GOD'’S
DESIGN®

Our - 7

oA ?}’f"ﬁ_

—CURRICULUM— Debbie & Richard Lawrence



Fourth Edition: January 2016
Master Books Edition third printing: May 2021

Copyright © 2003, 2008, 2016 by Debbie & Richard Lawrence. All rights reserved. No part of this book
may be reproduced, copied, broadcast, stored, or shared in any form whatsoever without written
permission from the publisher, except in the case of brief quotations in articles and reviews. For
information write:

Master Books®, P.O. Box 726, Green Forest, AR 72638

Master Books? is a division of the New Leaf Publishing Group, Inc.

ISBN: 978-1-68344-129-8
ISBN: 978-1-61458-652-4 (digital)

Cover by Diana Bogardus
Book design: Diane King
Editor: Gary Vaterlaus

Unless otherwise noted, Scripture quotations are from the New King James Version of the Bible.
Copyright 1982 by Thomas Nelson, Inc. Used by permission. All rights reserved.

Permission is granted for copies of reproducible pages from this text to be made for use with immedi-
ate family members living in the same household. However, no part of this book may be reproduced,
copied, broadcast, stored, or shared in any form beyond this use. Permission for any other use of the
material must be requested by email from the publisher at info@nlpg.com.

God'’s Design®for Heaven & Earth is a complete life science curriculum for grades 3-8. The books in this
series are designed for use in the Christian school and homeschool, and provide easy-to-use lessons
that will encourage children to see God's hand in everything around them.

The publisher and authors have made every reasonable effort to ensure that the activities recom-
mended in this book are safe when performed as instructed but assume no responsibility for any
damage caused or sustained while conducting the experiments and activities. It is the parents;,
guardians, and/or teachers’ responsibility to supervise all recommended activities.

Please consider requesting that a copy of this volume be purchased by your local library system.
Printed in the United States of America

Please visit our website for other great titles:
www.masterbooks.com

For information regarding author interviews,
please contact the publicity department at (870) 438-5288.

Master
Books®
A Division of New Leaf Publishing Group
www.masterbooks.com



Unit 1: Atmosphere & Meteorology

1 AcChristian View of Weather . . . . . . ... .. ... . ...
2 Structure of the Atmosphere . . . . .. ... ... .....
3 TheWeightof Air. . . ... ... ... ... ... ......
Special Feature Discovery of Air. . . . ... ... ... ...
4 TheStudyofWeather . . . ... ... ... .. ... . ...

Unit 2: Ancient Weather & Climate
5 Weathervs.Climate . . ... ..................
6 Pre-FloodClimate . . ... ...................
7 Climate Changes Due to the Genesis Flood . . . . . . ..
Special Feature Weatherand theBible . . . . ... ... ..
8 GlobalWarming. . . .. ... ... ... L.

Unit 3: Clouds
9 WaterCycle. . . . ... ... . ..

10 CloudFormation . . .. ....................
11 CloudTypes . . ... ... .. ..
12 Precipitation . . . .. ... ...
Special Feature TheDustBowl. . . ... .. ... ... ...

43




Unit 4: Storms 59

13 Air Masses & WeatherFronts . . . ... ........... 60
14 Wind . ... 63
15 Thunderstorms . . .. ..................... 67
16 Tornadoes. . . .. ... ... ... 71
17 Hurricanes . . . ... .. 75
Unit 5: Weather Information 80
18 Gathering Weather Information. . . . ... ... ... .. 81
Special Feature WeatherMyths . . . . .. .. ... ... ... 86
19 More Weather Instruments. . . .. ............. 88
20 Reporting & Analyzing Weather Information. . . . . . . 93
21 ForecastingtheWeather . . . .. ... ... ... .. ... 96
22 Weather Station: Final Project . . . . ... ... ... ... 99
Unit 6: Ocean Movement 101
23 OverviewoftheOceans. . . ... .............. 102
24 Composition of Seawater. . . . ... ... ... ... ... 105
25 OceanCurrents . . . . ... ... ... ... 108
Special Feature EINifo . ..................... 112
26 Waves . . .. 114
27 Tides . . ... 118
28 WavekErosion. . . ... ... 121
29 EnergyfromtheOcean .. ... ... ... .......... 124
Unit 7: Sea Floor 126
30 SeaExploration . .. ......... ... . ......... 127
31 Geography of the OceanFloor. . . . .. ... ... ... .. 131
32 0CeanZones. . . . ... 135
Special Feature Intertidal Zones. . . . . ... ... ... ... 138
33 Vents&Smokers . ... ... 139
34 CoralReefs . . . ... ... ... ... ... ... 142
35 Conclusion . . ... ... ... 145
Glossary . . . . .. 146

ChallengeGlossary . . . .. ... ... ... .. ... ..... 148



Unit 1: Space Models

Lesson 1 Introduction to Astronomy. . . . .. ... ... .. 154
Lesson2 SpaceModels . . ... ... .. ... ... 156
Special Feature Nicolaus Copernicus. . . . ... ... .. .. 161
Lesson 3 The Earth’s Movement. . . . ... ........ .. 163
Lesson 4 Tools for Studying Space . . ... .......... 167
Special Feature Galileo Galilei . . . .. ... ... ... ... 173
Unit 2: Outer Space
Lesson 5 Overview of the Universe. . . . ... ... ... .. 176
Lesson6 Stars . . ..... .. ...t 179
Lesson 7 HeavenlyBodies . . ... ... ... ... ... .... 182
Special Feature  Astronomy vs. Astrology . . . . . ... ... 186
Lesson 8 Asteroids . . . . ... ... L. 187
Lesson9 Comets . ... ........ ... ... ... 190
Lesson 10 Meteors . . . . . ... 193
Unit 3: Sun & Moon
Lesson 11  Overview of Our Solar System . . . . . . ... .. 198
Lesson 12 OurSun . ... ... Lo 202
Lesson 13 StructureoftheSun . . .. ... ... ... ... . 205
Lesson 14 SolarEclipse . ... ... .. ... . .... 209

175

197




Lesson 15 SolarEnergy . ... ... .. ..
Lesson 16 OurMoon. . ...........
Special Feature  Newton & the Apple. . .
Lesson 17 Motion & Phases of the Moon

Lesson 18 Origin of themoon. . . . . ..

Unit 4: Planets
Lesson 19 Mercury . . . .. ...
Lesson20 Venus. ...............
Lesson21 Earth................
Lesson22 Mars .. ..............
Lesson23 Jupiter...............
Lesson24 Saturn ...............
Lesson25 Uranus. ... ...........
Lesson 26 Neptune. . ... .........
Lesson 27 Pluto&Eris . ... ... ... ..

Special Feature  Planet Statistics. . . . . .

Unit 5: Space Program
Lesson28 NASA. .. ... .. ...... ...
Lesson 29 Space Exploration. . . . . . ..
Lesson 30 ApolloProgram . . ... .. ..
Lesson 31 The Space Shuttle. . . . . . ..
Special Feature Rick D.Husband . . . ..
Lesson 32 International Space Station. .
Lesson 33 Astronauts . . . ... ... ...
Special Feature Jeffery Nels Williams. . .
Lesson 34  Solar System Model. . . . . ..
Lesson 35 Conclusion . . ... ... ....
Glossary . . .. ... ... L.
ChallengeGlossary . . . .. ..........

227

256



Unit 1: Origins & Glaciers

Lesson 1 Introduction to Earth Science . . . . . .. ... .. 294
Lesson 2 IntroductiontoGeology . . ... .......... 298
Lesson3 TheEarth'sHistory . . ... ... .. ... ... .. 301
Special Feature DatingMethods . . . . ... ... ... ... 305
Lesson4 TheGenesisFlood . .. ... ... ... ... ... . 307
Special Feature The Search for Noah'sArk . . .. ... ... 309
Lesson5 TheGreatlceAge. . . ... ... ... ... ..... 311
Lesson6 Glaciers . . .. ... ... 314
Special Feature  Sir Ernest Shackleton & the Endurance . . 318
Lesson 7 MovementofGlaciers. . . . ............. 320
Unit 2: Rocks & Minerals
Lesson 8 DesignoftheEarth. . . ... ... ... ... ... . 324
Lesson9 Rocks. . . ... ... 328
Lesson 10 IgneousRocks . . .. ... ... ... .. ... ... 331
Lesson 11 SedimentaryRocks . . . . ... ... ... . ... 335
Lesson12 Fossils . ......................... 339
Lesson 13 FossilFuels . . ... ... ... ... ... ... . 342
Lesson 14  MetamorphicRocks . . .. ... ... ... ... . 346
Special Feature Artificial Islands. . . . . ... ... ... ... 348

323




Lesson 15 Minerals. . . .. ... ... ... ... ... ..... 350

Lesson 16 Identifying Minerals . . . . .. ... .. .. .... 353
Lesson 17 Valuable Minerals . . . . .. .. ........... 356
Lesson 18 Natural & Artificial Gems . . . .. ... ... ... 359

Unit 3: Mountains & Movement

Lesson 19 PlateTectonics. . . .. ... ............. 362
Lesson 20 Mountains . . .. ... oL 366
Lesson 21 Typesof Mountains. . . .. ............. 368
Lesson 22 Earthquakes . ... .......... ... ..... 372
Lesson 23 Detecting & Predicting Earthquakes . . . . . .. 377
Lesson24 Volcanoes. . .. .................... 380
Special Feature  Mt.Vesuvius. . . ... ............. 383
Lesson 25 VolcanoTypes . . ... ... ............. 385
Lesson 26 MountSt.Helens . . ... ... ... ... .. .. 389
Unit 4: Water & Erosion 392
Lesson 27 GeYSers . . . . .o vttt 393
Lesson 28 Weathering & Erosion . . . .. ... ... ... 397
Lesson 29 MassWasting. . . . .. ... ... ... ..., 399
Lesson 30 Stream Erosion. . . .. ... ... . 402
Lesson31 Soil . .......... ... ... ... .. ... ... 406
Lesson32 GrandCanyon . . . .................. 409
Lesson33 Caves. ... ... ... ... ... 412
Lesson 34 Rocks & Minerals Collection . . . ... ... ... 415
Lesson 35 Conclusion . ... ... ... ... ... .. ... 417
Glossary . . . . .. 418
ChallengeGlossary . . . .. ... ... ............ 420
Index. . ... ... .. 421



Welcome to
GOD’'S DESIGN®

HEAVEN
& EARTH

You are about to start an exciting series
of lessons on Earth science. God’s Design® for Heaven
and Earth consists of: Our Universe, Our Planet
Earth, and Our Weather and Water. It will give you
insight into how God designed and created our
world and the universe in which we live.

No matter what grade you are in, third through
eighth grade, you can use this book.

3rd-5th grade

Read the lesson.
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Be sure to read the special features and do the final
project.

Do the activity in the light blue box (work-
sheets will be provided by your teacher).

Test your knowledge by answering the
What did we learn? questions.

Assess your understanding by answering
the Taking it further questions.

There are also unit quizzes and a final test to take.

6th-8th grade

Read the lesson.

Do the activity in the light blue box (work-
sheets will be provided by your teacher).

Test your knowledge by answering the
What did we learn? questions.

Assess your understanding by answering
the Taking it further questions.

Do the Challenge section in the light green
box. This part of the lesson will challenge
you to do more advanced activities and
learn additional interesting information.

so] N Ro=

Be sure to read the special features and do the final
project.

There are also unit quizzes and a final test to take.

When you truly understand how God has
designed everything in our universe to work
together, then you will enjoy the world around you
even more. So let’s get started!







1 A Christian View of
Weather

2 Structure of the
Atmosphere

3 The Weight of Air

UNIT

4 The Study of Weather

Describe three major events
that have shaped the earth we

Atmosphere & e tody.
Identify and describe the layers

Meteorology ofEath atmosphere.

Describe the five atmospheric
conditions studied by
meteorologists.




Atmosphere & Meteorology -

A Christian View
of Weather

What does the Bible say?

What events in history have
affected our weather?

Is there a Christian view of weather? Isn’t
weather just what happens outside? How can there
be a Christian or non-Christian view of precipitation?
Many people believe that you can separate your
beliefs about God from your understanding of sci-
ence. However, what you believe about God affects
how you approach everything in life, so it even
affects your understanding of weather. If you believe
what the Bible says, then you know God sends the
rain (see Jeremiah 5:24 and Jeremiah 14:22) and with-
holds the rain (see Amos 4:7). God controls storms
(see Matthew 8:23-27). But most importantly, God
created the earth and everything in it. He set up the
way the weather operates, and He can work within
the natural laws He has established as well as outside
those laws to accomplish His purposes.

The planet that we live on has been affected by
three major events in history. The first was the cre-
ation. In the beginning, everything was very good.
But man rebelled against God and as a result God
cursed the earth. Later, because of man’s continual
sin, God destroyed all of the people, except those

14 « Our Weather & Water LESSON 1

in Noah’s family, by sending a worldwide flood.
This Flood had a tremendous effect on the planet,
including changing the weather. We will look at the
weather before and after the Flood in later lessons.
Our belief about God determines whether we
recognize the weather patterns as random changes of
nature or as a lovely system with an intelligent designer.
Do we recognize the water cycle as a gift from God or
just a random happening? If we view the planet Earth
and its weather from a Christian perspective, we will
know that it was supernaturally created, it is designed
by God, it is relatively young (about 6,000 years), it was
created in perfection, and it was created for mankind
to show God’s love and provision for us. If we recog-
nize these things when we study weather, we will see
God’s hand and understand Him more clearly. 9

B what did we learn?

« Is there a Christian view of weather?

«  What three events described in the Bible have
greatly affected the weather on Earth?

+ List three things you can learn about the
weather from a newspaper weather report.



Ta ki n g i t fu rt h er « What are some geographical or physical

characteristics that affect the weather in a

«  Why isitimportant to have a Christian view of particular area?
weather?
Look at a weather report from your local newspaper or an Materials: weather report from newspaper or Internet,
Internet site. Most likely you will find information on the “Weather Across the Country” worksheet

temperature and precipitation that your town received yes-
terday as well as a prediction for the weather conditions for
today and several days in the future. What other informa-
tion does your weather report give? Local weather can be
affected by many factors, making it difficult to accurately 2. Enter the predicted weather conditions for each of the
predict. Do you live near the ocean or a large lake? That will cities listed.

affect the weather. Do you live near the mountains? That
will affect your weather too. The amount of humidity and
the wind will affect how you feel when you are outside.

Procedure:

1. Enter your city or town on the first line of the chart
and enter the weather conditions for your home town.

Questions:

+ How does the weather in your town compare to the

) ) ) weather in other cities across the country?
Your weather report probably includes information on

the weather across your state, as well as across the coun-
try. If your newspaper does not have this information, you
can find it on the internet. Conclusion: You will begin to understand the com-
plexities of weather and how difficult it is to predict the
weather as we go through the lessons in this book.

«  Why do you think the weather is so different from
one city to another?
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Purpose: To compare weather across the country

Bible-believing scientists

Today, many people say that if you believe Choose a Christian scientist from the past and
that God created everything you cannot be a good research his contributions to science. Write a short
scientist. But is this true? Of course not! Many great report on what you learned and share it with your
scientists in the past believed the Bible. Sir Isaac class or family. You can be encouraged by knowing
Newton, considered by many to be one the greatest that many of the greatest scientists have believed
scientists of all time, believed in God and was a that God created this world and not that it evolved
creationist. Sir Francis Bacon, credited with developing by chance. Below is a list of scientists you can choose
the scientific method, recognized God'’s hand in the from.
world around him. This is why he believed that you «  Sir Isaac Newton (physics)
could test your hypotheses to see if you were right, « Lord Kelvin (thermodynamics)
because God had created an orderly universe just +  Blaise Pascal (hydrostatics)
waiting for us to discover the wonders that He had « Johannes Kepler (astronomy)
placed there. « Carl Linneaus (biology)

Today, many scientists believe the Bible and are «  Robert Boyle (chemistry)
contributing to scientific research. If you are interested «  Charles Babbage (computers)
in meteorology and weather, you can be a good «  Joseph Lister (surgery)
scientist, too. If you believe the Bible and recognize «  David Brewster (mineralogy)
that God designed our weather system, you can «  Louis Pasteur (bacteriology)
contribute to a better understanding of our world by « James Clerk Maxwell (electronics)
being a Bible-believing scientist. «  Dr.Raymond Damadian (inventor of the MRI)

LESSON1 Our Weather & Water * 15



Atmosphere & Meteorology

Structure of the
Atmosphere

Layers above the earth

What is Earth’s atmosphere like?

Words to know:

atmosphere ionosphere
troposphere exosphere
stratosphere magnetosphere
mesosphere aurora borealis
thermosphere aurora australis

Challenge words:
lapse rate

When we think of the earth, we usually
think of the solid ground on which we stand. This
ball of rock we call Earth is a very special place.
Unlike the other planets in our solar system, Earth
has an atmosphere specially suited for life. The
atmosphere is the layers of gas that surround the
planet. These gases are kept close to the surface of
the earth by the earth’s gravity. The earth’s atmo-
sphere consists of 78% nitrogen, 21% oxygen, and 1%
other gases, including hydrogen, helium, argon, and
carbon dioxide. This combination of nitrogen and
oxygen is the ideal atmosphere for life. Nitrogen is a

16 * Our Weather & Water LESSON 2

relatively nonreactive gas. Its purpose in the atmo-
sphere appears to be to dilute the oxygen. Nitrogen
also helps protect the earth from gamma rays from
the sun. If the oxygen concentration was more than
21%, fires would easily burn out of control. Yet ani-
mals and humans need oxygen to breathe, and 21%
appears to be the ideal concentration.

The earth’s atmosphere not only provides
needed oxygen, it also protects life from several
harmful effects of space. First, the atmosphere
insulates the earth from the extreme temperatures
of space. The atmosphere keeps the surface tem-
perature of the earth relatively the same. Tempera-
tures on Earth range from —60 to 140 degrees Fahr-
enheit (-51 to 60 degrees Celsius) at the extremes
and are more likely to be between 0°F and 100°F
(-17°C to 38°C). However, on the moon, which has
no atmosphere, the temperature can be as much
as 260°F (127°C) in the sun and -280°F (-173°C)
on the side facing away from the sun. The earth’s
atmosphere protects us from these extremes.

The atmosphere also protects us from the
vacuum of space. The air pressure provided by the
atmosphere is necessary for our bodies to function
correctly. Also, the atmosphere protects us from
harmful radiation. The ozone in the atmosphere
filters out much of the ultraviolet rays from the
sun. These rays can damage our skin and cause skin



cancer. Finally, the atmosphere protects the surface
of the earth from many impacts. Just compare the
surface of the earth with the surface of the moon.
The moon’s surface is covered with craters caused
by impacts. Yet relatively few impacting bodies
reach the surface of the earth because most burn
up in the atmosphere; when we see this happen, we
call them meteors, or shooting stars.

The atmosphere consists of several layers of
gases. The layer closest to the surface of the earth is
called the . The troposphere is the layer
beginning at the surface of the earth. Its thickness
varies from 4 to up to about 7 miles (12 km) above
the surface. Eighty percent of all air molecules are
in the troposphere. All of the weather occurs in the
troposphere and there is significant mixing of the air
in this layer. In general, the temperature decreases
with increasing altitude in the troposphere.

The next layer of the atmosphere is called the

. This layer extends from about 6 to
30 miles (10-50 km) above the earth’s surface. The
stratosphere contains the ozone layer as well as the

Properties of air

Purpose: To demonstrate that air contains oxygen and
that air pressure changes with temperature

Materials: candle, modeling clay, jar, dish,match or
lighter

Procedure:

1. Attach a candle to the bottom of a dish with a piece
of modeling clay.

2. Fill the dish half full with water.

3.  Light the candle and quickly place a jar over the
candle so that the mouth of the jar is below the level
of the water without touching the bottom of the dish
and note the water level inside the jar.

4. Watch the candle burn until the flame goes out and
now note the water level inside the jar.

Conclusion:

You should have observed two things hap-
pening inside the jar. First, the candle only
burns for a short period of time. Oxygen is

jet stream—an area in the atmosphere with very fast
moving air. Most passenger planes fly in the lower
stratosphere because of the lack of weather and
the jet stream. The temperature in the stratosphere
tends to increase with altitude.

Above the stratosphere is the .The
mesosphere is 30 to 50 miles (50—85 km) above the
earth. There are variable winds in this layer and the
temperature decreases with altitude. The coldest
part of the atmosphere is at the top of the meso-
sphere where the temperatures can be as low as
~164°F (=109°C).

The is the layer that is 50
to 370 miles (85-600 km) above the earth. The
molecules in this layer are very far apart and are
easily warmed to very high temperatures by the
sun. This layer contains the ionosphere. In the

, gas molecules are broken apart into
atoms by the radiation of the sun. Some of these
atoms lose electrons and become electrically
charged ions. These ions reflect short-wave radio
waves but allow microwaves to pass through. For

necessary for the candle to burn. The atmosphere consists
of about 21% oxygen and 78% nitrogen. Initially there is
oxygen in the air inside the jar, but no additional air can
enter the jar since the mouth of the jar is underwater.

As the candle burns the oxygen is soon used up and the
flame goes out.

Second, you should have seen that after the candle goes
out the water level inside the jar is higher than the water
level outside the jar. The atmosphere is com-
posed of gases. As the flame burns the
gas inside the jar heats up and expands.
This creates pressure which forces a
small amount of water out of the jar.
But when the candle goes out the gas
inside the jar cools down and contracts.
This creates lower air pressure
inside the jar than out-
side the jar so the air
outside the jar pushes
more water into the jar.

LESSON2 Our Weather & Water« 17
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18 « Our Weather & Water

this reason, microwaves are used for communica-
tion with astronauts and satellites in space.

The outermost layer of the atmosphere is the

, which extends to 60,000 miles (96,000

km) above the earth. Within this layer lies the

. It consists of protons and electrons

from space that have become trapped by the earth’s

magnetic field. These particles move from pole to

pole. Near the poles, some particles move into the

lower atmosphere. When they collide with other par-

ticles in the atmosphere they give off a beautiful light

often called the northern lights, or ,

near the North Pole, and the southern lights, or

, near the South Pole. When the

sun experiences solar flares, a higher concentration

of particles becomes trapped in the magnetosphere

and the northern lights and southern lights are more

visible, &

B what did we learn?

«  What are the two main components of air?
« What are the five levels of the atmosphere?

« What are some ways that the atmosphere
protects us?

Taking it further

« How would the earth be different if there were
a higher concentration of oxygen?

«  What would happen if the nitrogen in the
atmosphere was replaced with a more reactive
element, such as carbon?

Atmospheric temperature

The temperature in the atmosphere changes
as you go up in altitude. If you have ever climbed
a mountain, you know that it is often colder at
the top of the mountain than at the bottom. The
temperature generally goes down as you go up in the
troposphere. The temperature drops about 3.5°F per
1,000 feet (6.4°C for each kilometer) that you go up.
This rate of decline is called the . At about
11 kilometers above the earth, the temperature
stops declining. It begins to increase at about 12
kilometers.

Purpose: To create a graph showing how the tempera-
ture changes with altitude

Materials: paper, pencil or pen, atmosphere tempera-
ture chart

Procedure:

1. Begin your graph by labeling the x-axis with tempera-
tures ranging from -100°C to 100°C. Label the y-axis
with altitudes from 0 to 110 kilometers.

2. Plot the points from the chart to the right on your
graph, and draw lines to show how the tempera-
ture increases or decreases as you go up in altitude.

LESSON 2

The temperature tends to increase as you go
up through the stratosphere. Temperature again
decreases as you go up through the mesosphere
and then increases again as you go up through the
thermosphere.

Using a chart showing the temperature ranges
and altitudes for each layer of the atmosphere,
complete the following activity.

3.  Finally, shade and label each layer of atmosphere in
your graph. Shade from the bottom to 12 km blue
and label it troposphere. Shade from 12-50 km green
and label it stratosphere. Shade from 50-80 km
yellow and label it mesosphere. And shade from 80
to the top of graph red and label it thermosphere.

Altitude (km) Temperature (°C)
0 25
12 -50
50 0
80 -80
100 50




The Weight of Air

It has weight?

How much does the air weigh?

How much does air weigh? You might
think that this is a strange question, because you
think that air doesn’t weigh anything. You might
think that you can’t see or feel air, so it must not
weigh anything. However, you would be wrong.
Although air is very light, it still has mass and
weight. As you learned in the previous lesson,
the air is made up of mostly nitrogen and oxygen
atoms. Each of these atoms weighs a tiny amount,
but when you add up the weight of all the mol-
ecules in a cubic foot of air it weighs about %o of a
pound, and when you add up the weight of all of
the air molecules in the atmosphere, the air sur-
rounding the whole planet weighs about five mil-
lion billion tons. Now that’s a lot of air!

The air has weight because gravity is pulling
down on the air molecules. This means that air
molecules are pressing against us all the time. In
fact, the air presses on our bodies with about 14.7
pounds of pressure per square inch when we are
at sea level. So why don’t we feel the pressure of
the air on our bodies? God designed our bodies
to push out with about the same amount of pres-
sure that the air is pushing in, so we don’t feel the
weight of the air around us. The air pressure is not

constant in every part of the world, however. At
low elevations, the air pressure is greater, since the
molecules of air are compressed from the weight
of the air above them. However, at higher eleva-
tions, there’s less pressure and the molecules are
more dispersed, or thinner.

So, what does the weight of air have to do with
weather? The weight of air contributes to the air
pressure in the atmosphere. Changes in air pressure
cause the wind to blow and move weather fronts
around the globe. If the air had no weight, the
wind would have no force and we would have no
changes in the weather. We will be learning more
about air pressure in future lessons. @

Fun Fact

The Bible speaks about the weight of the air in
Job 2822427, “For He looks to the ends of the
earth, and sees under the whole heavens, to
establish a weight for the wind, and apportion
the waters by measure. When He made a law for
the rain, and a path for the thunderbolt, then
He saw wisdom and declared it; He prepared

it, indeed, He searched it out.” We see that the
Bible is true even in small details such as the fact
that air has weight.

(60)0J0933|N 8 SJaydsow]y
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B what did we learn Taking it further

« What causes air to have weight? «  Why isitimportant that air has weight?
+ How much air pressure do we experience at +  Why must aircraft be pressurized when flying
sea level? at high altitudes?

+  Why don’t we feel the weight of the air
molecules?

« Do you expect air pressure to be the same at
all locations in the world?

Demonstrating the weight of air

Purpose: To show that air has weight

Materials: two identical balloons, string, a yard or
meter stick, tape

Procedure:

1. Tape an empty balloon one inch (3 cm) from each
end of the yardstick.

2. Tie a2-foot long piece of string to the center of the
yard stick.

3. Hold the end of the string on the edge of a table so
that the yard stick is hanging down from the table
and adjust the string until you are able to get the
stick to balance.

4. Have someone hold the string and stick in place
while you remove one of the balloons.

5. Fill the balloon with air and tie it shut. Tape it back

to the yardstick in the same location that it was in . i .
Conclusion: The weight of the air in the balloon should

before.
' o make the stick tip downward on the side with the filled
6. Release the stick and watch to see if it is still balloon. This shows that even though we cannot see the
balanced. air, it really does have weight.

20 * Our Weather & Water LESSON 3



Air pressure

All molecules have weight. You just
demonstrated that the nitrogen and oxygen
molecules in air have a small weight. Different
molecules have different weights. Hydrogen and
helium are the two smallest and lightest elements.
When a balloon is filled with hydrogen or helium
gas it will float because it becomes lighter than
the air around it. Gravity does not pull down on
the helium-filled balloon as much as it does on
the air so the balloon floats. Scientists who study

Purpose: To demonstrate that the weight of air has
force

Materials: grocery-size plastic bag, widemouth jar,
string or rubber band

Procedure:

1. Push a grocery-sized plastic bag into a wide-mouth jar,
leaving the edges of the bag hanging over the edge of
the jar.

2. Tiea string very tightly below the threads of the jar.
You could use a very tight rubber band instead of
the string. Think about what is in the jar. If you said
a plastic bag you are only partially right. There is also
air inside the jar.

the weather take advantage of this property to
fly weather balloons. Weather balloons are filled
with either helium or hydrogen and are attached
to weather instruments. Then they are allowed to
float through the atmosphere and take readings.
Hot air balloons use a similar principle, but
instead of using a lighter gas, the air in the balloon
is heated. Hot air is lighter than cool air because the
molecules are farther apart. This allows the balloon
to float.

3. Carefully pull the bag out of the jar.
Questions:
« What do you observe happening inside the jar?
«  Why won't the bag come out?

Conclusion: The bag will not come completely out of
the jar unless you force it out. There is air inside the jar.
This air is pressing down on the bag. Because the edges of
the jar are sealed by the string, no new air can get into the
jar to push up on the bag, so the weight of the air holds
the bag inside the jar.
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Discovery of Air

Air—it's all around us and very impor-
tant to us. It's mainly important because of what'’s
in it. Three men who all lived during the time of
America’s Revolutionary War worked to find out
what is in the air. Joseph Priestly, Karl Scheele, and
Daniel Rutherford each independently discovered
what the air is made of.

Joseph Priestly, who studied to be a minister, was
not even interested in science. However, while he
was in London in 1766, he met a well-known Ameri-
can named Benjamin Franklin. He and Franklin
became lifelong friends and through Franklin’s influ-
ence, Priestly became interested in science. Joseph
Priestly’s first interest in science was in electricity.
Later Benjamin Franklin wrote a letter to Joseph tell-
ing him about a gas, or bubbles, that would rise from
the bottom of a river and would burn if a flame was
held close to the surface of the water.

This letter changed the direction of Joseph's
work, and he became interested in the gas that
would burn. In his work, he discovered that air was
not a single element but was made up of differ-
ent gases. The first gas that Priestly discovered was
carbon dioxide. He also discovered eight other gases
in his work. But the most important gas that he dis-
covered was oxygen, which is necessary for combus-
tion, or burning, .

Karl Scheele was a scientist who also had an
interesting start. At the age of 14 he began working
as an apprentice to a pharmacist in Gothenburg,
Sweden. He worked for the pharmacist for eight
years. There he spent his nights devoted to the
study of the standard works of chemistry and to
experimental examination. His attention to detail,
and a lot of practice, allowed him to make many
new discoveries. Around 1773 he discovered that
air was made up of two parts—one part would
support combustion and the other would prevent
it. The gas that supported combustion was oxygen.
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SPECIAL
FEATURE

Joseph Priestly

The third scientist credited with discovering
the components of air is Daniel Rutherford. Ruther-
ford went to the university in Edinburgh, Scotland.
There he held the first chair of the Theory and Prac-
tice of Medicine. After spending three years learn-
ing about continental medical practices in Europe,
he set up his own medical practice in Edinburgh.
He became a Fellow of the Royal College of Physi-
cians and later went on to become its secretary and
president. He conducted many experiments. While
working with mice, he found that many of them
died. When examining the causes of their death he
discovered what he called noxious air. Today we call
it nitrogen.

At one time people believed that air was one
element, but the work of these three men gave
insight into the composition of air and began sci-
entists on the road to understanding our atmo-
sphere and how it works.



The Study of
Weather

An introduction to
meteorology
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What do meteorologists study? Meteorologists study five major conditions of

the atmosphere. The first condition is temperature.

Words to know: Temperature is a measure of the intensity of heat

o in the air. It measures the movement of the air mol-

meteorology absolute humidity ecules. The molecules in warm air are moving faster
‘[emperature relative hum|d|’[y than the molecules in cool air.

, ) The second condition studied by meteorologists

dir pressure wind is air pressure, also called atmospheric pressure.

atmospheric pressure precipitation The molecules in the air are pulled toward the earth

by gravity. The weight of these molecules pushes
on everything on the earth. Warmer air expands
and is less dense so it has less pressure. Cooler air
Meteorology is the study of the contracts, so the air molecules are closer together
atmosphere. Most of the studies concentrate 7™ Y <
on the troposphere and the weather that occurs
there. Conditions in the troposphere are most
affected by the energy and heat from the sun
and their effects on the gas molecules and water
molecules in it. Energy from the sun reaches the
earth in the forms of visible light, ultraviolet light,
and infrared light. Most of the ultraviolet light,
which is harmful, is absorbed by the ionosphere.
The visible light allows us to see. But the infrared
radiation has the most effect on our weather. The
infrared light passes through the atmosphere and
warms the surface of the earth, which warms the
air, causing air currents and leading to most of — RA— . —
the weather that we experience. The air pressure is lower at higher altitudes.

humidity
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Fun Fact

The energy absorbed from the sun is one of the
major factors that drives the weather. Different
parts of the earth absorb different amounts of
sunlight. Forests are generally dark and absorb
over 90% of the rays that reach them. Oceans
and lakes absorb between 60% and 96% of the
rays that reach them. On the other hand, snow
reflects sunlight and absorbs less than 25% of
the rays that reach it. This helps explain why
tropical rain forests are generally warm and the
North and South Poles are colder.

and thus exert more air pressure. Air pressure is also
affected by altitude. There are fewer air molecules
at higher altitudes than at lower altitudes so there
is lower air pressure at higher altitudes. This is why
you may become tired more easily when hiking in
the high mountains than at sea level. It is also why
airplanes pressurize their cabins to maintain a com-
fortable air pressure during flights.

Making air currents

Energy from the sun is the primary source of weather
on Earth. As the sun heats up the earth and the air, the
air molecules move around creating air currents. The
same thing happens when water is heated and cooled.
You can observe water currents to better understand air
currents.

Purpose: To demonstrate how the sun heats our planet
and causes air currents

Materials: baking dish (white or light color works best),
several Styrofoam cups, food coloring, ice, boiling water

Procedure:

1. Place 3 or 4 Styrofoam cups (depending on the
shape of your baking dish) upside down, and set a
baking dish on top of them.

2. Fill the dish half full of room temperature water and
allow it to sit until the water is completely still.

LESSON 4

Meteorologists study areas of high and low air
pressure to help determine the weather patterns.
Areas with low pressure usually have warm, moist
air. This usually results in warm cloudy weather.
Areas with high pressure usually have cooler and
drier air. This usually results in clear cool weather.

The third condition that meteorologists
study is . Humidity is a measure of the
amount of water vapor in the air. There are two
kinds of humidity measurements.

measures the actual amount of water in
the air. measures the ratio of
the amount of water in the air compared to the
amount of water that the air could hold at that
temperature. Warmer air can hold more water than
colder air. So, different samples of air could have
the same absolute humidity but different relative
humidity if they were at different temperatures.

The fourth atmospheric condition which inter-
ests meteorologists is . Meteorologists mea-
sure the direction that wind comes from and the
speed at which it travels. This helps them deter-
mine weather patterns as well.

3. Place a cup of ice under the dish near one end and a
cup of boiling water under the dish at the opposite
end.

4. After two minutes, place a drop of food coloring in
the water in the baking dish near each end of the
dish. Observe how the food coloring moves through
the water. Draw several pictures during the next 10
minutes showing how the color moved..

Conclusion: The water in the baking dish was heated by
the cup of boiling water so the water molecules in that area
began to move more quickly. The water molecules above
the ice began to move more slowly. This caused currents in
the water. You were able to see these currents as they car-
ried the food coloring around the dish. This same process
occurs in the atmosphere. The sun heats areas of the earth
and the air molecules in that area move more quickly caus-
ing air currents. This uneven heating helps weather systems
to move from one part of the earth to another.



Finally, meteorologists study . Ta ki n g i t fu rt h er

Precipitation is water that escapes from the atmo-

sphere. Precipitation takes on many forms depend- . Why are meteorologists interested in studying
ing on the atmospheric conditions. These forms can the conditions of the troposphere?
include rain, snow, hail, and sleet. All of these condi-

. . + How does the sun heat areas of the earth that
tions work together to provide the weather on our . . .
& do not receive much direct sunlight?
planet. @

B3 what did we learn?

«  What is meteorology?

« What are the five important conditions in the
troposphere that meteorologists study?

[} Weather ingredients

There are basically four main ingredients —
required to make weather. The first is the earth.
Without the planet itself, there would be no sense
in talking about the weather. The earth absorbs
the energy from the sun and heats up. The sunlight
hits different parts of the earth at different times
because of the rotation of the earth on its axis and
because of the revolution of the earth around the
sun. This movement contributes to the various
weather patterns that occur around the world.

The second ingredient in weather is the sun. We
have already discussed how the sun’s rays warm up
the earth which in turn warms the air. The sun is the
energy source that fuels the weather.

The third ingredient is the air. Without the
air molecules to move around, there would be no
weather. Planets that do not have an atmosphere
do not have weather. The air molecules are heated
unevenly and thus move around. You will learn more
about how this works in later lessons.

The final ingredient in weather is water. The air
contains water all the time. Sometimes that water is
in the form of water vapor which is a gas. Sometimes too. These four ingredients work together to create
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the water is a liquid, such as when it forms clouds weather everyday.
or rain, and sometimes it becomes a solid, like snow Now for fun, do the “Weather Ingredients”
or hail. The evaporation and condensation of water worksheet to see how much you already know about

contribute greatly to the weather that we experience.  the things that make up our weather.
You will learn more about water’s role in weather,
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