EDUCATOR’S GUIDE — Grades 3 – 8
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IN THIS GUIDE
Explorations—Air and Weather directs students
to observe weather and weather patterns
outdoors and using exhibits in the museum
galleries.
HOW TO USE EXPLORATIONS
Give chaperones copies of Explorations student
pages and the chaperone page.
Add your own page(s). Connect with your own
special unit. You can use just one page or all.
Choose the ones which meet your needs best.
Components are not sequential. You can start
anywhere in the exhibit.
If your time in the exhibits is limited, choose
just a few stops. Don’t try to rush your students
to finish the Explorations suggestions. Some
questions may leave students with more
questions. Use these as the basis for after-trip
discussions or group research.
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ABOUT THIS TOPIC
The condition of air in a specific place at a certain time is called weather. Heat from the sun,
air pressure, and moisture in the air mix
together to create weather that is sunny,
cloudy, windy, stormy or clear.
Climate and weather are not the same. A
region’s regular pattern of weather over an
extended period of time is called climate.
Weather often changes daily.

The Sun and Seasons
Earth’s oceans and land are heated by the sun,
which warms the air. Air keeps moving because
the heat from the sun is uneven. Warm air rises
and cool air sinks, putting air currents in
motion.
Earth keeps the same tilt as it orbits the sun,
which causes changing seasons. The equator
gets the sun’s most direct rays so it is hot there
year around. The sun’s rays hit the northern
and southern hemispheres at an angle so the
heat is not as intense. During the summer the
rays are more direct. The rays are less direct
during the winter months.
Earth also has uneven surfaces which cause
uneven heating. Dark surfaces absorb more
heat than lighter surfaces.

Clouds and Precipitation
If you can recognize different kinds of clouds
you will have clues about the weather. Sunlight
heats oceans, lakes and rivers. This causes evaporation, which means the liquid changes to a
gas called water vapor. As the water vapor rises,
it cools and the molecules of water form
droplets. This process is called condensation.
Water vapor condenses into tiny droplets
around dust or smoke, creating clouds. If the
droplets get too heavy to be held up by air currents, they fall to earth as precipitation.
Clouds are classified into many different types.
Names of clouds are made from Latin words
that describe their general shape and the height
at which they may be found. Most cloud names
are one of three cloud shapes: cumulus, cirrus,
and stratus.
Latin Root

Translation

cumulus
stratus
cirrus
nimbus

heap
layer
curl of hair
rain

http://vortex.plymouth.edu/clouds.html
Plymouth State University (NH) Cloud
Boutique for photographs of all of these
cloud types.
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Pressure and Wind
The atmosphere is a blanket of air surrounding
the earth, made of gases including nitrogen and
oxygen. Earth’s gravity keeps the atmosphere
from floating into space. The atmosphere is
divided into four main layers:
Thermosphere

85–600 km above the surface

Mesosphere

50–85 km

Stratosphere

14.5–50 km

Troposphere

8–14.5 km the layer closest
to the ground, where most
weather happens.

Air is all around us. It has weight and takes up
space. A barometer is a tool that measures air
pressure. Atmospheric or air pressure is the
force per unit of area exerted on the Earth’s
surface by the weight of the air.
Wind results from temperature differences in
the atmosphere. The uneven heating of the surfaces of the earth causes differences in air pressure. Warm air over the equator spreads out
and tends to rise. This warm air is replaced by
cooler air from higher latitudes, which creates
prevailing winds. Our planet is spinning, so the
winds curve as they blow. This is called the
Coriolis effect. All winds are named for the
direction from which they blow. About 30,000
to 35,000 feet above the earth, large masses of
cold air move in from the poles to clash with
masses of warm air from the tropics, creating
the jet stream. Jet streams are the Earth’s
fastest moving winds.
The Beaufort Scale is used as a standard way
to describe wind force. One tool used by
meteorologists to measure wind speed is
the anemometer.

Fronts and Storms
Large air masses constantly form over both land
and water. These air masses can be cold or
warm, wet or dry. The sun’s heat and earth’s
rotation cause these air masses to move. The
line where two air masses meet is called a front.
A fast advancing cold front can displace warm
air creating clouds, strong winds and precipitation. When a cold air mass meets a warm air
mass, it pushes the warm air upwards. Storms
form along fronts where cold and warm air
move close together.

Notes to the teacher

3

CONNECTING WITH THE CLASSROOM

Before Your Visit:
Try these classroom activities:
Weighing Air

Air has volume and mass. The air inside your
classroom may weigh as much as 2-3 students.
Students can work in pairs to experience the
weight and volume of air. Each pair should
have 2 balloons, 4 pieces of tape, a meterstick
and string. The balloons should be blown up to
identical size, tied off and taped to each end of
the stick. Balance the stick and balloons from
the string. One student holds the balance and
the other carefully puncture one balloon. Ask
students to talk about what happened and why.
The full balloon is heavier because of the mass
of the air still in the balloon and so tips the
stick.

Do students notice any patterns in the weather
observations they made?
Get Ready

Review student activity pages for yourself and
with your students.
Review the schedule and your expectations for
the visit with your students. Divide students
into groups.

Create a Cloud (Demonstration)

Materials: 9” balloon, with neck cut off; pint jar,
hot water, match, dark paper.
Pour hot water into jar and swish to warm sides
of jar, pour out all but 1 tablespoon. Place jar in
front of dark paper, light the match drop it into
the jar. Quickly cover the jar opening with the
balloon skin. Push against the balloon skin,
then pull on it gently. What happens? What was
needed to “make a cloud”?
Let’s Do the Math
Recording Weather

Observe weather phenomena around the
school.
• Measure temperatures each day and record
other observations of weather at the same
time each day, include measurements taken
at the museum.
• Include a chart of low and high temperature
readings from the newspaper or TV reports
(at the museum, the day’s low and high will
be on a graph at the weather station).
• Keep a chart of cloud types by recording
observations taken at the same time each day.
• Note wind speed at two different times
during the day.

Graph results of temperature and wind speed.
Are they related to each other?
At the end of the month, graph the low and
high temperatures. Calculate the mean, mode,
median, and range of temperature for that
month.
In the colder months, students will also practice
using negative numbers in both Centigrade and
Fahrenheit readings.
Calculate the percentage of change from the
beginning to the end of the month.
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Back in the Classroom
Review student museum activity pages.
Continue to chart weather observations. Ask
students to predict weather and support the
prediction based on patterns they noticed.
Surviving the weather

Choose a severe weather event and create a
survival kit. Students should list the supplies
they would need to cope with the event.
The Sun’s Energy

Materials: colored construction paper folded
into quarters
section 1:
nothing

section 2:
circle
of
foil

section 3: gauze

section 4: waxed paper

Microclimates

Have students draw a map of their school
on 12” x 18” paper. Assign partners to take
thermometers to various locations around
the school to record the temperature. Plot all
temperatures on the map and discuss possible
reasons for variations in the temperature.
Repeat in different months. Are there different
patterns in different seasons? Why?
(Note: This can be done inside or outside the
school.)
RESOURCES
Books:

Michael Allaby, How the Weather Works,
1995, Dorling Kindersley, London.
ISBN 0-89577-612-X
Photograph-filled, for teacher information and
student research on most weather phenomena.
Includes many demonstration and experiment
ideas. Nice section on clouds.

Leave the filters in the sun for a week. Remove
the filters, compare and discuss the results.

Spencer Christian and Antonia Felix, Can It
Really Rain Frogs?, 1997, John Wiley and Sons
Inc., NY ISBN 0-471-15290-0
Explanations of weather phenomena, but also
includes strange and unusual weather (raining
frogs) to intrigue 9- to 14-year-olds.

Cold meets warm

Web site:

Using warm and cold liquids allow students to
observe interactions similar to warm and cold
air mass interactions.

NASA—Many weather-related topics, and links
to other information sources.
http://www.nasa.gov

Fill a clear plastic shoe box 2/3 full of warm
water. Tell students you (or they) will add cold
milk. Ask them to sketch what they predict will
happen when the milk is added. At one side of
the continuer, pour a small amount of milk in
to the water. Note the shape and movement of
the milk in the water. Sketch the observations.
Try again with cold water and cold milk.
Predict and observe results.
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Minnesota Academic Standards
for Science
The Science Museum of Minnesota’s Air & Weather
Exploration supports learning in the following
Minnesota State Science Benchmarks:

Grade 3
Nature of Science and Engineering
3.1.1.1.1 Provide evidence to support claims,
other than saying “Everyone knows that,” or “I
just know,” and question such reasons when
given by others.
3.1.1.2.3 Maintain a record of observations, procedures and explanations, being careful to distinguish between actual observations and ideas
about what was observed.
3.1.1.2.4 Construct reasonable explanations
based on evidence collected from observations
or experiments.
3.1.3.4.1 Use tools, including rulers, thermometers, magnifiers and simple balance, to improve
observations and keep a record of the observations made.
Grade 4
Nature of Science and Engineering
4.1.2.2.1 Identify and investigate a design solution and describe how it was used to solve an
everyday problem.
4.1.2.2.2 Generate ideas and possible constraints
for solving a problem through engineering
design.
4.1.2.2.3 Test and evaluate solutions, considering
advantages and disadvantages for the engineering solution, and communicate the results effectively.
Physical Science
4.2.1.1.1 Measure temperature, volume, weight
and length using appropriate tools and units.
4.2.3.1.1 Describe the transfer of heat energy
when a warm and a cool object are touching or
placed near each other.
4.2.3.1.3 Compare materials that are conductors
and insulators of heat and/or electricity.

Grade 5

Nature of Science and Engineering
5.1.3.4.1 Use appropriate tools and techniques in
gathering, analyzing and interpreting data.
Earth Science
5.3.4.1.1 Identify renewable and non-renewable
energy and material resources that are found in
Minnesota and describe how they are used.
Grade 6
Nature of Science and Engineering
6.1.2.1.2 Recognize that there is no perfect
design and that new technologies have consequences that may increase some risks and
decrease others.
6.1.2.1.4 Explain the importance of learning from
past failures, in order to inform future designs of
similar products or systems.
6.1.2.2.1 Apply and document an engineering
design process that includes identifying criteria
and constraints, making representations, testing
and evaluation, and refining the design as needed to construct a product or system to solve a
problem.
Physical Science
6.2.3.2.3 Describe how heat energy is transferred
in conduction, convection and radiation.
Grade 8
Nature of Science and Engineering
8.1.1.2.1 Use logical reasoning and imagination
to develop descriptions, explanations, predictions and models based on evidence.
8.1.3.4.1 Use maps, satellite images and other
data sets to describe patterns and make predictions about local and global systems in Earth science contexts.
Earth Science
8.3.2.2.2 Analyze changes in wind direction, temperature, humidity and air pressure and relate
them to fronts and pressure systems.
8.3.2.2.3 Relate global weather patterns to patterns in regional and local weather.

Earth Science
4.3.2.3.1 Identify where water collects on Earth,
including atmosphere, ground, and surface water,
and describe how water moves through the Earth
system using the processes of evapora-tion,
condensation and precipitation.
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CHAPERONE PAGE
Explorations—Air and Weather directs students to observe weather and
weather patterns outdoors and using exhibits in Museum Galleries
on Level 3 and on Level 5. Ask students to fill in their own observations.

Look for answers

?

Trip Tips
Before you start this Exploration, find a spot for your group near a window.
All levels have windows. Ask students to fill in their own observations and
estimate temperature and wind speed by observing conditions

What do you think?

.

Describe the weather at the Science Museum of Minnesota right now:
• Today is?
• Is it sunny? Overcast?
• The wind speed is? • What do the clouds look like?
• The temperature is? • Precipitation? What kind?

Exhibits
Explorations- Air and Weather
Where to find Big Weather Exhibits:
Air and Weather guide student pages 13-19.
Photos will help students find exhibits.
Please ask museum staff if you need help
in finding them.
Level 3 – Experiment Gallery
Wind Vane
Aeolian Landscape
Wind Tubes
Wind Turbine
Convection Currents
Level 5 – Mississippi River Gallery
The World of Clouds chart
Cloud Pump
Warm & Cold Front
Weather Station

Questions with an*are Challenge Questions for
older students or those who would like or need
an extra challenge.

Draw what
you learned

Other Air and Weather Related Exhibits:
Explore, discuss, make up your own questions
and challenges as you investigate other air and
weather-related exhibits on level 5 and level 3.
Level 5 – Mississippi River Gallery
Wind Patterns
Computer stations
Dew Point
Fulgurite
Summer Sun, Winter Sun
Orrery model
Level 3 – Experiment Gallery
Air Stream
Small plane model
Barometers
Tornado

Questions are designed to allow exploration. Finding
the right answer is not as important as looking for
the right answer. It’s OK for your group to work to
together to decide how to answer the questions.
If one exhibit is busy, students can choose another.
If students are stuck or can’t find something, ask
any staff member in a blue vest or apron.

Chaperone page
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Teacher Key
Notes:

?

indicates questions that ask for student interpretations or opinions.
These would be good questions for further research or class discussion.
See student pages for pictures of individual exhibits.

Questions marked with a
need an extra challenge.

*

are questions for older students (grades 6-8) or for students who

Be a Meteorologist! Location: any window to allow observation
This activity allows students to do direct observation of weather during the field trip. It provides
a place to gather data to be able to compare with data gathered with the help of technology
(e.g. Wind Vane, pg. 14 and Weather Station, pg. 19).

Location: Level 3
Look out the window at the yellow Wind vane on the terrace outside the Chomp eating area.
Describe today’s wind by using this wind vane.
Direction: North, South, East, West

Speed: Slow, Medium, Fast

It indicates both direction and speed. It turns according to wind direction and the cups and tabs
rotate quickly or slowly depending on the wind speed.
The Weather Station on Level 5 (Mississippi River Gallery) shows the wind speed and
direction digitally.

?

Which instrument would you rather use? Explain your answer.

The Weather Station is more precise—it gives quantitative measurements and shows very small
variations. The wind vane may be more interesting to look at!
Check out Beaufort wind charts. One can be found at
Students can write their own descriptions of wind speed indicators. One for boomerang enthusiasts is found at http://www.angelfire.com/nc/conally/blowforte.html

?

When would knowing the direction and speed of the wind be helpful in your life?

Discussion of personal choices could include sailing, biking, running, farming (knowing direction
may help them forecast weather), kite-flying, pilots, etc.

Teacher key
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Aeolian Landscape Location: Level 3, Experiment Gallery

The wind can change the depth of snow in any area a lot! Have the students sketch the
landscape before you change the wind direction.
Show where the highest peaks are and where there is no snow.
Are there any areas that have ripples?
Change the direction of the wind (fan) and watch your landscape.
Circle the place(s) with the most change. Besides the fan (wind), what other factors affect
the shape of the drifts?
The wind (fan) changes the drifts depending on the existing drifts and the direction and
deflection of the moving air. Air is deflected and can cause cross currents by peaks of “snow”,
the exterior wall, the cylinder in the corner.

Wind Tubes Location: Level 3 Experiment Gallery
You are an engineer working with a team studying tornadoes. You have been asked to
design a device that will hover inside an updraft, like the air in a tornado, to record data for
the team. Use the materials at the Wind Tubes station to sketch and test your ideas.
This activity allows students to go through the Engineering Design Process = Steps used by
engineers to design technology . These steps can include Plan, Make, Test, Revise. What
improvements did students consider after testing their design? Brainstorm as a class, what
factors see to help a device hover in the updraft?

Wind Turbine Compressed Air Wind Energy Storage Exhibit
Location: Level 3, Experiment Gallery

?

At Buffalo Ridge Wind Farm in Minnesota, people “harvest” wind. What are some
advantages of using wind energy for electricity?
It is renewable, doesn’t generate greenhouse gases, wind is free. Base is small, so land around
could be used for other things. Can generate power for places far from power grid.

What could be one disadvantage of building these wind turbines on the prairies around
Buffalo Ridge?
Wind doesn’t always blow and strength is variable.Very tall – could harm flying birds or bats.
Ugly. Turbines need to be manufactured, which can cause pollution.
Find the map of Minnesota on the exhibit label. Use the information on wind speed to help
answer the following questions. If you were going to start a wind farm in Minnesota, where
would you put your wind turbines? Have students put an X in that spot on the map. (p15)
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mn has a map
of Minnesota with wind speed variation.
Wind farms would be most successful in areas with higher average wind speed. Ask students to
find the location of Buffalo Ridge Wind Farm. How does it relate to their choices? How does
the location relate to average wind speed?
Teacher key
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?

Would you want a wind turbine in your backyard? Yes / No

Personal choice. Have students research the pros and cons of wind energy and discuss again with
more information.

Convection Currents Location: Level 3, Experiment Gallery

Warm up the metal rod in this exhibit following the directions. Sketch the pattern you see when
the metal rod heats up the water.
The convection currents in the water swirl upwards from the heated rod. “Warm fluids rise, while
cooler fluids fall.”
There is less of a temperature difference between the water above the rod and the water below and
next to the rod. Students should see a smoother pattern. When
there is a greater difference in temperature between adjoining air masses, you get turbulence.

?

How is this exhibit related to weather?

Convection currents in air behave in similar ways and account for global low pressure systems.
“Poufy” clouds will appear with increased turbulence in the air, similar to the turbulence seen in
the water above the heated rod.

Warm Front and Cold Front Location: Level 5, Mississippi Gallery
Weather is always changing because of the constant movement of air and moisture.
Investigate some of these changes at the warm front and cold front exhibits.
Follow the directions at these exhibits to creata warm front and a cold front.
Sketch what happens at one of these exhibits. Label the parts of the diagram.
Cold front: cold air mass collides with and plunges beneath a warm air mass. Cold, dry air is
denser than warm air. Lighter warm air is forced up, creating a turbulent layer of warm air.
Warm air suddenly forced upward and cools, condenses into clouds, can produce heavy rain,
lightning and sometimes hail and tornadoes.
Warm front: Warm, moist air is less dense than the cold air, so the lighter warm air rises up over
the cold air mass, making a wedge shape. As the warm air rises, the air expands. The moisture
condenses into tiny water droplets, creating clouds and rain.
A real front is flatter than the model. If to scale, the front would be 6’ long and 1/2” high.

?

Compare the two exhibits. How do they look different?

In the cold front, the boundary is rounded as the cold air rushes toward the warm air mass and forces the warm
air up. In the warm front, the warm air slides up over the cold air mass, making more of a wedge shape.

Teacher key
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Cloud Pump Location: Level 5, Mississippi Gallery
Following the directions on the exhibit, create a cloud with smoke and one without.
How did adding smoke affect what you observed?
Adding a nucleus of dust (smoke particle) should make a more visible cloud
in the exhibit.
How do dust particles affect the formation of clouds?
Students can describe their experience to infer a similar action in clouds.

*

The World of Clouds Chart Location: Level 5, Mississippi Gallery

.

If you can recognize different kinds of clouds you will have clues about the weather. Sketch
and label three main types of clouds.

Cirrus are high altitude wispy clouds. They are usually quite thin and often have a
hair-like or filament type of appearance. Curled up ends are very common features.
Cumulus are usually puffy and often have very distinct edges and usually a noticeable
vertical development. They often have a popcorn-like appearance.
Stratus are usually the lowest of the low clouds. Stratus often appear as an overcast
deck (as shown), but can be scattered. The individual cloud elements have very illdefined edges compared to most low cumuloform clouds (e.g. cumulus and
stratocumulus). Plymouth State University Meteorology Program Cloud Boutique
http://vortex.plymouth.edu/clouds.html/

?

You would like to spend the day outdoors, on a picnic, swimming, or biking. Describe the
ideal weather conditions and the types of clouds you would want to see. Use the cloud chart for
information.

High clouds, such as cumulus clouds and cirrus clouds, are usually associated with fair weather,
but some may indicate approaching storms. Cumulonimbus clouds are definitely a storm cloud,
and stratus clouds, low clouds below 2000 feet, are usually associated with precipitation.

Teacher key
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Weather Station Location: Level 5, Mississippi Gallery
Today’s date
Temperature
Wind direction
Humidity
Air pressure (barometer)
Dew Point
Describe the cloud cover over Minnesota.
Based on these readings, predict the weather for this afternoon and evening.
Check back to the observations you did at the beginning of your field trip. Underline the
things which were the same as the readings in the Weather station. Have the person in
your group with the closest match read their weather report at the News Desk.

?

Post trip discussion: Which weather details were more precise when measured by the Weather
Station, compared to student observations? Why do you think that might be? What kinds of technology could help readings be even more precise?

Teacher key
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Note: Before you start this Exploration, find a spot for your group near a window.
All levels have windows.

Be a Meteorologist!
Describe the weather at the Science Museum of Minnesota right now:

Today’s date is
The wind speed is
The temperature is

.

Is it sunny? Overcast?
Draw what the clouds look like.

Precipitation?
What kind?

Student Page
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Experiment Gallery
You can do the following activities in any order.

Wind Location: Level 3, Experiment Gallery
Look out the window at the yellow Windvane on the terrace outside the Chomp eating area.
.
Describe today’s wind by using this wind vane.
Direction:

North, South, East, West

Speed: Slow, Medium,

Fast

The Weather Station on Level 5 (Mississippi River Gallery) shows the windspeed and direction
digitally.

?
?

Which instrument would you rather use? Explain your answer.

When would knowing the direction and speed of the wind be helpful in your life?

Aeolian Landscape Location: Level 3 Experiment Gallery
• Show where the highest peaks are and where there is no snow.
• Are there any areas that have ripples?
• Change the direction of the wind (fan) and watch your landscape.
• Circle the place(s) with the most change. Besides the fan (wind),
what other factors affect the shape of the drifts?

.

The wind can change the depth of snow in any area a lot!
This model shows how snow
drifts form with different
wind directions.

Student Page
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Wind Tubes Location: Level 3, Experiment Gallery

.

You are an engineer working with a team studying tornadoes. You have been asked to design a
device that will hover inside an updraft, like the air in a tornado, record data for the team.
Use the materials at the Wind Tubes station to sketch and test your ideas.

Test it! What changes would you add to make it work better?

Wind Turbine Location: Level 3, Experiment Gallery
Compressed Air Wind Energy Storage exhibit

At Buffalo Ridge Wind Farm in Minnesota, people “harvest” wind.
What are some advantages of using wind energy for electricity?

What could be one disadvantage of building these wind turbines
on the prairies around Buffalo Ridge?

Find the map of Minnesota on the exhibit label. Use the information on wind speed to help answer
the following questions. If you were going to start a wind farm in Minnesota,
where would you put your wind turbines? Put an X in that spot on this map.

Would you want a wind turbine in your backyard?
Yes / No

Student page
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Convection Currents Location: Level 3, Experiment Gallery
Warm up the metal rod in this exhibit following the directions.
Draw the pattern you see when the metal rod heats up the water

?*

How is this exhibit related to weather?

Student Page
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Warm Front and Cold Front Location: Level 5, Mississippi River Gallery
Weather is always changing because of the constant movement of air and moisture.
Investigate some of these changes at the warm front and a cold front exhibits.
Follow the directions at these exhibits to create
a warm front and a cold front.

.

?

Sketch what happens at one of these exhibits.
Label the parts of the diagram.

Compare the two exhibits. How do they look different?

Cloud Pump Location: Level 5, Mississippi River Gallery
Following the directions on the exhibit, create a cloud with smoke
and one without. How did adding smoke affect what you observed?

*

How do dust particles affect the formation of clouds?

Student page
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Clouds Location: Level 5, Mississippi River Gallery
The World of Clouds chart If you can recognize different kinds of clouds you will have clues
about the weather. Sketch and label three main types of clouds.

.

Type of cloud

Sketch

Height usually
found
(high/medium/low)

Cirrus

Stratus

Cumulus

You would like to spend the day outdoors, on a picnic, swimming, or biking. Describe the ideal
weather conditions and the types of clouds you would want to see. Use the cloud chart for
information.

Student page
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Weather Station Location: Level 5, Mississippi River Gallery
Today’s date
Temperature
Wind direction
Humidity
Air pressure (barometer)
Dew Point
Describe the cloud cover over Minnesota.

Based on these readings, predict the weather for this afternoon and evening.

News Desk Location: Level 5, Mississippi River Gallery, Near Door To Lobby
Check back to the observations you did at the beginning of your field trip. Underline the things
which were the same as the readings in the Weather station.
Have the person in your group with the closest match read their weather report at the News Desk.
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