EXPLORING CREATIONWITH

GENER
SCIE

)

Sherrj son

L

Technical Editorial Contributions:

Tom Burbey Paul Madtes
Robert Carter Lucee Price
Bob Davis Chad Snyder
Marci-Anne Hanks Rachael Yunis

Damian Ludwiczak

g/apologia

Used by Permission



Exploring Creation with General Science
3+ Edition

Published by
Apologia Educational Ministries, Inc.
1106 Meridian Street, Suite 340
Anderson, IN 46016
www.apologia.com

© 2019 by Apologia Educational Ministries, Inc.
All rights reserved.

Exploring Creation with General Science, 3rd Edition, is revised and updated
from a previous edition authored by Jay Wile.

Printed by Asia Printing Co., Ltd.
Manufactured in Seoul, Korea
Eirst Printing: March 2019
ISBN: 978-1-946506-27-6

Cover: Doug Powell
Book Design: Doug Powell and Andrea Martin

Unless otherwise indicated, Scripture quotations are from:
English Standard Version (ESV)
© 2001 by Crossway Bibles, a division of Good News Publishers.

Used by Permission



TABLE OF CONTENTS

MODULEIT ............... QR ... B ... . 1

THE HISTORY OF SCIENEE—SEARCH FORTHETRUTH
The Earliest Science: Ancient Times—600 BC............... 2
Egypt .. e 2
Other Cultures s, ... 00 o e e 4
What to Do, . . e 4
True Science Begins to Emerge: 600 BC-AD 500 ........... 5
Three Greek SCIentists. . . oo vt v et iieeenn. 5
TwoeMore Greek Scientists . . . ....ovvvininnn... 6
What t0 DO, . oot e 7
Experiment 1.1 Densisty in Nature. ..................... 7
Hypothesis . ... ... e 8
What to Do. v oot e 9
Even More Greek Scientists. . . ..., 10
Science Progress Stalls and Then Gets Moving Again:

AD 500-1500 . .ottt e 12
Alchemy . ... .. e 13
Experiment 1.2 A Chemical Reaction . . ................. 13
Other Medieval Cultures. .. ... ... 14
Endofthe Dark Ages . ......... ... ... 15
The Renaissance: The “Golden Age” of Science:

AD 1500-1660 . ..ot i e e 17
The Era of Newton AD 1660-1735 .................... 19
The “Enlightenment” and the Industrial Revolution:

AD 1735-1820 .. oo i i e e e 20
The Rest of the 19th Century: AD 1820-1900 ............ 22

Used by Rermission



Modern Science: AD 1900-Present . .. ... cvvvvvenenn... 24

Summing Up. ..o i e 26
What to Do. .o oo 27
Answers to the “On Your Own” Questions. . ............. 28
Study Guide for Module 1 .. ...... ... ... ... ... ..... 30
MODULE 2 . .ttt ittt et tee e ttee e ttee e taee e eieee e 33
SCIENTIFIC INQUIRY AND THE SCIENTIFIC METHOD
Wrong SCIENCE. . v v vttt et et 34
Experiment 2.1: How Weight Affects the Speed at
Which Objects Fall. .. ........ ... ... ... .. ..... 34
Experiment 2.2: More about How Weight Affects
the Speed at Which Objects Fall. . ................... 35
What to Do. .o oo 36
Systematic Experiments. . ... ...ttt i 36
What Science CannotDo ...................... 4. .. .4 37
Scientific Conclusions . . ...t . e 38
The Scientific Method . . . ... . . e e 39
Experiment 2.3: Surface Tension of Water. . . 0. .o, . .. 42
WhattoDo. .. oo 3
A Recap of the Scientific Method ........ 0u........... 4
Does the Scientific Method Always Prove True? .o .. .. .. 46
The Story of Lowell .. ... ... .¢0 ... . 0. ... 46
What Other Scientists Thought ... ... 0a. ... . ..o ... 47
What New Information Revealed .n.....0o. . .. oo oL 47
The Limitations and Misuses of Scienee . ................ 48
Limitations of Science. . b . cd i b oo 49
Misuse of Science™. ... ... f . 50
Science and Chiristianityes. .« 38 . o oot v it 51
Gathering Information for Science ..................... 51
Analyzing Information for Science ..................... 52
Summing Up. . ... dmd . . e 3
Answers to the “On Your Own” Questions. . ............. 54
Study Guide for Module 2 . ....... ... ... ... ... .. .... 55
MODULE 3 . ..ttt it ettt ettt ittt te et et eneenns 57
DOCUMENTING AND INTERPRETING EXPERIMENTAL RESULTS
Experiments and Variables ........................... 58
Experiment 3.1: Density and a Floating Egg . ............. 59
What to Do. .o oo 60
Experimental Variables . .............. ... ... .. ... ... 60
Recording Experimental Data......................... 62
What to Do. .o oo e 64
Using a Series of Experiments . ........................ 65

Used by Rermission



Experiment 3.2: Exploring a Flame’s Oxygen Use..........
Whatto Do. .. oov
Experiment 3.3: The Effect a Burning Candle Has on Air. . ..
Recognizing Experimental Variables

When They Are Not Obvious. .. .................... 70
Interpreting and Recording Results of Experiments ........ 3
MoreonBar Graphs. .. ....... .. ... ... 3
Circle Graphs . .. ... e e 75
Line Graphs .. ... i e e 76
Creatinga Line Graph ........... ... ... ... . ... ... 77
Infographics . ... ... e 79
Summing Up. .. e 80
Answers to the “On Your Own” Questions. . ............. 81
Study Guide for Module 3 . ........ ... ... .. ... ..... 3

MODULE4 ..........covvuvveue... ... 0. ... ... ....... 87
SCIENTIFIC ANALYSIS AND HISTORY
Pure Science, Applied Science, andTechnology . ........... 88
Archaeology .. ... .. . 89
Historical Records . ...l ... 0. 0 . 91
The Internal Test. ... ... u. . b 92
The Internal Test and the Bible=s. . . .. .................. 3
The External Testmn . . ..o o0 e oo 95
The External Test and.the Bible. .. . .................... 95
The Bibliographic Test. ». . ... ... .o 98
The Bibliographic Test and the Bible. .. ................. 99
Age Testing'and Dendrochronology ................... 101
Experiment 4.1: Dendrochronology ................... 103
Age Testingzand Radiometric Dating. . ................. 104
Relative Dating and the Principle of Superposition . ... .... 106
Summing Up. ... e e 108
Amnswers to the “On Your Own” Questions. . ............ 109
Study Guide for Module 4 . ........ ... ... ... ... .... 111
MODULE 5 . . ittt ettt e et e ttee e e taee e etee e eenneeenns 113
EARTH SCIENCE—ASTRONOMY
What Is AStronomy . . ... .ov ettt 114
Tools to Study the Heavens. . ........................ 115
Experiment 5.1: Make a Sundial...................... 116
Telescopes. o v v e e 118
Wavelengths of Light. . .. ... ... ... ... ... .. ..... 119
The Sun. ... ... e 120
The Sun’sSurface .......... .. 121
The Sun’s Interior and Exterior. .. .................... 123
Solar Eclipses .. .vvvii i e 124

Used by Rermission



Power of the Sun. .. ... .. 125

Planets . .....oitti i e 125
The MoOon. .. ..o e e 127
The Moon’s Atmosphere. . ...t 128
The Moon’s Features. . .. ..., 128
The Moon’s Phases . .. ....ovi i, 130
More aboutthe Moon ............. ... ... .. .. ... 130
Tides. . oo e 130
Lunar Eclipses. . ... ..o 131
Moon Exploration . ............ciiiiiininnn... 131
Non-Planetary Bodies . ... ....... ... ... ... 132
Minor Planets . . ...t e 132
Kuiper Belt and Oort Cloud .. ....................... 133
L0} a2 1<) - 133
Meteors ... ve e e 134
Experiment 5.2: Friction. . ...................... 4. .. 185
Stars . ... e 136
Galaxies ... .oi i e e e 140
Extrasolar Planets. ... ........ ... .00t o ... 121
Exploration of Space. . ........ ... b it 142
Summing Up. .. e e 142
Answers to the “On Your Own” Questions. . . . bu.o" ... .. 144
Study Guide for Module 5 . ... .. . ... 0. ... 145
MODULE6 .........convveeeeen..GQh.- W uovueennnn. 147
EARTH SCIENCE—GEOLOGYSAND PALEONTOLOGY
The Earth’s Structure. .. [. . .4 o v oo 148
Earth’s Crust. . .40 . .. i 148
Earth’s Mantled. . ... oo .o o o 149
Earth’s Core . @ o adi . . i e 150
The Lithosphere .. ..... 4. ... .. 151
The Hydroplate Theorys . . .. ... ... ... 153
Soil, Rocks,and Minerals . . ............. ... ... .. ... 155
Experiment 6.1: “Growing” Crystals. . .. ............... 156
The Earth’s Surface......... ... ... .. . ... 159
Types of Weathering . . ......... ..., 161
Erosion . ... i e 161
Sedimentary Rock Strata. .. ......................... 163
Experiment 6.2: Separation of Sedimentation . ........... 164
The Basic Structure of the Grand Canyon............... 166
The Fossil Record and Its Features .................... 169
Fossil Formation. .......... ..., 170
General Fossil Record Features. ...................... 171
Geology and Paleontology Perspectives ................ 173
The Uniformitarian Perspective. . .. .........coovun.... 173
The Catastrophist Perspective . ...................... 174

Used by Rermission



The Geological Record and Uniformitarianism .......... 176

The Geological Record and Catastrophism.............. 178
One More AgeIssue . ..., 180
Summing Up. ..o e 182
Answers to the “On Your Own” Questions. . ............ 183
Study Guide for Module 6 . ......... ... ... ... ....... 185
MODULE 7 . . ittt ettt tee et ttee e taee e ttee e enneeenns 187
EARTH SCIENCE—METEOROLOGY AND OCEANOGRAPHY
Meteorology . . v oo e 187
Earth’s Atmosphere. . ........ ... .. ... ... . ... 188
What Causes Weather? .. ........ ... ... ... ....... 192
Atmospheric Water .. ...ttt e 195
Clouds . ... .o e e e 196
Experiment 7.1: Make Some Clouds. comn . ... ..o oot 196
Fronts..... ... 198
Storms. . ... e e 199
Lightning . ...... ... ... .. et e 199
Tornadoes. ... @i e e 200
Hurricanes .. ... ... . b i 200
Weather Prediction . . ... k.o bt 201
Temperature . ... 40 o . i 201
Pressure. . ..o i oo e e e e 201
Experiment 7.2: Build. Your Own Barometer. ............ 202
Humidity ... . o e e 203
Wind Direction and Speed. . ............ .. ... .. ..... 203
Climate . .4 . v e e e e 204
ENSO . e 205
Global Warming . .............. ... i, 206
Oceanography. . . ..ot e 207
What Is Ocean Water?. ... ..ot 207
Qeean Motion. . ..o v ittt ettt e e 208
CUITENES « vttt et e e et ettt e 208
Wavesand Tides . . ... oo 208
Ocean Geography ........... ... i, 209
Ocean Exploration and Study ....................... 210
Summing Up. .. e e 211
Answers to the “On Your Own” Questions. . ............ 212
Study Guide for Module 7 .. ... ... ... ... . ... ... 213
MODULE 8 . .. itttte et teee e teee e etaee e eeaeeeeneeenns 215
GENERAL CHEMISTRY
Matter. . ot e e 215
States of Matter . ... ..ovttiniii it 216
AtOMS . . e e 218

Used by Rermission



AtOmIC StIUCTULE. + v v v e e et e e e et et e e e et et e e 219

Elements . .. ... ..ot 220
Experiment 8.1: Exposing Elements to Fire.............. 221
The Periodic Table of the Elements . . .................. 223
Bonds . ... 225
Chemical Reactions. . . ...ttt 228
Experiment 8.2: Separating a Mixture of Sand and Salt . ... 228
Chemical Versus Physical Changes .. .................. 231
Chemical Changes. . . ... 232
Typesof Molecules . ........ ... .. ... .. ... 234
Crystals. . ..ot e e 234
Polymers and Plastics . ............c.o ... 234
Acidsand Bases. .. ... .o 236
Summing Up. .. e e 238
Answers to the “On Your Own” Questions. . ............ 239
Study Guide for Module 8 . .....................4... 240
MODULE D ... .. iiiiititnrineennennneneenn. . U 243
GENERAL PHYSICS
MOtION « v v vt e 243
Speed, Velocity, and Acceleration. . ........00u....L..... 245
Newton’s 3 Laws of Motion . ...... 4 o, .. 0f ... .. 247
Newton’s First Law. . ... ... o am. oo i b oL 247
Experiment 9.1: Exploring Friction. . . a. ... .......... 248
Newton’s Second Law . ....... ... . 0. ... 250
Newton’s Third Law ... a0 oo 251
More about Forces . ... 0. .4 o o 252
Gravitational For€e. . . ... L .. . . .. . 252
Electromagnetic Force . .ot . .o oo 253
Experiment 9.2: Building an Electric Circuit............. 255
Magnetism .. .vvee e e ettt e 257
Simple Machines. . gwsts . . ... 258
The Lever . ..o e e e 259
The Wheeland Axle .......... ... ... 260
The Pulley. .. ... e 260
The Inclined Plane. .. ....... ... . ... 261
The Wedge . ... e e 261
The Screw . ..t e e 261
WavesandSound ........... ... .. . ... . . . ... 262
Speedof Sound .. ..... ... . ... 263
Explaining Wave Anatomy . ................ccuuuu.... 264
Experiment 9.3: Wavelength, Frequency, and Sound . . ... .. 265
Light. ..o e 267
How We Perceive Color ..., .. 268
Reflection and Refraction . .......................... 269
Summing Up. ..o e 269

Used by Rermission



Answers to the “On Your Own” Questions. . ............ 271

Study Guide for Module 9 . ...... ... .. ... ... ... ..., 273
MODULE 0. . .ottt ettt ettt ttee e e teee e eteee e 275
LIFE SCIENCE

DNAandLife....... ... 276

The Structure of DNA. . .. ... . . 278

Experiment 10.1: Building a Candy Model of DNA . ... ... 280

Reproductionand Life ............................. 282

Energyand Life........ ... ... .. ... 284

Experiment 10.2: Finding Food inPlants ............... 284

Sensing and Responding to Change ................... 286

The Cell ... . e 287

Regulationand Life ............... ... ... ... ....... 288

Growthand Life ....... ... . ... oo, 289

Biological Classification ........L...4.............. 289

Classification . ........ ... 8. ool 290

The 3 Domains in Creation . ... %, .c0meds o vveeeen.. .. 294

Domain Archaea....... 40, .o oo 294

Domain Bacteria. ..... a0 . o bt e 295

Domain Eukarya ...... 0%, ... . 295

Taxonomy. .. ... 40 o . i e 298

Summing Up . .o oo i e e 300

Answers to the “On Your Own” Questions. . ............ 301

Study Guide forModule 10 ......................... 303
MODULE I1 85 . 4. S - - - o oot eae e 305
GENERAL BIOLOGY

Molecular Biology and Biochemistry. .. ................ 306

The Chemicalsof Life........... ... ... ... .. ..... 306

Cell Biology . ...coviii i e 307

Cell Structures. . . ... e e 307

Cell Anatomy . ..ottt e e 309

Microbiology . ..... ... . 311

Experiment 11.1: Growing a Yeast Culture.............. 312

Parasitology . ...t e 313

Immunology . ....... ... 314

Mycology ..ot e 315

Botany and Plant Physiology. ........................ 316

Plant Structures. . . ... .vvi ittt e 318

Experiment 11.2: Leaf Collection and Identification. .. .. .. 320

Leaf Color. . .. oo e e 321

Rootsand Stems . ........... ..., 322

Plant Classification . .. ........ ittt 322

Anatomy and Physiology .............. ... ... .. ..... 324

Used by Rermission



Z00l0gy . e
GeNELICS « v vttt ettt ettt ettt ettt
Evolutionary Biology .............. ... ...
Other Branches of Biology ..........................
Summing Up. .. e e
Answers to the “On Your Own” Questions. . ............
Study Guide for Module 11 . ........................

MODULE 12 . .ttt ittt ettt it ettt
MARINE SCIENCE

The Oceansofthe Earth . .......... ... .. ... ... ......
Experiment 12.1: An Edible Ocean Layer Model .........
Tiny Ocean Organisms . . .. vvvv e ettt
Marine Algae . ... .o
The Plankton ........ . i
Marine Plants . ... ... i e e b
Ocean Invertebrates . ......... ... ..o i . 0d..
SPONEES. « v vt e
Jellyfish. . ... A
Anemones. .. .......iiiiiiiiii e
Corals. .. e e e
Armored Ocean Invertebrates. . ... . .. 0. vee oo ...
Mollusks. . . oo oo e e e
Arthropods . ... ..o B e
Echinoderms. ....... ... .. .. 0 o o ..
Non-Bony Fishes. . ... .4 oL ..o oo
Sharks. ... i e e
Rays ... o i .
Bony Fishes. .4 . .. om0 .
Experiment 12.2::Shark and Fish Buoyancy .............
Other Marine Vertebrates'. . .. .......... .. i ..
Reptilesand Birds . 400, . ... .. .o i
Marine Mammals . ...... .. ...
Marine Environments . . .. ... .ottt
Ocean ConServation . .. .v v vt iieeie e iie e ieeiee s
Summing Up. ..o e e
Answers to the “On Your Own” Questions. . ............
Study Guide for Module 12 . .......... ... ... ... .....

MODULE 13 . . oottt et ettt et et e e e e e e et e
ENVIRONMENTAL SCIENCE
Ecosystem Influences. . . ............ ... ... ... ......
Food Relationships . . ......... ... ... . ...

Experiment 13.1: Composting . ............ccouuunn...
Food Chains and Food Webs. . . ....... .. o ..

Used by Rermission



SYMDbIOSIS « v vt et
Ecological Cycles .. ..... ... .. ...
Organizationin Ecology .. .......... ... ... .. ........
Tundra ... e
Tropical Rainforest. ......... ... ...
Temperate Grassland. . .. ........ ... ... ... ... .. .....
Ecological Succession . ............. ... ...
Man and the Environment ..........................
Experiment 13.2: Estimating Population Size ............
Your Worldview . ... ..o
Summing Up. .. e
Answers to the “On Your Own” Questions. . ............
Study Guide for Module 13 . ...... ... ... .. ... .....

MODULE 4. . .ottt ittt ettt ee e e e e ammm ettt ee e e e e
SCIENCE AND CREATION

Rube Goldberg Machine Experiment Setup 1. ...........
Modules 1-4: The History of Science—Search for the

Truth; Scientific Inquiry@andithe Seientific Method;

Documenting and Interpreting Experimental Results;

and Scientific Analysis'and History .................
Module 5: Earth Science—Astronomy .................
Rube Goldberg Machine Experiment Setup2............
Module 6: Earth Science—Geology and Paleontology . .. ..
Module 7: Earth Science—Meteorology and Oceanography
Rube Goldberg Machine Experiment Setup 3 ............
Module 8:General Chemistry . ......................
Module 9: General Physics .. ........................
Rube.Goldberg Machine Experiment Setup 4 ............
Module 10: Life Science . ......cvvuiiiinnne...
Module 11: General Biology . .. ......................
Rube Goldberg Machine Experiment Setup 5. ...........
Module 12: Marine Science . ..........ccviueine....
Module 13: Environmental Science....................
Rube Goldberg Machine Experiment Finale . ............
Summing Up. ..o e e

Used by Rermission

372
374
375
377
377
378
378
380
382

2Q12
J0D

385
386
387

389



MODULE |

I AOW

THE HISTORY
OF SCIENCE—
SEARCH FOR
THETRUTH

Get ready for an exciting year! You might ;
wonder why I know it will be exciting. Well a eSt z 0
because we are beginning a study of the
ing world of science. Before I go any f
discuss what science is. The word com
Latin and simply means “knowl
the word science actually means m
can begin with a basic ition.

a Latin word heading this section?

ell, this course will be taking you through
an overview of all of science, including its
development and diversity. A major part
of science involves asking questions and
doing research. Look closer at those words:
QUESTion and reSEARCH. Both words have
elements of exploration, don’t they? That is
the natural world  ; |arge part of science: exploring the world
tation in order to around us to come up with general laws that

Science—The syst
through observation and"experi

formulate God set in place to govern our world since

the beginning of time.You will therefore be

FIGURE 1.1 Let me break that ©on a QUEST this year, SEARCHing through
Helium Balloons definition down all facets of science. Quaestio is Latin for

"question." Every module will start by
goal of science is reminding you that you are on a quest,

. searching the world for God’s fingerprints.
found in the sec- So basically, we’ll be explorers together, on

ond part of the an amazing adventure!
definition. We use

science to come up with general laws that help to explain
what is going on in the world around us. Why, for exam-
ple, do most things fall to the ground when you drop them,
yet a helium balloon floats upward? Is there a general law
to explain that? Now, the beginning part of the definition

for you. The end

Used by Rermission



THE HISTORY OF SCIENCE—SEARCH FORTHETRUTH

explains how we come up with those laws. Scientists look at the world around them and
collect facts about it. Balloons filled with air will fall to the ground. They also develop
experiments to gather more facts. What happens to balloons filled with other gases when
they are released? How are air and those other gases different from helium? That informa-
tion is gathered in an ordered way to study and better understand our world. When the
weight of a helium-filled balloon is lighter than the amount of air it takes up, the balloon
will float upward in the air.

Now here is the really exciting part. Believe it or not, you have been a scientist from
the day you were born. You have watched and listened to things around you. You learned
how things felt, tasted, and behaved. As a baby, when you tossed items off a high chair,

FIGURE 1.2 you were really exploring what we call
gravity (even though that was a messy way
to do it!). Then as a toddler, you went out-
side and examined grass, leaves, ants, and
caterpillars. Yowwatched it rain outside
and studied the trickling of water as it ran
down the windew pane. And you were
fascinated. That is'what we are going to
continue to do in this course. We are going
tokeep observing and experimenting to
gather more knowledge with the purpose
of better understanding the remarkable
world that God created!

Young Scientist

THE EARLIEST SCIENCE: Auicient, Times-600 BC

The best way to study how science #vorks.today is to learn about how it has developed
throughout history. That’s because the history of science will reveal how science should
and should not be practiced«We will'also learn where it is heading in modern times. So
we will use this moduleto travel through time and observe the history of human scientific
inquiry. That will allow you to.better understand what science is and what it is not. First,
let’s travel way, way back#e'some of the earliest historical records.

Egypt
The first science records we have come from 3,000 years before Christ. Ancient Egypt is

where we first see the dawn of what we would call medical care. Many Egyptian medical
practices could cure illnesses. However, most of these methods came from trial and error.
They would keep trying different things until something helped. If a method didn’t work,
the patient would have to suffer or even die, but the doctors would know not to use that
method on the next patient. If the remedy did work, then they knew what to do the next
time they saw that illness.

One of the physicians of that time, Imhotep (eem' oh tep) [c 2650 BC], was well
known for his medical knowledge and ability to heal. People would travel hundreds of
miles in the hope that he would be able to cure their illnesses.

Although the trial-and-error method of medicine sounds primitive, Egyptian doc-
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I AOW

tors came up with some pretty successful FIGURE 1.3

treatments. For example, they learned Moldy Bread

that a good way to treat an open wound

would be to cover it with moldy bread.

That would make the wound heal quickly.

Because it worked so well, doctors auto-

matically would apply moldy bread to their

patients’ wounds. Can you imagine walk-

ing through an Egyptian doctor’s office

and seeing people covered with slices and

strips of green, moldy bread? But, believe

it or not, they were on to something. Today, , ' .

we know that some bread molds produce Some people might see these slices of Pread and think
o ; . . . they should be thrown away, but Egyptian doctors saw

penicillin, which is a chemical that kills the their medical value!

germs that infect wounds! So even though

the Egyptian doctors knew nothing about

germs, they still were able to treat open wounds by preventing them from getting infected.

The doctors also discovered a way to manage pain. If a patientwas hurting, they

would feed the patient seeds from the flowering poppy plant. Eating the poppy seeds seemed

to bring pain relief. Again, the doctors didn’t knowiawhy it worked. But modern science has

shown us why. It turns out that poppy seeds have both.morphine and codeine, which are

pain-relieving drugs. In fact, they work so well, those drugs are used in medicine today.

One of the major reasons Egyptiandmedicine progressed so well as compared to the
medicine of other ancient nations is that theyinvented papyrus (puh pye' rus).

Papyrus—An ancient form 6f paper, made from a plant of the same name

As early as 5,000 years‘ago, Egyptians took the pliable stems of the papyrus plant, sliced
them into thin strips; laid themiin a crosswise manner on top of each other, wet them, and
then allowed them to dry: That resulted in a type of paper that they could write on and store.
Well, that enabled them'to document information and send it from person to
person. Up to that point in history, Egyp-
FIGURE |.4 tians, Sumerians, and other people groups
Live Papyrus Plants wrote on clay tablets or on rocks. You can
R imagine that writing on rocks and clay and
toting them around or storing them would
be much more difficult. When Egyptians
began writing on papyrus, that all changed.
It could be readily rolled up into scrolls for
easy transport or storage. That meant the
. knowledge of one scholar could be easily
sent to other scholars. Their gained knowl-
edge could accumulate and more easily be
passed down to future generations. That
helped to make Egyptian medicine the

Used by Rermission



THE HISTORY OF SCIENCE—SEARCH FORTHETRUTH

most respected form of medicine in the FIGURE 1.5
known world. Egyptian Pyramids at Giza

Other Cultures

But let’s not leave out other cultures. They
had some great inventions, too. At the
same time papyrus was first used in Egypt,
the Mesopotamians were employing the
first known potter’s wheel to make pottery.
Horse-drawn chariots were being used as
well. And as early as 1,000 years before
Christ, the Chinese were using compasses
to help them navigate. So we can say the
ancient world was filled with inventions
that transformed life during those times.
These inventions are history’s first begin-
nings of science. . | -~

t facts and definitions, you are giving your brain another
way to review them a , You will better remember them. Plus, notetaking pro-
vides you with an easy w. view the module when it comes time for a test. Don’t wor-
ry. 'll walk you through that step, too.The Student Notebook that accompanies this textbook
is designed specifically to help you become comfortable with notetaking. Now, notice that
there are 2 definitions in the previous section (science and papyrus).Words and their defini-
tions (in bold and blue font) should be written in your notebook.You will need to memorize
them. Your notebook is also designed to give you notetaking prompts. These will help you
remember important information. Taking notes while you read your text will become easier
with practice, and you will better recall what you have read.

"On Your Own" Questions: As we come to the end of this first section in the module,

you might notice the rest of the module is divided up into other titled sections. At the end
of each section will be one or more "On Your Own" questions.You should answer these
questions (spaces for answers are in your Student Notebook) as soon as you come to them in
your reading.You can look back at the module as well as your notes to find the information
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in order to answer the questions. These questions will help you to think about what you
just read in the previous section to make sure you understand it.You will check your answer
against the solution located at the end of each module in your textbook. If you got the an-
swer correct, you are ready to move on. If you didn’t get the answer correct, don’t panic. Go
back and reread the section of your textbook to try to understand the answer. You can also
find additional materials on the textbook’s Book Extra page. Make sure you understand the
information before you continue your studies. Science builds on itself, so it is important to
have a strong foundation.

Finally, for this particular module only, we will be time-traveling through the
history of science and meeting several notable scientists. Though you will not be required to

memorize everything about all of them, you will be instructed to learn a bit more about a few.
An important activity for this module will be to create a timeline, beginning at 3000 BC to
AD 2000.This activity is found in your notebook. As you study each scientist, write his name
under the date they lived and include one or more important fact earned. For example,
ur timeline beneath
the date 2650 BC. For this module, when | introduce a scienti i , there will be a
bracketed date after the name so you can place the scientist imeline.

ONYOUR OWN

I.I  Although the ancient Egyptians had reasonably advanced medical practices for their times,
and although there were many inventions that revolutionized life in the ancient world, most
historians of science do not think of Egyptian doctors as scientists.Why? (Hint: Look at the
entire definition of science.)

TRUE SCIENCE BEGINS TO'EMERGEY600 BC—AD 500

The ancient Greeks afe believed to be the first true sci- FIGURE 1.6
entists. Remember our definition of science. It is when Solar Eclipse
observations and factsare gathered and are then used

to come up with general laws@bout our world. So al-
though the ancient Egyptians and Chinese had collected
lots of observations and had recorded facts, they didn’t
go the next step to use those facts to develop explana-
tions of the natural world. In fact, historians believe that
didn’t happen until the sixth century BC with the Greeks.

Three Greek Scientists

Three Greek scientists, Thales (thay leez) [640s—540s
BC], Anaximander (an axe' uh man der) [¢c 500 BC], and
Anaximenes (an axe' uh me' neez) [c 546 BC] are be-
lieved to be the world’s first real scientists.

A solar eclipse occurs when the Moon

) g ) passes between Earth and the sun.The
Thales studied the sky and tried to come up with Moon either fully blocks or partially

a unifying theme to explain how the planets and stars blocks the sun from view.
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moved. He was successful in predicting certain planetary events. In fact, he received no-
table recognition in his day for correctly predicting what he called the “short-term disap-
pearance of the sun.” This was a solar eclipse, which is when the Moon moves between
Earth and the sun, blocking most of the sun from our view.

Historians believe Anaximander was one of Thales’ students. He studied living
organisms and is believed to be the first scientist to try to explain the origin of the human
race without reference to a Creator. He suggested that all life began in the sea and at one
time in history, humans were a type of fish. This idea was revived much later in history
by some other scientists, including Charles Darwin (whom I will introduce in just a bit),
and today is known as evolution. We’ll discuss evolution later in the course and see what
scientific data exist.

Anaximenes was probably an associate of Anaximander. He believed air was the
most basic material in nature. He also believed that everything was made of air. So when
air is thinned, he thought it would warm and turn to fire. When air is thickened, it would
become liquid or solid material. Today, we know that those id e incorrect, but Anax-
imenes did try to explain all things in nature as being
eventually led to one of the most important scientific i introduced by the Greeks: the
concept of atoms.

Two More Greek Scientists
Another Greek scientist, Leucippus (loo
sip' us) [early 400s BC], built on Anax-
imenes’ thinking, and historians believe
he proposed that all matter is compo
of little units called atoms. Leucippus h
a student, Democritus (duh mah! ct

Sand

beach, the sand looks lik ooth, yel-
low blanket. As you get closer to the beach,
you might notice that there are bumps and
valleys in the sand, but the sand still looks
solid. When you reach the beach and actu-
ally kneel down to examine the sand, you
see it is not solid at all. It is made up of : !
tiny particles called sand grains. zli) IbeT(ch appeared to be connected like a smooth, SO|I.d
; anket. But as the sand was more closely observed, it

Well, Democritus thought that all mat-  yas evident that it was made up of small grains.This idea
ter was like sand. Even though it might ap- helped him to suggest that all matter was like sand, made
pear smooth and solid, it is made up of very up of small particles even though it appeared solid.
tiny particles called atoms. It turns out that
some materials in nature have atoms that are more tightly packed together than others. That
makes them behave differently from each other. Explore this idea more in Experiment 1.1.

Democritus noticed that from a distance the sand on
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MODULE |

WHAT TO DO

Before you begin any experiment, you should read all of the instructions to make sure you
have the materials needed and understand what you will be doing.

EXPERIMENT 1.1

DENSITY IN NATURE

P=r
PURPOSE: To understand how atoms could explain thingswe se%‘rulu- j

MATERIALS: L Ly
e A tdl, clear canister or jar with a lid |= J=
e A ping-pong ball

* A 3-0z lead sinker (the kind used for fishin

* A bag of unpopped popcorn (small dried begﬁ-s‘ llwl also Ey_qu)

9 9

QUESTION: What happens to 2 obJec’rs.%aF dlﬁe.:fn’r densities when they are in the same

container?

HYPOTHESIS: Make su iryou now;t you think will happen to the less dense ball

before you complefe step 4 oF hls perlmen’r

(A"

PROCEDURE: ‘1_, jul

L Fil the canister with popcorn&o that it is about % full

2. Bury the ping-pong ballinté the center of the popcorn so that it is just below the
popcorn’s surface. You should not be able to see the ping-pong bal; it should be
completely covered.

3. Set the lead sinker on top of the popcorn and seal the canister.

4. Vigorously swirl the canister around and around in a circular motion from side to side and
watch what happens to the balls. Use common sense when shaking so that your container
does not crack.

5 Record in the lab notebook section of your Student Notebook what you saw.

6. Clean up and return everything to the proper place.

CONCLUSION: What happened to the ping-pong ball and the lead sinker when you

swirled the canister?
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