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Chapter 1
The Science of 
Planet Earth

WHAT IS SCIENCE?

Science is a way of making and using observations. The ap-
plications of science have played a central role in the ad-
vancement of civilization. The Latin origin of the word science
(scire) can be translated as “to know.” While some people
might think of scientific conclusions as unchanging facts, our
understanding is never complete. As the understanding of
nature grows, old ideas that no longer seem to fit our obser-
vations are discarded. The so-called facts of science are often
temporary while the methods of science (observation and
analysis) are permanent.

Science often attempts to answer questions such as: Why
is the sky blue? Why do we see the moon on some nights, but
not on others? What causes clouds to form? Why are there
violent storms, earthquakes, and volcanoes? How can people
protect themselves from these disasters? How can people
wisely use Earth’s resources and still preserve the best fea-
tures of a natural environment? Understanding Earth and
how it changes is essential for human survival and prosper-
ity. (See Figure 1-1 on page 2.)
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Great works of art are valued, in part, because they have
strong emotional impact. However, unlike works of art, sci-
entists generally want their work to be as free of bias and in-
dividual judgments as possible. Rational thought and clear
logic support the best scientific ideas. Scientists often use
numbers and mathematics because mathematics is straight-
forward, logical, and consistent. These qualities are valued in
scientific work.

Scientific discoveries need to be verifiable. This means
that different scientists who investigate the same issues
should be able to make their own observations and arrive at
similar conclusions. When a climate prediction is supported
by the work of many scientists or by computer models, the
prediction is considered to be more reliable. In fact, the abil-

Figure 1-1 Earth is our home; we must keep it livable.



ity reproduce results or verify ideas is a significant charac-
teristic of science.

Science at Work

Alfred Wegener proposed his theory of continental drift in the
early 1900s; it was based on indirect evidence. During his
lifetime, he could not find enough evidence to convince most
other Earth scientists that continents move over Earth’s sur-
face. However, new evidence gathered by other scientists
working 50 years later gave renewed support to his ideas.
Today, plate tectonics, as the theory is now known, is sup-
ported by precise measurements of the changing positions of
the continents. This is a good example of how the efforts of
many scientists resulted in a new way of thinking about how
our planet works.

Science can therefore be defined as a universal and con-
tinuous method of gathering, organizing, analyzing, testing,
and using information about our world. Science provides a
structure to investigate questions and to arrive at conclu-
sions. The reasoning behind the conclusions is clear, and the
conclusions are subject to continued evaluation and modifi-
cation. The body of knowledge of science, even as presented
in this book, is simply the best current understanding of how
the world works.

ACTIVITY 1-1 GOOD SCIENCE AND BAD SCIENCE

Sometimes it is easier to understand science if you look at what is
not science. 

Tabloids are newspapers that emphasize entertainment. They
publish questionable stories that other media do not report. Bring
your teacher an article from a questionable news source that is
presented as science. Your teacher will display the stories for the
class to discuss. What are the qualities of these stories that make
them a poor source of scientific information?
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WHAT IS EARTH SCIENCE?

The natural sciences you study in school are generally di-
vided into three branches: life science (biology), physical sci-
ence (physics and chemistry), and Earth science. (See Figure
1-2.) Earth science generally applies the tools of the other
sciences to study Earth, including the rock portion of Earth,
its oceans, atmosphere, and its surroundings in space.

Earth science can be divided into several branches. Geol-
ogy is the study of the rock portion of Earth, its interior, and
surface processes. Geologists investigate the processes that
shape the land, and they study Earth materials, such as min-
erals and rocks. (See Figure 1-3.) They also actively search for
natural resources, including fossil fuels.

Meteorology is the study of the atmosphere and how it
changes. Meteorologists predict weather and help us to deal
with natural disasters and weather-related phenomena that
affect our lives. They also investigate climatic (long-term
weather) changes.

Oceanography is the study of the oceans that cover most
of Earth’s surface. Oceanographers investigate ocean cur-
rents, how the oceans affect weather and coastlines, and the
best ways to manage marine resources.

Figure 1-2 Earth
sciences study the
major parts of the
planet by using
other branches of
science, such as bi-
ology, chemistry, and
physics.



Astronomy is the study of Earth’s motions and motions of
objects beyond Earth, such as planets and stars. Astronomers
consider such questions as: Is Earth unique? How big is the
universe? When did the universe begin, and how will it end?

Many Earth scientists are involved in ecology, or envi-
ronmental science, which seeks to understand how living
things interact with their natural setting. They observe how
the natural environment changes, how those changes are
likely to affect living things, and how people can preserve the
best features of the natural environment.

HOW IS EARTH SCIENCE RELATED 
TO OTHER SCIENCES?

One important feature of Earth science is that it draws
from a broad range of other sciences. This helps present an
all-encompassing view of the planet and its place in the uni-
verse. Earth scientists need to understand the principles of
chemistry to investigate the composition of rocks and how
they form. Changes in weather are caused by the energy

Figure 1-3 Earth science is
an exploration of our planet 
to understand how it came
about and how it changes.
This man is exploring a slot
canyon.



exchanges at the atomic level. By knowing the chemical prop-
erties of matter, scientists can investigate the composition of
stars. Knowledge of biology allows Earth scientists to better
interpret the information preserved in rock as fossils.

The movements of stars and planets obey the laws of
physics regarding gravity and motion. Physics helps us un-
derstand how the universe came about and how stars pro-
duce such vast quantities of energy. Density currents and the
circulation of fluids control the atmosphere, the oceans, and
even changes deep within our planet. Nuclear physics has al-
lowed scientists to measure the age of Earth with remarkable
accuracy.

The Earth sciences also make use of the principles of bi-
ology and, in turn, support the life sciences. Organic evolu-
tion helps us understand the history of Earth. At the same
time, fossils are the primary evidence for evolutionary biol-
ogy. The relationships between the physical (nonliving)
planet and life forms are the basis for environmental biology.
Only recently have people grown to appreciate how changes
in Earth and changes in life forms have occurred together
throughout geologic time.

WHY STUDY EARTH SCIENCE?

Although some readers of this book may become profes-
sional geoscientists, it is more likely that you will find work
in other areas. Regardless of the career you choose, Earth sci-
ence will affect your life. Everyone needs to know how to pre-
pare for changes in weather, climate, seasons, and earth
movements.

Natural disasters are rare events, but when they occur
they can cause devastating loss of life and property. To limit
loss, people can prepare for hurricanes, tornadoes, floods, vol-
canic eruptions, earthquakes, and climate shifts. Humans
can survive the effects of cold and drought if they plan ahead,
but they need to know how likely these events are and how
best to avoid their devastating consequences. How will hu-
mans be affected by general changes in climate? Can it be
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prevented? Will a large asteroid or comet strike Earth, and
how will it affect Earth’s inhabitants?

Our civilization depends on the wise use of natural re-
sources. Freshwater, iron, and fossil fuels are among the
great variety of materials that have supported a growing
world economy. These resources have brought us unprece-
dented wealth and comfort. How much of these materials are
available for use? What will happen if these materials run
out? What is the environmental impact of extracting, refin-
ing, and using these resources

These issues affect all of us regardless of our profession.As
citizens and consumers, we make decisions, and as citizens,
we elect governments that need to consider these issues.

How can you, as one individual among millions in the
United States, among billions in the world, make a differ-
ence? Environmental activists have a useful way of thinking
about this, “Think globally, but act locally.” If you consider
broad issues as you conduct your daily life, you can contribute
to solving global problems. One person conserving resources
by reusing and recycling materials has a very small impact.
But when all people contribute their small parts, the benefi-
cial effects are multiplied. One person buying a more fuel-ef-
ficient car or using mass transportation has a small impact.
However, when these practices become widespread through
public education, they can become powerful forces.

Working with Science

CYNTHIA CHANDLEY: Water Rights Lawyer
Cynthia Chandley is not an Earth scientist, but she knows

how important it can be to understand Earth. (See Figure
1-4.) She earned a degree in geology, and, after several years
of working in the mining industry, attended law school and
became an environmental lawyer. Ms. Chandley now works as
a water rights litigator for a law firm. “I constantly use my
geoscience background to influence the use and preservation
of an essential resource. But these issues go well beyond my
profession. Everyone needs to understand our planet to help
determine how our resources can be most effectively managed
for ourselves and for future generations.”
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Figure 1-4 Cynthia
Chandley



OBSERVATIONS, MEASUREMENT,
AND INFERENCES

You gather information about your surroundings through
your five senses: sight, touch, smell, taste, and hearing. The
processes and interpretations made by scientists depend on
making use of information gathered using their senses.
These pieces of information are called observations. Some
observations are qualitative. Relative terms, such as long
or short, bright or dim, hot or cold, loud or soft, red or blue,
compare the values of our observations without using num-
bers or measurements. Other observations are quantita-
tive. When you say that the time is 26 seconds past 10 o’clock
in the morning you are being very specific. Quantitative
comes from the word quantity meaning “how many.” There-
fore quantitative observations include numbers and units of
measure.

Scientists use measurements to determine precise values
that have the same meaning to everyone. Measurements
often are made with instruments that extend our senses.
Microscopes and telescopes allow the observation of things
too small, too far away, or too dim to be visible without these
instruments. (See Figure 1-5.) Balance scales, meter sticks,
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Figure 1-5 Instruments help
us make better observa-
tions.



clocks, and thermometers allow you to make more accurate
observations than you could make without the use of instru-
ments.

People accept many things even if they have not observed
them directly. An inference is a conclusion based on observa-
tions. For example, if Liz meets a friend late one afternoon,
and he appears tired and is carrying a baseball, bat, and
glove, Liz would probably infer that her friend had been play-
ing baseball. Although Liz never saw him playing, this infer-
ence seems reasonable. When many rocks at the bottom of a
cliff are similar in composition to the rock that makes up the
cliff, it is reasonable to infer the rocks probably broke away
from the cliff.

Scientists often make inferences. When scientists observe
geological events producing rocks in one location and they
find similar rock in other locations, they make inferences
about past events, although they did not witness these events.
No person can see the future. Therefore all predictions are in-
ferences. In general, scientists prefer direct observations to
inferences.

Exponential Notation

Scientists deal with data that range from the sizes of sub-
atomic particles to the size of the universe. If you measure
the universe in subatomic units you end up with a num-
ber that has about 40 zeros. How can this range of values
be expressed without using numbers that are difficult to
write and even more difficult to work with? Scientists use
exponential numbers, sometimes called scientific notation,
which uses powers of ten to express numbers that would
be more difficult to write or read using standard decimal
numbers.

Numbers in exponential notation take the form of c � 10e,

where c is the coefficient (always a number equal to or
greater than 1 but less than 10) and e is the exponent. Being
able to understand and use exponential notation is very im-
portant. Any number can be changed into exponential nota-
tion in two steps.
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Step 1: Change the original number to a number equal to or
greater than 1 but less than 10 by moving the deci-
mal point to the right or left.

Step 2: Assign a power of 10 (exponent) equal to the num-
ber of places that the decimal point was moved.

A good way to remember whether the power of 10 will be
positive or negative is to keep in mind that positive expo-
nents mean numbers greater than 1, usually large numbers.
Negative exponents mean numbers less than 1, which are
sometimes called decimal numbers. Once you get used to it,
it becomes easy.

Let us see how this is done. The mass of Earth is
5,970,000,000,000,000,000,000,000 kilograms. Move the dec-
imal 24 places to the left to get 5.97. The power of 10 is there-
fore 24 Expressed in exponential notation this number is 5.97
� 1024 kilograms.

SAMPLE PROBLEMS

Problem 1 The age of Earth is 4,600,000,000 years; express this number in exponential
notation.

Solution
Step 1: Change the original number to a number equal to or greater than

1, but less than 10 by moving the decimal point to the right or left.
(Zeros that appear outside nonzero digits can be left out.) In this
case, you get 4.6.

Step 2: Assign a power of 10 (exponent) equal to the number of places that
the decimal point was moved. This decimal point was moved nine
places. In this case the decimal point was moved left, make the
power of 10 a positive number. So the age of our planet is 4.6 �
109 years.

Problem 2 Light with a wavelength of 0.00004503 centimeter (cm) appears blue. Ex-
press this value in scientific notation.

Solution
Step 1: After moving the decimal point five places to the right, the coeffi-

cient becomes 4.503. The zero before the 3 is kept because it ap-
pears between nonzero digits. This zero is needed to establish the
number’s value.



Step 2: When the decimal point is moved right, you make the exponent a
negative number. The power of 10 is �5. The number is 4.503 �
1025 cm.

ACTIVITY1-2 EXPONENTIAL NOTATION IN THE REAL WORLD

Make a list of 5 to 10 values expressed in scientific notation, doc-
ument their use, and translate them into standard numbers. Your
examples must come from printed or Internet sources outside your
Earth science course materials.

For each example you bring, include the following:

1. The value expressed in exponential notation. (If units of
measure are present, be sure to use them.)

2. What is being expressed. (For example, it might be the size
of a particular kind of atom.)

3. The same value expressed as a regular number.

4. Where you found the value. Please give enough information
so that another person could find it easily.

The International System of Measurement

Over the course of time, different countries developed their
own systems of measurements. The inch and the pound orig-
inated in England. There were no international standards
until the European nations established a system now known
as the “International System of Units.” This system is called
“SI,” based on its name in French, System Internationale. SI
units are now used nearly everywhere in the world except
the United States. SI is similar to the metric system.

In a temperature-controlled vault in France, a metal bar
has been marked at exactly 1 meter. In the past, it was the pre-
cise definition of meter, and all devices used to measure length
were based on that standard. Everyone knew the length of a
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meter and everyone’s meter was the same. Today the meter is
defined as a certain number of wavelengths of light emitted by
krypton-86 under specific laboratory conditions. The advan-
tage of this change is the standard length can be created any-
where and is not susceptible to natural or political events.

In everyday life, people often use a system of measures
called “United States Customary Measures.” Units such as
the mile, the pound, and the degree Fahrenheit have been in
use in this country for many years. Most Americans are fa-
miliar with them and resist change. As this country becomes
part of a world economy, SI units will gradually replace the
United States Customary units. Many beverages are now sold
in liters. A variety of manufactured goods created for world
markets are also measured in SI units. (See Figure 1-6 and
Table 1-1.)

However, scientists everywhere use SI units for several
reasons:

� They are universal. Scientists do not need to translate
units when they communicate with their colleagues in
other countries.

� Most SI units are related by factors of 10. For example,
there are 10 millimeters in a centimeter and 100 cm in a
meter.

� Scientific instruments on the world market are generally
calibrated in SI units.
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Figure 1-6 In some places,
road signs with SI (metric)
units are replacing signs
that used United States
Customary Measures.



ACTIVITY 1-3 MAKING ESTIMATIONS

Estimation is a valuable skill for anyone, but especially for scien-
tists. If you want to know whether a measurement or calculation
is correct, it can be helpful to estimate the value. If your estimate
and the determined value are not close, you may need to give
some more thought to your procedure. 

If you were to estimate the distance from your home to the
nearest fast-food restaurant, you might say that you can walk there
in 30 minutes. If you walk at a rate of 5 kilometers per hour
(km/h), in half an hour you can walk 2.5 km. So your estimate
would be 2.5 km. 

Working in groups, estimate the volume of your classroom or
your school building. No measuring instruments may be used.
Your group must write a justification of your estimate. Please use
only SI (metric) units.

USING SI UNITS Density is an important property of matter.
For example, differences in density are responsible for winds
and ocean currents. Density is defined as the concentration of
matter, or mass per unit volume. For example, if the mass of
an object is 30 grams and its volume is 10 cubic centimeters,
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TABLE 1-1. International System of Units

Physical Quantity SI Unit Symbol U.S. Customary Measure
. . .

Length meter m inch, foot, mile

Volume liter L fluid ounce, quart, gallon

Mass gram g ounce, pound, ton

Time second s (same as SI)

Temperature kelvin K degree Fahrenheit

degree Celsius °C degree Fahrenheit



(cm3), then its density is 30 grams divided by 10 cm3, or 3
grams/cm3. The formula for calculating density is given in the
Earth Science Reference Tables.

SAMPLE PROBLEM

Problem The measurements of a rectangular block are length 5 cm, width 3 cm, and
height 8 cm. Find the volume of the block.

Solution
You can calculate the volume by multiplying the length by the width by the
height:

Volume � length � width � height

� 5 cm � 3 cm � 8 cm

� 120 cm3

� Practice Problem 1
A rectangular bar of soap measures 10 cm by 2 cm by 7 cm. Find the vol-
ume of the bar of soap.

HOW IS DENSITY DETERMINED?

Density is the concentration of matter, or the ratio of mass
to volume. Substances such as lead or gold that are very
dense are heavy for their size. Materials that we consider
light, such as air or Styrofoam, are relatively low in density.
Objects made of the same solid material usually have about
the same density. (Density does change with temperature
as a substance expands or contracts.) As shown in the fol-
lowing problem, density can be calculated using the formula
given in the Earth Science Reference Tables. Density is gen-
erally expressed in units of mass divided by units of volume.
Note that the units are carried through the calculation,
yielding the proper unit of density: grams per cubic centi-
meter (g/cm3).
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Figure 1-7 In a Galileo thermometer, as the water inside the tube becomes warmer
and less dense, more of the weighted glass spheres sink to the bottom. The tag on
the lowest sphere that floats indicates the approximate temperature.

SAMPLE PROBLEM

Problem What is the density of an object that has a volume of 20 cm3 and a mass
of 8 g?

Solution
Density of a substance �

� � 0.4 g/cm3

� Practice Problem 2
A 105-g sphere has a volume of 35 cm3, what is its density?

Water, with a density of 1 g/cm3, is often used as a stan-
dard of density. Therefore, the process of flotation can be used
to estimate density. If an object is less dense than water, the
object will float in water. If the object is more dense than
water, the object will sink. Most wood floats in water because
it is less dense than water. Iron, glass, and most rocks sink
because they are more dense than water. The idea of density
will come up many times in Earth science and it will be dis-
cussed as it is applied in later chapters.

The instrument shown in Figure 1-7 is called a Galileo
thermometer. It is named for the Italian scientist who in-
vented it. This thermometer is based on the principle that the
density of water changes slightly with changes in tempera-
ture. As the water in the column becomes warmer and less
dense, more of the glass spheres inside the tube sink to the
bottom. Therefore, the number of weighted spheres that float
depends on the temperature of the water. Reading the num-
ber attached to the lowest sphere that floats gives the tem-
perature.

A demonstration of the relative density of liquids can be
made by first pouring corn syrup, then water, followed by

8 g
20 cm3

mass
volume



cooking oil, and finally alcohol into a glass cylinder. Care
must be taken not to mix the liquids. They will remain lay-
ered in order of density as shown in Figure 1-8. If a rubber
stopper with a density of 1.2 g/cm3 were added, it would sink
through the water layer. The stopper would remain sus-
pended between the water and the corn syrup. Rubber is
more dense than water, so it sinks in water. Corn syrup is
more dense than rubber. Therefore, the rubber stopper would
float on top of the corn syrup layer.

Errors in Measurement

No matter how carefully a measurement is made, it is likely
that there will be some error. Using measuring instruments
more carefully or using more precise instruments can reduce
error, but error can never be eliminated. In general, errors
are reduced to the point that they are not important or that
it is not worth the effort to make them smaller. Sometimes
measurements are used in calculations, such as the determi-
nation of density. In these cases any errors in measurement
will result in errors in the calculated value.

Percent error is a useful way to compare the size of the
error with the size of the value being measured. For example,
an error of 1 cm in the size of this book is a large error. But an
error of 1 cm in the distance to the moon would be a very small
error. They are both errors of 1 cm. However, because the book
is so much smaller, a 1-cm error is far more significant.

Within the chapters of this book you will find the compo-
nents of the Earth Science Reference Tables: charts, maps,
physical values, and mathematical equations that you will
need throughout this course. You do not need to memorize
any of the information in the Reference Tables because this
document will always be available to you for classroom work,
labs, and tests. However, you should become familiar with the
Reference Tables so you know when to use them.

In the Earth Science Reference Tables is an equation called
“Percent Deviation from Accepted Value.” This is a more pre-
cise term for percent error. The term “accepted value” is used
because no measured value is known with complete accuracy.
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Figure 1-8 These
four liquids will
remain in place in
order of density
unless they mix or
evaporate. The most
dense liquids sink to
the bottom and the
least dense liquids
remain on top.
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Density can be used to identify different
substances. In general, no matter how
much you have of a certain substance,
its density is the same. Rather than
measuring density directly, usually the
mass is measured, and the volume is
determined so that density (density �
mass/volume) can be calculated. The
equation volume � length � width �
height is used to determine the volume
of rectangular solids. There are equa-
tions that can be used to determine the
volume other regular solids.

Your teacher will supply a variety of
objects. Create a data table in which to
record your data. Measure the mass
and determine the volume of each sam-
ple, then calculate the density of each.
Be sure to use SI (metric) measure-
ments.

After you have calculated the density of
each sample, place a star next to the
name of those that will float on water.
How can you tell that they will float?

LAB 1-1: Densities of Solids

In many cases, however, an expected or accepted value can be
determined. The following Sample Problem will show how to
use this equation.

SAMPLE PROBLEM

Problem A student estimated the height of a tree to be 15 m. However, careful meas-
urement showed the true height was 20 meters. What was the percent devi-
ation?

Solution

Please notice the following features in this calculation:

1. The calculation starts with the complete algebraic formula. The only num-
bers that show in this first step are constants used in every application of
the formula.

Deviation (%)
difference from accepted value

accepted value

m
20 m

� �

� �

�

100

5
100

25%



2. Values are substituted into the formula, including numbers and their as-
sociated units of measure.

3. The steps to the solution are organized so that they are easy to follow,
leading to the answer at the end.

� Practice Problem 3
A student determined the density of a piece of rock to be 3.5 g/cm3. The ac-
cepted value is 3.0 g/cm3. What was the student’s percent error?

USING GRAPHS IN SCIENCE

A graph is a visual way to organize and present data. In-
stead of reading paragraphs of information or studying
columns of figures, a graph make comparisons between vari-
ables easier. Unlike a data table, a graph enables the reader
to visualize changes in data, to understand relationships
between variables within the data, and to picture trends or
patterns.

Line Graphs

A line graph, such as the one in Figure 1-9, shows how a
measured quantity changes with respect to time, distance, or
some other variable. Line graphs are constructed by plotting
data on a coordinate system, a grid in which each location
has a unique designation defined by the intersection of two
lines. A coordinate system is set up on vertical and horizon-
tal axes. The horizontal (x) axis is usually used for the inde-
pendent variable. It usually indicates a uniform change, such
as hours, years, or centimeters. Normally, the regular change
expected in the independent variable is well understood. The
vertical (y) axis is used for the dependent variable. It usually
indicates the amount of the measured quantity being stud-
ied, such as temperature, height, or population. The values of
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the dependent variable are what you are trying to find. The
graph shows how the dependent variable changes with re-
spect to the independent variable.

The rise or fall of the line in Figure 1-9 on page 20 shows
the increase or decrease in temperature during a typical
summer day in central New York State. When the line on the
graph moves upward and to the right, it represents a contin-
uous increase. When the line on the graph moves downward
and to the right, it indicates a continuous decrease. A hori-
zontal line on the graph represents no change. The steeper
the line segment rises to the right, the greater the slope of
the segment, and the greater the increase in temperature.
Likewise, the steeper the line segment falls to the right, the
greater the decrease in temperature. Not all graphs are
curved lines. Some line graphs are straight lines.

Pie and Bar Graphs

Sometimes, a line graph is not the best kind of graph to use
when organizing and presenting data. In Earth science, bar
and pie graphs are often used. The bar graph is useful in com-
paring similar measurements at different times or in differ-
ent places. For example, the bar graph in Figure 1-10 on page
20, which is based on the data in Table 1-2 on page 20, com-
pares monthly rainfall, or precipitation (PPT), in millimeters
(mm) over the period of 1 year.

Figure 1-9 This
line graph shows
how the tempera-
ture changed on
a summer day in
central New York
State. Note that
on a line graph
you can read the
temperature at
any given time.



TABLE 1-2. Average Monthly Precipitation for Lake Placid, New York

Month PPT (mm) Month PPT (mm)
. . . .

January 81 July 107

February 71 August 84

March 86 September 86

April 71 October 74

May 81 November 86

June 94 December 86

The pie graph is used to show how a certain quantity has
been divided into several parts as well as to show the com-
parisons among these parts. The pie graph in Figure 1-11
shows by percent the most abundant chemical elements in
the rocks of Earth’s crust.
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Figure 1-10 This bar
graph represents the
average monthly precip-
itation for Lake Placid,
New York.

Figure 1-11 A pie graph
shows how a quantity 
has been divided and the
comparison between the
divisions.



Guidelines for Making Graphs

Graphs are all around us. They are especially common in
news and in advertising where it is important to convey in-
formation quickly. However, in the effort to keep the graph
simple, they sometimes contain unfortunate errors. When
you construct graphs in science you should take care to fol-
low these guidelines:

� Keep in mind that the purpose of a graph is to convey
information. The graph should have a title to clarify the
relationships represented. All essential information
should be presented as clearly and simply as possible.
The axes should be labeled with both quantity and
units. One axis might be time in years while the other is
price in U.S. dollars per barrel. (See Figure 1-12.)

� The independent variable should be plotted on the
horizontal axis. Usually, data shows how one factor
changes depending on changes in the other. For example,
in Figure 1-10, it is clear that the price of oil does not
determine the passage of time. The price of crude oil
depends on when it is purchased. In this case, time is
the independent variable and the price is the dependent
variable. Time (the year, month, etc.) belongs on the
bottom axis.
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Figure 1-12 In this
graph, time is the
independent vari-
able, and the price
of crude oil is the
dependent variable.



� Fit the graph to the data. Design your vertical and
horizontal axes so that the data reasonably fills 
the graph but does not go beyond the scales on the 
two axes.

ACTIVITY 1-4 MAKING A GRAPH OF THE REVOLUTION OF THE PLANETS

Does the distance of a planet from the sun affect how long it takes
to make one orbit of the sun? You can investigate this question by
drawing a graph.

In the Earth Science Reference Tables there is a table labeled
“Solar System Data.” Use this data in this table to graph the rela-
tionship between the distance of a planet from the sun and its pe-
riod of revolution. Label each data point with the name of the
object from Mercury through Pluto. (Do not include the sun or
Earth’s moon.)

As a follow up, you might try graphing planetary distance and
other factors in this table.

TECHNOLOGY IN EARTH SCIENCE

How science is “done” has always depended on the tools
available. Some tools have revolutionized Earth science.
Computers provide a good example. When they are attached
to a variety of other devices, computers can be used for an
amazing variety of applications. Computers help us analyze
data, produce and edit images, and quickly access informa-
tion. The first electronic computers filled entire rooms, and
were so expensive that only a few research facilities could af-
ford them. Today, a laptop computer can have computing
power equal to that of a supercomputer of the 1970s.

Connecting computers in networks has progressed to the
point where you can almost instantly access information
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stored in millions of computers all over the world. This is the
World Wide Web connected by the Internet. It allows all of us
to communicate faster than ever before.

ACTIVITY 1-5 AN INTERNET SCAVENGER HUNT

A scavenger hunt is an activity in which the goal is to collect a
variety of unrelated objects. In this case, the “objects” will be
bits of information. Each example will require two responses:
(1) give the answer to the question, and (2) record where on the
Internet you found it. [Please, provide the Internet address (URL)
and/or the name of the Internet site.] It is unlikely that you will
be able to answer all these questions, so just find as many as
you can.

1. What is the weather like today in Phoenix, Arizona?

2. Where and when has a major earthquake occurred in the
past 6 months?

3. Other than the sun, what is the nearest star to Earth?

4. What is the human population of New York City?

5. What is the current value of gold per ounce?

6. How many sunspots were recorded in 1990?

7. What name was applied to the third tropical storm in the
Atlantic Ocean last year?

8. What is the chemical composition of emeralds?

GIS and GPS are two of the most exciting, recent techno-
logical advances for the Earth sciences. The Geographic In-
formation System (GIS) is visual resource that allows you to
plot the spatial relationships of data. Because GIS is based
on information in computers all over the world, a wide vari-
ety information can be retrieved and mapped. It also can be
updated regularly.
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The Global Positioning System (GPS) depends on satel-
lites that transmit information, which can be received by a
handheld device. The information enables you to determine
your location with remarkable accuracy. (See Figure 1-13.)
Installed in your car, a GPS unit can direct you to an unfa-
miliar location in real time. The GPS is so accurate that it has
been used to measure the slow movement of continents over
Earth’s surface.

Inquiry in Science

Many people would say that an inquiring mind is the most
important asset humans have. Using observations, informa-
tion resources, and a variety of analytical tools, people can
often make important discoveries by asking the right ques-
tions and following productive leads. As long as there is the
curiosity to ask questions and the will to find the answers to
them, science will help find those answers.

24 CHAPTER 1: THE SCIENCE OF PLANET EARTH

Figure 1-13 Using a Global Positioning System (GPS) device, this person can de-
termine her position.



TERMS TO KNOW

astronomy Earth science inference oceanography
coordinate system ecology meteorology percent error
density geology observation science

CHAPTER REVIEW QUESTIONS

1. Some scientists estimate that age of the universe is about 1.37 � 1010

years. Which choice below correctly expresses this value?

(1) 13,700,000,000 years (3) 1,370,000,000,000 years
(2) 13,710,000,000 years (4) 1,371,000,000,000,000 years

2. The average distance from Earth to the sun is about 149,000,000 kilome-
ters. Which choice below correctly expresses this in scientific notation?

(1) 1.49 � 104 km (3) 1.49 � 1010 km
(2) 1.49 � 108 km (4) 1.49 � 1013 km
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Given the following:

1.

2. Volume � length �width � thickness

3. Density of aluminum � 2.7 g/cm3

Materials: a metric ruler, a kilogram
scale, a small piece of aluminum foil
(about 30 cm on each side).

Problem: Determine the thickness of
the aluminum foil to the nearest ten-
thousandth of a centimeter (two signifi-
cant figures).

Figure 1-14 Materials needed to determine the
thickness of aluminum foil.

Hint: Combine the two equations above
into a single equation with one un-
known. Then substitute measurements,
to solve for thickness.

Density � mass
volume

LAB 1-2 The Thickness of Aluminum Foil



3. A student recorded information about a rock sample. Which is an obser-
vation?

(1) If placed in water, the rock may float.
(2) The rock has a mass of 93.5 g.
(3) The rock is billions of years old.
(4) The rock formed deep inside Earth.

4. The following statements are taken from a student’s notes about the cur-
rent weather conditions. Which statement is an inference?

(1) The temperature 3 hours ago was 20°C.
(2) The current air pressure is 1000.4 millibars.
(3) The sky is completely overcast with clouds.
(4) It is probably cooler 500 miles north of this location.

5. A certain rock has a mass of 46.5 g and a volume of 15.5 cm3. What is the
density of this rock?

(1) 0.300 g/cm3 (3) 3.50 g/cm3

(2) 3.00 g/cm3 (4) 767.25 g/cm3

6. What is the most important reason that scientists display data in graphs?

(1) Graphs never contain errors.
(2) Graphs take less room than data tables.
(3) Graphs make data easier to understand.
(4) Graphs make papers easier to get published.

7. Which of the following would be a complete label for the vertical (y) axis of
a graph?

(1) mass of the sample
(2) volume of the sample
(3) degrees Celsius
(4) number of correct responses

8. A student measured the mass of a rock as 20 g. But the actual mass of the
rock was 25 g. What was the student’s percent error?

(1) 5.5% (3) 33% 
(2) 20% (4) 75%
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9. What is the principal reason for using percent error rather than simply ex-
pressing the size of the error itself?

(1) Percent error gives more information than the value of the error itself.
(2) If there is no error, percent error makes this more clear.
(3) Percent error emphasizes the importance of errors.
(4) Sometimes the value of the error itself is not known.

10. The density of quartz is 2.7 g/cm3. If a sample of quartz has a mass of 81
g, what is its volume?

(1) 0.03 cm3 (3) 11.1 g
(2) 8.1 g (4) 30 cm3

11. Gold has a density of 19.3 g/cm3. A prospector found a gold nugget with a
volume of 10 cm3. What was the mass of the nugget?

(1) 10 g (3) 29.3 g
(2) 19.3 g (4) 193 g

12. Pumice is an unusual rock because it can float on water. What does this
tell you about pumice?

(1) Pumice is usually found in very small pieces.
(2) Pumice is most common in high mountain locations.
(3) Pumice is less dense than water.
(4) Pumice absorbs water.

13. The density of granite is 2.7 g/cm3. If a large sample of granite is cut in
half, what will be the density of each of the pieces?

(1) 1.35 g/cm3 (3) 5.4 g/cm3

(2) 2.7 g/cm3 (4) 27 g/cm3

14. If two leading scientists are investigating the same question and they
reach similar conclusions, what does this show?

(1) They probably changed their results to get agreement.
(2) Their conclusions have a good chance of being correct.
(3) Their scientific work showed a lack of originality.
(4) The conclusion they both made is probably in error.
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15. Which is usually considered a division of Earth science?

(1) chemistry (3) physics
(2) biology (4) geology

Open-Ended Questions

Base your answers to questions 16 through 19 on the information and data
table below.

The snowline is the lowest elevation at which snow remains on the ground
all year. The data table below shows the elevation of the snowline at different
latitudes in the Northern Hemisphere.

Latitude (°N) Elevation of Snowline (m)
.

0 5400

10 4900

25 3800

35 3100

50 1600

65 500

80 100

90 0

16. On a properly labeled grid, plot the latitude and elevation of the snowline
for the locations in the data table. Give the graph a title. Use a dot for each
point and connect the dots with a line.

17. Mt. Mitchell, in North Carolina, is located at 36°N and has a peak eleva-
tion of 2037 m. Plot the latitude and elevation of Mt. Mitchell on your
graph. Use a plus sign (�) to mark this point.

18. Using your graph, determine to the nearest whole degree, the lowest lati-
tude at which a peak with the same elevation as Mt. Mitchell would have
permanent snow.
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19. State the relationship between latitude and elevation of the snowline.

20. The diagram below shows three liquids of different density in a 100-mL
cylinder. A sphere of oak wood about half the diameter of the cylinder is
dropped in the cylinder without mixing the liquids. The wooden sphere has
a density of 0.9 g/cm3. Where will the sphere come to rest?

CHAPTER REVIEW QUESTIONS 29


