needless to say, this caused problems
between Henson and Peary which
continued until their deaths. The saddest
part, perhaps, is that they likely admired
one another and considered each other a
friend. But, this lack of recognition by Peary
hurt Henson deeply, especially coming from
a friend.

320

The National Geographical Society
recognized Peary as an explorer and
dubbed him founder of the North Pole. But
Henson was never recognized by the
society, even in light of all the evidence of
his critical role.
Today, however, after lengthy debate,
both are recognized as co-founders of the
North Pole. Matthew Henson and Admiral
Robert Peary are buried side-by-side in
Arlington National Cemetery, with plaques
commemorating their remarkable
achievements.
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LIFE SCIENCE: ORGANIZATION OF LIVING THINGS

Robert Jarvik (1946 - )
INVENTOR OF THE FIRST ARTIFICIAL HEART
While still in high school, Robert Jarvik felt a
strong desire to become a medical doctor.
Unlike many, it wasn’t a glorified picture of the
delicate balance between life and death that
inspired Robert. Instead, he had a strong
desire to improve medical treatment methods.
Robert found the usual method for suturing
(sewing up a patient) to be awkward. He felt
that there must be a better way and made up
his mind to find it.
But when Jarvik began college, he studied
architecture at Syracuse University in New
York until his father suffered a nearly-fatal
aortic aneurysm (blood clot to the aorta of the
heart). It was then that Robert decided to
pursue his dream of becoming a doctor. The
problem was, he was rejected by most
medical schools. After he was finally accepted
by the University of Bologna in Italy, he
dropped out two years later.
While still at New York University, Robert had
earned his biomechanics degree. So, he next
moved to the western U.S. and went to work
in Utah at Kolff Medical, a research and
development company founded by Dr. Willem
J. Kolff. The philosophy of Dr. Kolff was
basically that “if man could grow one, then he
can build one.” It is through Kolff’s work that
we have the artificial kidney or dialysis
machine.
Robert Jarvik completed his medical studies
while working for Dr. Kolff in Utah, and it was
here that he designed the artificial heart. This
manmade machine—once surgically
implanted in a patient—substitutes for the
ventricles of the heart which pump blood to
the arteries, and into the patient’s blood
circulatory system.

though it was about the same size as a
human heart. It was connected by tubes in the
patient’s abdomen which were attached to a
machine about the size of a portable
television.

Carrying something this size around
everywhere made it difficult even to stand up.
Nevertheless, Dr. Clark’s life was extended by
three months and his life experiences with the
machine provided the basis for important
research on the device which continues today.
Lessons learned from Dr. Robert Jarvik’s
desire to do something to help people like his
father who suffered from heart disease, along
with Barney Clark’s experience with the first
Jarvik-7, have served to help prolong many
lives since then—lives that would otherwise
have been ended by heart disease.
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LIFE SCIENCE: ECOSYSTEMS

Aldo Leopold (1887- 1948 )
FATHER OF MODERN CONSERVATION
Born In 1887, Aldo Leopold spent his
boyhood years In Burlington, Iowa, and
went on to attend Yale University's School
of Forestry where he earned his
professional degree.
When Aldo joined the U. S. Forest
Service in 1909, his views were quite
different from those around him. Leopold
approached forest management from an
ecological perspective. To his mind, forest
management went beyond providing trees
for industry. It should include watershed
protection for the whole region from which a
river receives its supply of fresh water, as
well as grazing, fish and wildlife
conservation, recreation and, of course,
protecting land from the ravages of man.
In 1933, his treatise on Game
Management led to a professorship at the
University of Wisconsin. There, he sought
to educate and involve youth in matters of
ecology. He organized projects including
counting nests, planting shelter belts, filling
feeding stations, warning poachers, and
recording weather conditions year round.
Leopold also established some
conservation rules which he called
Ecological Principles. These rules call upon
us to do several things. First, to maintain
soil fertility; second, to preserve the stability
of water systems; and third, produce useful
products. Fourth, he also called upon us to
preserve our fauna and flora as much as
possible. (Fauna refers to the animals of a
given region and Flora refers to the plants
of a region.)
In Leopold's opinion, farmers and others
interested in erosion prevention believed
only in the first three conservation
principles. The sportsman or hunter only
believed in producing useful products for

the purpose of hunting. But the "true" nature
lover, he said, defined conservation in terms
of preserving our flora and fauna as much
as possible. Leopold believed that
conservation was not only about prevention,
but also using natural resources wisely.
Nature as a whole is a community of life
including the soil, waters, fauna, flora and
people.

One of Aldo Leopold's last conservation
fights was over the Wisconsin's whitetail
deer management laws. The deer herd
there had gotten so large that it was eating
away the plant life faster than the land could
replace it. They were ruining the land.
Whitetail fawns were starving to death, and
bucks were not growing to maturity.
Leopold knew the answer to this
problem—reduce the size of the deer
population.
The deer had no natural predators in
this region, so their numbers increased
beyond a natural balance. Leopold's advice
was to lengthen the annual hunting season
and allow the hunting of both bucks and
fawns. (Fawns are not usually hunted.)
Conservationists did not like what Leopold
advised, so the battles began.
Today, arguments are still being waged
over what role people should take in
preserving nature and the balance of
nature. Is It our responsibility only to
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oversee and protect the lands and animals,
or is it our duty to keep animal populations
at controlled levels by allowing hunting?
What should our role be when an animal
population gets too large to be supported by
the vegetation of the region? How much
human intervention is too much?
Because he knew more about land
ecology than any other person of his time,
many principles of wildlife management in
practice today were developed by Aldo
Leopold and his co-workers. He had a rare
understanding of the way biotic (life) forces
interact, and the ways in which these
interactions occur, affecting the life and
landscape of America.
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PHYSICAL SCIENCE: MOTION OF OBJECTS

Maria Goeppert-Mayer (1906 - 1972)
SECOND WOMAN TO RECEIVE NOBEL PRIZE FOR PHYSICS
gathered at Gottingen to discuss their latest
findings, and the science of physics was
advancing rapidly. It was then that Max Born
invited Goeppert to join his class. This was a
turning point for Maria, who decided to
concentrate her studies on physics so she could
work with the puzzles of nature, rather than with
mathematics–the puzzles of man.

Dr. Maria Goeppert-Mayer was born in
Poland in 1906. Her father was a seventh
generation university professor, and her mother
had been a French and piano teacher. In 1910,
they moved to Gottingen where her father was
appointed professor of pediatrics at the Georgia
Augusta University (commonly referred to as
Gottingen), and founded a children's clinic. For
several years, life in Gottingen was rich and filled
with intellectual stimulation. But, in 1914 with the
onset of World War I, life changed and, at times,
was quite harsh.
Maria's excellence in school, especially in
mathematics and languages—along with a
never-ending curiosity—made her decide to
attend college. But, admission of women at
universities was limited, and the entrance
examinations were quite rigorous. So, after
graduating from high school in 1921, Maria
attended the Frauenstudium, a school which
prepared girls for the university entrance
examination. Although the academic program
was three years long, the school went bankrupt
two years later. Undaunted, Maria took the
entrance examination anyway, passed, and was
admitted to the university. She studied
mathematics at Gottingen, intending to become
a teacher.
Gottingen was one of the leading universities
in Europe at the time and was staffed by many of
the leading mathematicians and physicists of the
day. Here, she was surrounded with, and
nurtured by, many scientific giants. They often

Shortly after Maria's father died, Born
expanded his role as her mentor, and became
more of a father figure. His guidance and
teaching in theoretical physics, in addition to her
strong mathematics education, gave Maria
Goeppert a solid foundation and the skills
necessary to become one of the great quantum
physicists of our time.
Because of the Depression it was common
practice in Europe for families to take in
boarders, especially university towns. In 1929,
Maria rented a room to Joseph Mayer, an
American who had just received his Ph.D. in
chemistry from the University of California at
Berkley, and had come to Europe to study with
James Franck. Goeppert and Mayer soon
became more than landlady and boarder. Upon
receiving her doctorate in 1930, the two were
married.
Dr. Mayer completed his work and then
accepted an appointment with the chemistry
department at Johns Hopkins University in
Baltimore, Maryland. Unfortunately, the U.S. was
at the height of the Great Depression and jobs
were scarce. Plus, the university, like most at
that time, had strict rules against employing
members of the same family. As a result, even
though Dr. Goeppert-Mayer was exceedingly
well qualified, the best job she could find was an
assistantship in the physics department. Even
though underemployed, she was provided
opportunities to continue her research and was
later allowed to present lecture courses for
graduate students.
Kari Herzfeld, a prominent theorist in kinetic
theory and thermodynamics, recognized Dr.
Goeppert-Mayer's expertise and they soon
began writing scientific papers together. She
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also worked with, and formed close relationships
with Gerhard Dicke, Francis Murnaghan and
Aurel Winter of the mathematics department.
Each of these experiences added to her
enrichment as a scientist, as did the rapid
development of quantum mechanics during that
time. Dr. Goeppert-Mayer also worked closely
with one of Herzfeld's students, Alfred Sklar, who
later became the Director of the Argonne
National Laboratory.
The situation in Europe during the 1930's
grew worse each day because of the Nazi
government in Germany. Thousands of Jews
fled the country, realizing that if they stayed, they
would be deported to concentration camps or
killed. Because many of the leading scientists in
Germany were Jewish, U.S. scientists were
quite concerned that their colleagues from
abroad would be enslaved or murdered. A group
was formed to provide food and shelter for those
who were able to escape. As a treasurer, Dr.
Herzfeld got Dr. Goeppert- Mayer quite involved,
and she opened her home to a number of
refugees.
During this time, she also focused her
energy on methods of group theory, and matrix
mechanics on pioneering work concerning the
structure of organic compounds. While at Johns
Hopkins, she spent the summers of 1931-1933
in Gottingen working and writing with Max
Born. Just before leaving Johns Hopkins for
Columbia University in New York City, Dr.
Goeppert-Mayer and her husband attended a
conference where it was first disclosed that the
atom had been spilt.
Sadly, when first arriving at Columbia, Dr.
Goeppert-Mayer was given an office, but not a
faculty appointment. Even so, she soon became
close friends with a number of Columbia staff
members, Including Enrico Fermi. He had just
won the Nobel Physics Prize and fled Germany
because his wife was Jewish. The Fermi’s and
Mayer's became especially close. Soon the
Mayers moved to Leonia, New Jersey, so they
could live nearby.
In 1941, Dr. Goeppert-Mayer was offered
her first genuine position as a half- time faculty
member at Sarah Lawrence College in
Bronxville, N.Y. She developed and presented a
number of science and mathematics courses
there, and continued her teaching throughout
World War II.

In early December, 1941, Harold Urey began
putting together a research group to work on
developing the atomic bomb, the Manhattan
project. Dr. Goeppert-Mayer was offered a
position to work with those scientists on what
was, for security reasons, called the Substitute
Alloy Materials project. Her top secret work
included research on the thermodynamic
properties of uranium hexafluoride.
Although she continued her part-time
teaching at Sarah Lawrence, she also began
participating in a research program called the
Opacity Project. It focused on the properties of
matter and radium at extremely high
temperatures, necessary to develop
thermonuclear weapons. After working for some
while to design and build the first atomic bomb in
Los Alamos, New Mexico, she returned home to
be with Dr. Mayer. Soon after, while on their only
vacation in years, they received the news that
the first atomic bomb had been exploded over
Hiroshima, Japan.
Immediately following the end of the war, the
couple moved to Chicago, Illinois. Dr. Mayer was
appointed a full professor and given a position at
the new Institute for Nuclear Studies at the
University of Chicago (later renamed the Enrico
Fermi Institute). The Opacity Project also moved
there, and was joined by a number of famous
scientists. The university soon became known
for its experts in nuclear physics, chemistry,
astrophysics, cosmology, and geophysics.
Here, Dr. Goeppert-Mayer was given the
opportunity to continue her work with the
Metallurgical Laboratory of the university as an
associate professor and senior physicist. The
Metallurgical Laboratory was soon replaced by
the Argonne National Laboratory under the
Atomic Energy Commission. During this time,
Dr. Goeppert-Mayer was introduced to a
cosmological model of the origin of the
elements. She realized that, because some
elements were more abundant than others, they
must have a very stable nucleus. And, she found
that the nuclei of these stable elements
contained even numbers of either neutrons or
protons.
Later, she realized that protons and neutrons
could spin in their orbit around nuclei, and that
there was a difference in the energy between
them relative to their direction. This allowed
them to be arranged in more different orbits than
was earlier thought. In addition, when protons
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and neutrons were most tightly bound, they
created stable elements and were in even
numbers. At last, Dr. Goeppert-Mayer could
clearly explain how the particles of the nucleus
are arranged—"shells" within the nuclei—and the
spinning orbit-coupling model of nuclei was born.
Although another scientist had suggested such a
possibility in 1933, his research was never
completed because of the war.
In April 1950, the journal "Physical Review"
carried an article explaining her discovery.
Simultaneously, Otto Haxel, J. Hans, D. Jensen,
and Hans E. Suess, well-known German
scientists, had also made the same discovery.
Later, after meeting Jensen in 1950, the two
collaborated in writing the Elementary Theory of
Nuclear Shell Structure, published In 1955.
Although Dr. Goeppert-Mayer was first to submit
her documentation for publication, she and
Jensen shared the 1963 Nobel Physics Prize.

Mayer, Maria Goeppert, and J. Hans D. Jensen,
Elementary Theory of Nuclear Shell Structure.
UNKNOWN PUBLISHER, 1955.
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In 1954, Dr. Goeppert-Mayer was finally
offered a full professorship in physics at the
University of California at San Diego, and Dr.
Mayer, a professorship in chemistry. Only weeks
after their arrival, Dr. Goeppert-Mayer suffered a
stroke which left her partially paralyzed. Even so,
she recovered enough to accept the Nobel Prize
in 1963 and continue her teaching and research
into the development of the shell model.
Although Dr. Goeppert-Mayer's efforts to
remain actively involved in research were valiant,
her health problems began to quickly mount.
After losing the hearing in one ear, she began to
suffer heart problems and died in San Diego on
February 20, 1972.
Throughout her life, Dr. Goeppert-Mayer
fought against the evils and effects of gender
and religious discrimination and persecution. Her
friends described her as a quiet, modest,
thoughtful, and elegant person. Those in the field
of physics refer to her as an enthusiastic
scientific giant who brought to the world order
and fundamental understanding of the nuclei.
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PHYSICAL SCIENCE: MOTION OF OBJECTS

Ronald Erwin McNair (1950 - 1986)
LASER PHYSICIST AND NASA ASTRONAUT
Ronald Erwin McNair was born the son
of a teacher and an auto body repairman on
October 21, 1950, in Lake City, South
Carolina. Even though both parents were
employed, life was very difficult for McNair
and his two brothers, who grew up in an
atmosphere of racial prejudice. Throughout
much of his childhood, he and his brothers
picked cotton, cucumbers, and cropped
tobacco for $4 a day to help support the
family.

years' worth of dissertation research data
on the computer. Inspired by early
memories of his mother driving 600 miles a
week to earn her master's degree, McNair
was not about to let any hardship stand in
his way. He persisted and quietly went
about recreating his doctoral research.
Within three months, he had come up with
even better material, completed his
research experiments, and finished his
dissertation. McNair received his Ph.D. in
1976.

McNair began reading at the age of
three, and became interested in science
when he was young. After the Soviet Union
launched the satellite Sputnik, McNair's
classmates remember that science,
Sputnik, and thoughts of space travel began
to dominate his thinking. He excelled in both
academics and sports such as football,
track, and basketball, and graduated from
high school as valedictorian of his class in
1967. Nevertheless, he remained the quiet,
modest fellow his friends nicknamed
"Gismo".
Since state colleges in South Carolina
were not fully integrated, McNair attended
North Carolina A & T State University.
Needing to challenge his intellect, he
majored in physics and was graduated with
highest honors in 1971. Although he wanted
to continue his education at a top school in
physics, he was apprehensive about
attending the Massachusetts Institute of
Technology (MIT). But, he couldn't hide
from the challenge, and soon began his
doctoral studies there.
While at MIT, McNair worked on
developing some of the first chemical and
high-pressure lasers, and worked with some
of the top authorities in the field. Even so,
he faced many challenges at MIT, ranging
from “unspoken" prejudice to losing two

Next, he worked at the Hughes
Research Laboratories In Malibu, California.
While there, he received a flier from NASA
which said they were looking for shuttle
astronauts. Dr. McNair returned his
application, confident that he would at last
fulfill his dream of space travel. In 1978, at
the age of 28, he was accepted into the
astronaut program as one of 35 applicants
from among 10,000 who applied. Shortly
after being accepted, Dr. McNair and
Cheryl, his wife, were in an automobile
accident. Fortunately, when the other car
crashed into them, he only suffered several
broken ribs. Determined to regain his
health, Dr. McNair recovered from the injury
and reported to NASA for astronaut
training—only the second black in history to
do so.
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His first experience in space travel
aboard the space shuttle Columbia in early
January of 1986 was uneventful, and all
went well. He even had time during the
mission to record solo renditions of the
songs, “What the World Needs Now Is
Love" and "Reach Out and Touch" on his
saxophone. However, his second voyage
into space ended in tragedy. Seventy-four
seconds after lift-off from Kennedy Space
Center, the space shuttle Challenger
exploded above the shores of Florida. All
crew members were lost.

Sammons. Vivian O. Blacks in Science &
Medicine. Hemisphere . Publishing Corp.,
NY, 1990.
Who's Who Among Black Americans. 1985,
p. 578.

Dr. McNair earned many honors and
received a number of awards during his
short life of 35 years. He was a Presidential
Scholar, Ford Foundation Fellow, and
Omega Psi Scholar of the Year. He was
awarded three honorary doctorates, made a
member of the National Society of Black
Professional Engineers, and joined the
American Association for the Advancement
of Science. Ronald Erwin McNair was
known as a man who completed things he
started. A sixth-degree black belt In karate,
accomplished saxophonist, scholar,
scientist, and a loving family-man, he lived
by the philosophy "Be your best" —leaving
a legacy of excellence for us all to follow.
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LIFE SCIENCE: EVOLUTION

Margaret Mead (1901-1978)
THE STUDY OF HUMAN BEHAVIOR — NATURE VS. NURTURE

Growing up In a family which stressed
the importance of education the way
Margaret Mead's did, it was no wonder that
she went on to achieve greatness in the
field of anthropology. Her father was a
professor of economics at the University of
Pennsylvania, and her mother, a social
scientist. In fact, it was Margaret's mother
who fostered the "observer" in the young
girl.
The Meads were not happy with the
education Margaret was getting in schools
during the early 1900's. So, grandmother
Mead—a former school principal and
teacher—was responsible for most of
Margaret’s early education. She studied
subjects like algebra and botany, and
learned how to make careful and detailed
observations of human psychological
behavior. In fact, Margaret's mother gave
her notebooks so that she could make
notes on everything she saw, including her
younger sisters!
The Mead children were also
encouraged to get to know all kinds of
people. This was so they would not grow up
believing that one type of person belongs in
one place, and another person belongs
somewhere else. The family even moved to
different neighborhoods so the children
would learn to adjust to changes in their

surroundings and see that all people are
human beings, similar to other human
beings.
While a senior at Barnard College,
Margaret began working under well-known
scientists Dr. Franz Boas and Ruth
Benedict and began to consider the field of
anthropology as her goal. But, she felt it
important to select an area where being a
woman would be of benefit to the field. She
had great pride in her gender and wanted to
make what she considered a "woman's"
contribution to life, a different look at
anthropology.
One of the things important to the study
of anthropology is describing patterns of
human behavior-like criminality, insanity,
alcoholism, feeblemindedness and laziness,
for example. These are frequently
descriptions of how a person acts, or of
their role in the greater community. Often,
these descriptions are of negative or
"undesirable types of behavior.
Anthropology also studies the concept
of "Nature vs. Nurture." Scientists who
believe in the concept of Nature insist that
human behavior is determined by a
person's genetics. Those who follow the
Nurture concept believe that it's the
environment (a person's surroundings)
which influence human behavior.
A simple example is the debate about
English grammar and pronunciation.
Children tend to speak with the same kinds
of quirks and accents as their parents and
relatives. Naturists (or Hereditarians) would
say that English usage is genetically
transmitted from the parents to the children.
On the other hand, Nurturists (at one time
called Environmentalists) would insist
children will speak whatever language they
are raised with.
Margaret Mead decided to study human
behavior in hopes of adding to what we
already know about the question of Nature
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vs. Nurture. She also felt that a proper
study of a particular culture had to include
the children and women of the culture.
Prior to her work, studies looked at cultures
almost exclusively from the males’ roles.
Dr. Mead believed that, if you look at the
total picture of a “primitive” culture and
compare it to observations from a “civilized”
culture, differences will be found.
Determinations can be made as to human
qualities which appear because of life and
living experiences or the culture in which
people live (Nurture), or those which exist
as a result of being human (Nature).
Dr. Margaret Mead concentrated on the
study of teen-aged girls in Samoa, including
women and children. In earlier studies of
teenagers from “civilized” cultures, it was
observed that different countries and ethnic
groups produced different types of
adolescent problems (although there were
some similarities). It was believed that
adolescence was supposed to be a period
of conflict, struggle and bad behavior, and
that it was human nature for young people
to be in conflict during their teen years.
And, people believed that because the
human body goes through all sorts of
physical changes during this time some
changes produced bad behaviors. So, the
question became: How much of this conflict
is due to phyiscal changes that all human
beings experience (Nature), and what part
is due to the different cultures in which the
children are raised (Nurture)?
During her first study in Samoa, Dr.
Mead spent nine months observing and
talking with adolescent girls about their
sexual behavior. She found Samoan teens
and the people of Samoa to be sexually
free, with no sexual fears or problems. Dr.
Mead believed this was due to their easygoing way of life—quite different from
American youth.
Dr. Franz Boas used Dr. Mead's studies
to support his belief that adolescence did
not have to be a period of crisis or stress,
but could instead be a time of orderly and
slowly-developing mature interests and
activities.

Dr. Mead wrote a book about her
observations, Corning of Age in Samoa,
which supported Dr. Boas' beliefs and
shifted scientific debate to the side of
Nurture over Nature. But, this debate still
thrives today.
Dr. Margaret Mead continued to study
other cultures through the years, delivering
the message that human nature is subject
to changes. In order for us to reach the
point where we all can live in true peace,
she said, we must all accept this fact. The
ideal world for which we are always striving
can only be achieved based on truths about
human nature. And, she said, we must all,
as individuals and regardless of our station
in life, learn to deal with the truth in order to
achieve all that human beings are capable
of achieving.
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Daniel Hale Williams (1858-1931)
A TRUE PIONEER IN THE MEDICAL FIELD
While heart surgery may seem like a
modem idea, it was first performed back in
1893 by Dr. Daniel "Dan" Hale Williams to
save the life of a young black man who had
been stabbed in the chest. And this proved
to be only one of a long list of remarkable
achievements.
Perhaps Dr. Williams' background had
something to do with his drive and ambition
to succeed. He was born In Hollidaysburg,
Pennsylvania, the son of Daniel Williams
Jr., a man of mixed African-American,
Native-American and white ancestry. His
mother, Sarah Ann Price, was the daughter
of a well-to-do family of similar ancestry
from Annapolis, Maryland.
Dan's father fought slavery as an
abolitionist, and was a member of the Equal
Rights League, a group dedicated to
providing civil rights and education for all
Blacks. A trustee of the local African
Wesleyan Church, he died at the age of 47
following a battle with tuberculosis. Soon
after, the family was torn apart.
Sarah Ann moved to Rockford, Illinois
where she found work in a family-owned
business. Dan's older brother was a teacher
and law student, while his youngest sister
stayed in Annapolis with their grandmother.
Two other sisters were sent to a convent
school in Baltimore, Maryland.
At the age of 12, Dan also found himself
in Baltimore, working as a shoemaker's
apprentice. Lonely and separated from
family, he ran away to rejoin his mother.
But, she Interpreted Dan's ingenuity and
determination in traveling this distance as a
sign that he was old enough to take care of
himself. So, she returned to Annapolis,
leaving him and his little sister, Sally, behind
to fend for themselves.

Dan found whatever work he could,
tolling as a dock worker, ship's deckhand on
the Great Lakes, and as a barber. Always
ambitious, by the age of 17 he had moved
to Wisconsin and opened a small barber
shop. But, he never forgot the importance
his father had placed on education and
made up his mind to return to school when
he could.

Determined to become a doctor , Dan
secured an apprenticeship with Dr. Henry
Palmer in 1878 in Janesville, Wisconsin. He
later managed to enroll at the Chicago,
Illinois, Medical College in 1880 and
received his medical degree three years
later. Next, the brand-new physician opened
a small practice in Chicago.
Never one to have time on his hands,
Dr. Williams also served as a physician at
the Protestant Orphan Asylum, the South
Side Dispensary, and taught clinical
medicine and anatomy at the Chicago
Medical College.
Along the way, he became aware of the
tremendous discrimination Black people
encountered when they became ill. Few
doctors would treat them, and hospitals
frequently denied them entrance. When
Blacks were allowed inside, it was into
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charity wards where treatment was
generally poor .
In fact, facilities for minorities were so
scarce that Dr. Williams was forced to
perform his first surgical operation on the
patient's dining room table. In addition,
Blacks were often subjected to unneeded
treatments and experiments by white
doctors.
As was the case with his abolitionist
father, Dr. Dan Williams fought hard for
change. In 1891, he established the first
interracial hospital in America—the
Provident Hospital and Training School
Association located in Chicago. It was not
only a place where Black people could go
for proper medical treatment, but also a
place Black interns and nurses could get
the training and professional experience
they needed.
Two years later, Dr. Williams performed
the first known heart operation and saved
the life of James Cornish, a young Black
man who had been stabbed in the heart. In
fact, this surgery was performed without the
use of X-rays, antibiotics to fight infections,
and with no blood transfusions since all of
these medical advancements were
unknown at the time.

A true medical pioneer, Dr. Daniel Hale
Williams dedicated himself not only to
saving lives through the development of
new medical techniques, but also to
improving the quality of life for Black people
everywhere. The institutions he established,
where promising Black nurses and doctors
could study and work, allowed them, in turn,
to make their own contributions to
humanity.
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Soon after, Dr. Daniel Hale Williams
was appointed chief surgeon at Freedman's
Hospital at Howard University in
Washington, D.C. And, he would establish
the National Medical Association—the only
medical association open to black
physicians near the Turn of the Century.
Dr. Williams later returned to work as a
physician at Provident and Mercy Hospitals
in Chicago, and as a surgeon at Cook
County Hospital. Here he once again
performed surgeries unusual for their
time—Caesarian section births, operations
to save torn and mangled limbs, hernia
repairs, removal of damaged kidneys, and
the very first operation to suture (sew up) a
ruptured spleen.
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