Hypothesis Supported Before it became an accepted the-
ory, Dr. Whipple’s hypothesis was subjected to many years of
tests and observations. Some of the most important were the
1986 observations of Halley’s comet, shown in Figure 16. A
group of astronomers from the University of Arizona, headed by
Dr. Susan Wyckoff, studied the composition of the comet. Dr.
Wyckoff observed the comet many times, using giant telescopes
in Arizona and Chile in South America. At other times, she stud-
led the observations of other astronomers, including those who
studied data collected by the Giotto and other spacecrafts. All
these observations and data supported Dr. Whipple’s original
hypothesis. With so much support, Dr. Whipple’s hypothesis has
- become an accepted scientific theory.

Scientific Laws A scientific law is a

& : rule that describes the behavior of some-
thing in nature. Usually, a scientific law describes what will hap-
pen in a given situation but doesn’t explain why it happens. An
example of a scientific law is Newton’s first law of motion.
According to this law, an object, such as a marble or a spacecraft,
will continue in motion or remain at rest until it’s acted upon by
an outside force. According to Newton’s second law of motion,
when a force acts on an object, the object will change speed,
direction, or both. Finally, according to Newton’s third law, for
every action, there is an equal and opposite reaction. This law
explains how rockets that are used to launch space probes to
study Halley’s comet and other objects in space work. When a
rocket forces burning gases out of its engines, the gases push
back on the rocket with a force of equal strength and propel the
rocket forward.

Observing a
Scientific Law

Procedure 23 B HE,
1. Cut one end from a shoe

box.

2. Put the box on the floor.
Place a rubber ball in the
closed end of the box.

3. Pushing on the closed
end of the box, move
the box rapidly across
the floor. Then suddenly
stop pushing.

Analysis

1. What happened when the
box stopped?

2. How does Newton’s first
law of motion explain this?

Figure 16 The view of Halley's
comet from the Giotto spacecraft
allowed scientists to determine
the size of the icy nucleus, and that
the nucleus was covered by a black
crust of dust. Jets of gas blasted
out from holes in the crust to form
the comet’s tail.
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Figure 17 Ethical questions
can’t be solved by using scientific
methods.

Disease-carrying mosqui-
toes can live in this swamp.
Debate Should swamps be
drained, even if other
species lose their habitat?

These animals live on the Helmets reduce serious

African plains. head injuries. _

Form an Opinion Should Think Critically Should &

they be hunted as trophies? the government require A
motorcycle riders to wear
helmets?

Limits of Science

Will science always provide answers to all your questions?
No, science doesn’t have answers to all the questions and prob-
lems in the universe. Science is limited in what it can explain.
For a question or problem to be scientifically studied, there
must be variables that can be observed, measured, and tested.
Problems that deal with ethics and belief systems cannot be
answered using these methods. Ethics deals with moral values
about what is good or bad. Belief systems deal with religious
and/or other beliefs. Examples of ethical and belief-system ques-
tions that science cannot answer are: Do humans have more
value on Earth than other life-forms?, Should the federal gov-
| - ernment regulate car emissions?, and Should animals be used in

— - - medical experiments? Look at Figure 17. What's your opinion?
Science Ethics The ques- '

tion of whether or not to m teading Chec Why can’t science be used to answer ethical
use humans in medical : questions?
research studies is matter

of ethics. As a class, dis-

cuss and list some pros and : DOi“g SCience Right

cons of using humans as ; . ;
test subjects. Explain why Although ethical questions cannot be answered by science,

there is no right or wrong * there are ethical ways of doing science. The correct approach to
answer to this question. - doing science is to perform experiments in a way that honestly
~ tests hypotheses and draws conclusions in an unbiased way.
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Being Objective When you do scientific experiments,
be sure that you design your experiments in such a way
that you objectively test your hypotheses. If you don’t,
your bias, or personal opinion, can affect your observa-
tions. For example, in the 1940s, Soviet scientist Trofim
Lysenko believed that individuals of the same species
would not compete with one another. His ideas were
based on the political beliefs held in the Soviet Union at
that time. Based on his personal opinion, Lysenko
ordered 300,000 tree seedlings planted in groups in a
reforestation project. He believed that the trees in each
group would aid one another in competing against other
plant species. However, the area where the trees were
planted was extremely dry, and all of the trees were com-
peting for water and nutrients. As a result, many trees
died. Lysenko’s personal opinion and lack of knowledge
turned out to be a costly experiment for the Soviet government,

Suppose you wanted to grow as many plants as possible in a
single flowerpot. Would you assume that all of the plants in the
pot shown in Figure 18 could survive, or would you set up an
experiment to objectively test this hypothesis? Unless you test
various numbers of plants in pots under the same conditions,
you could not make a valid conclusion.

Figure 18 These seedlings are
crowded into a single pot.
Predict How many do you think
could survive?

Applying Science

How can bias affect your observations?

classmates, Sharon performed an experi-

1 to 10. She then wrote the words Prize
Amethyst on top of the photo and asked

. ’ )
ten more friends to rank the quality of

Do you think bias can affect a person’s ' Rankings . Rankings
observations? With the help of her Without Hint " With Hint

ment to find out. j :
Identifying the Problem 6 4
Sharon showed ten friends a photo- 5 6
graph of an uncut amethyst and asked 5 ]

them to rank the quality of color from
Average: 5.0

rated the amethyst? What effect did the

sl hint have on them?
Solving the Problem 2. Do you think bias could affect the results
1. Examine the tables. Do you think the of a scientific experiment? Explain. How
hint affected the way Sharon’s classmates could this bias be prevented? j
e

7 8
8 9
9 8
10 8
7 9
Average: 8.3

SECTION 2 Scientific Enterprise 21



Figure 19 Scientists take
detailed notes of procedures and
observations when they do science
experiments.

Explain why you should do the
same thing.

Being Ethical and Open People who perform science in
ethical and unbiased ways keep detailed notes of their proce-
dures, like the scientists shown in Figure 19. Their conclusions
are based on precise measurements and tests. They communi-
cate their discoveries by publishing their research in journals or
presenting reports at scientific meetings. This allows other sci-
entists to examine and evaluate their work. Scientific knowledge
advances when people work together. Much of the science you
know today has come about because of the collaboration of
investigations done by many different people over many years.
The opposite of ethical behavior in science is fraud. Scien-
tific fraud involves dishonest acts or statements. Fraud could
include such things as making up data, changing the results of
experiments, or taking credit for work done by others.

‘ TS LT
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Summary Self Check

( sectian

A Work in Progress 1. Explain why science is always changing.
e Early people used mythology to explain what 2. List ways a hypothesis can be supported.
they observed. 3. Compare and contrast scientific theory and scientific law.
Continuing Research 4. Determine What kinds of questions can’t be answered
& After data are gathered over a long period of by science?
time to test a hypothesis, the information 5. Think Critically When reading science articles, why
might be developed into a scientific theory. should you look for the authors” biases?

e A scientific law is a rule that describes the
behavior of something.

e
Applying Skills

6. Draw Conclusions Describe what would have hap-
pened if the 1986 observations of Halley's comet had
& Scientists need to remain open and unbiased not supported Dr. Whipple's original hypothesis.
in their research.

Limits of Science

® Science is limited to what it can explain.

bl ‘ P
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Scientists conduct investigations to learn things
about our world. It is important for researchers
to share what they learn so other researchers
can repeat and expand upon their results. One
important way that scientific results are shared
is by publishing them in journals and magazines.

© Real-World Question —

What information about Earth science and sci-
entific methods can you learn by reading an
appropriate magazine article?

Goals

B Obtain a recent magazine article concerning
a research topic in Earth science.

B |dentify aspects of science and scientific
methods in the article.

Materials
magazine articles about Earth science topics

© Procedure

1. Locate a recent magazine article about a
topic in Earth science research.

2. Read the article, paying attention to details
that are related to science, research, and sci-
entific methods.

3. What branch of Earth science does the arti-
cle discuss?

4. Describe what the article is about. Does it
describe a particular event or discuss more
general research?

5. Are the names of any scientists mentioned?
If so, what were their roles?

6. Are particular hypotheses being tested? If
50, is the research project complete or is it
still continuing?

= Understanding Science Articles

7. Describe how the research is conducted.

What is being measured? What observations

are recorded?

© Conclude and Apply-

1. Explain Are data available that do or do
not support the hypotheses?

2. Infer What do other scientists think about
the research?

3. Are references provided that tell you
where you can find more information
about this particular research or the
more general topic? If not, what are
some sources where you might locate
more information?

' ommunicating
Your Data
Prepare an oral report on the article you read.

Present your report to the class. For more
help, refer to the Science Skill Handbook.

LAB
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Goals © Real-World Question ————

® Manipulate variables | A pendulumisan old, but accurate, timekeeping device.

of a pendulum. It works because of two natural phenomena—gravity
B Draw conclusions from | and inertia—that are important in the study of Earth

experimentation with science. Gravity makes all objects fall toward Earth’s sur-

pendulums. ~ face. Inertia makes matter remain at rest or in motion

unless acted upon by an external force. In the following
lab, you will test some variables that might affect the
swing of a pendulum. How do the length of a pendulum,
the attached mass, and the angle of the release of the
mass affect the swing of a pendulum?

Materials

string (60 cm)

metal washers (5)

watch with a second hand
metric ruler

paper clip

protractor : Q Procedure ——

1. Copy the three data tables into your Science Journal.

Safety Precautions
y = 2. Bend the paper clip into an S shape and tie it to one end of
o] i the strin

g.

3. Hang one washer from the paper clip.

Table 1 Length of the Pendulum Table 2 Amount of Mass on the Pendulum

I

Length of 3. Swings Per Minute Units of Swings Per Minute

String (cm) CTral1  Trial2 Average Mass  Tdal1 | Trial2 Average
0 | | 1
2 | ' 2 | |
30 " Do not write in this book. 3 Do not write in this book.
40 4
50 5

Table 3 Angle of the Release of the Mass

|
Angleof Swings Per Minute

Release Trial1  Trial2 Average
9%0°
80°
70° Da not write in this book.
60°
50°
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10.
1.

12.
13.

14.

© Conclude and Apply .

. Explain When you tested the effect of the angle of the drop of the pendu-

1

- Use your other hand to pull back the end of the pendulum with the washer so
- Count the number of complete swings the pendulum makes in 1 min. Record

- Repeat steps 5 and 6 and record the number of swings in Table 1 under

. Infer which of the variables you tested affects the swing of a

Graph the data from your tables. Title and
label the graphs. Use different colored
pencils for each graph. Compare your
graphs with the graphs of other members
of your class.

¢ UJsing SCien}ific. Me}hods

. Measure 10 cm of string from the washer and hold the string at that distance

with one hand.

it is parallel with the ground. Let go of the washer.

this number in Table 1.

“Trial 2.”

- Average the results of steps 6 and 7 and record the average swings per minute

in Table 1.

- Repeat steps 4 through 8, using string lengths of 20 cm, 30 cm, 40 cm, and 50

cm. Record your data in Table 1.
Copy the data with the string length of 50 cm in Table 2.

Repeat steps 5 through 8 using a 50 cm length of string and two, three, four,
and five washers. Record these data in Table 2.

Use 50 cm of string and one washer for the third set of tests.

Use the protractor to measure a 90° drop of the mass. Repeat this procedure,
calculate the average, and record the data in Table 3.

Repeat procedures 12 and 13, using angles of 80°, 70°, 60°, and 50°.

lum on the swings per minute, which variables did you keep constant?

pendulum.

. Predict Suppose you have a pendulum clock that indicates an earlier

time than it really is. (This means it has too few swings per minute.) ; ‘
What could you do to the clock to make it keep better time? '
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“The Microscope”

by Maxine Kumin

Maxine Kumin

|

Anton Leeuwenhoek was Dutch.

He sold pincushions, cloth, and such.
The waiting townsfolk fumed and fussed
As Anton’s dry goods gathered dust.

He worked, instead of tending store,
At grinding special lenses for

A microscope. Some of the things
He looked at were: mosquitoes’ wings,
the hairs of sheep, the legs of lice,
the skin of people, dogs, and mice;
ox eyes, spiders’ spinning gear,
fishes’ scales, a little smear

of his own blood, and best of all,
the unknown, busy, very small

bugs that swim and bump and hop
inside a simple water drop.

Impossible! Most Dutchmen said.
This Anton’s crazy in the head!

We ought to ship him off to Spain.
He says he’s seen a housefly’s brain.
He says the water that we drink

Is full of bugs. He’s mad, we think!

They called him dumkopf, which means “dope.”

That’s how we got the microscope.

26 CHAPTER1 The Nature of Science

Understanding
Literature

Rhyming Couplets A couplet is a poetic
convention in which every two lines rhyme.
Some of the most famous poems that use
rhyming couplets describe heroic deeds and
often are epic tales. An epic tale is a long
story that describes a journey of exploration.
Why do you think the poet used rhyming
couplets in the poem you just read?

Respond to the Reading

1. Do you think Anton was a scientist by
trade? Why or why not?

2. What did Anton find inside a water drop?

3. Linking Science and Writing Write a
heroic verse or poem that rhymes. Pick a
scientific method or discovery from your
textbook.

Scientific instruments
can increase scientific
knowledge. For example, microscopes have
changed the scale at which humans can make
observations. Electron microscopes allow
observers to obtain images at magnifications of
10,000 < to 1,000,000 <. In a microscope with
a magnification of 10,000><, a 0.001-mm
object will appear as a 1-cm image. Microscopes
are used in Earth science to observe the
arrangement and composition of minerals in
rocks.These give clues about the conditions that
formed the rock.

N TNTEGRATE
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Science All Around

1. Scientific methods include identifying a
problem or question, gathering informa-
tion, developing hypotheses, designing an
experiment to test the hypotheses, perform-
ing the experiment, collecting and analyz-
ing data, and forming conclusions.

2. Science experiments should be repeated to
see whether results are consistent.

3. In an experiment, the independent variable
is the variable being tested. Constants are
variables that do not change. The variable
being measured is the dependent variable.
A control is a standard to which things
can be compared.

4. Technology is the use of scientific discoveries.

Scientific Enterprise

1. Today, everything known in science results
from knowledge that has been collected
over time. Science has changed and will
continue to change because of continuing
research and improvements in instruments
and testing procedures.

2. Scientific theories are explanations or
models that are supported by repeated
experimentation.

3. Scientific laws are rules that describe the
behavior of something in nature. They do
not explain why something happens.

4. Problems that deal with ethics and belief
systems cannot be answered using scientific
methods.

Copy and complete the following concept map about variables and
constants.

Possible Hypothesis:
The amount of salt in water affects how fast brine shrimp eggs hatch.

the
constants are

Amount Y
of water

Scienca® |-

earth.msscience.com/interactive_tutor

the independent
variable is

the dependent
variable is

Length of
time for eggs
to hatch
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= Using Vocabulary_

bias p.21 independent variable p.10
constant p. 10 science p.8
control p. 10 scientific law p. 19

dependent variable p.10
Earth science p.@

ethics p. 20

hypothesis .7

scientific methods p.2
scientific theory p. 18
technology ©. 12
variable .10

Use what you know about the vocabulary words
to explain the differences between the words in
the following sets. Then explain how the words
are related.

e

. constant—control

dependent variable—independent variable
. scientific law—scientific theory
science—technology

. hypothesis—scientific theory

. science—Earth science

. independent variable—constant

. variable—control

. Earth science—technology

ey
o

. ethics—bias

Checking Concepts

Choose the word or phrase that best answers the
question.

11. Which word means an educated guess?
A) theory
B) hypothesis
Q) variable
D) law

12. The idea that a comet is like a dirty snow-
ball is which of the following?

A) hypothesis Q law

B) variable D) theory

Scféhce@
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13.

14.

15.

16.

17.

18.

Which of the following is the first step in
using scientific methods?

A) develop hypotheses

B) make conclusions

Q) test hypotheses

D) identify a problem

The statement that an object at rest will
remain at rest unless acted upon by a force
is an example of which of the following?
A) hypothesis 0O law

B) variable D) theory

Which of the following questions could
NOT be answered using scientific methods?
A) Should lying be illegal?

B) Does sulfur affect the growth of grass?
€) How do waves cause erosion?

D) Does land heat up faster than water?

Which of the following describes variables
that stay the same in an experiment?

A) dependent variables

B) independent variables

C) constants

D) controls

Which of the following is a variable that is
being tested in a science experiment?

A) dependent variable

B) independent variable

() constant

D) control

What should you do if your data are dif-

ferent from what you expected?

A) Conclude that you made a mistake in
the way you collected the data.

B) Change your data to be consistent with
your expectation.

() Conclude that you made a mistake
when you recorded your data.

D) Conclude that your expectation might
have been wrong.

earth.msscience.com/vocabulary_puzzlemaker



19. Recognize Cause and
Effect Suppose you
had two plants—a
cactus and a palm.
You planted them
in soil and watered
them daily. After two
weeks, the cactus was dead. What scientific
methods could you use to find out why
the cactus died?

20. Think Critically How have advances in tech-
nology affected society?

21. Explain what is meant by the statement,
Technology is transferable.

22. Evaluate Why don’t all hypotheses become
theories?

23. Identify some scientific methods you use
every day to answer questions or solve
problems?

24, ldentify and Manipulate
Variables and Controls
How would you set
up a simple experi-
ment to test
whether salt-crystal
growth is affected
by temperature?

25. Form Hypotheses You
observe two
beakers containing
clear liquid and ice
cubes. In the first beaker, the ice cubes are
floating. In the second, the ice cubes are
on the bottom of the beaker. Write a
hypothesis to explain the difference in
your observations about the two beakers.

Scfgﬁceg

26. Recognize Cause and Effect Explain why scien-
tific methods cannot be used to answer
ethical questions.

27. Draw Conclusions A laboratory tests a hypoth-
esis through an experiment and publishes
its findings that confirm the hypothesis
is true. Ten other laboratories attempt to
duplicate the findings, but none are able
to prove the hypothesis true. Give a possi-
ble explanation why the labs’ results did
not agree,

Performance Activities_

28. Poster Research an example of Earth
science technology that is not shown in
Figure 10. Create a poster that explains the
contribution this technology made to the
understanding of Farth science.

Applying Math

Use the table below to answer questions 29-30.

~ Color and Heat Absorption i

Color : Beginning i Temperatu.re("C)
| Temperature (°C) | after 10 minutes

Red 240 , 260

Black 2 | 260

Blue 3 24° | 770

White : 24° ‘ 550

Green 24° | 570

29. AColor Experiment A friend tells you that dark
colors absorb more heat than light colors do.
You conduct an experiment to determine which
color of fabric absorbs the most heat. Analyze
your data below. Was your friend correct?
Explain.

30. Variables Identify the independent variables
and the dependent variables of the experiment.

- earth.msscience.com/chapter review
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~Part 1 IMultiple Choice
Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

Use the illustration below to answer question 1.

20mLwater 20mLwater 20mLwater 20 mLwater
0 mL chlorine 5 mLchlorine 10 mL chlorine 15 mL chlorine

O
IO TRT R i

1. The test tubes were left at room temperature
for a week to see if algae would grow. Which
variable is being investigated?

A. the volume of water used

B. the temperature of the test tube’s
contents

C. the amount of chlorine present

D. the amount of algae present

2. Which of the following is the study of
Earth and space?
A. life science
B. Earth science
C. physical science
D. chemical science

3. Which of these is a factor to which experi-
mental results can be compared?
A. independent variable
B. dependent variable
C. control
D. constant

4. What is the use of scientific discoveries for
practical purposes?
A. bias
B. scientific methods
C. science
D. technology
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5. Which of the following is an explanation or
model that is supported by many experi-
ments and observations?

A. hypothesis C. theory
B. law D. estimate

6. Which is a rule that describes the behavior
of something in nature?
A. hypothesis C. estimate
B. law D. theory

Use the illustrations below to answer questions 7—9.

A Group A Group B

7. Which quality can be measured using the
tools in group A?
A. distance
B. weight

C. volume
D. mass

8. Which quality can be measured using the
tools in group B?
A. distance
B. weight

C. volume
D. mass

5. Which of the following belongs in group B
above?
A. spring scale
B. thermometer

C. beaker
D. stopwatch



“Part2 'Short Response/GridIn
Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

10. What’s the difference between an inde-
pendent variable and a dependent variable?

11. Which types of questions can be answered
using scientific methods?

12. What can scientists do to ensure that they
perform experiments objectively?

13. Why is it a good idea to repeat an
experiment?

14. Would a scientist be convinced that his or
her results were accurate after one trial?
Why or why not?

Use the illustration below to answer questions 15-17.

1m above
. floor

\15. Alicia taped the meterstick shown above to

. her bedroom wall and recorded her height
on her birthday for five consecutive years.

\ The bottom of the meterstick was 1 m

‘[‘--Q above the floor. How many centimeters tall
was Alicia when she was 10 years old?

16. How many centimeters did she grow
between her 10th birthday and her 14th
birthday?

17. What was the maximum amount that
Alicia grew in any one year?

8. Describe the steps of the scientific
method. Give an example experiment
using the steps.

9. Define the terms scientific theory and
scientific law. Give an example of each.

I <y

"!}E

Test Practice

Record your answers on a sheet of paper.
Use the graph below to answer questions 20 and 21.

Average High Temperature, Charlotte, NC
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20. Describe how the average high tempera-
ture changes through the year in
Charlotte, North Carolina. Which month
is warmest? Which is coldest? How much
1s the difference?

21. How do you think the average temperature
data for Charlotte, N.C. were obtained?
What measurements were recorded? What
calculations were performed?

22. Why is it important to take good notes
and record all data when performing an
experiment?

23. Why does science lead to better technol-
ogy and technology lead to better science?

Your Experiences Remember to recall any hands-on
experience as you read the question. Base your answer on the
information given on the test,

Question 21 Recall the procedure from the pendulum lab.
Remember how the record of your data helped you complete
the lab.
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