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1.1 Scientific Inquiry

Lesson Objectives

• Describe scientific inquiry.

• Describe experimental process. (Experimental design, dependent and independent variables, and controls.

Introduction

Think of your favorite science fiction movie. What is the title and what is it about?

Maybe it’s about spaceships going to distant planets, or people being cloned in laboratories, or undersea civilizations,

or robots that walk among us. These entertaining imaginings are make-believe fantasies, that’s why they’re called

science “fiction.” They are not real. But why are they called “science” fiction?

The answer is that science uses a disciplined process to answer questions. In science, “disciplined” does not mean

well-behaved. It means following orderly steps in order to come up with the best answers. Science involves

observing, wondering, categorizing, communicating, calculating, analyzing, and much more. In order to convert

creativity into reality, we need science. In order to travel beyond where anyone has gone before, we need science.

In order to understand the world, make sense of it, and conserve it, we need science. In order to confirm our best

guesses about the universe and the things in it, we need science. Science fiction stories extend and expand on all the

ideas of science and technology in creative ways.

Asking Questions

Why is the sky blue?

How tall will this tree grow?

Why does the wind blow so hard?

Will it be cold tonight?

How many stars are out there?

Are there planets like Earth that orbit about some of those stars?

How did this rock get holes in it?

Why are some rocks sharp and jagged, while others are round?

You probably ask yourself a thousand questions a day, many of which you never ask anyone else. Write three
questions, different than the list above, that you have asked yourself today. For many of the questions you do

ask, you never even get an answer. But your brain keeps churning with questions and curiosity. We can’t help but

want to know.

The list of questions above are some of the same questions that scientists ask. Science has developed over centuries

and centuries, and our ability to measure the tiniest trait has increased immensely. So although there is no wrong

question, there are questions that lend themselves more to the scientific process than others. In other words, some

questions can be investigated using the scientific method while others rely on pure faith or opinion.
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Scientific Inquiry

Scientific inquiry is not a list of instructions but a series of steps that help to investigate a question. By using

scientific inquiry, we can have greater confidence in how we evaluate that question. Sometimes, the order of the

steps in scientific inquiry can change, because more questions arise from observations or data that we collect. The

basic sequence followed in scientific inquiry is illustrated in Figure below.

FIGURE 1.1

Question (Think)

The scientific method almost always begins with a question that helps to focus the investigation. What are we

studying? What do we want to know? What is the problem we want to solve? The best questions for scientific

investigation are specific as opposed to general, they imply what factors may be observed or manipulated.

Example: A farmer has heard of a farming method called “no-till farming.” In this method, certain techniques in

planting and fertilizing eliminate the need for tilling (or plowing) the land. Will no-till farming reduce the erosion

of the farmland?

Research

Before we go any further, it is important to find out what is already known about the topic. You can research a

topic by looking up books and magazines in the library, searching on the Internet, and even talking to people who

are experts in the area. By learning about your topic, you’ll be able to make thoughtful predictions. What is the
definition of prediction? Your experimental design might be influenced by what you have researched. Or you might

even find that your question has been researched thoroughly. Although repeating experiments is valid and important

in science, you may choose to introduce new ideas into your investigation, or you may change your initial question.

Example: The farmer decides to research the topic of no-till farming (Figure 1.2). She finds sources on the Internet,

at the library, and at the local farming supply store that discuss what type of fertilizer might be used and what the

best spacing for her crop would be. She even finds out that no-till farming can be a way to reduce carbon dioxide

emissions into the atmosphere, which helps in the fight against global warming.

Hypothesis

Now that you have researched the topic, you can make an educated guess or explanation to the question. This is your

hypothesis. The best hypothesis is directly related to the question and is testable, so that you can do experiments to

determine whether your hypothesis is correct.

Example: The farmer has researched her question and developed the following hypothesis:

No-till farming will decrease the soil loss on hills of similar steepness as compared to the traditional farming

technique because there will be less disturbance to the soil.

A hypothesis can be either proved or disproved by testing. If a hypothesis is repeatedly tested and proven to be true,

then scientists will no longer call it a hypothesis.

3
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FIGURE 1.2
The farmer would need to research no-till
farming methods.

Experiment (Try)

Not all questions can be tested by experimentation. However, many questions present us with ways to test them

that give us the clearest conclusions. When we design experiments, we select the factor that will be manipulated

or changed. This is the independent variable. We will also choose all of the factors that must remain the same.

These are the experimental controls. Finally, we will choose the factor that we are measuring, as we change the

independent variable. This is the dependent variable. We might say that the dependent variable “depends” on the

independent variable. How much soil is eroded depends on the type of farming technique that we choose.

Example: The farmer will conduct an experiment on two separate hills with similar slopes or steepnesses. On one

hill, he will use a traditional farming technique which includes plowing to stir up the nutrients in the soil. On the

other hill, he will use a no-till technique by spacing plants further apart and using specialized equipment that plants

the plants without tilling. He will give both sets of plants identical amounts of water and fertilizer.

In this case, the independent variable is the farming technique—either traditional or no-till—because that is what is

being manipulated. In order to be able to compare the two hills, they must have the same slope and the same amount

of fertilizer and water. If one had a different slope, then it could be the angle that affects the erosion, not the farming

technique, for example. These are the controls. Finally, the dependent variable is the amount of erosion because the

farmer will measure the erosion to analyze its relatedness to the farming technique.

Data and Experimental Error

Data can be collected in many different ways depending on what we are interested in finding out. Scientists use

electron microscopes to explore the universe of tiny objects and telescopes to venture into the universe itself. What
is the difference between a microscope and telescope? Scientists routinely travel to the bottom of the ocean in

research submersibles (submarine) to make observations and collect samples. Probes are used to make observations

in places that are too dangerous or too impractical for scientists to venture. Probes have explored the Titanic as it lay

on the bottom of the ocean and to other planets in our solar system. Data from the probes travels through cables or

through space to a computer where it can be used by scientists. Of course, many scientists work in a laboratory and

perform experiments and analyses on a table.

During an experiment, we may make many measurements. These measurements are our observations that will be

carefully recorded in an organized manner. This data is often computerized and kept in a spreadsheet that can be in

the form of charts or tables that are clearly labeled, so that we won’t forget what each number represents . “Data”
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refers to the list of measurements that we have collected. We may make written descriptions of our observations

but often, the most useful data is numerical. Even data that is difficult to measure with a number is sometimes

represented numerically. For example, we may make observations about cleanliness on a scale from one to ten,

where ten is very clean and one is very dirty. Statistical analyses also allow us to make more effective use of the data

by allowing us to show relationships between different categories of data. Statistics can make sense of the variability

(spread) in a data set. By graphing data, we can visually understand the relationships between data. Besides graphs,

data can be displayed as charts or drawings so that other people who are interested can see the relationships easily.

As in just about every human experiment, errors are unavoidable. In an experiment, systematic errors are inherent in

the experimental setup so that the numbers are always skewed in one direction or another. For example, a stopwatch

may be stopped too soon or too late. This type of error is reduced if many measurements are taken and then

averaged. Sometimes a result is inconsistent with the results from other samples. If enough tests have been done, the

inconsistent data point can be thrown out since likely a mistake was made in that experiment. The remaining results

can be averaged.

Not all data is easily put into a number system, however. Written descriptions are used to describe the situation

observed. In any case, data is used to help us draw logical conclusions.

Conclusions (Learn)

After you have summarized the results of the experiments and presented the data as graphs, tables and diagrams, you

can try to draw a conclusion from the experiments. You must gather all your evidence and background information.

Then using logic you need to try to explain your data. What is the answer to the question based on the results of

the experiment? A conclusion should include comments about the hypothesis. Was the hypothesis supported or not?

Some experiments have clear, undeniable results that completely support the hypothesis. Others do not support the

hypothesis. However, all experiments contribute to our wealth of knowledge. Even experiments that do not support

the hypothesis may teach us new information that we can learn from. In the world of science, hypotheses are rarely

proved to one hundred percent certainty. More often than not, experiments lead to even more questions and more

possible ways of considering the same idea.

Example: After a full year of running her experiment, the farmer finds 2.2 times as much erosion on the traditionally

farmed hill as on the no-till hill. She intends to use no-till methods of farming from now on and to continue

researching other factors that may affect erosion. The farmer also notices that plants in the no-till plots are taller and

the soil moisture seems higher. She decides to repeat the experiment and measure soil moisture, plant growth, and

total water needed to irrigate in each kind of farming.
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1.2 Scientific Communication

Theory

If a topic is of interest to scientists, many scientists will conduct experiments and make observations, which they will

publish in scientific journals. Over time the evidence will mount in, for, or against the hypothesis being tested. If a

hypothesis explains all the data and no data contradicts the hypothesis, the hypothesis becomes a theory. A theory

is supported by many observations and there are no major inconsistencies. A theory is also used to predict behavior.

Although a theory can be overthrown if conflicting data is discovered, the longer a theory has been in existence the

more data it probably has to back it up and the less likely it will be proven wrong. A theory is a model of reality that

is simpler than the reality itself. How does the common use and scientific use of the word "theory" differ?

Scientific Models

Many scientists use models to understand and explain ideas. Models are representations of objects or systems.

Simpler than the real life system, models may be manipulated and adjusted far more easily. Models can help

scientists to understand, analyze and make predictions about systems that would be impossible without them.

Models are extremely useful but they have many limitations. What is the definition for limitation? Simple models

often look at only a single characteristic and not at the many different conditions other aspects of a system may

contain. Since the scientists who construct a model often do not entirely understand the system they are modeling,

the model may not accurately represent reality. Models are very difficult to test. One way to test a model is to use

as its starting point a time in the past and then have the model predict the present. A model that can successfully

predict the present is more likely to be accurate when predicting the future.

Many models are created on computers because only computers can handle and manipulate such enormous amounts

of data. For example, climate models are very useful for trying to determine what types of changes we can expect as

the composition of the atmosphere changes. A reasonably accurate climate model would be impossible on anything

other than the most powerful computers.

There are three types of models and each type is useful in certain ways.

Physical Models

Physical models are physical representations of whatever subject is being studied. These models may be simplified

by leaving out certain real components, but will contain the important elements. Model cars and toy dinosaurs are

examples of physical models. Drawings and maps are also physical models. They allow us to see and feel and move

them, so that we can compare them to one another and illustrate certain features.

We can use a drawing to model the layers of the Earth (Figure below). This type of model is useful in understanding

the composition of the Earth, the relative temperatures within the Earth, and the changing densities of the Earth

beneath the surface. Yet there are many differences between a cut-away model of the Earth and the real thing. First

of all, the size is much different. It is difficult to understand the size of the Earth by looking at a simple drawing.

You can’t get a good idea of the movement of substances beneath the surface by looking at a drawing that does not

move. The model is very useful but has its shortcomings.
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FIGURE 1.3
The Earths Center.

Mathematical Models (Graphing)

Why do we use graphs?

Graphs are a visual way to represent a set or sets of data. Often the results of an experiment generate lots of

information. Graphs provide a way for scientists to view all the information in a manageable format. There are three

main graph choices scientists will often use. 1. Line graph: Line graphs are used to compare two variables. Each

variable is plotted along a separate axis. Line graphs are particularly good at showing how one variable impacts

the other and allows scientists to see trends and make predictions about future experiments. 2 Bar Graph: A bar

graph uses a horizontal or vertical bar to show data. Bar graphs show comparisons between sets of data. 3 Circle
graph (Pie chart) is used to show parts of whole. A circle graph is not good to show change. These are useful when

showing percentages and comparing one variable. These do not work well when comparing multiple variables.

Models are a useful tool in science. They allow us to efficiently demonstrate ideas and create hypotheses. They

give us visual or conceptual manners for thinking about things. They allow us to make predictions and conduct

experiments without all of the difficulties of real-life objects. Could you imagine trying to explain a plant cell by

only using a real plant cell or trying to predict the next alignment of planets by only looking at them? In general,

models have limitations that should be taken into consideration before any prediction is believed or any conclusion

seen as fact.

Review Questions

1. A scientist was studying the effects of oil contamination on ocean seaweed. He believed that oil runoff from

storm drains would keep seaweed from growing normally. He had two large aquarium tanks of equal size. He

monitored the dissolved oxygen in the water to keep it equal as well as the water’s temperature. He introduced

some motor oil into one tank but not in the other. He then measured the growth of seaweed plants in each tank.

In the tank with no oil, the average growth was 2.57cm. The average growth of the seaweed in the tank with

oil was 2.37cm. Based on this experiment, answer the following questions:

(a) What was the question that the scientist started with?

(b) What was his hypothesis?

(c) Identify the independent variable, the dependent variable, and the experimental control(s).

7
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(d) What did the data show?

2. Design your own experiment. Include the question, hypothesis, independent and dependent variables.

Points to Consider

• What type of model have you had experience with? What did you learn from it?
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2.1 Big Bang Theory

Lesson Objectives

• Explain the evidence for an expanding universe.

• Describe the formation of the universe according to the Big Bang Theory.

Vocabulary

• Big Bang Theory

• Doppler Effect

• redshift

• universe

Introduction

The study of the universe is called cosmology. Cosmologists study the structure and changes in the present universe.

The universe contains all of the star systems, galaxies, gas and dust, plus all the matter and energy that exists now,

that existed in the past, and that will exist in the future. The universe includes all of space and time.

Evolution of Human Understanding of the Universe

What did the ancient Greeks recognize as the universe? In their model, the universe contained Earth at the center,

the Sun, the Moon, five planets, and a sphere to which all the stars were attached. This idea held for many centuries

until Galileo’s telescope helped allow people to recognize that Earth is not the center of the universe. They also

found out that there are many more stars than were visible to the naked eye. All of those stars were in the Milky

Way Galaxy.

In the early 20th century, an astronomer named Edwin Hubble Figure below discovered that what scientists called the

Andromeda Nebula was actually over 2 million light years away — many times farther than the farthest distances

that had ever been measured. Hubble realized that many of the objects that astronomers called nebulas were not

actually clouds of gas, but were collections of millions or billions of stars — what we now call galaxies.

Hubble showed that the universe was much larger than our own galaxy. Today, we know that the universe contains

about a hundred billion galaxies—about the same number of galaxies as there are stars in the Milky Way Galaxy.

Expansion of the Universe

After discovering that there are galaxies beyond the Milky Way, Edwin Hubble went on to measure the distance to

hundreds of other galaxies. His data would eventually show how the universe is changing, and would even yield

clues as to how the universe formed.

11
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FIGURE 2.1
(a) Edwin Hubble used the 100-inch reflecting telescope at the Mount Wilson Observatory in California to show
that some distant specks of light were galaxies. (b) Hubble’s namesake space telescope spotted this six galaxy
group. Edwin Hubble demonstrated the existence of galaxies.

Redshift

If you look at a star through a prism, you will see a spectrum, or a range of colors through the rainbow. The

spectrum will have specific dark bands where elements in the star absorb light of certain energies. By examining

the arrangement of these dark absorption lines, astronomers can determine the composition of elements that make

up a distant star. In fact, the element helium was first discovered in our Sun — not on Earth — by analyzing the

absorption lines in the spectrum of the Sun.

While studying the spectrum of light from distant galaxies, astronomers noticed something strange. The dark lines

in the spectrum were in the patterns they expected, but they were shifted toward the red end of the spectrum, as

shown in Figure below. This shift of absorption bands toward the red end of the spectrum is known as redshift.

Redshift occurs when the light source is moving away from the observer or when the space between the observer

and the source is stretched. What does it mean that stars and galaxies are redshifted? When astronomers see redshift

in the light from a galaxy, they know that the galaxy is moving away from Earth.

If galaxies were moving randomly, would some be redshifted but others be blueshifted? Of course. Since almost

every galaxy in the universe has a redshift, almost every galaxy is moving away from Earth.
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FIGURE 2.2
Redshift is a shift in absorption bands toward the red end of the spectrum.
What could make the absorption bands of a star shift toward the red?

Redshift can occur with other types of waves too. This phenomenon is called the Doppler Effect. An analogy to

redshift is the noise a siren makes as it passes you. You may have noticed that an ambulance seems to lower the

pitch of its siren after it passes you. The sound waves shift towards a lower pitch when the ambulance speeds away

from you. Though redshift involves light instead of sound, a similar principle operates in both situations.

An animation of Doppler Effect http://projects.astro.illinois.edu/data/Doppler/index.html

The Expanding Universe

Edwin Hubble combined his measurements of the distances to galaxies with other astronomers’ measurements of

redshift. From this data, he noticed a relationship, which is now called Hubble’s Law: The farther away a galaxy

is, the faster it is moving away from us. What could this mean about the universe? It means that the universe is

expanding.

Figure below shows a simplified diagram of the expansion of the universe. One way to picture this is to imagine a

balloon covered with tiny dots to represent the galaxies. When you inflate the balloon, the dots slowly move away

from each other because the rubber stretches in the space between them. If you were standing on one of the dots,

you would see the other dots moving away from you. Also the dots farther away from you on the balloon would

move away faster than dots nearby.

Expansion of the universe diagram

An inflating balloon is only a rough analogy to the expanding universe for several reasons. One important reason is

that the surface of a balloon has only two dimensions, while space has three dimensions. But space itself is stretching

out between galaxies like the rubber stretches when a balloon is inflated. This stretching of space, which increases

the distance between galaxies, is what causes the expansion of the universe.

An animation of an expanding universe is shown here: http://www.astro.ubc.ca/ scharein/a311/Sim/bang/BigBang.

html

One other difference between the universe and a balloon involves the actual size of the galaxies. On balloon, the dots

will become larger in size as you inflate it. In the universe, the galaxies stay the same size, just the space between

13
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FIGURE 2.3
In this diagram of the expansion of the
universe over time, the distance between
galaxies gets bigger over time, although
the size of each galaxy stays the same.

the galaxies increases.

Formation of the Universe

Before Hubble, most astronomers thought that the universe didn’t change. But if the universe is expanding, what

does that say about where it was in the past? If the universe is expanding, the next logical thought is that in the past

it had to have been smaller.

The Big Bang Theory

The Big Bang theory is the most widely accepted cosmological explanation of how the universe formed. If we start

at the present and go back into the past, the universe is contracting – getting smaller and smaller. What is the end

result of a contracting universe?

According to the Big Bang theory, the universe began about 13.7 billion years ago. Everything that is now in the

universe was squeezed into a very small volume. Imagine all of the known universe in a single, hot, chaotic mass.

An enormous explosion — a big bang — caused the universe to start expanding rapidly. All the matter and energy

in the universe, and even space itself, came out of this explosion.

What came before the Big Bang? There is no way for scientists to know since there is no remaining evidence.

After the Big Bang

In the first few moments after the Big Bang, the universe was unimaginably hot and dense. As the universe expanded,

it became less dense and began to cool. After only a few seconds, protons, neutrons, and electrons could form. After

a few minutes, those subatomic particles came together to create hydrogen. Energy in the universe was great enough

to initiate nuclear fusion and hydrogen nuclei were fused into helium nuclei. The first neutral atoms that included

electrons did not form until about 380,000 years later.

14
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The matter in the early universe was not smoothly distributed across space. Dense clumps of matter held close

together by gravity were spread around. Eventually, these clumps formed countless trillions of stars, billions of

galaxies, and other structures that now form most of the visible mass of the universe.

If you look at an image of galaxies at the far edge of what we can see, you are looking at great distances. But you

are also looking across a different type of distance. What do those far away galaxies represent? Because it takes so

long for light from so far away to reach us, you are also looking back in time.

After the origin of the Big Bang hypothesis, many astronomers still thought the universe was static. Nearly all came

around when an important line of evidence for the Big Bang was discovered in 1964. In a static universe, the space

between objects should have no heat at all; the temperature should measure 0 K (Kelvin is an absolute temperature

scale). But two researchers at Bell Laboratories used a microwave receiver to learn that the background radiation

in the universe is not 0 K, but 3 K (Figure below). This tiny amount of heat is left over from the Big Bang. Since

nearly all astronomers now accept the Big Bang hypothesis, what is it usually referred to as?

FIGURE 2.4
Background radiation in the universe was
good evidence for the Big Bang Theory.

An explanation of the Big Bang: http://dvice.com/archives/2009/08/big-bang-animat.php

How we know about the early universe http://www.youtube.com/watch?v=uihNu9Icaeo&#38;feature=channel

History of the Universe, part 2 http://www.youtube.com/watch?v=bK6_p5a-Hbo&#38;feature=channel

Lesson Summary

• The universe contains all the matter and energy that exists now, that existed in the past, and that will exist in

the future. The universe also includes all of space and time.

• Redshift is a shift of element lines toward the red end of the spectrum. Redshift occurs when the source of

light is moving away from the observer.

• Light from almost every galaxy is redshifted. The farther away a galaxy is, the more its light is redshifted, and

the faster it is moving away from us.

• The redshift of galaxies means that the universe is expanding.

• The universe was squeezed into a very small volume and then exploded in the Big Bang theory about 13.7

billion years ago.

Review Questions

1. What is redshift, and what causes it to occur? What does redshift indicate?

2. What is the theory of the formation of the universe called?

3. How old is the universe, according to the Big Bang theory?

15
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2.2 Stars

Lesson Objectives

• Classify stars based on their color and temperature.

• Outline the stages of a star.

Vocabulary

• black hole

• main sequence star

• neutron star

• red giant

• supernova

• star

Introduction

When you look at the sky on a clear night, you can see hundreds of stars. A star is a giant ball of glowing gas that is

very, very hot. Most of these stars are like our Sun, but some are smaller than our Sun, and some are larger. Except

for our own Sun, all stars are so far away that they only look like single points, even through a telescope.

Energy of Stars

Only a tiny bit of the Sun’s light reaches Earth. But that light supplies most of the energy at the surface. The Sun

is just an ordinary star, but it appears much bigger and brighter than any of the other stars. Of course, this is just

because it is very close. Some other stars produce much more energy than the Sun. How do stars generate so much

energy?

Nuclear Fusion

Stars shine because of nuclear fusion. Fusion reactions in the Sun’s core keep our nearest star burning. Stars are

made mostly of hydrogen and helium. Both are very lightweight gases. A star contains so much hydrogen and

helium that the weight of these gases is enormous. The pressure at the center of a star is great enough to heat the

gases. This causes nuclear fusion reactions.

A nuclear fusion reaction is named that because the nuclei (center) of two atoms fuse (join) together. In stars like

our Sun, two hydrogen atoms join together to create a helium atom. Nuclear fusion reactions need a lot of energy to

get started. Once they begin, they produce even more energy.

How Stars Are Classified

Stars shine in many different colors. The color relates to a star’s temperature and often its size.
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Color and Temperature

Think about the coil of an electric stove as it heats up. The coil changes in color as its temperature rises. When you

first turn on the heat, the coil looks black. The air a few inches above the coil begins to feel warm. As the coil gets

hotter, it starts to glow a dull red. As it gets even hotter, it becomes a brighter red. Next it turns orange. If it gets

extremely hot, it might look yellow-white, or even blue-white. Like a coil on a stove, a star’s color is determined by

the temperature of the star’s surface. Relatively cool stars are red. Warmer stars are orange or yellow. Extremely hot

stars are blue or blue-white. (Figure below).

FIGURE 2.5

Classifying Stars by Color

Color is the most common way to classify stars. Table below shows the classification system. The class of a star is

given by a letter. Each letter corresponds to a color, and also to a range of temperatures. Note that these letters don’t

match the color names; they are left over from an older system that is no longer used.

TABLE 2.1: Classification of Stars By Color and Temperature

Class Color Temperature Range Sample Star

O Blue 30,000 K or more Zeta Ophiuchi

B Blue-white 10,000–30,000 K Rigel

A White 7,500–10,000 K Altair

F Yellowish-white 6,000–7,500 K Procyon A

G Yellow 5,500–6,000 K Sun

K Orange 3,500–5,000 K Epsilon Indi
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TABLE 2.1: (continued)

Class Color Temperature Range Sample Star

M Red 2,000–3,500 K Betelgeuse, Proxima Cen-

tauri

(Sources: http://en.wikipedia.org/wiki/Stellar_classification,

http://en.wikipedia.org/wiki/Star)

For most stars, surface temperature is also related to size. Bigger stars produce more energy, so their surfaces are

hotter. Figure below shows a typical star of each class, with the colors about the same as you would see in the sky.

FIGURE 2.6

Lifetimes of Stars

We could say that stars are born, change over time, and eventually die. Most stars change in size, color, and class at

least once during their lifetime.

Formation of Stars

Stars are born in clouds of gas and dust called nebulas. Our Sun and solar system formed out of a nebula. A nebula

is shown in Figure 2.7. In Figure above, the fuzzy area beneath the central three stars contains the Orion nebula.

For a star to form, gravity pulls gas and dust into the center of the nebula. As the material becomes denser, the

pressure and the temperature increase. When the temperature of the center becomes hot enough, nuclear fusion

begins. The ball of gas has become a star!

Main Sequence Stars

For most of a star’s life, hydrogen atoms fuse to form helium atoms. A star like this is a main sequence star. The

hotter a main sequence star is, the brighter it is. A star remains on the main sequence as long as it is fusing hydrogen

to form helium.

Our Sun has been a main sequence star for about 5 billion years. As a medium-sized star, it will continue to shine

for about 5 billion more years. Large stars burn through their supply of hydrogen very quickly. These stars "live fast

and die young!" A very large star may only be on the main sequence for 10 million years. A very small star may be

on the main sequence for tens to hundreds of billions of years.

Red Giants and White Dwarfs

A star like our Sun will become a red giant in its next stage. When a star uses up its hydrogen, it begins to fuse

helium atoms. Helium fuses into heavier atoms like carbon. At this time the star’s core starts to collapse inward.
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FIGURE 2.7
Stars form in a nebula like this one in
Orion’s sword.

The star’s outer layers spread out and cool. The result is a larger star that is cooler on the surface, and red in color.

Eventually a red giant burns up all of the helium in its core. What happens next depends on the star’s mass. A star

like the Sun stops fusion and shrinks into a white dwarf star. A white dwarf is a hot, white, glowing object about the

size of Earth. Eventually, a white dwarf cools down and its light fades out.

Supergiants and Supernovas

A more massive star ends its life in a more dramatic way. Very massive stars become red supergiants, like Betelgeuse.

In a red supergiant, fusion does not stop. Lighter atoms fuse into heavier atoms. Eventually iron atoms form. When

there is nothing left to fuse, the star’s iron core explodes violently. This is called a supernova explosion. The

incredible energy released fuses heavy atoms together. Gold, silver, uranium and the other heavy elements can only

form in a supernova explosion. A supernova can shine as brightly as an entire galaxy, but only for a short time, as

shown in Figure 2.8.

Neutron Stars and Black Holes

After a supernova explosion, the star’s core is left over. This material is extremely dense. If the core is less than

about four times the mass of the Sun, the star will become a neutron star. A neutron star is shown in Figure below.

This type of star is made almost entirely of neutrons. A neutron star has more mass than the Sun, yet it is only a few

kilometers in diameter.

If the core remaining after a supernova is more than about 5 times the mass of the Sun, the core collapses to become

a black hole. Black holes are so dense that not even light can escape their gravity. For that reason, we can’t see
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FIGURE 2.8
A supernova, as seen by the Hubble
Space Telescope.

black holes. How can we know something exists if radiation can’t escape it? We know a black hole is there by the

effect that it has on objects around it. Also, some radiation leaks out around its edges. A black hole isn’t a hole at

all. It is the tremendously dense core of a supermassive star.

Lesson Summary

• A star generates energy by nuclear fusion reactions in its core.

• The color of a star is determined by its surface temperature.

• Stars are classified by color and temperature. The most common system uses the letters O (blue), B (blue-

white), A (white), F (yellow-white), G (yellow), K (orange), and M (red), from hottest to coolest.

• Stars form from clouds of gas and dust called nebulas. Nebulas collapse until nuclear fusion starts.

• Stars spend most of their lives on the main sequence, fusing hydrogen into helium.

• Sun-like stars expand into red giants, and then fade out as white dwarf stars.

• Very massive stars expand into red supergiants, explode in supernovas, then end up as neutron stars or black

holes.

Lesson Review Questions

Recall

1. What is nuclear fusion?

2. What do the colors of stars mean?

3. What is a black hole? Why is it called that?

Think Critically

4. Describe the setting in which each of the following elements formed: Hydrogen, Helium, Iron, and Uranium?
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5. Describe the Sun’s life from its beginning to it eventual end.

6. How do astronomers know how stars form? What evidence do they have?
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2.3 Introduction to the Solar System

Lesson Objectives

• Describe some early ideas about our solar system.

• Name the planets, and describe their motion around the Sun.

• Explain how the solar system formed.

Vocabulary

• astronomical unit

• dwarf planet

• nebula

• nuclear fusion

• planet

• solar system

Introduction

We can learn a lot about the universe and about Earth history by studying our nearest neighbors. The solar system

has planets, asteroids, comets, and even a star for us to see and understand. It’s a fascinating place to live!

Changing Views of the Solar System

The Sun and all the objects that are held by the Sun’s gravity are known as the solar system. These objects all

revolve around the Sun. The ancient Greeks recognized five planets. These lights in the night sky changed their

position against the background of stars. They appeared to wander. In fact, the word “planet” comes from a Greek

word meaning “wanderer.” These objects were thought to be important, so they named them after gods from their

mythology. The names for the planets Mercury, Venus, Mars, Jupiter, and Saturn came from the names of gods and

a goddess.

Earth at the Center of the Universe

The ancient Greeks thought that Earth was at the center of the universe, as shown in Figure below. The sky had a

set of spheres layered on top of one another. Each object in the sky was attached to one of these spheres. The object

moved around Earth as that sphere rotated. These spheres contained the Moon, the Sun, and the five planets they

recognized: Mercury, Venus, Mars, Jupiter, and Saturn. An outer sphere contained all the stars. The planets appear

to move much faster than the stars, so the Greeks placed them closer to Earth. Ptolemy published this model of the

solar system around 150 AD.
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On left is a line art drawing of the Ptolemaic system with Earth at the center. On the right is a drawing of the

Ptolemaic system from 1568 by a Portuguese astronomer.

The Sun at the Center of the Universe

About 1,500 years after Ptolemy, Copernicus proposed a startling idea. He suggested that the Sun is at the center of

the universe. Copernicus developed his model because it better explained the motions of the planets. Figure below

shows both the Earth-centered and Sun-centered models.

Copernicus proposed a different idea that had the Sun at the center of the universe

Copernicus did not publish his new model until his death. He knew that it was heresy to say that Earth was not

the center of the universe. It wasn’t until Galileo developed his telescope that people would take the Copernican

model more seriously. Through his telescope, Galileo saw moons orbiting Jupiter. He proposed that this was like

the planets orbiting the Sun.

Planets and Their Motions

Today we know that we have eight planets, five dwarf planets, over 165 moons, and many, many asteroids and other

small objects in our solar system. We also know that the Sun is not the center of the universe. But it is the center of

the solar system.

Figure below shows our solar system. The planets are Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and

Neptune. Table 2.2 gives some data on the mass and diameter of the Sun and planets relative to Earth.
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TABLE 2.2: Sizes of Solar System Objects Relative to Earth

Object Mass (Relative to Earth) Diameter of Planet (Relative to

Earth)

Sun 333,000 Earth’s mass 109.2 Earth’s diameter

Mercury 0.06 Earth’s mass 0.39 Earth’s diameter

Venus 0.82 Earth’s mass 0.95 Earth’s diameter

Earth 1.00 Earth’s mass 1.00 Earth’s diameter

Mars 0.11 Earth’s mass 0.53 Earth’s diameter

Jupiter 317.8 Earth’s mass 11.21 Earth’s diameter

Saturn 95.2 Earth’s mass 9.41 Earth’s diameter

Uranus 14.6 Earth’s mass 3.98 Earth’s diameter

Neptune 17.2 Earth’s mass 3.81 Earth’s diameter

What Is (and Is Not) a Planet?

You’ve probably heard about Pluto. When it was discovered in 1930, Pluto was called the ninth planet. Astronomers

later found out that Pluto was not like other planets. For one thing, what they were calling Pluto was not a single

object. They were actually seeing Pluto and its moon, Charon. In older telescopes, they looked like one object. This

one object looked big enough to be a planet. Alone, Pluto was not very big. Astronomers also discovered many

objects like Pluto. They were rocky and icy and there were a whole lot of them.

Astronomers were faced with a problem. They needed to call these other objects planets. Or they needed to decide

that Pluto was something else. In 2006, these scientists decided what a planet is. According to the new definition, a

planet must:

• Orbit a star.

• Be big enough that its own gravity causes it to be round.

• Be small enough that it isn’t a star itself.

• Have cleared the area of its orbit of smaller objects.

If the first three are true but not the fourth, then that object is a dwarf planet. We now call Pluto a dwarf planet.

There are other dwarf planets in the solar system. They are Eris, Ceres, Makemake and Haumea. There are many

other reasons why Pluto does not fit with the other planets in our solar system.

The Size and Shape of Orbits

The Sun and planets with the correct sizes. The distances between them are not correct.
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Figure above shows the Sun and planets with the correct sizes. The distances between them are way too small. In

general, the farther away from the Sun, the greater the distance from one planet’s orbit to the next.

Figure below shows those distances correctly. In the upper left are the orbits of the inner planets and the asteroid

belt. The asteroid belt is a collection of many small objects between the orbits of Mars and Jupiter. In the upper

right are the orbits of the outer planets and the Kuiper belt. The Kuiper belt is a group of objects beyond the orbit of

Neptune.

In this image distances are shown to scale.

In Figure above, you can see that the orbits of the planets are nearly circular. Pluto’s orbit is a much longer ellipse.

Some astronomers think Pluto was dragged into its orbit by Neptune.

Distances in the solar system are often measured in astronomical units (AU). One astronomical unit is defined as

the distance from Earth to the Sun. 1 AU equals about 150 million km (93 million miles). Table 2.3 shows the

distance from the Sun to each planet in AU. The table shows how long it takes each planet to spin on its axis. It

also shows how long it takes each planet to complete an orbit. Notice how slowly Venus rotates! A day on Venus is

actually longer than a year on Venus!

TABLE 2.3: Distances to the Planets and Properties of Orbits Relative to Earth’s Orbit

Planet Average Distance from

Sun (AU)

Length of Day (In Earth

Days)

Length of Year (In Earth

Years)

Mercury 0.39 AU 56.84 days 0.24 years

Venus 0.72 243.02 0.62

Earth 1.00 1.00 1.00

Mars 1.52 1.03 1.88

Jupiter 5.20 0.41 11.86

Saturn 9.54 0.43 29.46

Uranus 19.22 0.72 84.01

Neptune 30.06 0.67 164.8

The Role of Gravity

Planets are held in their orbits by the force of gravity. What would happen without gravity? Imagine that you are

swinging a ball on a string in a circular motion. Now let go of the string. The ball will fly away from you in a straight
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line. It was the string pulling on the ball that kept the ball moving in a circle. The motion of a planet is very similar

to the ball on a strong. The force pulling the planet is the pull of gravity between the planet and the Sun.

Every object is attracted to every other object by gravity. The force of gravity between two objects depends on the

mass of the objects. It also depends on how far apart the objects are. When you are sitting next to your dog, there is

a gravitational force between the two of you. That force is far too weak for you to notice. You can feel the force of

gravity between you and Earth because Earth has a lot of mass. The force of gravity between the Sun and planets is

also very large. This is because the Sun and the planets are very large objects. Gravity is great enough to hold the

planets to the Sun even though the distances between them are enormous. Gravity also holds moons in orbit around

planets.

Extrasolar Planets

Since the early 1990s, astronomers have discovered other solar systems. A solar system has one or more planets

orbiting one or more stars. We call these planets “extrasolar planets,” or “exoplanets”. They are called exoplanets

because they orbit a star other than the Sun. As of March 2011, 531 exoplanets have been found. More exoplanets

are found all the time. You can check out how many we have found athttp://planetquest.jpl.nasa.gov/.

We have been able to take pictures of only a few exoplanets. Most are discovered because of some tell-tale signs.

One sign is a very slight motion of a star that must be caused by the pull of a planet. Another sign is the partial

dimming of a star’s light as the planet passes in front of it.

Formation of the Solar System

To figure out how the solar system formed, we need to put together what we have learned. There are two other

important features to consider. First, all the planets orbit in nearly the same flat, disk-like region. Second, all the

planets orbit in the same direction around the Sun. These two features are clues to how the solar system formed.

A Giant Nebula

Scientists think the solar system formed from a big cloud of gas and dust, called a nebula. This is the solar nebula

hypothesis. The nebula was made mostly of hydrogen and helium. There were heavier elements too. Gravity caused

the nebula to contract (Figure below).

FIGURE 2.9
The nebula was drawn together by gravity.

As the nebula contracted, it started to spin. As it got smaller and smaller, it spun faster and faster. This is what

happens when an ice skater pulls her arms to her sides during a spin move. She spins faster. The spinning caused
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the nebula to form into a disk shape.

This model explains why all the planets are found in the flat, disk-shaped region. It also explains why all the planets

revolve in the same direction. The solar system formed from the nebula about 4.6 billion years ago

Formation of the Sun and Planets

The Sun was the first object to form in the solar system. Gravity pulled matter together to the center of the disk.

Density and pressure increased tremendously. Nuclear fusion reactions begin. In these reactions, the nuclei of

atoms come together to form new, heavier chemical elements. Fusion reactions release huge amounts of nuclear

energy. From these reactions a star was born, the Sun.

Meanwhile, the outer parts of the disk were cooling off. Small pieces of dust started clumping together. These clumps

collided and combined with other clumps. Larger clumps attracted smaller clumps with their gravity. Eventually, all

these pieces grew into the planets and moons that we find in our solar system today.

The outer planets — Jupiter, Saturn, Uranus, and Neptune — condensed from lighter materials. Hydrogen, helium,

water, ammonia, and methane were among them. It’s so cold by Jupiter and beyond that these materials can form

solid particles. Closer to the Sun, they are gases. Since the gases can escape, the inner planets — Mercury, Venus,

Earth, and Mars — formed from denser elements. These elements are solid even when close to the Sun.

Lesson Summary

• The Sun and all the objects held by its gravity make up the solar system.

• There are eight planets in the solar system: Mercury, Venus, Earth, Mars, Jupiter, Saturn, and Neptune. Pluto,

Eris, Ceres, Makemake and Haumea are dwarf planets.

• The ancient Greeks believed Earth was at the center of the universe and everything else orbited Earth.

• Copernicus proposed that the Sun at the center of the universe and the planets and stars orbit the Sun.

• Planets are held by the force of gravity in elliptical orbits around the Sun.

• The solar system formed from a giant cloud of gas and dust about 4.6 billion years ago.

• This model explains why the planets all lie in one plane and orbit in the same direction around the Sun.

Lesson Review Questions

Recall

1. What are the names of the 8 planets from the Sun outward? Name 5 of the dwarf planets.

2. How old is the Sun? How old are the planets?

Apply Concepts

3. Describe the role of gravity in how the solar system functions. Why don’t the planets fly off into space? Why

don’t the planets ram into the sun?

4. Why does the nebular hypothesis explain how the solar system originated?

Think Critically

5. Why do you think so many people for so many centuries thought that Earth was the center of the universe?

27



2.3. Introduction to the Solar System www.ck12.org

6. People were pretty upset when Pluto was made a dwarf planet. Explain why Pluto is now classified as a dwarf

planet.

Points to Consider

• Would you expect all the planets in the solar system to be made of similar materials? Why or why not?

• The planets are often divided into two groups: the inner planets and the outer planets. Which planets do you

think are in each of these two groups? What do members of each group have in common?
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2.4 Inner Planets

Lesson Objectives

• Describe the main features of each of the inner planets.

• Compare each of the inner planets to Earth and to one another.

Vocabulary

• inner planets

• year

Introduction

The four planets closest to the Sun - Mercury, Venus, Earth, and Mars - are the inner planets. They are similar to

Earth. All are solid, dense, and rocky. None of the inner planets has rings. Compared to the outer planets, the inner

planets are small. They have shorter orbits around the Sun and they spin more slowly. Venus spins backwards and

spins the slowest of all the planets.

All of the inner planets were geologically active at one time. They are all made of cooled igneous rock with inner

iron cores. Earth has one big, round moon, while Mars has two very small, irregular moons. Mercury and Venus do

not have moons.

Mercury

Mercury is the smallest planet. It has no moon. The planet is also closest to the Sun. As Figure below shows, the

surface of Mercury is covered with craters, like Earth’s moon. The presence of impact craters that are so old means

that Mercury hasn’t changed much geologically for billions of years. With only a trace of an atmosphere, it has no

weather to wear down the ancient craters.

Short Year, Long Days

Mercury is named for the Roman messenger god. Mercury was a messenger because he could run extremely fast.

The Greeks gave the planet this name because Mercury moves very quickly in its orbit around the Sun. Mercury

orbits the Sun in just 88 Earth days. Mercury has a very short year, but it also has very long days. Mercury rotates

slowly on its axis, turning exactly three times for every two times it orbits the Sun. Therefore, each day on Mercury

is 58 Earth days long.

Extreme Temperatures

Mercury is very close to the Sun, so it can get very hot. Mercury also has virtually no atmosphere. As the planet

rotates very slowly, the temperature varies tremendously. In direct sunlight, the surface can be as hot as 427oC

(801oF). On the dark side, the surface can be as cold as –183oC (–297oF)! The coldest temperatures may be on the

insides of craters. Most of Mercury is extremely dry. Scientists think that there may be a small amount of water, in

the form of ice, at the planet’s poles. The poles never receive direct sunlight.
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FIGURE 2.10

Venus

Named after the Roman goddess of love, Venus is the only planet named after a female. Venus is sometimes called

Earth’s “sister planet.” But just how similar is Venus to Earth? Venus is our nearest neighbor. Venus is most like

Earth in size.

A Harsh Environment

Viewed through a telescope, Venus looks smooth and featureless. The planet is covered by a thick layer of clouds.

You can see the clouds in pictures of Venus, such as Figure below. We make maps of the surface using radar, because

the thick clouds won’t allow us to take photographs of the surface of Venus.

Figure below shows a topographical map of Venus. The map was produced by the Magellan probe on a flyby. Radar

waves sent by the spacecraft reveal mountains, valleys, vast lava plains, and canyons. Like Mercury, Venus does not

have a moon.

Clouds on Earth are made of water vapor. Venus’s clouds are a lot less pleasant. They are made of carbon dioxide,

sulfur dioxide and large amounts of corrosive sulfuric acid! The atmosphere of Venus is so thick that the pressure

on the surface of Venus is very high. In fact, it is 90 times greater than the pressure at Earth’s surface! The thick

atmosphere causes a strong greenhouse effect. As a result, Venus is the hottest planet. Even though it is farther

from the sun, Venus is much hotter even than Mercury. Temperatures at the surface reach 465oC (860oF). That’s hot

enough to melt lead!
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FIGURE 2.11
Venus in real color. The planet is covered
by a thick layer of clouds.

FIGURE 2.12
A topographical map of Venus produced
by the Magellan probe using radar.Color
differences enhance small scale struc-
ture.
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Volcanoes

Venus has more volcanoes than any other planet. There are between 100,000 and one million volcanoes on Venus!

Most of the volcanoes are now inactive. There are also a large number of craters. This means that Venus doesn’t

have tectonic plates. Plate tectonics on Earth erases features over time.

Motion and Appearance

Venus is the only planet that rotates clockwise as viewed from its North Pole. All of the other planets rotate

counterclockwise. Venus turns slowly, making only one turn every 243 days. This is longer than a year on Venus! It

takes Venus only 225 days to orbit the Sun.

Because the orbit of Venus is inside Earth’s orbit, Venus always appears close to the Sun. You can see Venus rising

early in the morning, just before the Sun rises. For this reason, Venus is sometimes called “the morning star.” When

it sets in the evening, just after the Sun sets, it may be called “the evening star.” Since planets only reflect the Sun’s

light, Venus should not be called a star at all! Venus is very bright because its clouds reflect sunlight very well.

Venus is the brightest object in the sky besides the Sun and the Moon.

Earth

Earth is the third planet out from the Sun, shown in Figure below. Because it is our planet, we know a lot more

about Earth than we do about any other planet. What are main features of Earth?

FIGURE 2.13
Earth from space.

Oceans and Atmosphere

Earth is a very diverse planet, seen in Figure above. Water appears as vast oceans of liquid. Water is also seen as ice

at the poles or as clouds of vapor. Earth also has large masses of land. Earth’s average surface temperature is 14oC
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(57oF). At this temperature, water is a liquid. The oceans and the atmosphere help keep Earth’s surface temperatures

fairly steady.

Earth is the only planet known to have life. Conditions on Earth are ideal for life! The atmosphere filters out harmful

radiation. Water is abundant. Carbon dioxide was available for early life forms. The evolution of plants introduced

more oxygen for animals.

Plate Tectonics

The Earth is divided into many plates. These plates move around on the surface. The plates collide or slide past each

other. One may even plunge beneath another. Plate motions cause most geological activity. This activity includes

earthquakes, volcanoes, and the buildup of mountains. The reason for plate movement is convection in the mantle.

Earth is the only planet that we know has plate tectonics.

Earth’s Motions and Moon

Earth rotates on its axis once every 24 hours. This is the length of an Earth day. Earth orbits the Sun once every

365.24 days. This is the length of an Earth year. Earth has one large moon. This satellite orbits Earth once every

29.5 days. This moon is covered with craters, and also has large plains of lava. The Moon came into being from

material that flew into space after Earth and a giant asteroid collided. This moon is not a captured asteroid like other

moons in the solar system.

Mars

Mars, shown in Figure below, is the fourth planet from the Sun. The Red Planet is the first planet beyond Earth’s

orbit. Mars’ atmosphere is thin compared to Earth’s. This means that there is much lower pressure at the surface.

Mars also has a weak greenhouse effect, so temperatures are only slightly higher than they would be if the planet did

not have an atmosphere.

FIGURE 2.14
Mars is Earth’s second nearest neighbor
planet.

Mars is the easiest planet to observe. As a result, it has been studied more than any other planet besides Earth.

People can stand on Earth and observe the planet through a telescope. We have also sent many space probes to Mars.
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In April 2011, there were three scientific satellites in orbit around Mars. The rover, Opportunity, was still moving

around on the surface. No humans have ever set foot on Mars. NASA and the European Space Agency have plans

to send people to Mars. The goal is to do it sometime between 2030 and 2040. The expense and danger of these

missions are phenomenal.

A Red Planet

Viewed from Earth, Mars is red. This is due to large amounts of iron in the soil. The ancient Greeks and Romans

named the planet Mars after the god of war. The planet’s red color reminded them of blood. Mars has only a very

thin atmosphere, made up mostly of carbon dioxide.

Surface Features

Mars is home to the largest volcano in the solar system. Olympus Mons is shown in Figure below. Olympus Mons

is a shield volcano. The volcano is similar to the volcanoes of the Hawaiian Islands. But Olympus Mons is a giant,

about 27 km (16.7 miles/88,580 ft) tall. That’s three times taller than Mount Everest! At its base, Olympus Mons is

about the size of the entire state of Arizona.

FIGURE 2.15
The largest volcano in the solar system,
Olympus Mons.

Mars also has the largest canyon in the solar system, Valles Marineris (Figure below). This canyon is 4,000 km

(2,500 miles) long. That’s as long as Europe is wide! One-fifth of the circumference of Mars is covered by the

canyon. Valles Marineris is 7 km (4.3 miles) deep. How about Earth’s Grand Canyon? Earth’s most famous canyon

is only 446 km (277 miles) long and about 2 km (1.2 miles) deep.

Mars has mountains, canyons, and other features similar to Earth. But it doesn’t have as much geological activity

as Earth. There is no evidence of plate tectonics on Mars. There are also more craters on Mars than on Earth. Buy

there are fewer craters than on the Moon. What does this suggest to you regarding Mars’ plate tectonic history?
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FIGURE 2.16
The largest canyon in the solar system,Valles Marineris

Is There Water on Mars?

Water on Mars can’t be a liquid. This is because the pressure of the atmosphere is too low. The planet does have a

lot of water; it is in the form of ice. The south pole of Mars has a very visible ice cap. Scientists also have evidence

that there is also a lot of ice just under the Martian surface. The ice melts when volcanoes erupt. At this times liquid

water flows across the surface.

Scientists think that there was once liquid water on the planet. There are many surface features that look like water-

eroded canyons. The Mars rover collected round clumps of crystals that, on Earth, usually form in water. If there

was liquid water on Mars, life might have existed there in the past.

Two Martian Moons

Mars has two very small, irregular moons, Phobos and Deimos. These moons were discovered in 1877. They are

named after the two sons of Ares, who followed their father into war. The moons were probably asteroids that were

captured by Martian gravity.

Lesson Summary

• The four inner planets are small, dense, solid, rocky planets.

• Mercury is the smallest planet and the closest to the Sun. It has an extremely thin atmosphere so surface

temperatures range from very hot to very cold. Like the Moon, it is covered with craters.

• Venus is the second planet from the Sun and the closest planet to Earth, in distance and in size. Venus has a

very thick, corrosive atmosphere, and the surface temperature is extremely high.

• Radar maps of Venus show that it has mountains, canyons and volcanoes surrounded by plains of lava.

• Venus rotates slowly in a direction opposite to the direction of its orbit.

• Earth is the third planet from the Sun. It is the only planet with large amounts of liquid water, and the only

planet known to support life. Earth is the only inner planet that has a large round moon.

• Mars is the fourth planet from the Sun. It has two small, irregular moons. Mars is red because of rust in its

soil. Mars has the largest mountain and the largest canyon in the solar system.

• There is a lot of water ice in the polar ice caps and under the surface of Mars.
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Lesson Review Questions

Recall

1. Name the four inner planets from nearest to the Sun to farthest out from the Sun.

2. Which planet is most like Earth? Why?

3. How do scientists get maps of Venus’ surface? What do you see if you look at Venus from Earth through a

telescope?

Apply Concepts

4. Which planet do you think has the smallest temperature range? Why?

5. If you were told to go to one of the three inner planets besides Earth to look for life where would you go? Why?

Think Critically

6. Venus is said to have runaway greenhouse effect? Why does it have such a large amount of greenhouse effect?

Why do you think is meant by runaway greenhouse effect?
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2.5 Outer Planets

Lesson Objectives

• Describe main features of the outer planets and their moons.

• Compare the outer planets to each other and to Earth.

Vocabulary

• Galilean moons

• gas giants

• Great Red Spot

• outer planets

• planetary rings

Introduction

Jupiter, Saturn, Uranus, and Neptune are the outer planets of our solar system. These are the four planets farthest

from the Sun. The outer planets are much larger than the inner planets. Since they are mostly made of gases, they

are also called gas giants.

The gas giants are mostly made of hydrogen and helium. These are the same elements that make up most of the Sun.

Astronomers think that most of the nebula was hydrogen and helium. The inner planets lost these very light gases.

Their gravity was too low to keep them and they floated away into space. The Sun and the outer planets had enough

gravity to keep the hydrogen and helium.

All of the outer planets have numerous moons. They also have planetary rings made of dust and other small

particles. Only the rings of Saturn can be easily seen from Earth.

Jupiter

Jupiter, shown in Figure above, is the largest planet in our solar system. Jupiter is named for the king of the gods in

Roman mythology.

Jupiter is truly a giant! The planet has 318 times the mass of Earth, and over 1,300 times Earth’s volume. So Jupiter

is much less dense than Earth. Because Jupiter is so large, it reflects a lot of sunlight. When it is visible, it is the

brightest object in the night sky besides the Moon and Venus. Jupiter is quite far from the Earth. The planet is more

than five times as far from Earth as the Sun. It takes Jupiter about 12 Earth years to orbit once around the Sun.

A Ball of Gas and Liquid

Since Jupiter is a gas giant, could a spacecraft land on its surface? The answer is no. There is no solid surface at all!

Jupiter is made mostly of hydrogen, with some helium, and small amounts of other elements. The outer layers of

the planet are gas. Deeper within the planet, the intense pressure condenses the gases into a liquid. Jupiter may have

a small rocky core at its center.
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FIGURE 2.17
Jupiter is the largest planet in our solar
system.

A Stormy Atmosphere

Jupiter’s atmosphere is unlike any other in the solar system! The upper layer contains clouds of ammonia. The

ammonia is different colored bands. These bands rotate around the planet. The ammonia also swirls around in

tremendous storms. The Great Red Spot, shown inFigure above, is Jupiter’s most noticeable feature. The spot is

an enormous, oval-shaped storm. It is more than three times as wide as the entire Earth! Clouds in the storm rotate

counterclockwise. They make one complete turn every six days or so. The Great Red Spot has been on Jupiter for

at least 300 years. It may have been observed as early as 1664. It is possible that this storm is a permanent feature

on Jupiter. No one knows for sure.

Jupiter’s Moons and Rings

Jupiter has lots of moons. As of 2011, we have discovered over 60 natural satellites of Jupiter. Four are big enough

and bright enough to be seen from Earth using a pair of binoculars. These four moons were first discovered by

Galileo in 1610. They are called the Galilean moons.Figure below shows the four Galilean moons and their sizes

relative to Jupiter’s Great Red Spot. These moons are named Io, Europa, Ganymede, and Callisto. The Galilean

moons are larger than even the biggest dwarf planets, Pluto and Eris. Ganymede is the biggest moon in the solar

system. It is even larger than the planet Mercury!

Scientists think that Europa is a good place to look for extraterrestrial life. Europa is the smallest of the Galilean

moons. The moon’s surface is a smooth layer of ice. Scientists think that the ice may sit on top of an ocean of liquid

water. How could Europa have liquid water when it is so far from the Sun? Europa is heated by Jupiter. Jupiter’s

tidal forces are so great that they stretch and squash its moon. This could produce enough heat for there to be liquid

water. Numerous missions have been planned to explore Europa, including plans to drill through the ice and send a

probe into the ocean. However, no such mission has yet been attempted.

In 1979, two spacecrafts, Voyager 1 and Voyager 2, visited Jupiter and its moons. Photos from the Voyager missions

showed that Jupiter has a ring system. This ring system is very faint, so it is very difficult to observe from Earth.
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FIGURE 2.18
The Galilean moons are as large as small planets.

Saturn

Saturn, shown in Figure below, is famous for its beautiful rings. Saturn is the second largest planet in the solar

system. Saturn’s mass is about 95 times Earth’s mass. The gas giant is 755 times Earth’s volume. Despite its large

size, Saturn is the least dense planet in our solar system. Saturn is actually less dense than water. This means that if

there were a bathtub big enough, Saturn would float! In Roman mythology, Saturn was the father of Jupiter. Saturn

orbits the Sun once about every 30 Earth years.

FIGURE 2.19
Saturn is the least dense planet in our solar system.

Saturn’s composition is similar to Jupiter’s. The planet is made mostly of hydrogen and helium. These elements are

gases in the outer layers and liquids in the deeper layers. Saturn may also have a small solid core. Saturn’s upper

atmosphere has clouds in bands of different colors. These clouds rotate rapidly around the planet. But Saturn has

fewer storms than Jupiter.

Saturn’s Rings

Saturn’s rings were first observed by Galileo in 1610. He didn’t know they were rings and thought that they were

two large moons. One moon was on either side of the planet. In 1659, the Dutch astronomer Christiaan Huygens
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realized that they were rings circling Saturn’s equator. The rings appear tilted. This is because Saturn is tilted about

27 degrees to its side.

The Voyager 1 spacecraft visited Saturn in 1980. Voyager 2 followed in 1981. These probes sent back detailed

pictures of Saturn, its rings, and some of its moons. From the Voyager data, we learned that Saturn’s rings are made

of particles of water and ice with a little bit of dust. There are several gaps in the rings. These gaps were cleared out

by moons within the rings. Ring dust and gas are attracted to the moon by its gravity. This leaves a gap in the rings.

Other gaps in the rings are caused by the competing forces of Saturn and its moons outside the rings.

Saturn’s Moons

As of 2011, over 60 moons have been identified around Saturn. Only seven of Saturn’s moons are round. All but

one is smaller than Earth’s moon. Some of the very small moons are found within the rings. All the particles in the

rings are like little moons, because they orbit around Saturn. Someone must decide which ones are large enough to

call moons.

Saturn’s largest moon, Titan, is about one and a half times the size of Earth’s moon. Titan is even larger than the

planet Mercury. Scientists are very interested in Titan. The moon has an atmosphere that is thought to be like Earth’s

first atmosphere. This atmosphere was around before life developed on Earth. Like Jupiter’s moon, Europa, Titan

may have a layer of liquid water under a layer of ice. Scientists now think that there are lakes on Titan’s surface.

Don’t take a dip, though. These lakes contain liquid methane and ethane instead of water! Methane and ethane are

compounds found in natural gas.

Uranus

FIGURE 2.20
Uranus is the 7th planet out from the Sun.

Uranus, shown in Figure above, is named for the Greek god of the sky, the father of Saturn. Astronomers pronounce

the name “YOOR-uh-nuhs.” Uranus was not known to ancient observers. The planet was first discovered with a
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telescope by the astronomer William Herschel in 1781.

Uranus is faint because it is very far away. Its distance from the Sun is 2.8 billion kilometers (1.8 billion miles). A

photon from the Sun takes about 2 hours and 40 minutes to reach Uranus. Uranus orbits the Sun once about every

84 Earth years.

An Icy Blue-Green Ball

Uranus is a lot like Jupiter and Saturn. The planet is composed mainly of hydrogen and helium. There is a thick

layer of gas on the outside. Further on the inside is liquid. But Uranus has a higher percentage of icy materials than

Jupiter and Saturn. These materials include water, ammonia, and methane. Uranus is also different because of its

blue-green color. Clouds of methane filter out red light. This leaves a blue-green color. The atmosphere of Uranus

has bands of clouds. These clouds are hard to see in normal light. The result is that the planet looks like a plain blue

ball.

Uranus is the least massive outer planet. Its mass is only about 14 times the mass of Earth. Like all of the outer

planets, Uranus is much less dense than Earth. Gravity is actually weaker than on Earth’s surface. If you were at the

top of the clouds on Uranus, you would weigh about 10 percent less than what you weigh on Earth.

The Sideways Planet

All of the planets rotate on their axes in the same direction that they move around the Sun. Except for Uranus.

Uranus is tilted on its side. Its axis is almost parallel to its orbit. So Uranus rolls along like a bowling ball as it

revolves around the Sun. How did Uranus get this way? Scientists think that the planet was struck and knocked over

by another planet-sized object. This collision probably took place billions of years ago.

Rings and Moons of Uranus

Uranus has a faint system of rings, as shown in Figure below. The rings circle the planet’s equator. However, Uranus

is tilted on its side. So the rings are almost perpendicular to the planet’s orbit.

We have discovered 27 moons around Uranus. All but a few are named for characters from the plays of William

Shakespeare.

Neptune

Neptune is shown in Figure below. It is the eighth planet from the Sun. Neptune is so far away you need a telescope

to see it from Earth. Neptune is the most distant planet in our solar system. It is nearly 4.5 billion kilometers (2.8

billion miles) from the Sun. One orbit around the Sun takes Neptune 165 Earth years.

Scientists guessed Neptune’s existence before it was discovered. Uranus did not always appear exactly where it

should. They said this was because a planet beyond Uranus was pulling on it. This gravitational pull was affecting

its orbit. Neptune was discovered in 1846. It was just where scientists predicted it would be! Due to its blue color,

the planet was named Neptune for the Roman god of the sea.

Uranus and Neptune are often considered “sister planets.” They are very similar to each other. Neptune has slightly

more mass than Uranus, but it is slightly smaller in size.

Extremes of Cold and Wind

Like Uranus, Neptune is blue. The blue color is caused by gases in its atmosphere, including methane. Neptune

is not a smooth looking ball like Uranus. The planet has a few darker and lighter spots. When Voyager 2 visited
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FIGURE 2.21
Uranus’ rings are almost perpendicular to
the planet

FIGURE 2.22
Neptune has a great dark spot at the
center left and a small dark spot at the
bottom center.

Neptune in 1986, there was a large dark-blue spot south of the equator. This spot was called the Great Dark Spot.

When the Hubble Space Telescope photographed Neptune in 1994, the Great Dark Spot had disappeared. Another

dark spot had appeared north of the equator. Astronomers believe that both of these spots represent gaps in the

methane clouds on Neptune.

Neptune’s appearance changes due to its turbulent atmosphere. Winds are stronger than on any other planet in the
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solar system. Wind speeds can reach 1,100 km/h (700 mph). This is close to the speed of sound! The rapid winds

surprised astronomers. This is because Neptune receives little energy from the Sun to power weather systems. It is

not surprising that Neptune is one of the coldest places in the solar system. Temperatures at the top of the clouds are

about –218oC (–360oF).

Neptune’s Rings and Moons

Like the other outer planets, Neptune has rings of ice and dust. These rings are much thinner and fainter than

Saturn’s. Neptune’s rings may be unstable. They may change or disappear in a relatively short time.

Neptune has 13 known moons. Only Triton, shown in Figure below, has enough mass to be round. Triton orbits

in the direction opposite to Neptune’s orbit. Scientists think Triton did not form around Neptune. The satellite was

captured by Neptune’s gravity as it passed by.

FIGURE 2.23
Neptune’s moon Triton.

Pluto

Pluto was once considered one of the outer planets, but when the definition of a planet was changed in 2006, Pluto

became one of the dwarf planets. It is one of the largest and brightest objects that make up this group. Look for

Pluto in the next lesson, in the discussion of dwarf planets.

Lesson Summary

• The four outer planets — Jupiter, Saturn, Uranus, and Neptune — are all gas giants made mostly of hydrogen

and helium. Their thick outer layers are gases and have liquid interiors.

• All of the outer planets have lots of moons, as well as planetary rings made of dust and other particles.

• Jupiter is the largest planet in the solar system. It has bands of different colored clouds, and a long-lasting

storm called the Great Red Spot.

• Jupiter has over 60 moons. The four biggest were discovered by Galileo, and are called the Galilean moons.
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• One of the Galilean moons, Europa, may have an ocean of liquid water under a layer of ice. The conditions in

this ocean might be right for life to have developed.

• Saturn is smaller than Jupiter, but very similar to Jupiter. Saturn has a large system of beautiful rings.

• Saturn’s largest moon, Titan, has an atmosphere similar to Earth’s atmosphere before life formed.

• Uranus and Neptune were discovered using a telescope. They are similar to each other in size and composition.

They are both smaller than Jupiter and Saturn, and also have more icy materials.

• Uranus is tilted on its side, probably due to a collision with a large object in the distant past.

• Neptune is very cold and has very strong winds. It had a large dark spot that disappeared. Another dark spot

appeared on another part of the planet. These dark spots are storms in Neptune’s atmosphere.

Lesson Review Questions

Recall

1. Why were the Galilean moons given that name? What are they?

Apply Concepts

2. How are the outer planets different from the inner planets?

Think Critically

3. If you were given the task of finding life in the outer solar system where would you look?

4. The atmosphere of Saturn’s moon Titan because it resembles the early Earth’s atmosphere. Why is this interesting

to scientists?

Points to Consider

• The inner planets are small and rocky, while the outer planets are large and made of gases. Why might the

planets have formed into these two groups?

• We have discussed the Sun, the planets, and the moons of the planets. What other objects can you think of

that can be found in our solar system?

44

www.ck12.org Chapter 2. The Universe

2.6 Other Objects in the Solar System

Lesson Objectives

• Locate and describe the asteroid belt.

• Explain where comets come from and what causes their tails.

• Discuss the differences between meteors, meteoroids, and meteorites.

Vocabulary

• asteroid

• asteroid belt

• comet

• Kuiper belt

• meteor

• meteoroid

• meteor shower

Introduction

Debris. Space junk. After the Sun and planets formed, there was some material left over. These small chunks didn’t

get close enough to a large body to be pulled in by its gravity. They now inhabit the solar system as asteroids and

comets.

Asteroids

Asteroids are very small, irregularly shaped, rocky bodies. Asteroids orbit the Sun, but they are more like giant

rocks than planets. Since they are small, they do not have enough gravity to become round. They are too small to

have an atmosphere. With no internal heat, they are not geologically active. An asteroid can only change due to a

collision. A collision may cause the asteroid to break up. It may create craters on the asteroid’s surface. An asteroid

may strike a planet if it comes near enough to be pulled in by its gravity. Figure below shows a typical asteroid.

The Asteroid Belt

Hundreds of thousands of asteroids have been found in our solar system. They are still being discovered at a rate

of about 5,000 new asteroids per month! The majority are located in between the orbits of Mars and Jupiter. This

region is called the asteroid belt, as shown in Figurebelow. There are many thousands of asteroids in the asteroid

belt. Still, their total mass adds up to only about 4 percent of Earth’s moon.

Asteroids formed at the same time as the rest of the solar system. Although there are many in the asteroid belt, they

were never were able to form into a planet. Jupiter’s gravity kept them apart.
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FIGURE 2.24
Asteroid Ida with its tiny moon Dactyl. The
asteroid

FIGURE 2.25
The asteroid belt is between Mars and
Jupiter.

Near-Earth Asteroids

Near-Earth asteroids have orbits that cross Earth’s orbit. This means that they can collide with Earth. There are over

4,500 known near-Earth asteroids. Small asteroids do sometimes collide with Earth. An asteroid about 5–10 m in

diameter hits about once per year. Five hundred to a thousand of the known near-Earth asteroids are much bigger.

They are over 1 kilometer in diameter. When large asteroids hit Earth in the past, many organisms died. At times,

many species became extinct. Astronomers keep looking for near-Earth asteroids. They hope to predict a possible

collision early so they can to try to stop it.
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Meteors

If you look at the sky on a dark night, you may see a meteor, like in Figure below. A meteor forms a streak of light

across the sky. People call them shooting stars because that’s what they look like. But meteors are not stars at all.

The light you see comes from a small piece of matter burning up as it flies through Earth’s atmosphere.

FIGURE 2.26
Meteors burning up as they fall through
Earth’s atmosphere.

Meteoroids

Before these small pieces of matter enter Earth’s atmosphere, they are called meteoroids. Meteoroids are as large as

boulders or as small as tiny sand grains. Larger objects are called asteroids; smaller objects are interplanetary dust.

Meteoroids sometimes cluster together in long trails. They are the debris left behind by comets. When Earth passes

through a comet trail, there is a meteor shower. During a meteor shower, there are many more meteors than normal

for a night or two.

Meteorites

A meteoroid is dragged towards Earth by gravity and enters the atmosphere. Friction with the atmosphere heats

the object quickly, so it starts to vaporize. As it flies through the atmosphere, it leaves a trail of glowing gases.

The object is now a meteor. Most meteors vaporize in the atmosphere. They never reach Earth’s surface. Large

meteoroids may not burn up entirely in the atmosphere. A small core may remain and hit the Earth’s surface. This

is called a meteorite.

Meteorites provide clues about our solar system. Many were formed in the early solar system (Figure below). Some

are from asteroids that have split apart. A few are rocks from nearby bodies like Mars. For this to happen, an asteroid

smashed into Mars and sent up debris. A bit of the debris entered Earth’s atmosphere as a meteor.
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FIGURE 2.27
The Mars Rover, Opportunity, found a
metal meteorite on the Red Planet.

Comets

Comets are small, icy objects that orbit the Sun. Comets have highly elliptical orbits. Their orbits carry them from

close to the Sun to the solar system’s outer edges. When a comet gets close to the Sun, its outer layers of ice melt and

evaporate. The vaporized gas and dust forms an atmosphere around the comet. This atmosphere is called a coma.

Radiation and particles streaming from the Sun push some of this gas and dust into a long tail. A comet’s tail always

points away from the Sun, no matter which way the comet is moving. Why do you think that is?Figure below shows

Comet Hale-Bopp, which shone brightly for several months in 1997.

Gases in the coma and tail of a comet reflect light from the Sun. Comets are very hard to see except when they have

comas and tails. That is why they appear only when they are near the Sun. They disappear again as they move back

to the outer solar system.

The time between one visit from a comet and the next is called the comet’s period. The first comet whose period

was known was Halley’s Comet. Its period is 75 years. Halley’s Comet last traveled through the inner solar system

in 1986. The comet will appear again in 2061. Who will look up at it?

Where Comets Come From

Some comets have periods of 200 years or less. They are called short period comets. Short period comets are from

a region beyond the orbit of Neptune called the Kuiper Belt. Kuiper is pronounced “KI-per,” rhyming with “viper.”

The Kuiper Belt is home to comets, asteroids, and at least two dwarf planets.

Some comets have periods of thousands or even millions of years. Most long-period comets come from a very

distant region of the solar system. This region is called the Oort cloud. The Oort cloud is about 50,000–100,000

times the distance from the Sun to Earth.

Comets carry materials in from the outer solar system. Comets may have brought water into the early Earth. Other

substances could also have come from comets.
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Dwarf Planets

For several decades, Pluto was a planet. But new solar system objects were discovered that were just as planet-like

as Pluto. Astronomers figured out that they were like planets except for one thing. These objects had not cleared

their orbits of smaller objects. They didn’t have enough gravity to do so. Astronomers made a category called dwarf

planets. There are five dwarf planets in our solar system: Ceres, Pluto, Makemake, Haumea and Eris.

Pluto

For decades Pluto was a planet. But even then, scientists knew it was an unusual planet. The other outer planets are

all gas giants. Pluto is small, icy and rocky. With a diameter of about 2400 kilometers, it has only about 1/5 the

mass of Earth’s Moon. The other planets orbit in a plane. Pluto’s orbit is tilted. The shape of the orbit is like a long,

narrow ellipse. Pluto’s orbit is so elliptical that sometimes it is inside the orbit of Neptune.

Pluto’s orbit is in the Kuiper belt. We have discovered more than 200 million Kuiper belt objects. Pluto has 3 moons

of its own. The largest, Charon, is big. Some scientists think that Pluto-Charon system is a double dwarf planet

(Figure below). Two smaller moons, Nix and Hydra, were discovered in 2005.

FIGURE 2.28
Pluto with its moons: Charon, Nix and
Hydra.

Lesson Summary

• Asteroids are irregularly-shaped, rocky bodies that orbit the Sun. Most of them are found in the asteroid belt,

between the orbits of Mars and Jupiter.

• Meteoroids are smaller than asteroids, ranging from the size of boulders to the size of sand grains. When

meteoroids enter Earth’s atmosphere, they vaporize, creating a trail of glowing gas called a meteor. If any of

the meteoroid reaches Earth, the remaining object is called a meteorite.

• Comets are small, icy objects that orbit the Sun in very elliptical orbits. When they are close to the Sun, they

form comas and tails, which glow and make the comet more visible.

• Short-period comets come from the Kuiper belt, beyond Neptune. Long-period comets come from the very

distant Oort cloud.

• Dwarf planets are spherical bodies that orbit the Sun, but that have not cleared their orbit of smaller bodies.
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Lesson Review Questions

Recall

1. Define each of the following: asteroid, meteoroid, meteorite, meteor, planet, dwarf planet.

2. Which type of asteroid is most likely to hit Earth?

Apply Concepts

3. What is the asteroid belt? Why are there so many asteroids orbiting in this location?

4. What damage can an asteroid do when it hits Earth?
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2.7 Chapter 2 Review

Chapter 2 Review

1. Describe the Doppler effect and give an example of it.

2. Explain how Red shift and Blue shift tell us how galaxies are moving relative to us.

3. Explain how Red shift supports the Big Bang Theory

4. Sketch and describe a planet, a star, a nebula, a galaxy and a supernova.

5. Explain how new technologies have changed our perception of the Universe.

6. Draw and label an H-R Diagram.

7. How does a star form?

8. What determines how long a star will “live”?

9. What does a large star become when it “dies”? What does a medium-small star become?

10. Why do we think our sun is a “third generation” star?

11. Describe the formation of our solar system

12. Why are all of the inner planets rocky, and all of the outer planets gaseous?

13. Why is Pluto considered a dwarf planet?

14. Describe a unique characteristic of each one of the 8 planets and Pluto.

15. What does the Earth have that makes it able to support life that is unique in the solar system?
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3.1 Inside Earth

Lesson Objectives

• Compare and describe each of Earth’s layers.

• Compare some of the ways geologists learn about Earth’s interior.

• Define oceanic and continental crust and the lithosphere.

• Describe how heat moves, particularly how convection takes place in the mantle.

• Compare the two parts of the core and describe why they are different from each other.

Vocabulary

• asthenosphere

• convection cell

• continental crust

• core

• crust

• lithosphere

• mantle

• oceanic crust

• plate tectonics

• seismic waves

Introduction

From outside to inside, Earth is divided into crust, mantle, and core. Each has a different chemical makeup. Earth

can also be divided into layers with different properties. The two most important are lithosphere and asthenosphere.

How Do We Know About Earth’s Interior?

If someone told you to figure out what is inside Earth, what would you do? How could you figure out what is inside

our planet? How do scientists figure it out?

Seismic Waves

Geologists study earthquake waves to “see“ Earth’s interior. Waves of energy radiate out from an earthquake’s focus.

These are called seismic waves (Figure 3.1). Seismic waves change speed as they move through different materials.

This causes them to bend. Some seismic waves do not travel through liquids or gases. Scientists use all of this

information to understand what makes up the Earth’s interior.

Crust

Crust, mantle, and core differ from each other in chemical composition. It’s understandable that scientists know the

most about the crust, and less about deeper layers (Figure 3.2). Earth’s crust is a thin, brittle outer shell. The crust
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FIGURE 3.1
The properties of seismic waves allow
scientists to understand the composition
of Earth’s interior.

is made of rock. This layer is thinner under the oceans and much thicker in mountain ranges.

Oceanic Crust

There are two kinds of crust. Oceanic crust is made of basalt lavas that flow onto the seafloor. It is relatively thin,

between 5 to 12 kilometers thick (3 - 8 miles). The rocks of the oceanic crust are denser (3.0 g/cm3) than the rocks

that make up the continents. Thick layers of mud cover much of the ocean floor.

FIGURE 3.2
A cross-section of Earth showing the fol-
lowing layers: (1) continental crust, (2)
oceanic crust, (3) upper mantle, (4) lower
mantle, (5) outer core, (6) inner core. (A)
is the line between the crust and mantle;
(B) between the mantle and core; and (C)
between the inner and outer core.

55



3.1. Inside Earth www.ck12.org

Continental Crust

Continental crust is much thicker than oceanic crust. It is 35 kilometers (22 miles) thick on average, but it varies a

lot. Continental crust is made up of many different rocks. All three major rock types — igneous, metamorphic, and

sedimentary — are found in the crust. On average, continental crust is much less dense (2.7 g/cm3) than oceanic

crust. Since it is less dense, it rises higher above the mantle than oceanic crust.

Mantle

Beneath the crust is the mantle. The mantle is made of hot, solid rock. Through the process of conduction, heat

flows from warmer objects to cooler objects. The lower mantle is heated directly by conduction from the core.

Hot lower mantle material rises upwards (Figure 3.3). As it rises, it cools. At the top of the mantle it moves

horizontally. Over time it becomes cool and dense enough that it sinks. Back at the bottom of the mantle, it travels

horizontally. Eventually the material gets to the location where warm mantle material is rising. The rising and

sinking of warm and cooler material creates a convection cell.

FIGURE 3.3
The rising and sinking of mantle material
of different temperatures and densities
creates a convection cell.

Core

The dense, iron core forms the center of the Earth. Scientists know that the core is metal from studying metallic

meteorites and the Earth’s density. Seismic waves show that the outer core is liquid, while the inner core is solid.

Movement within Earth’s outer liquid iron core creates Earth’s magnetic field. These convection currents form in

the outer core because the base of the outer core is heated by the even hotter inner core.

Lithosphere and Asthenosphere

Lithosphere and asthenosphere are layers based on physical properties. The outermost layer is the lithosphere. The

lithosphere is the crust and the uppermost mantle. In terms of physical properties, this layer is rigid, solid, and brittle.

It is easily cracked or broken.

Below the lithosphere is the asthenosphere. The asthenosphere is also in the upper mantle. This layer is solid, but

it can flow and bend. A solid that can flow is like silly putty.
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Lesson Summary

• The Earth is made of three layers with different composition: the crust, mantle, and core.

• The lithosphere is made of the rigid, brittle, solid crust and uppermost mantle.

• Beneath the lithosphere, the asthenosphere is solid rock that can flow.

• The hot core warms the base of the mantle, which creates convection currents in the mantle.

Lesson Review Questions

Apply Concepts

1. Describe the properties of the lithosphere and asthenosphere. What parts of the Earth do these layers include?

2. When you put your hand near a pan above a pan filled with boiling water, does your hand warm up because of

convection or conduction? If you touch the pan, does your hand warm up because of convection or conduction?

Think Critically

3. Suppose that Earth’s interior contains a large amount of lead. Lead is very dense: 11.34 g/cm3. Would the lead

be more likely to be found in the crust, mantle, or core?

Points to Consider

• How might convection cells in the mantle affect the movement of plates of lithosphere on the planet’s surface?
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3.2 Continental Drift

Lesson Objectives

• Be able to explain the continental drift hypothesis.

• Describe the evidence Wegener used to support his continental drift idea.

• Describe how the north magnetic pole appeared to move, and how that is evidence for continental drift.

Vocabulary

• continental drift

• magnetic field

Introduction

To develop plate tectonics, first scientists had to accept that continents could move. Today they do. But it took a

long time for scientists to accept that this could happen (Figure 3.4). This idea is called continental drift.

FIGURE 3.4
The supercontinent Pangaea contained
all of the modern day continents.
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The Continental Drift Idea

Alfred Wegener was an early 20th century German meteorologist. Wegener believed that the continents were once

all joined together. He named the supercontinent Pangaea, meaning “all earth.“ Wegener suggested that Pangaea

broke up long ago. Since then, the continents have been moving to their current positions. He called his hypothesis

continental drift.

Evidence for Continental Drift

Wegener and his supporters collected a great deal of evidence for the continental drift hypothesis. Wegener found

that this evidence was best explained if the continents had at one time been joined together.

Rocks and Geologic Structures

Wegener found rocks of the same type and age on both sides of the Atlantic Ocean. He thought that the rocks formed

side by side. These rocks then drifted apart on separate continents.

Wegener also matched up mountain ranges across the Atlantic Ocean. The Appalachian Mountains were just like

mountain ranges in eastern Greenland, Ireland, Great Britain, and Norway. Wegener concluded that they formed as

a single mountain range. This mountain range broke apart as the continents split up. The mountain range separated

as the continents drifted.

Fossil Plants and Animals

Wegener also found evidence for continental drift from fossils (Figure 3.5). The same type of plant and animal

fossils are found on continents that are now widely separated. These organisms would not have been able to travel

across the oceans.

Fossils of the seed fern Glossopteris are found across all of the southern continents. These seeds are too heavy to

be carried across the ocean by wind. Mesosaurus fossils are found in South America and South Africa. Mesosaurus

could swim, but only in fresh water. Cynognathus and Lystrosaurus were reptiles that lived on land. Both of

these animals were unable to swim at all. Their fossils have been found across South America, Africa, India and

Antarctica.

Wegener thought that all of these organisms lived side by side. The lands later moved apart so that the fossils are

separated.

Glaciation

Wegener also looked at evidence from ancient glaciers. Glaciers are found in very cold climates near the poles. The

evidence left by some ancient glaciers is very close to the equator. Wegener knew that this was impossible! However,

if the continents had moved, the glaciers would have been centered close to the South Pole.

Climate

Coral reefs are found only in warm water. Coal swamps are also found in tropical and subtropical environments.

Wegener discovered ancient coal seams and coral reef fossils in areas that are much too cold today. Wegener thought

that the continents have moved since the time of Pangaea.
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FIGURE 3.5
Wegener used fossil evidence to sup-
port his continental drift hypothesis. The
fossils of these organisms are found on
lands that are now far apart. Wegener
suggested that when the organisms were
alive, the lands were joined and the or-
ganisms were living side-by-side.

Magnetic Evidence

Some important evidence for continental drift came after Wegener’s death. This is the magnetic evidence. Earth’s

magnetic field surrounds the planet from pole to pole. If you have ever been hiking or camping, you may have used

a compass to help you find your way. A compass points to the magnetic North Pole. The compass needle aligns with

Earth’s magnetic field (Figure 3.6).

FIGURE 3.6
Earth

Some rocks contain little compasses too! As lava cools, tiny iron-rich crystals line up with Earth’s magnetic field.

Anywhere lavas have cooled, these magnetite crystals point to the magnetic poles. The little magnets point to where

the north pole was when the lava cooled. Scientists can use this to figure out where the continents were at that time.
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This evidence clearly shows that the continents have moved.

During Wegener’s life, scientists did not know how the continents could move. Wegener’s idea was nearly forgotten.

But as more evidence mounted, new ideas came about.

Lesson Summary

• Alfred Wegener gathered evidence that the continents had moved around on Earth’s surface.

• The evidence for continental drift included the fit of the continents; the distribution of ancient fossils, rocks,

and mountain ranges; and the locations of ancient climate zones.

• Although the evidence was extremely strong, scientists did not yet know how continents could move, so most

rejected the idea.

Lesson Review Questions

Recall

1. How do the continents resemble puzzle pieces?

2. List three evidences Wegener had for continental drift.

Apply Concepts

3. What other regions fit together besides South America and Africa?

Think Critically

4. Make a case before a scientific jury to convince them that continental drift is real. Give 5 pieces of evidence to

support your claim. Does the lack of a mechanism for continents to move destroy your case?

5. What 2 ideas can you come up with for what could drive continental motions?

Points to Consider

• Why is continental drift referred to as a hypothesis and not a theory?

• Why is Wegener’s continental drift idea accepted today?
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3.3 Seafloor Spreading

Lesson Objectives

• List the main features of the seafloor: mid-ocean ridges, deep sea trenches, and abyssal plains.

• Describe what seafloor magnetism tells scientists about the seafloor.

• Describe the process of seafloor spreading.

Vocabulary

• seafloor spreading

• trenches

Features of the Seafloor

Scientists were surprised to find huge mountains and deep trenches when they mapped the seafloor. The mid-ocean

ridges form majestic mountain ranges through the deep oceans (Figure 3.7).

FIGURE 3.7
A modern map of the eastern Pacific and Atlantic Oceans. Darker blue
indicates deeper seas. A mid-ocean ridge can be seen running through
the center of the Atlantic Ocean. Deep sea trenches are found along the
west coast of Central and South America and in the mid-Atlantic, east of
the southern tip of South America. Isolated mountains and flat, featureless
regions can also be spotted.

Deep sea trenches are found near chains of active volcanoes. These volcanoes can be at the edges of continents or in

the oceans. Trenches are the deepest places on Earth. The deepest trench is the Mariana Trench in the southwestern

Pacific Ocean. This trench plunges about 11 kilometers (35,840 feet) beneath sea level. The ocean floor does have

lots of flat areas. These abyssal plains are like the scientists had predicted.

Seafloor Magnetism

Warships also carried magnetometers. They were also used to search for submarines. The magnetometers also

revealed a lot about the magnetic properties of the seafloor.

Polar Reversals

Indeed, scientists discovered something astonishing. Many times in Earth’s history, the magnetic poles have switched

positions. North becomes south and south becomes north! When the north and south poles are aligned as they are
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now, geologists say it is normal polarity. When they are in the opposite position, they say that it is reversed polarity.

Magnetic Stripes

Scientists were also surprised to discover a pattern of stripes of normal and reversed polarity. These stripes surround

the mid-ocean ridges. There is one long stripe with normal magnetism at the top of the ridge. Next to that stripe are

two long stripes with reversed magnetism. One is on either side of the normal stripe. Next come two normal stripes

and then two reversed stripes, and so on across the ocean floor. The magnetic stripes end abruptly at the edges of

continents. Sometimes the stripes end at a deep sea trench (Figure 3.8).

FIGURE 3.8
Scientists found that magnetic polarity in
the seafloor was normal at mid-ocean
ridges but reversed in symmetrical pat-
terns away from the ridge center. This
normal and reversed pattern continues
across the seafloor.

Seafloor Ages

The scientists used geologic dating techniques on seafloor rocks. They found that the youngest rocks on the seafloor

were at the mid-ocean ridges. The rocks get older with distance from the ridge crest. The scientists were surprised

to find that the oldest seafloor is less than 180 million years old. This may seem old, but the oldest continental crust

is around 4 billion years old.

Scientists also discovered that the mid-ocean ridge crest is nearly sediment free. The crust is also very thin there.

With distance from the ridge crest, the sediments and crust get thicker. This also supports the idea that the youngest

rocks are on the ridge axis and that the rocks get older with distance away from the ridge. Something causes the

seafloor to be created at the ridge crest. The seafloor is also destroyed in a relatively short time.

The Seafloor Spreading Hypothesis

The seafloor spreading hypothesis brought all of these observations together in the early 1960s. Hot mantle material

rises up at mid-ocean ridges. The hot magma erupts as lava. The lava cools to form new seafloor. Later, more lava

erupts at the ridge. The new lava pushes the seafloor that is at the ridge horizontally away from ridge axis. The

seafloor moves!

In some places, the oceanic crust comes up to a continent. The moving crust pushes that continent away from the

ridge axis as well. If the moving oceanic crust reaches a deep sea trench, the crust sinks into the mantle. The

creation and destruction of oceanic crust is the reason that continents move. Seafloor spreading is the mechanism

that Wegener was looking for!
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Lesson Summary

• Maps of the ocean floor showed high mountain ranges and deep trenches.

• Changes in Earth’s magnetic field give clues as to how seafloor forms and the importance of mid-ocean ridges

in the creation of oceanic crust.

• Seafloor spreading processes create new oceanic crust at mid-ocean ridges and destroy older crust at deep sea

trenches.

Lesson Review Questions

Recall

1. Describe a mid-ocean ridge. What geological processes are happening there?

2. Compare the relative ages of deep sea trenches and abyssal plains.

Think Critically

3. Why is the oceanic crust so young? Why is the continental crust so old?

4. Describe how continents move across the ocean basins.

Points to Consider

• How does seafloor spreading provide a mechanism for continental drift?

• Describe the features of the North Pacific Ocean basin described in terms of seafloor spreading.
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3.4 Theory of Plate Tectonics

Lesson Objectives

• Describe what a plate is and how scientists can recognize its edges.

• Explain how the plates move by convection in the mantle.

• Describe the three types of plate boundaries and the features of each type of boundary.

• Describe how plate tectonics processes lead to changes in Earth’s surface features.

Vocabulary

• continental rifting

• convergent plate boundary

• divergent plate boundary

• intraplate activity

• island arc

• plate

• plate boundary

• subduction

• subduction zone

• transform fault

• transform plate boundary

Introduction

The theory of plate tectonics explains most of the features of Earth’s surface. Plate tectonics helps us to understand

where and why mountains form. Using the theory, we know where new ocean floor will be created and where it

will be destroyed. We know why earthquakes and volcanic eruptions happen where they do. We even can search for

mineral resources using information about past plate motions. Plate tectonics is the key that unlocks many of the

mysteries of our amazing planet.

Earth’s Tectonic Plates

Earthquake Locations

The scientists realized that the earthquakes were most common in certain areas. In the oceans, they were found along

mid-ocean ridges and deep sea trenches. Earthquakes and volcanoes were common all around the Pacific Ocean.

They named this region the Pacific Ring of Fire (Figure 3.9). Earthquakes are also common in the world’s highest

mountains, the Himalaya Mountains of Asia. The Mediterranean Sea also has many earthquakes.

Earthquakes and Plate Boundaries

Earthquakes are used to identify plate boundaries (Figure 3.10). When earthquake locations are put on a map, they

outline the plates. The movements of the plates are called plate tectonics.
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FIGURE 3.9
The Ring of Fire that circles the Pacific
Ocean is where the most earthquakes
and volcanic eruptions take place.

FIGURE 3.10
A map of earthquake epicenters shows
that earthquakes are found primarily in
lines that run up the edges of some
continents, through the centers of some
oceans, and in patches in some land ar-
eas.

The lithosphere is divided into a dozen major and several minor plates. Each plate is named for the continent or

ocean basin it contains. Some plates are made of all oceanic lithosphere. A few are all continental lithosphere. But

most plates are made of a combination of both.

Scientists have determined the direction that each plate is moving (Figure 3.11). Plates move around the Earth’s

surface at a rate of a few centimeters a year. This is about the same rate fingernails grow.

How Plates Move

Convection within the Earth’s mantle causes the plates to move. Mantle material is heated above the core. The hot

mantle rises up towards the surface. As the mantle rises it cools. At the surface the material moves horizontally

away from a mid-ocean ridge crest. The material continues to cool. It sinks back down into the mantle at a deep sea

trench. The material sinks back down to the core. It moves horizontally again, completing a convection cell.

Plate Boundaries
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FIGURE 3.11
Earth’s plates are shown in different col-
ors. Arrows show the direction the plate
is moving.

Plate boundaries are where two plates meet. Most geologic activity takes place at plate boundaries. This activity

includes volcanoes, earthquakes, and mountain building. The activity occurs as plates interact. How can plates

interact? Plates can move away from each other. They can move toward each other. Finally, they can slide past each

other.

These are the three types of plate boundaries:

• Divergent plate boundaries: the two plates move away from each other.

• Convergent plate boundaries: the two plates move towards each other.

• Transform plate boundaries: the two plates slip past each other.

The features that form at a plate boundary are determined by the direction of plate motion and by the type of crust

at the boundary.

Divergent Plate Boundaries

Plates move apart at divergent plate boundaries. This can occur in the oceans or on land.

Mid-ocean Ridges

Plates move apart at mid-ocean ridges. Lava rises upward, erupts, and cools. Later, more lava erupts and pushes

the original seafloor outward. This is seafloor spreading. Seafloor spreading forms new oceanic crust. The rising

magma causes earthquakes. Most mid-ocean ridges are located deep below the sea.

Continental Rifting

A divergent plate boundary can also occur within a continent. This is called continental rifting (Figure 3.12).

Magma rises beneath the continent. The crust thins, breaks, and then splits apart. This first produces a rift valley.

The East African Rift is a rift valley. Eastern Africa is splitting away from the African continent. Eventually, as the

continental crust breaks apart, oceanic crust will form. This is how the Atlantic Ocean formed when Pangaea broke

up.
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FIGURE 3.12
The Arabian, Indian, and African plates are rifting apart, forming the Great
Rift Valley in Africa. The Dead Sea fills the rift with seawater.

Convergent Plate Boundaries

A convergent plate boundary forms where two plates collide. That collision can happen between a continent and

oceanic crust, between two oceanic plates, or between two continents. Oceanic crust is always destroyed in these

collisions.

Ocean-Continent Convergence

Oceanic crust may collide with a continent. The oceanic plate is denser, so it undergoes subduction. This means

that the oceanic plate sinks beneath the continent. This occurs at an ocean trench (Figure below). Subduction zones
are where subduction takes place.

As you would expect, where plates collide there are lots of intense earthquakes and volcanic eruptions. The

subducting oceanic plate melts as it reenters the mantle. The magma rises and erupts. This creates a volcanic

mountain range near the coast of the continent. This range is called a volcanic arc. The Andes Mountains, along

the western edge of South America, are a volcanic arc (Figure below).

FIGURE 3.13
Subduction of an oceanic plate beneath a
continental plate forms a line of volcanoes
known as a continental arc and causes
earthquakes.

Ocean-Ocean Convergence

Two oceanic plates may collide. In this case, the older plate is denser. This plate subducts beneath the younger plate.

As the subducting plate is pushed deeper into the mantle, it melts. The magma this creates rises and erupts. This

forms a line of volcanoes, known as an island arc (Figure 3.14). Japan, Indonesia, the Philippine Islands, and the

Aleutian Islands of Alaska are examples of island arcs (Figure below).
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FIGURE 3.14
A convergent plate boundary subduc-
tion zone between two plates of oceanic
lithosphere. Melting of the subducting
plate causes volcanic activity and earth-
quakes.

Continent-Continent Convergence

Continental lithosphere is low in density and very thick. Continental lithosphere cannot subduct. So when two

continental plates collide, they just smash together, just like if you put your hands on two sides of a sheet of paper

and bring your hands together. The material has nowhere to go but up (Figure 3.15)! Earthquakes and metamorphic

rocks result from the tremendous forces of the collision. But the crust is too thick for magma to get through, so there

are no volcanoes.

FIGURE 3.15
When two plates of continental crust col-
lide, the material pushes upward, forming
a high mountain range. The remnants of
subducted oceanic crust remain beneath
the continental convergence zone.

Mountain Building

Continent-continent convergence creates some of the world’s largest mountains ranges. The Himalayas (Figure
below)are the world’s tallest mountains. They are forming as two continents collide. The Appalachian Mountains

are the remnants of a larger mountain range. This range formed from continent-continent collisions in the time of

Pangaea.

Transform Plate Boundaries

Two plates may slide past each other in opposite directions. This is called a transform plate boundary. These plate

boundaries experience massive earthquakes. The world’s best known transform fault is the San Andreas Fault in

69



3.4. Theory of Plate Tectonics www.ck12.org

California (Figure below). At this fault, the Pacific and North American plates grind past each other. Transform

plate boundaries are most common as offsets along mid-ocean ridges.

Transform plate boundaries are different from the other two types. At divergent plate boundaries, new oceanic crust

is formed. At convergent boundaries, old oceanic crust is destroyed. But at transform plate boundaries, crust is not

created or destroyed.

FIGURE 3.16
The red line is the San Andreas Fault. On the left is the Pacific Plate, which
is moving northeast. On the right is the North American Plate, which is
moving southwest. The movement of the plates is relative to each other.

Earth’s Changing Surface

Knowing where plate boundaries are helps explain the locations of landforms and types of geologic activity. The

activity can be current or old.

Active Plate Margins

Western North America has volcanoes and earthquakes. Mountains line the region. California, with its volcanoes

and earthquakes, is an important part of the Pacific Ring of Fire. This is the boundary between the North American

and Pacific Plates.

Passive Plate Margins

Mountain ranges also line the eastern edge of North America. But there are no active volcanoes or earthquakes.

Where did those mountains come from? These mountains formed at a convergent plate boundary when Pangaea

came together. About 200 million years ago these mountains were similar to the Himalayas today! There were also

earthquakes.

The Supercontinent Cycle

Scientists think that Pangaea was not the first supercontinent. There were others before it. The continents are now

moving together. This is because of subduction around the Pacific Ocean. Eventually, the Pacific will disappear and

a new supercontinent will form. This won’t be for hundreds of millions of years. The creation and breakup of a

supercontinent takes place about every 500 million years.
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Intraplate Activity

Most geological activity takes place at plate boundaries. But some activity does not. Much of this intraplate activity
is found at hot spots. Hotspot volcanoes form as plumes of hot magma rise from deep in the mantle.

Hotspots in the Oceans

A chain of volcanoes forms as an oceanic plate moves over a hot spot. This is how it happens. A volcano forms over

the hotspot. Since the plate is moving, the volcano moves off of the hotspot. When the hotspot erupts again, a new

volcano forms over it. This volcano is in line with the first. Over time, there is a line of volcanoes. The youngest is

directly above the hot spot. The oldest is the furthest away (Figure 3.17).

FIGURE 3.17
This view of the Hawaiian islands shows
the youngest islands in the southeast and
the oldest in the northwest. Kilauea vol-
cano, which makes up the southeastern
side of the Big Island of Hawaii, is located
above the Hawaiian hotspot.

The Hawaii-Emperor chain of volcanoes formed over the Hawaiian Hotspot. The Hawaiian Islands formed most

recently. Kilauea volcano is currently erupting. It is over the hotspot. The Emperor Seamounts are so old they no

longer reach above sea level. The oldest of the Emperor Seamounts is about to subduct into the Aleutian trench off

of Alaska. Geologists use hotspot chains to tell the direction and the speed a plate is moving.

Hotspots Beneath Continents

Hot spots are also found under the continental crust. Since it is more difficult for magma to make it through the thick

crust, they are much less common. One exception is the Yellowstone hotspot. This hotspot is very active. In the

past, the hotspot produced enormous volcanic eruptions. Now its activity is best seen in the region’s famous geysers.
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Lesson Summary

• Convection in the mantle drives the movement of the plates of lithosphere over the Earth’s surface. New

oceanic crust forms at the ridge and pushes the older seafloor away from the ridge horizontally.

• Plates interact at three different types of plate boundaries: divergent, convergent and transform fault bound-

aries, where most of the Earth’s geologic activity takes place.

• These processes acting over long periods of time are responsible for the geographic features we see.

Lesson Review Questions

Recall

1. Sketch and describe the three types of plate boundaries. Label features that form at each.

Apply Concepts

2. Describe convection. How does this work to create plate boundaries?

Think Critically

3. Why is continental crust thicker than oceanic crust? Why is oceanic crust relatively thin?

Points to Consider

• Using your hands and words, explain to someone how plate tectonics works. Be sure you describe how

continents drift and how seafloor spreading provides a mechanism for continental movement.

• Now that you know about plate tectonics, where do you think would be a safe place to live if you wanted to

avoid volcanic eruptions and earthquakes?
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3.5 Chapter 3 Review

Chapter 3 Review

1. Sketch and describe the layers of Earth’s Interior

2. How do we know what the interior of the earth is like?

3. Explain the effects of heat and temperature as depth increases

4. Explain Wegener’s Continental Drift Hypothesis

5. Explain the process of sea-floor spreading

6. Describe the three processes of heat transfer

7. What are tectonic plates?

8. Explain the forces that cause tectonic plate motion.

9. Sketch and describe the different types of plate boundaries.

10. Explain how we know where the plate boundaries are.

11. What are the stresses (forces) caused by the different types of plate boundaries?

12. Sketch and describe the different types of faults

13. What causes an earthquake?

14. What are the three conditions that influence melting?

15. Relate these to what happens in different geological settings. (where do each of these occur to produce

magma?)

16. Why does magma rise to the surface?

17. Explain how volcanic eruptions affect the atmosphere.
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4.1 Water on Earth

Lesson Objectives

• Describe how water is distributed on Earth.

• Describe what powers the water cycle and how water moves through this cycle.

Vocabulary

• condensation

• evaporation

• fresh water

• groundwater

• hydrologic (water) cycle

• precipitation

• reservoir

• residence time

• sublimation

• transpiration

• water vapor

Introduction

Water is simply two atoms of hydrogen and one atom of oxygen bonded together. Despite its simplicity, water has

remarkable properties. Water expands when it freezes, has high surface tension (because of the polar nature of the

molecules, they tend to stick together), and others. Without water, life might not be able to exist on Earth and it

certainly would not have the tremendous complexity and diversity that we see.

Distribution of Earth’s Water

Earth’s oceans contain 97% of the planet’s water, so just 3% is fresh water, water with low concentrations of salts

(Figure 4.1). Most fresh water is trapped as ice in the vast glaciers and ice sheets of Greenland. A storage location

for water such as an ocean, glacier, pond, or even the atmosphere is known as a reservoir. A water molecule may

pass through a reservoir very quickly or may remain for much longer. The amount of time a molecule stays in a

reservoir is known as its residence time.

How is the 3% of fresh water divided into different reservoirs? How much of that water is useful for living creatures?

How much for people?

The Hydrologic Cycle

Because of the unique properties of water, water molecules can cycle through almost anywhere on Earth. The

water molecule found in your glass of water today could have erupted from a volcano early in Earth history. In the

intervening billions of years, the molecule probably spent time in a glacier or far below the ground. The molecule
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FIGURE 4.1
The distribution of Earth

surely was high up in the atmosphere and maybe deep in the belly of a dinosaur. Where will that water molecule go

next?

Three States of Water

Water is the only substance on Earth that is present in all three states of matter – as a solid, liquid or gas. (And

Earth is the only planet where water is present in all three states.) Because of the ranges in temperature in specific

locations around the planet, all three phases may be present in a single location or in a region. The three phases are

solid (ice or snow), liquid (water), and gas (water vapor). See ice, water, and clouds (Figure 4.2).

FIGURE 4.2
(a) Ice floating in the sea. Can you find all three phases of water in this image? (b) Liquid water. (c) Water vapor
is invisible, but clouds that form when water vapor condenses are not.

The Water Cycle

Because Earth’s water is present in all three states, it can get into a variety of environments around the planet. The

movement of water around Earth’s surface is the hydrologic (water) cycle (Figure 4.3).
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FIGURE 4.3
Because it is a cycle, the water cycle has
no beginning and no end.

The Sun, many millions of kilometers away, provides the energy that drives the water cycle. Our nearest star directly

impacts the water cycle by supplying the energy needed for evaporation.

Most of Earth’s water is stored in the oceans where it can remain for hundreds or thousands of years. The oceans are

discussed in detail in the chapter Earth’s Oceans.

Water changes from a liquid to a gas by evaporation to become water vapor. The Sun’s energy can evaporate water

from the ocean surface or from lakes, streams, or puddles on land. Only the water molecules evaporate; the salts

remain in the ocean or a fresh water reservoir.

The water vapor remains in the atmosphere until it undergoes condensation to become tiny droplets of liquid. The

droplets gather in clouds, which are blown about the globe by wind. As the water droplets in the clouds collide and

grow, they fall from the sky as precipitation. Precipitation can be rain, sleet, hail, or snow. Sometimes precipitation

falls back into the ocean and sometimes it falls onto the land surface.

This animation shows the annual cycle of monthly mean precipitation around the world: http://en.wikipedia.org/

wiki/File:MeanMonthlyP.gif

When water falls from the sky as rain it may enter streams and rivers that flow downward to oceans and lakes. Water

that falls as snow may sit on a mountain for several months. Snow may become part of the ice in a glacier, where it

may remain for hundreds or thousands of years. Snow and ice may go directly back into the air by sublimation, the

process in which a solid changes directly into a gas without first becoming a liquid. Although you probably have not

seen water vapor sublimating from a glacier, you may have seen dry ice sublimate in air.

Snow and ice slowly melt over time to become liquid water, which provides a steady flow of fresh water to streams,

rivers, and lakes below. A water droplet falling as rain could also become part of a stream or a lake. At the surface,

the water may eventually evaporate and reenter the atmosphere.

A significant amount of water infiltrates into the ground. Soil moisture is an important reservoir for water. Water

trapped in soil is important for plants to grow.

Water may seep through dirt and rock below the soil through pores infiltrating the ground to go into Earth’s

groundwater system. Groundwater enters aquifers that may store fresh water for centuries. Alternatively, the water

may come to the surface through springs or find its way back to the oceans.

Plants and animals depend on water to live and they also play a role in the water cycle. Plants take up water from
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the soil and release large amounts of water vapor into the air through their leaves (Figure 4.4), a process known as

transpiration.

An online guide to the hydrologic cycle from the University of Illinois is found here: http://ww2010.atmos.uiuc.edu

/%28Gh%29/guides/mtr/hyd/home.rxml

FIGURE 4.4
Clouds form above the Amazon Rainfor-
est even in the dry season because of
moisture from plant transpiration.

People also depend on water as a natural resource. Not content to get water directly from streams or ponds, humans

create canals, aqueducts, dams, and wells to collect water and direct it to where they want it.

TABLE 4.1: Water Use

Use United States Global

Agriculture 34% 70%

Domestic (drinking, bathing) 12% 10%

Industry 5% 20%

Power plant cooling 49% small

Table 4.11.1 above displays water use in the United States and globally (Estimated Use of Water in the United States

in 2005, USGS).

It is important to note that water molecules cycle around. If climate cools and glaciers and ice caps grow, there is

less water for the oceans and sea level will fall. The reverse can also happen.

Lesson Summary

• Although Earth’s surface is mostly water covered, only 3% is fresh water.

• Water on Earth is found in all three phases: solid, liquid, and gas.

• Water travels between phases and reservoirs as part of the hydrologic (water) cycle.

• The major processes of the water cycle include evaporation, transpiration, condensation, precipitation, and

return to the oceans via runoff and groundwater supplies.

Review Questions

1. About what percent of the Earth’s water is fresh water?
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2. In what states does water appear on Earth and on other planets?

3. What powers the water cycle? How?

4. In which of the states of matter would water be at 130oC? At 45oC?

5. Define the words condensation and evaporation.

6. Sketch the water cycle.

7. What is transpiration? How is it like evaporation?

Points to Consider

• What natural disasters are caused by the water cycle?

• As Earth’s temperature warms, how might the water cycle be altered?
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4.2 Groundwater

Lesson Objectives

• Define groundwater.

• Explain the location, use, and importance of aquifers.

• Define springs and geysers.

• Describe how wells work and why they are important.

Vocabulary

• aquifer

• capillary action

• impermeable

• permeability

• porosity

• subsidence

• water table

• well

Introduction

Although this may seem surprising, water beneath the ground is commonplace. Usually groundwater travels slowly

and silently beneath the surface, but in some locations it bubbles to the surface at springs and geysers. The products

of erosion and deposition by groundwater were described in the Erosion and Deposition chapter.

Groundwater

Groundwater is the largest reservoir of liquid fresh water on Earth and is found in aquifers, porous rock and sediment

with water in between. Water is attracted to the soil particles and capillary action, which describes how water moves

through a porous media, moves water from wet soil to dry areas.

Aquifers are found at different depths. Some are just below the surface and some are found much deeper below the

land surface. A region may have more than one aquifer beneath it and even most deserts are above aquifers. The

source region for an aquifer beneath a desert is likely to be far from where the aquifer is located; for example, it may

be in a mountain area.

The amount of water that is available to enter groundwater in a region is influenced by the local climate, the slope of

the land, the type of rock found at the surface, the vegetation cover, land use in the area, and water retention, which

is the amount of water that remains in the ground. More water goes into the ground where there is a lot of rain, flat

land, porous rock, exposed soil, and where water is not already filling the soil and rock.

The residence time of water in a groundwater aquifer can be from minutes to thousands of years. Groundwater is

often called “fossil water” because it has remained in the ground for so long, often since the end of the ice ages.
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Aquifers

Features of an Aquifer

To be a good aquifer, the rock in the aquifer must have good:

• porosity: small spaces between grains

• permeability: connections between pores

This animation shows porosity and permeability. The water droplets are found in the pores between the sediment

grains, which is porosity. When the water can travel between ores, that’s permeability. http://www.nature.nps.go

v/GEOLOGY/usgsnps/animate/POROS_3.MPG

To reach an aquifer, surface water infiltrates downward into the ground through tiny spaces or pores in the rock.

The water travels down through the permeable rock until it reaches a layer that does not have pores; this rock is

impermeable (Figure below). This impermeable rock layer forms the base of the aquifer. The upper surface where

the groundwater reaches is the water table.

The Water Table

For a groundwater aquifer to contain the same amount of water, the amount of recharge must equal the amount of

discharge. What are the likely sources of recharge? What are the likely sources of discharge?

In wet regions, streams are fed by groundwater; the surface of the stream is the top of the water table (Figure 4.5).

In dry regions, water seeps down from the stream into the aquifer. These streams are often dry much of the year.

Water leaves a groundwater reservoir in streams or springs. People take water from aquifers, too.

What happens to the water table when there is a lot of rainfall? What happens when there is a drought? Although

groundwater levels do not rise and fall as rapidly as at the surface, over time the water table will rise during wet

periods and fall during droughts.

FIGURE 4.5
The top of the stream is the top of the wa-
ter table. The stream feeds the aquifer.

Groundwater Use

Groundwater is an extremely important water source for people. Groundwater is a renewable resource and its use is

sustainable when the water pumped from the aquifer is replenished. It is important for anyone who intends to dig

a well to know how deep beneath the surface the water table is. Because groundwater involves interaction between

the Earth and the water, the study of groundwater is called hydrogeology.
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Some aquifers are overused; people pump out more water than is replaced. As the water is pumped out, the water

table slowly falls, requiring wells to be dug deeper, which takes more money and energy. Wells may go completely

dry if they are not deep enough to reach into the lowered water table.

Lowering the water table may cause the ground surface to sink. Subsidence may occur beneath houses and other

structures (Figure 4.6).

FIGURE 4.6
The San Joaquin Valley of California is one of the world

When coastal aquifers are overused, salt water from the ocean may enter the aquifer, contaminating the aquifer and

making it less useful for drinking and irrigation. Salt water incursion is a problem in developed coastal regions, such

as on Hawaii.

Wells

A well is created by digging or drilling to reach groundwater. When the water table is close to the surface, wells are

a convenient method for extracting water. When the water table is far below the surface, specialized equipment must

be used to dig a well. Most wells use motorized pumps to bring water to the surface, but some still require people to

use a bucket to draw water up.

Lesson Summary

• Groundwater is the largest reservoir of fresh water.

• The water table is the top of an aquifer below which is water and above is rock or soil mixed with air.

• Aquifers are underground areas of sediment or rock that hold groundwater.

• An aquifer needs good porosity and permeability.

• People dig or drill wells to access groundwater.

Review Questions

1. What is groundwater?

2. What is the water table?

3. What are aquifers and why are they so important?

4. What is groundwater recharge? what factors influence the rate of recharge?
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5. How does a well work?

6. Since groundwater is largely unseen from the surface, how might you monitor the amount of groundwater in an

aquifer?

Points to Consider

• Is water from a river or from a well more likely to be clean to drink?

• Why is overuse of groundwater a big concern?

• What policies might people put in place to conserve water levels in lakes and aquifers
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4.3 Humans and the Water Supply

Lesson Objectives

• List ways that humans use water.

• State why some people don’t have enough water.

• Explain why poor quality water is a problem.

Vocabulary

drought

irrigation

Introduction

All forms of life need water to survive. Humans are no exception. We can survive for only a few days without it.

We also need water for agriculture, industry, and many other uses. Clearly, water is one of Earth’s most important

natural resources. It’s a good thing that water is recycled in the water cycle.

How We Use Water

Water in Agriculture

Many crops are grown where there isn’t enough rainfall for plants to thrive. For example, crops are grown in deserts

of the American southwest. How is this possible? The answer is irrigation. Irrigation is any way of providing extra

water to plants. Most of the water used in agriculture is used for irrigation. Livestock also use water, but they use

much less.

Irrigation can waste a lot of water. The type of irrigation shown in the Figure below is the most wasteful. The water

is simply sprayed into the air. Then it falls to the ground like rain. But much of the water never reaches the crops.

Instead, it evaporates in the air or runs off the fields. Irrigation water may dissolve agricultural chemicals such as

fertilizer. The dissolved chemicals could soak into groundwater or run off into rivers or lakes. Salts in irrigation

water can also collect in the soil. The soil may get too salty for plants to grow.

Water in Industry

Almost a quarter of the water used worldwide is used in industry. Industries use water for many purposes. For

example, they may use water to cool machines. Or they may use it in chemical processes. These uses of water may

pollute it. Water is also used to generate electricity. This use doesn’t pollute the water. But it may dam up streams

and rivers. This can harm wildlife.
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FIGURE 4.7
Overhead irrigation systems like this one
are widely used to irrigate crops on big
farms. What are some drawbacks of
irrigation?

Household Uses of Water

Think about all the ways people use water at home. Besides drinking it, they use it for cooking, bathing, washing

dishes, doing laundry, and flushing toilets. The water used inside homes goes down the drain. It usually ends up in

a sewer system. This water can be treated and reused.

Households may also use water outdoors. If your family has a lawn or garden, you may water them with a hose or

sprinkler. You may also use water to wash the car. Much of the water used outdoors evaporates or runs off. The

runoff water may end up in storm sewers. They carry it to a body of water, such as the ocean.

Water for Fun

There are many ways to use water for fun, from white water rafting to snorkeling. These uses of water don’t actually

use water up. Guess the single biggest use of water for fun. Believe it or not, it’s golf! Playing golf doesn’t use

water, but keeping golf courses green uses a lot of water. Many golf courses have sprinkler systems. They keep the

greens well watered. Much of this water is wasted. It evaporates or runs off the ground.

Water Problems: Not Enough Water

Most Americans have plenty of fresh, clean water. But many people around the world do not. In fact, water scarcity

is the world’s most serious resource problem. How can that be? Water is almost everywhere. More than 70 percent

of Earth’s surface is covered by water.

Where Is All the Water?

One problem is that only a tiny fraction of Earth’s water is fresh, liquid water that people can use. More than 97

percent of Earth’s water is salt water in the oceans. Just 3 percent is freshwater. Most of the freshwater is frozen in

ice sheets, icebergs, and glaciers (see Figure below).

Rainfall and the Water Supply

Rainfall varies around the globe. About 40 percent of the land gets very little rain. About the same percentage of the

world’s people don’t have enough water. Drier climates generally have less water for people to use. In some places,
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FIGURE 4.8
This glacier in Patagonia, Argentina
stores a lot of frozen freshwater.

people may have less water for an entire year than many Americans use in a single day! How much water is there

where you live?

Wealth and the Water Supply

Richer nations can drill deep wells or supply people with water in other ways. In these countries, just about everyone

has access to clean running water in their homes. It’s no surprise that people in these countries also use the most

water. In poorer nations, there is little money to develop water supplies.

Water Shortages

Water shortages are common in much of the world. They are most likely during droughts. A drought is a period of

unusually low rainfall. Human actions have increased how often droughts occur. One way is by cutting down trees.

Trees add a lot of water vapor to the air. With fewer trees, the air is drier and droughts are more common.

We already use six times as much water today as we did a hundred years ago. As the number of people rises, our

need for water will grow. By the year 2025, only half the world’s people will have enough. Water is such a vital

resource that serious water shortages may cause other problems.

• Crops and livestock may die so people will have nothing to eat.

• Other uses of water, such as industry, may have to stop.

• People may fight over water resources.

• People may die from lack of water.

Water Problems: Poor Quality Water

The water Americans get from their faucets is generally safe. This water has been treated and purified. But at least

20 percent of the world’s people do not have clean drinking water. Their only choice may be to drink water straight

from a river (see Figure below). The river water may be polluted with wastes. It may contain bacteria and other

organisms that cause disease. Almost 9 out of 10 cases of disease worldwide are caused by unsafe drinking water.

It’s the leading cause of death in young children.
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FIGURE 4.9
This boy is getting drinking water from a
hole that has been dug. It may be the only
source of water where he lives.

Lesson Summary

• People use water for agriculture, industry, and municipal uses. Agriculture uses the most water. Almost all of

it goes for irrigation.

• Too little water is a major problem. Places with the least water get little rainfall. They also lack money to

develop water resources. Droughts make the problem even worse.

• Poor water quality is also a problem. Many people must drink water that contains wastes. This causes a lot of

illness and death.

Lesson Review Questions

Recall

1. List the three major ways that humans use water.

2. What is the single biggest use of water in agriculture?

3. Give an example of an industrial use of water.

4. What problems may result from serious water shortages?

Think Critically

5. More than 70 percent of Earth’s surface is covered by water. Why is scarcity of water the world’s most serious

resource problem?

Points to Consider

In this lesson, you learned that many people don’t have clean water to drink. They must drink polluted water instead.
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• How does water become polluted?

• Can polluted water be treated so it is safe to drink?
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4.4 Water Pollution

Lesson Objectives

• Define point and nonpoint source pollution.

• List sources of water pollution.

• Describe ocean water pollution.

• Identify causes and effects of thermal pollution.

Vocabulary

point source pollution

nonpoint source pollution

thermal pollution

Introduction

Water pollution is a worldwide problem. Almost anything can end up in Earth’s water.

Point and Nonpoint Source Pollution

Pollution that enters water at just one point is called point source pollution. For example, chemicals from a factory

might empty into a stream through a single pipe (see Figure below). Pollution that enters in many places is called

nonpoint source pollution. It happens when runoff carries pollution into a body of water. Which type of pollution

do you think is harder to control?

FIGURE 4.10
Pollution from a factory enters a stream at a single point.
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Sources of Water Pollution

There are three main sources of water pollution:

1. Agriculture.

2. Industry.

3. Municipal, or community, sources.

Water Pollution from Agriculture

Huge amounts of chemicals such as fertilizer are applied to farm fields. The chemicals dissolve in rainwater. Runoff

may carry some of the chemicals to nearby rivers or lakes. Dissolved fertilizer causes too much growth of water

plants and algae. This can lead to dead zones in the water where nothing can live. Also, some of the chemicals may

soak into the ground and pollute groundwater. They may end up in water wells. If people drink the polluted water,

they may get sick.Wastfrom livestock can also pollute water. The waste contains bacteria and other organisms that

cause disease. In fact, more than 40 human diseases can be caused by water polluted with animal waste. Many

farms in the U.S. have thousands of animals. They produce millions of gallons of waste. The waste is stored in huge

lagoons. Many leaks have occurred. Two examples are described below.

• In North Carolina, 25 million gallons of hog manure spilled into a nearby river. It killed millions of fish.

• In Wisconsin, cow manure leaked into a city’s water supply. Almost half a million people got sick. More than

100 of them died.

Water Pollution from Industry

Factories and power plants may pollute water with harmful substances.

• Many industries produce toxic chemicals. Some of the worst are arsenic, lead, and mercury.

• Nuclear power plants produce radioactive chemicals. They cause cancer and other serious health problems.

• Oil tanks and pipelines can leak. Leaks may not be noticed until a lot of oil has soaked into the ground. The

oil may pollute groundwater so it is no longer fit to drink.

Municipal Water Pollution

"Municipal" refers to the community. Households and businesses in a community may also pollute the water supply.

For example:

• People apply chemicals to their lawns. The chemicals dissolve in rainwater. They run off into storm sewers

and end up in nearby rivers or lakes.

• Underground septic tanks can develop leaks. They let household sewage seep into groundwater.

• Municipal sewage treatment plants dump treated wastewater into rivers or lakes. The wastewater may not be

treated enough. It may still contain bacteria or toxic chemicals.

Ocean Water Pollution

The oceans are vast. You might think they are too big to be harmed by pollution. But that’s not the case. Ocean

water is becoming seriously polluted.

Coastal Pollution

The oceans are most polluted along coasts. That’s because pollution usually enters ocean water from land. Runoff

and rivers carry the majority of pollution into the ocean. Many cities also dump their wastewater there. In some
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parts of the world, raw sewage and trash may be thrown into the water. Coastal water may become so polluted that

people get sick if they swim in it or eat seafood from it. The polluted water may also kill fish and other ocean life.

Oil Spills

Oil spills are another source of ocean pollution. Many oil rigs float on the oceans. They pump oil from beneath the

ocean floor. Huge ocean tankers also carry oil around the world. Millions of barrels of oil may end up in the water

if anything goes wrong. The oil may coat and kill ocean animals. Much of the oil may wash ashore. It can destroy

coastal wetlands and ruin beaches. Figure below shows workers trying to clean up oil on a Louisiana beach. The oil

washed ashore after a deadly oil rig explosion in the Gulf of Mexico in 2010.

FIGURE 4.11
After an oil rig explosion, hundreds of miles of beaches looked like this
one. Cleaning them up was a huge task.

Thermal Pollution

Thermal pollution is pollution that raises the temperature of water. It’s commonly caused by power plants and

factories. They use cold water to cool their machines. They may pump cold water from a lake through giant cooling

towers, like those in Figure below. The cold water absorbs heat as it flows through the towers. Then the warm water

is returned to the lake. It can kill fish and other water life. One reason is that warm water can’t hold as much oxygen

as cool water. It may not have enough oxygen for living things.

Lesson Summary

• Point source pollution enters water at just one place. For example, it might enter a stream through a pipe.

Nonpoint source pollution enters water everywhere. It is carried by runoff.

• Major sources of pollution are agriculture, industry, and communities. Pollution from agriculture includes

chemicals and animal waste. Industry produces toxic chemicals. Communities produce sewage.

• Ocean water is most polluted along coasts. That’s because pollution usually enters the water from land. Oil

spills also pollute ocean water.

• Thermal pollution raises the temperature of water. It is commonly caused by power plants and factories. The

change in temperature can kill fish and other water organisms.
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FIGURE 4.12
Nuclear power plants need huge amounts
of water for cooling, so they are built close
to water. The water that’s returned to the
lake may be warm enough to kill fish.

Lesson Review Questions

Recall

1. Describe two major ways that agriculture can pollute water.

2. List 3 harmful substances that industry may add to water.

3. What are three municipal sources of water pollution?

4. State why ocean water is most polluted near coasts.

5. Name 2 ways oil can end up in ocean water?

6. What is thermal pollution? Why is it harmful for fish and other water life?

Apply Concepts

7. A nuclear power plant is located near the ocean. The plant uses ocean water for cooling. Describe two types of

water pollution this plant might produce.

Think Critically

8. Compare and contrast point and nonpoint source pollution. Give an example of each.

Points to Consider

People can’t live without water. They need it for life itself. More than almost any other resource, water must be

protected.
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• How can water pollution be prevented?

• How can we use less water?
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4.5 Protecting the Water Supply

Lesson Objectives

• List ways to reduce water pollution.

• Describe how water is treated.

• Identify ways to conserve water.

Vocabulary

water treatment

Introduction

The water supply can be harmed in two major ways. It can be polluted, and it can be overused. Protecting the water

supply must address both problems. We need to reduce how much pollution ends up in the water supply. We need

to treat water that’s already polluted. We need to conserve water by using less.

Reducing Water Pollution

In the mid 1900s, people were startled to see the Cuyahoga River in Cleveland, Ohio, burst into flames! The river

was so polluted with oil and other industrial wastes that it was flammable. Nothing could live in it.

Controlling Water Pollution

Disasters such as rivers burning led to new U.S. laws to protect the water. For example, the Environmental Protection

Agency was established. The Clean Water Act was passed. Now, water is routinely tested. Pollution is tracked to its

source, and polluters are fined. They also must fix the problem and clean up the pollution. Industries, agriculture,

and communities may still pollute water, but much less than before.

What You Can Do

Most water pollution comes from industry, agriculture, and municipal sources. But even individuals can pollute the

water supply if they aren’t careful. What can you do to reduce water pollution? Read the tips below.

• Properly dispose of motor oil and household chemicals. Never pour them down the drain. Also, don’t let them

spill on the ground. This keeps them out of storm sewers and bodies of water.

• Use fewer lawn and garden chemicals. Use natural products instead. For example, use compost instead of

fertilizer. Or grow plants that can thrive on their own without any extra help.

• Repair engine oil leaks right away. A steady drip of oil from an engine can quickly add up to gallons. The oil

can wash off driveways and streets. It can end up in storm drains and pollute the water supply.

• Don’t let pet litter or pet wastes get into the water supply. The nitrogen they contain can cause overgrowth of

algae. The wastes may also contain bacteria and other causes of disease.
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Water Treatment

Water treatment is a series of processes that remove unwanted substances from water. It makes water safe to return

to the natural environment or to the human water supply. You can see how drinking water is treated in Figure below.

Treating water for other purposes may not include all the same steps. That’s because water used in agriculture or

industry may not have to be as clean as drinking water.

FIGURE 4.13
Four processes are used to treat water to make it safe for drinking.

Conserving Water

Conserving water means using less of it. This applies mostly to people in richer nations. They have the most water

and also waste the most. In other countries, people already use very little water. They can’t get by with less.

Saving Water in Irrigation

Irrigation is the single biggest use of water. Overhead irrigation wastes a lot of water. Drip irrigation wastes less.

Water pipes run over the surface of the ground. There are tiny holes in the pipes close to each plant. Water slowly

drips out of the holes and soaks into the soil around the plants. Less water is needed. Very little of it evaporates or

runs off the ground.

Rationing Water

Some communities save water with rationing. They ban the use of water for certain things. For example, they may

ban lawn watering and car washing. People may be fined if they use water in these ways. You can do your part.

Follow any bans where you live. They are most likely to apply during droughts.

Saving Water at Home

It’s easy to save water at home. You can save water every day of the year. Saving even a few gallons a day can make

a big difference over the long run. The best place to start saving water is in the bathroom. Toilet flushing is the single

biggest use of water in the home. Showers and baths are the next biggest use. Follow the tips below to save water at

home.

• Install water-saving toilets. They use only about half as much water per flush. A single household can save up

to 20,000 gallons a year with this change alone!

• Take shorter showers. You can get just as clean in 5 minutes as you can in 10. And you’ll save up to 50 gallons

of water each time you shower. That’s thousands of gallons each year.
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• Use low-flow shower heads. They use about half as much water as regular shower heads. They save thousands

of gallons of water.

• Fix leaky shower heads and faucets. All those drips really add up. At one drip per second, more than 6,000

gallons go down the drain in a year — per faucet!

• Don’t leave the water running while you brush your teeth. You could save as much as 10 gallons each time

you brush. That could add up to 10,000 gallons in a year.

• Landscape the home with plants that need little water. This could result in a huge savings in water use. Look

at the garden in Figurebelow. It shows that you don’t have to sacrifice beauty to save water.

FIGURE 4.14
This beautiful garden contains only plants
that need very little water.

Lesson Summary

• Laws have been passed to control water pollution. In many places, water is cleaner now than it used to be.

Everyone can help reduce water pollution. For example, they can keep motor oil and pet wastes out of the

water supply.

• Water treatment is a series of processes that remove unwanted substances from water. More processes are

needed to purify water for drinking than for other uses.

• There are many ways to use less water. For example, drip irrigation wastes less than other methods. Water-

saving toilets and shower heads can save a lot of water at home.

Lesson Review Questions

Recall

1. Identify three ways that people can reduce water pollution at home.

2. List the processes used to treat drinking water.

3. What is filtration? What does it remove from water?

4. Why is chlorine added to drinking water?

5. Describe how water might be rationed in a community. Why would this be done?
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4.6 Chapter 4 Review

Chapter 4 Review

1. What are some of the unique properties of water that make it so important to life?

2. Where is water found on Earth? What percentage of Earth’s water is located in each reservoir?

3. Approximately how much of Earth’s water is freshwater? What percentage of Earth’s freshwater is located in

each reservoir?

4. Sketch and label the Hydrologic (water) cycle.

5. What is the energy source for the hydrologic cycle?

6. What sorts of natural disasters could be caused by the hydrologic cycle?

7. List the four major ways water is used by humans. How is water used differently in the United States compared

to the rest of the world?

8. What makes certain kinds of rock good aquifers?

9. Define water table. Why is it important to monitor the water table?

10. Why is water shortage such a concern in our area?

11. What are the 3 main sources of water pollution?

12. Why is thermal pollution a problem?

13. What is the difference between point source and non-point source pollution?

14. Describe 3 things you can do to help reduce water pollution.

15. Explain the water treatment process, and why each of the 5 steps is important.

16. List 5 ways you can conserve water at home.
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5.1 Introduction to the Oceans

Lesson Objectives

• Describe how the oceans formed.

• State how the oceans influence Earth.

• Describe the makeup of ocean water.

• Identify ocean zones.

Vocabulary

aphotic zone

benthic zone

intertidal zone

neritic zone

oceanic zone

photic zone

Introduction

Much of Earth’s surface is covered with oceans. That’s why Earth is called the “water planet.” Without all that water,

Earth would be a very different place. The oceans affect Earth’s atmosphere. They also influence its climate. They

are home to many living things as well. You might think that oceans have always covered Earth’s surface. But you

would be wrong!

How the Oceans Formed

When Earth formed 4.6 billion years ago, it would not have been called the “water planet.” There were no oceans

then. In fact, there was no liquid water at all. Early Earth was too hot for liquid water to form. It consisted only of

molten rock.

Water on Early Earth

Over time, Earth cooled. The surface hardened to become solid rock. But volcanic eruptions, like the one in Figure
5.1, kept bringing magma and gases to the surface. One of the gases was water vapor. More water vapor came

from asteroids and comets that crashed into Earth. As Earth cooled still more, the water vapor condensed. This was

Earth’s first liquid water. At last, the oceans could start to form.

Ancient Oceans

Earth’s crust consists of many tectonic plates. The plates move over time. That’s why the continents have changed

their shapes and positions during Earth’s history. As the continents changed, so did the oceans. About 250 million
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FIGURE 5.1
Volcanoes were one source of water va-
por on ancient Earth. What were other
sources?

years ago, there was one huge land mass. With a single land mass, Earth’s waters formed a vast ocean. This ocean

has been called Panthalassa. You can see it in

By 180 million years ago, the huge land mass began to break up. The continents started to drift apart. You can see

how this happened at the link below. Slowly, the continents moved to where they are today. The oceans changed as

well. Panthalassa broke into smaller oceans. Over time, it formed the Pacific, Atlantic, Indian, and Arctic Oceans.

Even today, the waters of all the oceans are connected. That’s why some people refer to the oceans together as the

“World Ocean.”

The Oceans’ Influence

Oceans cover more than 70 percent of Earth’s surface. They make up 97 percent of its surface water. It’s no surprise

that they have a big influence on the planet. They affect the atmosphere, climate, and living things.

Oceans and the Atmosphere

Oceans are the major source of water vapor in the atmosphere. Sunlight heats water near the surface, as shown in

Figure 5.2. As the water warms, some of it evaporates. The water vapor rises into the air. It may form clouds and

precipitation. Precipitation provides the freshwater needed by plants and other living things.

Ocean water also absorbs gases from the air. It absorbs oxygen and carbon dioxide. Oxygen is needed by living

things in the oceans. Much of the dissolved carbon dioxide sinks to the bottom of the water. Carbon dioxide is a

major cause of global warming. By absorbing carbon dioxide, the oceans help control global warming.

Oceans and Climate

Compared with inland areas, coastal areas have a milder climate. They are warmer in the winter and cooler in the

summer. That’s because land near an ocean is influenced by the temperature of the water. The temperature of ocean

water is moderate and stable. Why? There are two major reasons:

1. Ocean water is much slower to warm up and cool down than land. As a result, it never gets as hot or cold as

land.
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FIGURE 5.2
The oceans and atmosphere exchange
gases. Why does water vapor enter the
atmosphere from the water?

2. Water flows through all the world’s oceans. Therefore, warm water from the equator mixes with cold water

from the poles. The warm and cold water tend to “cancel each other out.”

Even inland temperatures are milder because of oceans. Without oceans, there would be much bigger temperature

swings all over Earth. Temperatures might plunge hundreds of degrees below freezing in the winter. In the summer,

swimming pools might boil! Clearly, life as we know it could not exist on Earth without the oceans.

Oceans and Living Things

The oceans also provide a home to many living things. In fact, a greater number of organisms lives in the oceans

than on land. Coral reefs have more living things than almost anywhere else on Earth.

Makeup of Ocean Water

You know that ocean water is salty. But do you know why? And just how salty is it?

Why Is Ocean Water Salty?

Ocean water is salty because water dissolves minerals out of rocks. This happens whenever water flows over or

through rocks. Much of this water ends up in the oceans. Minerals dissolved in water form salts. Mineral salts

become more concentrated in ocean water. That’s because a lot of the water evaporates. When it does, it leaves the

salts behind. As a result, ocean water is much saltier than other water on Earth.

How Salty Is Ocean Water?

Did you ever go swimming in the ocean? If you did, then you probably tasted the salts in the water. By mass, salts

make up about 3.5 percent of ocean water. Figure 5.3 shows the most common minerals in ocean water. The main

minerals are sodium and chloride. They form the salt known as sodium chloride. You may know it as table salt.

The amount of salts in ocean water varies from place to place. For example, near the mouth of a river, ocean water

may be less salty. That’s because river water contains less salt than ocean water. Where the ocean is warm, the water
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FIGURE 5.3
What percentage of the salts in ocean water is sodium chloride?

may be more salty. Can you explain why? (Hint: More water evaporates when the water is warm.)

Ocean Zones

In addition to the amount of salts, other conditions in ocean water vary from place to place. They include the amount

of nutrients in the water and how much sunlight the water gets. These conditions depend mainly on two factors:

distance from shore and depth of water. Oceans are divided into zones based on these two factors. The ocean floor

makes up another zone. Figure 5.4 describes all these zones.

Zones Based on Distance from Shore

There are three main ocean zones based on distance from shore. They are the intertidal zone, neritic zone, and

oceanic zone. Distance from shore influences how many nutrients are in the water. Why? Most nutrients are washed

into ocean water from land. Therefore, water closer to shore tends to have more nutrients. Living things need

nutrients. So distance from shore also influences how many organisms live in the water.

Zones Based on Depth of Water

Two main zones based on depth of water are the photic zone and aphotic zone. The photic zone is the top 200 meters

of water. The aphotic zone is water deeper than 200 meters. The deeper you go, the darker the water gets. That’s
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FIGURE 5.4
Distance from shore defines some ocean zones. Depth of water defines others. Which zone is on the ocean
floor?

because sunlight cannot penetrate very far under water. Sunlight is needed for photosynthesis. Therefore, depth of

water determines whether photosynthesis is possible. There is enough sunlight for photosynthesis only in the photic

zone. Water also gets colder as you go deeper. The weight of the water pressing down from above increases as well.

At great depths, life becomes very difficult. The pressure is so high that it can crush most living things.

Lesson Summary

• Early Earth was too hot for liquid water to form. Eventually Earth cooled. Water vapor from volcanoes and

objects in space condensed. Oceans finally formed. The oceans changed size and shape as continents drifted.

• Oceans have a big influence on Earth. They exchange gases with the atmosphere. They prevent very hot and

very cold temperatures. They are home to many living things.

• Dissolved mineral salts wash into the ocean. As ocean water evaporates, it leaves the salts behind. This makes

the water saltier. Ocean water is about 3.5 percent salts. The main salt is sodium chloride.

• The ocean is divided into many zones. Some are based on distance from shore. Some are based on depth of

water. The ocean floor is another zone.

Lesson Review Questions

Recall

1. State why there was no liquid water on ancient Earth.

2. Describe 2 ways the oceans influences Earth’s atmosphere.

3. Describe how ocean water properties change as you go deeper in the water.
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4. Define the intertidal zone, how do the conditions in this zone affect living things?

Think Critically

5. Compare and contrast the photic and aphotic zones.
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5.2 The Ocean Floor

Lesson Objectives

• Describe how scientists study the ocean floor.

• Identify major features of the ocean floor.

• List resources found on the ocean floor.

Vocabulary

oceanic trench

sonar

Studying the Ocean Floor

Scientists study the ocean floor in various ways. Scientists — or their devices — may actually travel to the ocean

floor. Or they may study the ocean floor from the surface. One way is with a tool called sonar.

Using Sonar

Did you ever shout and hear an echo? If you did, that’s because the sound waves bounced off a hard surface and

back to you. The same principle explains how sonar works. A ship on the surface sends sound waves down to the

ocean floor. The sound waves bounce off the ocean floor and return to the surface, like an echo. Sonar can be used to

measure how deep the ocean is. The time it takes sound waves to travel from the surface to the ocean floor and back

again is recorded. Sound waves travel through water at a known speed. Knowing the time and speed, the distance

to the ocean floor can be calculated. Many such measurements have been made. They have been used to map the

ocean floor.

Traveling to the Ocean Floor

Where the water is very deep, it takes special vehicles to reach the ocean floor. Three are described below:

• The vehicle called Trieste was developed in the late 1950s. In 1960, scientists used it to travel to one the

deepest parts of the ocean floor. However, this was very risky. It also cost a lot of money. That’s why

scientists did not travel to this depth again.

• The vehicle named Alvin was developed soon after Trieste. It has made many trips deep into the ocean. It

allows people to stay underwater for up to 9 hours. However, Alvin can’t go as deep as the Trieste did in 1960.

• Today, remote-control vehicles go to the deepest ocean floor. They don’t have any people on board. However,

they carry devices that record many measurements.

Features on the Ocean Floor

Scientists have learned a lot about the ocean floor. For example, they know that Earth’s tallest mountains and deepest

canyons are on the ocean floor. The major features on the ocean floor are described below. They are also shown in

Figure 5.5.
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• The continental shelf is the ocean floor at the edges of continents. It consists of a gentle slope. The water over

the continental shelf is shallow.

• The continental slope lies between the continental shelf and the abyssal plain. It consists of a steep slope. It

drops sharply to the deep ocean floor.

• The abyssal plain forms much of the floor under the open ocean. It is more or less flat. It lies from 3 to 6

kilometers (1.9 to 3.7 miles) below the surface.

• An oceanic trench is a deep canyon on the ocean floor. Trenches occur where one tectonic plate slides under

another. The deepest trench is the Mariana Trench in the Pacific Ocean. It plunges more than 11 kilometers

(almost 7 miles) below sea level. The Trieste went to the bottom of the Mariana Trench on its 1960 voyage.

• A seamount is a volcanic mountain on the ocean floor. Like volcanoes on land, ocean floor volcanoes occur at

the edge of tectonic plates. Seamounts that rise above the water surface form islands. The Hawaiian Islands

are seamounts.

• The mid-ocean ridge is a mountain range. It runs through all the world’s oceans. It is almost 64,000 kilometers

(40,000 miles) long! It forms where tectonic plates pull apart. This allows magma to seep up through the ocean

floor. The magma hardens to create the ridge.

FIGURE 5.5
The ocean floor has many features. They
are similar to those found on land. They
also formed in similar ways.

Lesson Summary

• It is difficult to study the ocean floor. It can be studied indirectly with tools such as sonar. It can be studied

directly with special vehicles. The vehicles carry scientists or their devices to the ocean floor.

• Features of the ocean floor include the continental shelf and slope, abyssal plain, trenches, seamounts, and the

mid-ocean ridge. Some features are caused by moving tectonic plates.

Lesson Review Questions

Recall

1. Why is it difficult to study the deep ocean floor?
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2. What is sonar?

3. What are the continental slope and continental shelf?

Apply Concepts

4. Create a diagram to show how sonar is used to find the distance from the surface to the ocean floor.

Think Critically

5. Relate features of the ocean floor to plate tectonics.

Points to Consider

Many organisms live on the ocean floor. Others live elsewhere in the ocean.

• Where else do organisms live in the ocean?

• How might organisms that live on the ocean floor differ from those that live in other parts of the ocean?
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5.3 Ocean Movements

Lesson Objectives

• Describe how waves move through water.

• Explain what causes tides.

• Give an overview of surface currents.

• Identify the cause of deep currents.

• Describe upwelling.

Vocabulary

convection current

Coriolis effect

deep current

density

El Nino

La Nina

neap tide

spring tide

surface current

tide

upwelling

wave

Waves

Most ocean waves are caused by winds. A wave is the transfer of energy through matter. Ocean waves transfer

energy from wind through water. The energy of a wave may travel for thousands of miles. However, the water itself

moves very little. Figure 5.6 shows how water molecules move when a wave goes by.

The Size of Waves

Figure 5.6 also shows how the size of waves is measured. The highest point of a wave is the crest. The lowest

point is the trough. The vertical distance between a crest and a trough is the height of the wave. Wave height is also

called amplitude. The horizontal distance between two crests is the wavelength. Both amplitude and wavelength are

measures of wave size. The size of a wave depends on how fast, how far, and how long the wind blows. The greater

each of these factors is, the bigger a wave will be. Some of the biggest waves occur with hurricanes. A hurricane is

a storm that forms over the ocean. Its winds may blow more than 150 miles per hour! The winds also travel over

long distances and may last for many days.
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FIGURE 5.6
A wave travels through the water. How-
ever, it doesn

Breaking Waves

In shallow water, the waves touch the bottom. Dragging on the bottom causes the waves to slow down. They start to

pile up. They get steeper and tip forward. When they reach the shore, the waves topple over and break.

Tsunamis

Not all waves are caused by winds. Earthquakes also send waves through water. A tsunami is a wave caused by an

earthquake. It may be a very big wave. When a tsunami reaches shallow water near shore, it is likely to flood the

land. Tsunamis often cause deaths and destroy property.

Tides

Tides are daily changes in the level of ocean water. They occur all around the globe. High tides occur when the

water reaches its highest level. Low tides occur when the water reaches its lowest level. Tides keep cycling from

high to low and back again. The water level rises and falls twice a day. As a result, in most places there are two high

tides and two low tides every 24 hours. In Figure 5.7, you can see the difference between high and low tides. The

difference between the high and low tide is the tidal range.

Why Tides Occur

Figure 5.8 shows why tides occur. The main reason is the pull of the moon’s gravity on Earth and its oceans. The

pull is greatest on whatever is closest to the moon. As a result:

• Water on the side of Earth facing the moon is pulled hardest by the moon’s gravity. This causes a bulge of

water on that side of Earth. This creates a high tide.

• Earth itself is pulled harder by the moon’s gravity than is the ocean on the side of Earth opposite the moon.

As a result, there is bulge of water on that side of Earth as well. This creates another high tide.

• With water bulging on two sides of Earth, there’s less water left on the rest of Earth. This creates low tides on

the other sides.
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FIGURE 5.7
Where is the intertidal zone in this pic-
ture?

FIGURE 5.8
High and low tides are due mainly to the
pull of the moon

Spring Tides and Neap Tides

The sun’s gravity also pulls on Earth and its oceans. However, even though the sun is much larger than the moon,

the pull of the sun’s gravity isn’t as great. That’s because the sun is much farther away. The sun just strengthens or

weakens the moon’s influence on tides. Figure 5.9 shows the position of the moon relative to the sun at different

times during the month. This position determines how the sun affects tides. It creates either spring tides or neap

tides.

• Spring tides occur during the new moon and full moon. The sun and moon are in a straight line. Their gravity

combines to cause very high and very low tides. These tides have the greatest difference between high and

low tides.

• Neap tides occur during the first and third quarters of the moon. The moon and sun are at right angles to each

other. Their gravity pulls on the oceans in different directions. These tides have the least difference between
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high and low tides.

FIGURE 5.9
The sun and moon both affect Earth

This animation shows the effect of the Moon and Sun on the tides: http://www.onr.navy.mil/focus/ocean/motion/t

ides1.htm.

Surface Currents

Another way ocean water moves is in currents. A current is a stream of moving water that flows through the ocean.

Surface currents are caused mainly by winds. Major surface currents are shown in Figure 5.10. They flow in a

clockwise direction in the Northern Hemisphere. In the Southern Hemisphere, they flow in the opposite direction.

Coriolis Effect

Winds and surface currents tend to move from the hot equator north or south toward the much cooler poles. That’s

because of differences in the temperature of air masses over Earth’s surface. But Earth is spinning on its axis

underneath the wind and water as they move. The Earth rotates from west to east. As a result, winds and currents

actually end up moving toward the northeast or southeast. This effect of Earth’s rotation on the direction of winds

and currents is called the Coriolis effect.

Surface Currents and Climate

Large ocean currents can have a big impact on the climate of nearby coasts. The Gulf Stream, for example, carries

warm water from the Gulf of Mexico up the eastern coast of North America.

Deep Currents
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FIGURE 5.10
Earth

Currents also flow deep below the surface of the ocean. Deep currents are large convection currents. A convection
current is a vertical current that flows because of differences in density at the top and bottom. Density is defined as

the amount of mass per unit of volume. More dense water takes up less space than less water. It has the same mass

but less volume. This makes denser water heavier and so it sinks. Less dense water rises. Rising and sinking water

creates a convection current.

Water becomes more dense when it is colder and when it has higher concentration of salt. In the North Atlantic

Ocean, cold winds chill the water at the surface. Sea ice forms from fresh water. This leaves behind a lot of salt in

the seawater. This cold, dense water sinks to the bottom of the North Atlantic. Downwelling can take place in other

places where surface water becomes very dense (see Figure 5.11).

FIGURE 5.11
Deep currents flow because of differences
in density of ocean water.
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Upwelling

Sometimes deep ocean water rises to the surface. This is called upwelling. Figure 5.12 shows why it happens.

Strong winds blow surface water away from shore. This allows deeper water to flow to the surface and take its place.

FIGURE 5.12
An upwelling occurs when deep ocean
water rises to the surface.

When water comes up from the deep, it brings a lot of nutrients with it. That’s because nutrients settle to the bottom

over time. The nutrients brought to the surface support many living things.

El Nino/ La Nina

You’ve probably heard of El Niño and La Niña. These terms refer to certain short-term changes in climate. The

changes are natural and occur in cycles. To understand the changes, you first need to know what happens in normal

years. This is shown in Figure below.

FIGURE 5.13
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El Niño

El Niño occurs when the Pacific Ocean is warmer than usual. This causes the trade winds to change direction. They

blow from west to east instead of the usual east to west. This is shown in Figure below. Warm water piles up along

the western coast of South America. This prevents upwelling.

These changes in water temperature, winds, and currents affect climates worldwide. The changes usually last a year

or two. Some places get more rain than normal. Other places get less. Overall, there may be more severe weather.

FIGURE 5.14

La Niña

La Niña generally follows El Niño. It occurs when the Pacific Ocean is cooler than normal. Figure below shows

what happens then. The trade winds blow from east to west as in normal years. But the winds are stronger than

usual. They carry cold water farther across the Pacific than normal. These changes also affect climates worldwide.

FIGURE 5.15

Lesson Summary

• Most ocean waves are caused by winds. The size of a wave depends on how fast, how far, and how long the

wind blows. Tsunamis are waves caused by earthquakes.
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• Tides are daily changes in the level of ocean water. They are caused mainly by the pull of the moon’s gravity

on Earth and its oceans. The sun’s gravity also influences tides.

• Surface currents are like streams flowing through the surface of the ocean. They are caused mainly by winds.

Earth’s rotation influences their direction. This is called the Coriolis effect. Surface currents may affect the

climate of nearby coasts.

• Deep currents are convection currents that occur far below the surface. They are caused by differences in

density of ocean water.

• Upwelling occurs when deep ocean water rises to the surface. It brings nutrients with it. The nutrients support

many organisms.

• El Niño and La Niña are cycles that influence weather all over the planet.

Lesson Review Questions

Recall

1. Identify two causes of ocean waves.

2. What is the Coriolis effect?

3. Define density. How is the density of water related to its temperature?

4. Describe upwelling. State why it occurs.

Think Critically

5. Explain how the moon and sun cause Earth’s tides.

6. Compare and contrast surface currents and deep currents.

7. Compare and contrast El Niño and La Niña.

Points to Consider

Upwelling brings nutrients to the surface from the ocean floor. Nutrients are important resources for ocean life.

However, they aren’t the only resources on the ocean floor.

• What other resources do you think might be found on the ocean floor?

• It’s hard to get resources from the ocean floor. Can you explain why?
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5.4 Chapter 5 Review

1. Why were there no oceans on early Earth?

2. Where did the water come from that formed the oceans?

3. What is salinity?

4. Where did the salinity of oceans come from?

5. What is pressure?

6. What causes changes in pressure in the ocean?

7. What is temperature?

8. What causes changes in temperature in the ocean?

9. What causes waves?

10. What causes tides?

11. Compare and contrast spring tides and neap tides.

12. Describe how the ocean changes with depth.

13. What are the four ocean life zones, and what are the conditions like in each?

14. What is the intertidal zone, and what are the conditions there?

15. Describe how sonar works.

16. Sketch and label the features of the ocean floor.

17. What causes the global wind belts?

18. Sketch and label the global wind belts.

19. What is the Coriolis Effect?

20. How are the Global Wind Belts related to ocean currents?

21. Compare and contrast warm and cold water ocean currents.

22. Describe how ocean currents affect local climates.

23. Compare and contrast local (regional) sea level changes and world-wide (eustatic) sea level changes.

24. What is upwelling, and how does it occur?

25. Explain how El Niño occurs, and give 3 examples of how it affects other things.
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6.1 Atmospheric Properties

Lesson Objectives

• Explain why Earth’s atmosphere is important.

• Describe the composition of the atmosphere.

• List properties of the atmosphere.

Vocabulary

• air pressure

• altitude

• sound

Introduction

Why is Earth the only planet in the solar system known to have life? The main reason is Earth’s atmosphere. The

atmosphere is a mixture of gases that surrounds the planet. We also call it air. The gases in the air include nitrogen,

oxygen, and carbon dioxide. Along with water vapor, air allows life to survive. Without it, Earth would be a harsh,

barren world.

The Atmosphere and the Sun’s Rays

The atmosphere protects living things from the sun’s most harmful rays. Gases reflect or absorb the strongest rays

of sunlight. Figure 6.1 models this role of the atmosphere.

FIGURE 6.1
The atmosphere shields Earth from harmful solar rays.

The Atmosphere and Earth’s Temperature

Gases in the atmosphere surround Earth like a blanket. They keep the temperature in a range that can support life.

The gases keep out some of the sun’s scorching heat during the day. At night, they hold the heat close to the surface,

so it doesn’t radiate out into space.
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Composition of Air

Air is easy to forget about. We usually can’t see it, taste it, or smell it. We can only feel it when it moves. But air is

actually made of molecules of many different gases. It also contains tiny particles of solid matter.

Gases in Air

Figure 6.2 shows the main gases in air. Nitrogen and oxygen make up 99 percent of air. Argon and carbon dioxide

make up much of the rest. These percentages are the same just about everywhere in the atmosphere.

FIGURE 6.2
This graph identifies the most common
gases in air.

Air also includes water vapor. The amount of water vapor varies from place to place. That’s why water vapor isn’t

included in Figure 6.2. It can make up as much as 4 percent of the air.

Particles in the Air

Air includes many tiny particles. The particles may consist of dust, soil, salt, smoke, or ash. Some particles pollute

the air and may make it unhealthy to breathe. But having particles in the air is very important. Tiny particles are

needed for water vapor to condense on. Without particles, water vapor could not condense. Then clouds could not

form and Earth would have no rain.

Properties of Air

We usually can’t sense the air around us unless it is moving. But air has the same basic properties as other matter.

For example, air has mass, volume and, of course, density.

122

www.ck12.org Chapter 6. The Atmosphere

Density of Air

Density is mass per unit volume. Density is a measure of how closely molecules are packed together. The closer

together they are, the greater the density. Since air is a gas, the molecules can pack tightly or spread out.

The density of air varies from place to place. Air density depends on several factors. One is temperature. Like other

materials, warm air is less dense than cool air. Since warmer molecules have more energy, they are more active. The

molecules bounce off each other and spread apart. Another factor that affects the density of air is altitude.

Altitude and Density

Altitude is height above sea level. The density of air decreases with height. There are two reasons. At higher

altitudes, there is less air pushing down from above. Also, gravity is weaker farther from Earth’s center. So at higher

altitudes, air molecules can spread out more. Air density decreases. You can see this in Figure 6.3.

FIGURE 6.3
This drawing represents a column of air. The column rises from sea level
to the top of the atmosphere. Where does air have the greatest density?

Air Pressure

Because air is a gas, its molecules have a lot of energy. Air molecules move a lot and bump into things. For this

reason, they exert pressure. Air pressure is defined as the weight of the air pressing against a given area.

At sea level, the atmosphere presses down with a force of about 1 kilogram per square centimeter (14.76 pounds per

square inch). If you are standing at sea level, you have more than a ton of air pressing against you. Why doesn’t the

pressure crush you? Air presses in all directions at once. Other molecules of air are pushing back.

Lesson Summary

• Nitrogen and oxygen make up about 99 percent of the air. Argon and carbon dioxide make up much of the

rest. The air also contains water vapor. The amount of water vapor varies from place to place.

• Air has mass and volume. It also has density and exerts pressure. Both the density and pressure of air decrease

with altitude.

Lesson Review Questions

Recall

1. How does the atmosphere keep Earth warm at night?

2. Describe the composition of air.
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Apply Concepts

3. Create a graph that shows how air pressure changes with altitude. Use the data in Table 6.1 as a guide.

TABLE 6.1: short caption

Air Pressure (atm) Altitude (m) Altitude (ft)

1 0 0

3/4 2,750 7,902

1/2 5,486 18,000

1/3 8,376 27,480

1/10 16,132 52,926

1/100 30,901 101,381

1/1,000 48,467 159,013

1/10,000 69,464 227,899

1/100,000 86,282 283,076

Think Critically

4. Explain how and why the density of air changes with altitude.

Points to Consider

In this lesson, you read that air density and pressure change with altitude. The temperature of the air also changes

with altitude. Air temperature measures the heat energy of air molecules.

• What heats the atmosphere? Where does air gets its energy?

• What causes the atmosphere to lose energy and become cooler?
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6.2 Energy in the Atmosphere

Lesson Objectives

• Define energy.

• Describe solar energy.

• State how heat moves through the atmosphere.

• Describe how solar energy varies across Earth’s surface.

• Explain the greenhouse effect.

Vocabulary

• electromagnetic spectrum

• energy

• greenhouse effect

• greenhouse gas

• infrared light

• photon

• ultraviolet (UV) light

• visible light

What Is Energy?

Energy is defined as the ability to do work. Doing anything takes energy.

Forms of Energy

Heat and light are forms of energy. Other forms are chemical and electrical energy. Energy can’t be created or

destroyed. It can change form. For example, a piece of wood has chemical energy stored in its molecules. When the

wood burns, the chemical energy changes to heat and light energy.

Movement of Energy

Energy can move from one place to another. It can travel through space or matter. That’s why you can feel the heat

of a campfire and see its light. These forms of energy travel from the campfire to you.

Energy from the Sun

Almost all energy on Earth comes from the sun. The sun’s energy heats the planet and the air around it. Sunlight

also powers photosynthesis and life on Earth.
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Photons of Energy

The sun gives off energy in tiny packets called photons. Photons travel in waves. Figure 6.4 models a wave of light.

Notice the wavelength in the figure. Waves with shorter wavelengths have more energy.

FIGURE 6.4
This curve models a wave. Based on
this figure, how would you define wave-
length?

Electromagnetic Spectrum

Energy from the sun has a wide range of wavelengths. The total range of energy is called the electromagnetic
spectrum. You can see it in Figure 6.5.

FIGURE 6.5
Compare the wavelengths of radio waves
and gamma rays. Which type of wave has
more energy?

Visible light is the only light that humans can see. Different wavelengths of visible light appear as different

colors. Radio waves have the longest wavelengths. They also have the least amount of energy. Infrared light
has wavelengths too long for humans to see, but we can feel them as heat. The atmosphere absorbs the infrared light.
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Ultraviolet (UV) light is in wavelengths too short for humans to see. The most energetic UV light is harmful to life.

The atmosphere absorbs most of this UV light from the sun. Gamma rays have the highest energy and they are the

most damaging rays. Fortunately, gamma rays don’t penetrate Earth’s atmosphere.

How Energy Moves Through the Atmosphere

Energy travels through space or material. Heat energy is transferred in three ways: radiation, conduction, and

convection.

Radiation

Radiation is the transfer of energy by waves. Energy can travel as waves through air or empty space. The sun’s

energy travels through space by radiation. After sunlight heats the planet’s surface, some heat radiates back into the

atmosphere.

Conduction

In conduction, heat is transferred from molecule to molecule by contact. Warmer molecules vibrate faster than cooler

ones. They bump into the cooler molecules. When they do they transfer some of their energy. Conduction happens

mainly in the lower atmosphere. Can you explain why?

Convection

Convection is the transfer of heat by a current. Convection happens in a liquid or a gas. Air near the ground is

warmed by heat radiating from Earth’s surface. The warm air is less dense, so it rises. As it rises, it cools. The cool

air is dense, so it sinks to the surface. This creates a convection current. Convection is the most important way that

heat travels in the atmosphere.

Energy and Latitude

Different parts of Earth’s surface receive different amounts of sunlight. You can see this in Figure 6.6. The sun’s

rays strike Earth’s surface most directly at the equator. This focuses the rays on a small area. Near the poles, the

sun’s rays strike the surface at a slant. This spreads the rays over a wide area. The more focused the rays are, the

more energy an area receives and the warmer it is.

FIGURE 6.6
The lowest latitudes get the most energy
from the sun. The highest latitudes get
the least.

How do the differences in energy striking different latitudes affect Earth? The planet is much warmer at the equator

than at the poles. In the atmosphere, the differences in heat energy cause winds and weather. On the surface, the
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differences cause ocean currents. Can you explain how?

The Greenhouse Effect

When sunlight heats Earth’s surface, some of the heat radiates back into the atmosphere. Some of this heat is

absorbed by gases in the atmosphere. This is the greenhouse effect, and it helps to keep Earth warm. The greenhouse

effect allows Earth to have temperatures that can support life.

Gases that absorb heat in the atmosphere are called greenhouse gases. They include carbon dioxide and water vapor.

Human actions have increased the levels of greenhouse gases in the atmosphere. This is shown in Figure 6.7. The

added gases have caused a greater greenhouse effect. How do you think this affects Earth’s temperature?

FIGURE 6.7
Human actions have increased the natu-
ral greenhouse effect.

Lesson Summary

• Energy is the ability to do work. Heat and light are forms of energy. Energy can change form. It can also

move from place to place.

• Earth gets its energy from the sun. The sun gives off photons of energy that travel in waves. All the

wavelengths of the sun’s energy make up the electromagnetic (EM) spectrum.

• Energy moves in three ways. By radiation, it travels in waves across space. By conduction, it moves between

molecules that are in contact. By convection, it moves in a current through a liquid or gas.

• Energy from the sun is more focused at the equator than the poles. Differences in energy by latitude cause

winds and weather.

• Greenhouse gases in the atmosphere absorb heat. This is called the greenhouse effect and it makes the planet

warmer. Human actions have increased the greenhouse effect.

Lesson Review Questions

Recall

1. Define energy. List three forms of energy.

2. Describe the electromagnetic spectrum.

3. How is wavelength related to the energy of light?

128

www.ck12.org Chapter 6. The Atmosphere

4. What is the greenhouse effect?

5. List two greenhouse gases.

Think Critically

6. Why is Earth colder at the poles than the equator?

Points to Consider

Energy from the sun heats the air in Earth’s atmosphere. You might predict that air temperature would increase

steadily with altitude. After all, the higher you go, the closer you are to the sun. But it’s not that simple.

• Besides the sun, what might heat up the atmosphere?

• How do you think air temperature might change with altitude?
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6.3 Layers of the Atmosphere

Lesson Objectives

• Describe how the temperature of the atmosphere changes with altitude.

• Outline the properties of the troposphere.

• Explain the role of the ozone layer in the stratosphere.

• Describe conditions in the mesosphere.

• Explain how the sun affects the thermosphere.

• Identify the exosphere.

Vocabulary

• exosphere

• mesosphere

• ozone

• stratosphere

• temperature inversion

• thermosphere

• troposphere

Introduction

Earth’s atmosphere is divided into five major layers. The layers are based on temperature.

Temperature of the Atmosphere

Air temperature changes as altitude increases. In some layers of the atmosphere, the temperature decreases. In other

layers, it increases. You can see this in Figure 6.8 and at the link below. Refer to the figure as you read about the

layers below.

Troposphere

The troposphere is the lowest layer of the atmosphere. In it, temperature decreases with altitude. The troposphere

gets some of its heat directly from the sun. Most, however, comes from Earth’s surface. The surface is heated by

the sun and some of that heat radiates back into the air. This makes the temperature higher near the surface than at

higher altitudes.

Properties of the Troposphere

Look at the troposphere in Figure 6.8. This is the shortest layer of the atmosphere. It rises to only about 12 kilometers

(7 miles) above the surface. Even so, this layer holds 75 percent of all the gas molecules in the atmosphere. That’s

because the air is densest in this layer.
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FIGURE 6.8
How does air temperature change in the
layer closest to Earth?

Mixing of Air

Air in the troposphere is warmer closer to Earth’s surface. Warm air is less dense than cool air, so it rises higher in

the troposphere. This starts a convection cell. Convection mixes the air in the troposphere. Rising air is also a main

cause of weather. All of Earth’s weather takes place in the troposphere.

Temperature Inversion

Sometimes air doesn’t mix in the troposphere. This happens when air is cooler close to the ground than it is above.

The cool air is dense, so it stays near the ground. This is called a temperature inversion. An inversion can trap air

pollution near the surface. Temperature inversions are more common in the winter. Can you explain why?

Tropopause

At the top of the troposphere is a thin layer of air called the tropopause. You can see it in Figure 6.8. This layer acts

as a barrier. It prevents cool air in the troposphere from mixing with warm air in the stratosphere.

131



6.3. Layers of the Atmosphere www.ck12.org

FIGURE 6.9
Temperature Inversion and Air Pollution.
How does a temperature inversion affect
air quality?

Stratosphere

The stratosphere is the layer above the troposphere. The layer rises to about 50 kilometers (31 miles) above the

surface.

Temperature in the Stratosphere

Air temperature in the stratosphere layer increases with altitude. Why? The stratosphere gets most of its heat from

the sun. Therefore, it’s warmer closer to the sun. The air at the bottom of the stratosphere is cold. The cold air is

dense, so it doesn’t rise. As a result, there is little mixing of air in this layer.

The Ozone Layer

The stratosphere contains a layer of ozone gas. Ozone consists of three oxygen atoms (O3). The ozone layer absorbs

high-energy UV radiation. As you can see in Figure 6.10, UV radiation splits the ozone molecule. The split creates

an oxygen molecule (O2) and an oxygen atom (O). This split releases heat that warms the stratosphere. By absorbing

UV radiation, ozone also protects Earth’s surface. UV radiation would harm living things without the ozone layer.

Loss of High-Level Ozone

Ozone near the ground harms human health. But the ozone layer in the stratosphere protects us from solar rays.

That’s why people were alarmed in the 1980s to learn that there was a hole in the ozone layer.
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FIGURE 6.10
How does the ozone layer protect Earth

Cause of Ozone Loss

What’s destroying the ozone layer? The chief cause is chlorofluorocarbons (CFCs). These are human-made

chemicals that contain the element chlorine (Cl). In the past, CFCs were widely used in spray cans, refrigerators,

and many other products. CFCs are stable compounds that can remain in the atmosphere for hundreds of years.

Once CFCs are in the air, they float up into the stratosphere. What happens next is shown in Figure below. Sunlight

breaks apart the molecules. This releases their chlorine atoms (Cl). The free chlorine atoms may then combine with

oxygen atoms in ozone. This breaks down the ozone molecules into an oxygen molecule and an oxygen atom. One

CFC molecule can break down as many as 100,000 ozone molecules in this way! These forms of oxygen do not

protect the planet from ultraviolet radiation.

Ozone Hole

Most ozone loss it taking place over the South Pole and Antarctica. This is the location of the ozone hole. The

ozone hole is also seasonal. The hole forms during the early part spring in the Southern Hemisphere and then grows

northward. You can see the hole in Figure below. Besides the ozone hole, the ozone layer is thinner over the

Northern Hemisphere.
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FIGURE 6.11
CFCs break down ozone in the strato-
sphere.

FIGURE 6.12
The hole in the ozone layer occurs over
Antarctica. How do you think the hole in
the ozone layer could affect life on Earth?

Effects of Ozone Loss

With less ozone in the stratosphere, more UV rays reach the ground. More UV rays increase skin cancer rates. Just a

1 percent loss of ozone causes a 5 percent increase in skin cancer. More UV rays also harm plants and phytoplankton.

As a result, they produce less food. This may affect entire ecosystems.
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Stratopause

At the top of the stratosphere is a thin layer called the stratopause. It acts as a boundary between the stratosphere

and the mesosphere.

Mesosphere

The mesosphere is the layer above the stratosphere. It rises to about 85 kilometers (53 miles) above the surface.

Temperature decreases with altitude in this layer.

Temperature in the Mesosphere

There are very few gas molecules in the mesosphere. This means that there is little matter to absorb the sun’s rays

and heat the air. Most of the heat that enters the mesosphere comes from the stratosphere below. That’s why the

mesosphere is warmest at the bottom.

Mesopause

At the top of the mesosphere is the mesopause. Temperatures here are colder than anywhere else in the atmosphere.

They are as low as -100° C (-212° F)! Nowhere on Earth’s surface is that cold.

Thermosphere

The thermosphere is the layer above the mesosphere. It rises to 600 kilometers (372 miles) above the surface. The

International Space Station orbits Earth in this layer.

Temperature in the Thermosphere

Temperature increases with altitude in the thermosphere. Surprisingly, it may be higher than 1000° C (1800° F) near

the top of this layer! The sun’s energy there is very strong. The molecules absorb the sun’s energy and are heated

up. But there are so very few gas molecules, that the air still feels very cold. Molecules in the thermosphere gain or

lose electrons. They then become charged particles called ions.

Northern and Southern Lights

Have you ever seen a brilliant light show in the night sky? Sometimes the ions in the thermosphere glow at night.

Storms on the sun energize the ions and make them light up. In the Northern Hemisphere, the lights are called the

northern lights, or aurora borealis. In the Southern Hemisphere, they are called southern lights, or aurora australis.

Exosphere

The exosphere is the layer above the thermosphere. This is the top of the atmosphere. The exosphere has no real

upper limit; it just gradually merges with outer space. Gas molecules are very far apart in this layer, but they are

really hot. Earth’s gravity is so weak in the exosphere that gas molecules sometimes just float off into space.

Lesson Summary

• Earth’s atmosphere is divided into five major layers. The layers are based on temperature.
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• The troposphere is the lowest layer. Temperature decreases with altitude in this layer. All weather takes place

here.

• The stratosphere is the layer above the troposphere. Temperature increases with altitude in this layer. The

ozone layer occurs here.

• The mesosphere is the layer above the stratosphere. Temperature decreases with altitude in this layer. Meteors

burn up here.

• The thermosphere is the layer above the mesosphere. Temperature increases with altitude in this layer. The

northern and southern lights occur here.

• The exosphere is the highest layer. Air molecules are very far apart. They may escape Earth’s gravity and

float into space.

Lesson Review Questions

Recall

1. How does temperature change in the troposphere?

2. What is a temperature inversion?

3. Why is the ozone layer in the stratosphere important to life on Earth?

4. Where does the mesosphere get its heat?

Think Critically

5. Why is there a hole in the ozone layer? What do you think the consequences of that hole are?

Points to Consider

Energy from the sun is responsible for winds that blow in the troposphere.

• What is wind?

• How does energy cause winds to blow?
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6.4 Air Movement

Lesson Objectives

• Explain why air moves.

• Identify causes of local winds.

• Describe global winds and jet streams.

Vocabulary

• global wind

• jet stream

• land breeze

• local wind

• monsoon

• sea breeze

• wind

Why Air Moves

Air movement takes place in the troposphere. This is the lowest layer of the atmosphere. Air moves because

of differences in heating. These differences create convection currents and winds. Figure 6.13 shows how this

happens.

• Air in the troposphere is warmer near the ground. The warm air rises because it is light. The light, rising air

creates an area of low air pressure at the surface.

• The rising air cools as it reaches the top of the troposphere. The air gets denser, so it sinks to the surface. The

sinking, heavy air creates an area of high air pressure near the ground.

• Air always flows from an area of higher pressure to an area of lower pressure. Air flowing over Earth’s surface

is called wind. The greater the difference in pressure, the stronger the wind blows.

Local Winds

Local winds are winds that blow over a limited area. They are influenced by local geography. Nearness to an ocean,

lake or mountain range can affect local winds. Some examples are found below.

Land and Sea Breezes

Ocean water is slower to warm up and cool down than land. So the sea surface is cooler than the land in the daytime.

It is also cooler than the land in the summer. The opposite is also true. The water stays warmer than the land during

the night and the winter. These differences in heating cause local winds known as land and sea breezes. Land and

sea breezes are illustrated in Figure below.

• A sea breeze blows from sea to land during the day or in summer. That’s when air over the land is warmer

than air over the water. The warm air rises. Cool air from over the water flows in to take its place.
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FIGURE 6.13
Differences in air temperature cause con-
vection currents and wind.

• A land breeze blows from land to sea during the night or in winter. That’s when air over the water is warmer

than air over the land. The warm air rises. Cool air from the land flows out to take its place.

Global Winds

Global winds are winds that occur in belts that go all around the planet. You can see them in Figure 6.14. Like

local winds, global winds are caused by unequal heating of the atmosphere.

FIGURE 6.14
Global winds occur in belts around the
globe.

Heating and Global Winds

Earth is hottest at the equator and gets cooler toward the poles. The differences in heating create huge convection

currents in the troposphere. At the equator, for example, warm air rises up to the tropopause. It can’t rise any higher,

so it flows north or south.

By the time the moving air reaches 30° N or S latitude, it has cooled. The cool air sinks to the surface. Then it flows

over the surface back to the equator. Other global winds occur in much the same way. There are three enormous

convection cells north of the equator and three south of the equator.
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Global Winds and the Coriolis Effect

Earth is spinning as air moves over its surface. This causes the Coriolis effect. Winds blow on a diagonal over the

surface, instead of due north or south. From which direction do the northern trade winds blow?

Without Coriolis Effect the global winds would blow north to south or south to north. But Coriolis makes them

blow northeast to southwest or the reverse in the northern hemisphere. The winds blow northwest to southeast or the

reverse in the southern hemisphere.

The wind belts have names. The Trade Winds are nearest the equator. The next belt is the westerlies. Finally are the

polar easterlies. The names are the same in both hemispheres.

Jet Streams

Jet streams are fast-moving air currents high in the troposphere. They are also the result of unequal heating of the

atmosphere. Jet streams circle the planet, mainly from west to east. The strongest jet streams are the polar jets. The

northern polar jet is shown in Figure 6.15.

FIGURE 6.15
This jet stream helps planes fly quickly
from west to east over North America.
How do you think it affects planes that fly
from east to west?

Lesson Summary

• Air movement takes place in the troposphere. Air moves because of differences in heating. The differences

create convection currents and winds.

• Local winds are winds that blow over a limited area. They are influenced by local geography, such as nearness

to an ocean.

• Global winds occur in belts around the globe. They are caused by unequal heating of Earth’s surface. The

Coriolis effect causes global winds to blow on a diagonal over the surface. Unequal heating also causes jet

streams high in the troposphere.

Lesson Review Questions

Recall

1. Define wind.
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2. What are local winds?

3. How does the Coriolis effect influence global winds?

Think Critically

4. Explain how differences in heating cause wind.

Points to Consider

Temperature differences in the atmosphere cause winds. They also cause other weather conditions, such as clouds

and rain.

• How do temperature differences cause clouds to form?

• How do they affect precipitation?
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6.5 Chapter 6 Review

Chapter 6 Review

1. What % of the light that comes from the sun is immediately reflected back?

2. What % of the light that comes from the sun is absorbed by the atmosphere?

3. What % of the light that comes from the sun is absorbed by the Earth?

4. What is the difference between the radiation emitted by the Sun and the radiation emitted by the Earth? What is

each kind of radiation called?

5. Which atmospheric layer is the ozone located in?

6. Which atmospheric layer do radio waves bounce off?

7. Which atmospheric layer is Earth’s weather found in?

8. How do the temperatures change with each layer as you go up from the Earth?

9. What type of radiation does Earth’s atmosphere absorb.

10. What layer of the atmosphere is the ozone located in?

11. What molecule is responsible for ozone depletion? What types of every day items have this molecule in them?

12. What element is responsible for destroying the ozone? How does it break down the ozone layer?

13. How will ozone affect someone who breathes it?

14. Where is the “Ozone Hole” forming?

15. What is the Greenhouse Effect?

16. What are the 5 major components of our atmosphere and their percentages?

17. What is the definition given for greenhouse gasses?

18. What are the 2 main greenhouse gasses in our atmosphere?
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7.1 Weather and Water in the Atmosphere

Lesson Objectives

• Explain what causes weather.

• Describe humidity and its role in weather.

• Identify types of precipitation and how they form.

Vocabulary

• dew point

• fog

• freezing rain

• hail

• humidity

• relative humidity

• sleet

• weather

Introduction

If someone in a distant place were to ask what your weather is like today, what would you say? How would you

describe the weather right now where you are? Is it warm or cold? Sunny or cloudy? Calm or windy? Clear or

rainy? What features of weather are important to mention?

What Is Weather?

What do temperature, clouds, winds, and rain have in common? They are all part of weather. Weather refers to the

conditions of the atmosphere at a given time and place. This link provides an introduction to weather.

What Causes Weather?

Weather occurs because of unequal heating of the atmosphere. The source of heat is the sun. The general principles

behind weather can be stated simply:

• The sun heats Earth’s surface more in some places than others.

• Where it is warm, heat from the sun warms the air close to the surface. If there is water at the surface, it may

cause some of the water to evaporate.

• Warm air is less dense, so it rises. When this happens, more dense air flows in to take its place. The flowing

surface air is wind.

• The rising air cools as it goes higher in the atmosphere. If it is moist, the water vapor may condense. Clouds

may form, and precipitation may fall.
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Weather and the Water Cycle

The water cycle plays an important role in weather. When liquid water evaporates, it causes humidity. When water

vapor condenses, it forms clouds and precipitation. Humidity, clouds, and precipitation are all important weather

factors.

Humidity

Humidity is the amount of water vapor in the air. High humidity increases the chances of clouds and precipitation.

Relative Humidity

Humidity usually refers to relative humidity. This is the percent of water vapor in the air relative to the total amount

the air can hold. How much water vapor can the air hold? That depends on temperature. Warm air can hold more

water vapor than cool air. You can see this in Figure 7.1.

FIGURE 7.1
How much water vapor can the air hold
when its temperature is 40

Dew Point

You’ve probably noticed dew on the grass on a summer morning. Why does dew form? Remember that the land

heats up and cools down fairly readily. So when night comes, the land cools. Air that was warm and humid in the

daytime also cools over night. As the air cools, it can hold less water vapor. Some of the water vapor condenses on

the cool surfaces, such as blades of grass. The temperature at which water vapor condenses is called the dew point.
If this temperature is below freezing, ice crystals of frost form instead of dew.
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Clouds

Clouds form when air in the atmosphere reaches the dew point. Clouds may form anywhere in the troposphere.

Clouds that form on the ground are called fog.

How Clouds Form

Clouds form when water vapor condenses around particles in the air. The particles are specks of matter, such as dust

or smoke. Billions of these tiny water droplets come together to make up a cloud. If the air is very cold, ice crystals

form instead of liquid water.

Clouds and Temperature

Clouds can affect the temperature on Earth’s surface. During the day, thick clouds block some of the sun’s rays.

This keeps the surface from heating up as much as it would on a clear day. At night, thick clouds prevent heat from

radiating out into space. This keeps the surface warmer than it would be on a clear night.

Precipitation

Clouds are needed for precipitation. This may fall as liquid water, or it may fall as frozen water, such as snow.

Why Precipitation Falls

Millions of water molecules in a cloud must condense to make a single raindrop or snowflake. The drop or flake

falls when it becomes too heavy for updrafts to keep it aloft. As a drop or flake falls, it may collect more water and

get larger.

Types of Precipitation

Why does it snow instead of rain? Air temperature determines which type of precipitation falls. Rain falls if the

air temperature is above freezing (0° C or 32° F). Frozen precipitation falls if the air or ground is below freezing.

Frozen precipitation may fall as snow, sleet, or freezing rain. You can see how the different types form in Figure
7.2.

Snow falls when water vapor condenses as ice crystals. The air temperature is below freezing all the way to the

ground, so the ice crystals remain frozen. They fall as flakes. Sleet forms when snow melts as it falls through a layer

of warm air and then refreezes. It turns into small, clear ice pellets as it passes through a cold layer near the ground.

Freezing rain falls as liquid water. It freezes on contact with cold surfaces near the ground. It may cover everything

with a glaze of ice. If the ice is thick, its weight may break tree branches and pull down power lines. Hail is another

type of frozen precipitation. Hail forms in thunderstorms when strong updrafts carry rain high into the troposphere.

The rain freezes into balls of ice called hailstones. This may happen over and over again until the hailstones are as

big as baseballs. Hail forms only in cumulonimbus clouds.

Lesson Summary

• Weather refers to conditions of the atmosphere at a given time and place. It occurs because of unequal heating

of the atmosphere. Humidity, clouds, and precipitation are important weather factors.

• Humidity is the amount of water vapor in the air. Relative humidity is the percent of water vapor in the air

relative to the total amount the air can hold. The total amount depends on temperature.
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FIGURE 7.2
Frozen precipitation may fall as snow,
sleet, or freezing rain.

• Clouds form when water vapor condenses in the air around specs of matter.

• Precipitation is water that falls from clouds. It may fall as liquid or frozen water. Types of frozen precipitation

include snow, sleet, freezing rain, and hail.

Lesson Review Questions

Recall

1. What is weather?

2. List three weather factors.

3. What is humidity?

4. How do clouds form?

5. Identify sleet, freezing rain, and hail.

Think Critically

6. Explain how dew point is related to air temperature and relative humidity.

7. You are sleeping in a tent on a cold morning. The outside of your tent is wet with water. You know it didn’t rain

last night. What happened?

Points to Consider

A clear sky can quickly become covered with clouds. The clouds may bring a change in the weather.

• Why does a clear day turn cloudy?

• What causes weather to change?

147



7.2. Changing Weather www.ck12.org

7.2 Changing Weather

Lesson Objectives

• Describe air masses and how they move.

• Identify types of fronts and the weather they bring.

Vocabulary

• air mass

• anticyclone

• cold front

• cyclone

• front

• occluded front

• stationary front

• warm front

Air Masses

An air mass is a large body of air that has about the same conditions throughout. For example, an air mass might

have cold dry air. Another air mass might have warm moist air. The conditions in an air mass depend on where the

air mass formed.

Formation of Air Masses

Most air masses form over polar or tropical regions. They may form over continents or oceans. Air masses are moist

if they form over oceans. They are dry if they form over continents. Air masses that form over oceans are called

maritime air masses. Those that form over continents are called continental air masses. Figure 7.3 shows air masses

that form over or near North America.

FIGURE 7.3
North American air masses.

An air mass takes on the conditions of the area where it forms. For example, a continental polar air mass has cold

dry air. A maritime polar air mass has cold moist air. Which air masses have warm moist air? Where do they form?
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Movement of Air Masses

When a new air mass goes over a region it brings its characteristics to the region. This may change the area’s

temperature and humidity. Moving air masses cause the weather to change when they contact different conditions.

For example, a warm air mass moving over cold ground may cause an inversion.

Why do air masses move? Winds and jet streams push them along. Cold air masses tend to move toward the equator.

Warm air masses tend to move toward the poles. Coriolis effect causes them to move on a diagonal. Many air masses

move toward the northeast over the U.S. This is the same direction that global winds blow.

Fronts

When cold air masses move south from the poles, they run into warm air masses moving north from the tropics.

The boundary between two air masses is called a front. Air masses usually don’t mix at a front. The differences

in temperature and pressure cause clouds and precipitation. Types of fronts include cold, warm, occluded, and

stationary fronts.

Cold Fronts

A cold front occurs when a cold air mass runs into a warm air mass. This is shown in Figure 7.4. The cold air

mass moves faster than the warm air mass and lifts the warm air mass out of its way. As the warm air rises, its water

vapor condenses. Clouds form, and precipitation falls. If the warm air is very humid, precipitation can be heavy.

Temperature and pressure differences between the two air masses cause winds. Winds may be very strong along a

cold front.

FIGURE 7.4
Cold fronts often bring stormy weather.

As the fast-moving cold air mass keeps advancing, so does the cold front. Cold fronts often bring sudden changes in

the weather. There may be a thin line of storms right at the front that moves as it moves. In the spring and summer,

these storms may be thunderstorms and tornadoes. In the late fall and winter, snow storms may occur. After a cold

front passes, the cold air mass behind it brings cooler temperatures. The air is likely to be less humid as well. Can

you explain why?

149



7.2. Changing Weather www.ck12.org

Warm Fronts

When a warm air mass runs into a cold air mass it creates a warm front. This is shown in Figure 7.5. The warm air

mass is moving faster than the cold air mass, so it flows up over the cold air mass. As the warm air rises, it cools,

resulting in clouds and sometimes light precipitation. Warm fronts move slowly and cover a wide area. After a warm

front passes, the warm air mass behind it brings warmer temperatures. The warm air is also likely to be more humid.

FIGURE 7.5
Warm fronts generally bring cloudy
weather.

Occluded Fronts

With an occluded front, a warm air mass becomes trapped between two cold air masses. The warm air is lifted

up above the cold air as in Figure 7.6. The weather at an occluded front is especially fierce right at the occlusion.

Precipitation and shifting winds are typical.

FIGURE 7.6
How does an occluded front differ from a
warm or cold front?
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Stationary Fronts

Sometimes two air masses stop moving when they meet. These stalled air masses create a stationary front. Such a

front may bring clouds and precipitation to the same area for many days.

FIGURE 7.7

Cyclones and Anticyclones

Cold air is dense, so it sinks. This creates a center of high pressure. Warm air is less dense so it rises. This creates

a center of low pressure. Air always flows from higher to lower pressure. As the air flows, Earth’s surface rotates

below it causing Coriolis effect. So while the wind blows into the low pressure, it revolves in a circular pattern.

This wind pattern forms a cyclone The same happens while the wind blows out of a high pressure. This forms an

anticyclone. Both are shown in Figure 7.8.

• A cyclone is a system of winds that rotates around a center of low pressure. Cyclones bring cloudy, wet

weather.

• An anticyclone is a system of winds that rotates around a center of high pressure. Anticyclones bring fair, dry

weather.

Lesson Summary

• An air mass is a large body of air that has about the same conditions throughout. Air masses take on the

conditions of the area where they form. Winds and air currents cause air masses to move. Moving air masses

cause changes in the weather.

• A front forms at the boundary between two air masses. Types of fronts include cold, warm, occluded, and

stationary fronts. Clouds, precipitation, and storms commonly occur along fronts.

• A cyclone is a system of winds that rotates around a center of low air pressure. An anticyclone is a system of

winds that rotates around a center of high air pressure.

Lesson Review Questions

Recall

1. What is an air mass?
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FIGURE 7.8
In the Northern Hemisphere, cyclones
rotate counterclockwise and anticyclones
rotate clockwise. This is the reverse in the
Southern Hemisphere.

2. Describe continental polar and maritime tropical air masses.

3. What causes air masses to move?

4. What is a front?

5. Define cyclone and anticyclone.

Think Critically

6. Compare and contrast warm and cold fronts.

7. The weather report states that your town is under a stationary front. You look out the window and see rain. Predict

what the weather will be like tomorrow. Explain your prediction.
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7.3 Storms

Lesson Objectives

• Define storm.

• Explain why thunderstorms occur.

• Describe tornadoes.

• Explain how hurricanes form.

• Identify two types of winter storms.

Vocabulary

• blizzard

• hurricane

• lake-effect snow

• lightning

• storm

• storm surge

• thunder

• thunderstorm

• tornado

• windchill

What Are Storms?

A storm is an episode of severe weather caused by a major disturbance in the atmosphere. Storms can vary a lot in

the time they last and in how severe they are. A storm may last for less than an hour or for more than a week. It may

affect just a few square kilometers or thousands. Some storms are harmless and some are disastrous. The size and

strength of a storm depends on the amount of energy in the atmosphere. Greater differences in temperature and air

pressure produce stronger storms. Types of storms include thunderstorms, tornadoes, hurricanes, and winter storms

such as blizzards.

Thunderstorms

Thunderstorms are are known for their heavy rains and lightning. In strong thunderstorms, hail and high winds are

also likely. Thunderstorms are very common. Worldwide, there are about 14 million of them each year! In the U.S.,

they are most common — and strongest — in the Midwest.

What Causes Thunderstorms?

Thunderstorms occur when the air is very warm and humid. The warm air rises rapidly to create strong updrafts.

When the rising air cools, its water vapor condenses. The updrafts create tall cumulonimbus clouds called thunder-

heads. You can see one in Figure 7.9.
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FIGURE 7.9
A thunderhead is a cumulonimbus cloud.

Lightning and Thunder

During a thunderstorm, some parts of a thunderhead become negatively charged. Other parts become positively

charged. The difference in charge creates lightning. Lightning is a huge release of electricity. Lightning can jump

between oppositely charged parts of the same cloud, between one cloud and another, or between a cloud and the

ground. Lightning blasts the air with energy. The air heats and expands so quickly that it explodes. This creates the

loud sound of thunder.

Do you know why you always hear the boom of thunder after you see the flash of lightning? It’s because light travels

faster than sound. If you count the seconds between seeing lightning and hearing thunder, you can estimate how far

away the lightning was. A lapse of 5 seconds is equal to about a mile.

Tornadoes

Severe thunderstorms have a lot of energy and strong winds. This allows them to produce tornadoes. A tornado is

a funnel-shaped cloud of whirling high winds. You can see a tornado in Figure 7.10. The funnel moves along the

ground, destroying everything in its path. As it moves it loses energy. Before this happens it may have gone up to

25 kilometers (16 miles). Fortunately, tornadoes are narrow. They may be only 150 meters (500 feet) wide.

Classifying Tornadoes

The winds of a tornado can reach very high speeds. The faster the winds blow, the greater the damage they cause.

Wind speed and damage are used to classify tornadoes. Table 7.1 shows how.

TABLE 7.1: The Fujita Scale (F Scale) of Tornado Intensity

F Scale (km/hr) (mph) Damage

F0 64-116 40-72 Light - tree branches fall

and chimneys may col-

lapse

F1 117-180 73-112 Moderate - mobile homes,

autos pushed aside

F2 181-253 113-157 Considerable - roofs torn

off houses, large trees up-

rooted
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TABLE 7.1: (continued)

F Scale (km/hr) (mph) Damage

F3 254-332 158-206 Severe - houses torn apart,

trees uprooted, cars lifted

F4 333-419 207-260 Devastating - houses lev-

eled, cars thrown

F5 420-512 261-318 Incredible - structures fly,

cars become missiles

F6 >512 >318 Maximum tornado wind

speed
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FIGURE 7.10
Tornadoes are small but mighty storms.

Tornado Alley

Look at the map in Figure 7.11. It shows where the greatest number of tornadoes occur in the U.S. Tornadoes can

happen almost anywhere in the U.S. but only this area is called “tornado alley.” Why do so many tornadoes occur

here? This is where warm air masses from the south run into cold air masses from the north.

FIGURE 7.11
Tornadoes are most common in the cen-
tral part of the U.S.

Hurricanes

Tornadoes may also come from hurricanes. A hurricane is an enormous storm with high winds and heavy rains.

Hurricanes may be hundreds of kilometers wide. They may travel for thousands of kilometers. The storm’s wind

speeds may be greater than 251 kilometers (156 miles) per hour. Hurricanes develop from tropical cyclones.

Hurricanes form over warm very ocean water. This water gives them their energy. As long as a hurricane stays over

the warm ocean, it keeps growing stronger. However, if it goes ashore or moves over cooler water, it is cut off from

the hot water energy. The storm then loses strength and slowly fades away.
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The Eye of a Hurricane

At the center of a hurricane is a small area where the air is calm and clear. This is the eye of the hurricane. The eye

forms at the low-pressure center of the hurricane. You can see the eye of a hurricane in Figure 7.12.

FIGURE 7.12
The eye of this hurricane is easy to see
from space.

Classifying Hurricanes

Like tornadoes, hurricanes are classified on the basis of wind speed and damage. Table 7.2 shows how.

TABLE 7.2: Saffir - Simpson Hurricane Scale

Category Kph Mph Damage

1 (weak) 119-153 74-95 Above normal; no real

damage to structures

2 (moderate) 154-177 96-110 Some roofing, door, and

window damage, consid-

erable damage to vegeta-

tion, mobile homes, and

piers

3 (strong) 178-209 111-130 Some buildings damaged;

mobile homes destroyed

4 (very strong) 210-251 131-156 Complete roof failure on

small residences; major

erosion of beach areas;

major damage to lower

floors of structures near

shore

5 (devastating) >251 >156 Complete roof failure on

many residences and in-

dustrial buildings; some

complete building failures
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Storm Surge

Some of the damage from a hurricane is caused by storm surge. Storm surge is very high water located in the low

pressure eye of the hurricane. The very low pressure of the eye allows the water level to rise above normal sea level.

Storm surge can cause flooding when it reaches land. You can see this in Figure 7.13. High winds do a great deal

of damage in hurricanes. High winds can also create very big waves. If the large waves are atop a storm surge, the

high water can flood the shore. If the storm happens to occur at high tide, the water will rise even higher.

FIGURE 7.13
Storm surge can cause serious flooding.

Winter Storms

Like hurricanes, winter storms develop from cyclones. But in the case of winter storms, the cyclones form at higher

latitudes. In North America, cyclones often form when the jet stream dips south in the winter. This lets dry polar air

pour south. At the same time, warm moist air from the Gulf of Mexico flows north. When the two air masses meet,

the differences in temperature and pressure cause strong winds and heavy precipitation. Two types of winter storms

that occur in the U.S. are blizzards and lake-effect snow storms.

Blizzards

A blizzard is a snow storm that has high winds. To be called a blizzard, a storm must have winds greater than 56

kilometers (35 miles) per hour and visibility of &frac;14; mile or less because of wind-blown snow.

Blizzards are dangerous storms. The wind may blow the snow into deep drifts. Along with the poor visibility, the

snow drifts make driving risky. The wind also makes cold temperatures more dangerous. The greater the wind

speed, the higher the windchill. Windchill is what the temperature feels like when the wind is taken into account. It

depends on air temperature and wind speed.

Lake-Effect Snow

Some places receive very heavy snowfall just about every winter. If they are near a lake, they may be getting lake-
effect snow. Figure 7.14 shows how lake-effect snow occurs. Winter winds pick up moisture as they pass over the

relatively warm waters of a large lake. When the winds reach the cold land on the other side, the air cools. Since

there was so much moisture in the air it can drop a lot of snow. More than 254 centimeters (100 inches) of snow

may fall in a single lake-effect storm!
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FIGURE 7.14
Lake-effect snow falls on the east side of
lakes in North America. These snows are
heaviest on the east sides of the Great
Lakes.

Lesson Summary

• A storm is an episode of severe weather. It is caused by a major disturbance in the atmosphere. Types of

storms include thunderstorms, tornadoes, and hurricanes.

• A thunderstorm is a storm with heavy rains and lightning. It may also have hail and high winds. Thunderstorms

are very common. They occur when the air is very warm and humid.

• A tornado is a storm with a funnel-shaped cloud. It has very strong, whirling winds. Tornadoes are small but

powerful. They occur with thunderstorms and hurricanes.

• A hurricane is a large storm with high winds and heavy rains. Hurricanes develop from tropical cyclones.

They form over warm ocean water. Much of the damage from hurricanes may be caused by storm surge.

• Winter storms develop from cyclones at higher latitudes. They include blizzards and lake-effect snow storms.

Lesson Review Questions

Recall

1. Define storm. List three types of storms.

2. Why do thunderstorms occur?

3. What is lightning? What causes it?

4. Where is tornado alley? Why do so many tornadoes occur there?

5. Where do hurricanes form? Where do they get their energy?

Apply Concepts

6. Figure 7.15 shows damage caused by a tornado. Explain how you could use the photo to classify the tornado.

Think Critically

7. Explain why lake-effect snow storms occur on the east side of lakes in the U.S.
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FIGURE 7.15

Points to Consider

Storms can be very dangerous. But with advance warning, people can take steps to stay safe. For example, if a

hurricane is predicted, they can leave the coast and move inland.

• How can storms be predicted?

• What data are needed? How are the data collected?
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7.4 Weather Forecasting

Lesson Objectives

• State how meteorologists predict the weather.

• Outline how technology and computers are used to forecast the weather.

• Describe what weather maps show.

Vocabulary

• anemometer

• barometer

• hygrometer

• meteorologist

• rain gauge

• snow gauge

• thermometer

• weather balloon

• weather map

• weather satellite

• weather station

• wind vane

Introduction

Did you ever have a picnic ruined by a surprise rainstorm? People often complain when the weather forecast is

wrong. But in fact, weather forecasts today are much more accurate than they were just 20 years ago. Scientists who

study and forecast the weather are called meteorologists. How do they predict the weather?

Predicting the Weather

Weather is very difficult to predict. That’s because it’s very complex and many factors are involved. Slight changes

in even one factor can cause a big change in the weather. Still, certain “rules of thumb” generally apply. These

“rules” help meteorologists forecast the weather. For example, low pressure is likely to bring stormy weather. So if

a center of low pressure is moving your way, you can expect a storm.

Technology and Computers

Predicting the weather requires a lot of weather data. Technology is used to gather the data and computers are used

to analyze the data. Using this information gives meteorologists the best chance of predicting the weather.
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Weather Instruments

Weather instruments measure weather conditions. One of the most important conditions is air pressure, which

is measured with a barometer. Figure 7.16 shows how a barometer works. There are also a number of other

commonly used weather instruments (see Figure 7.17):

• A thermometer measures temperature.

• An anemometer measures wind speed.

• A rain gauge measures the amount of rain.

• A hygrometer measures humidity.

• A wind vane shows wind direction.

• A snow gauge measures the amount of snow.

FIGURE 7.16
The greater the air pressure outside the tube, the higher the mercury rises
inside the tube. Mercury can rise in the tube because there

Collecting Data

Weather instruments collect data from all over the world at thousands of weather stations. Many are on land but

some float in the oceans on buoys. There’s probably at least one weather station near you. You can find out where at

this link: http://lwf.ncdc.noaa.gov/oa/climate/stationlocator.htm.

Other weather devices are needed to collect weather data in the atmosphere. They include weather balloons,

satellites, and radar.

Weather stations contain many instruments for measuring weather conditions. The weather balloon will rise into

the atmosphere until it bursts. As it rises, it will gather weather data and send it to the surface. Many weather
satellites orbit Earth. They constantly collect and transmit weather data from high above the surface. A radar device

sends out radio waves in all directions. The waves bounce off water in the atmosphere and then return to the sender.

The radar data shows where precipitation is falling. It’s raining in the orange-shaded area shown above.

Using Computers

What do meteorologists do with all that weather data? They use it in weather models. The models analyze the data

and predict the weather. The models require computers. That’s because so many measurements and calculations are

involved.
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FIGURE 7.17
Some of the most commonly used
weather instruments. (a) Thermome-
ter: temperature, (b) Anemometer: wind
speed, (c) Rain gauge: amount of rain,
(d) Hygrometer: humidity, (e) Wind vane:
wind direction, (f) Snow gauge: amount of
snow.

Weather Maps

You may have seen weather maps like the one in Figure 7.18. A weather map shows weather conditions for a

certain area. The map may show the actual weather on a given day or it may show the predicted weather for some

time in the future. Some weather maps show many weather conditions. Others show a single condition.

FIGURE 7.18
This weather map shows air pressure
contours. Which state has the lowest air
pressure shown on the map?
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Air Pressure Maps

The weather map in Figure 7.18 shows air pressure. The lines on the map connect places that have the same air

pressure. Air pressure is measured in a unit called the millibar. Isobars are the lines that connect the points with

the same air pressure. The map also shows low- and high-pressure centers and fronts. Find the cold front on the

map. This cold front is likely to move toward the northeast over the next couple of days. How could you use this

information to predict what the weather will be on the East Coast?

Other Weather Maps

Instead of air pressure, weather maps may show other weather conditions. For example, a temperature map might

show the high and low temperatures of major cities. The map may have isotherms, lines that connect places with the

same temperature.

Lesson Summary

• Weather is very complex. This makes it hard to predict. Certain “rules” can help. For example, low pressure

brings stormy weather.

• Weather instruments measure weather factors. Weather stations collect data on Earth’s surface. Weather

balloons, satellites, and radar collect data in the atmosphere. Computer models analyze the data and help

predict the weather.

• A weather map shows the weather for a certain area. It can show actual or predicted weather. It may show a

single weather condition or more than one.

Lesson Review Questions

Recall

1. Why is weather difficult to predict?

2. List three weather instruments, and state what they measure.

3. What is the role of weather balloons and weather satellites?

4. What does a weather map show?

5. Define isobars and isotherms.

Apply Concepts

6. In the weather map in Figure 7.18, where is the weather most likely to be clear and dry? How do you know?

Think Critically

7. Explain how radar could be used to track an approaching thunderstorm.

Points to Consider

In this chapter you learned about weather. Weather is sometimes confused with climate. The two are related but not

the same.
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• What is climate?

• How does climate differ from weather?
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7.5 Chapter 7 Review

Chapter 7 Review

What is the definition of Weather?

What are the 4 general principles behind weather?

What is the definition of humidity?

What is the definition of Relative Humidity?

What happens to the amount of water air can hold as the temperature increases?

What is the definition given for air mass?

What are the 5 different kinds of air masses? How are they different from each other?

What is the definition for fronts?

What are the 4 kinds of fronts?

Diagram the 4 weather fronts.
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8.1 Climate

Chapter 8

Climate

8.1 Climate and Its Causes

Lesson Objectives

• Define climate.

• State how climate is related to latitude.

• Explain how oceans influence climate.

• Describe how mountains affect climate.

Vocabulary

climate

rain shadow

What Is Climate?

Climate is the average weather of a place over many years. It includes average temperatures. It also includes average

precipitation. The timing of precipitation is part of climate as well. What determines the climate of a place? Latitude

is the main factor. A nearby ocean or mountain range can also play a role.

Latitude and Climate

Latitude is the distance north or south of the equator. It’s measured in degrees, from 0° to 90°. Several climate

factors vary with latitude.

Latitude and Temperature

Temperature changes with latitude. You can see how in Figure 8.1

• At the equator, the sun’s rays are most direct. Temperatures are highest here.

• At higher latitudes, the sun’s rays are less direct. Temperatures are lower the farther from the equator you go.

• At the poles, the sun’s rays are least direct. Ice and snow also reflect a lot of sunlight. Temperatures are lowest

here.

Latitude and Precipitation

Global air currents affect precipitation. How they affect it varies with latitude. You can see why in Figure below.
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FIGURE 8.1
Find the cool spot in Asia at 30

Latitude and Prevailing Winds

Global air currents cause global winds. Figure 8.2 shows the direction that these winds blow. They are the prevailing,

or usual, winds at a given latitude. They move air masses, which cause weather.

The direction of prevailing winds determines which type of air mass usually moves over an area. For example, a

west wind might bring warm moist air from an ocean. An east wind might bring cold dry air from a mountain range.

Which wind prevails has a big effect on the climate. What if the prevailing winds are westerlies? What would the

climate be like?

FIGURE 8.2
Global Winds. The usual direction of
the wind where you live depends on your
latitude.
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Oceans and Climate

When a place is near an ocean, the water can have a big effect on the climate.

Coastal and Inland Climates

Even places at the same latitude may have different climates if one is on a coast and one is inland.

• On the coast, the climate is influenced by warm moist air from the ocean. A coastal climate is usually mild.

Summers aren’t too hot, and winters aren’t too cold. Precipitation can be high.

• Farther inland, the climate is influenced by cold or hot air from the land. This air may be dry. An inland

climate is usually more extreme. Winters may be very cold, and summers may be very hot. Precipitation can

be low.

Ocean Currents and Climate

Ocean currents carry warm or cold water throughout the world’s oceans. They help to even out temperatures on the

planet. When currents flow close to shore, they can have a major impact on climate. They may make it much colder

or warmer than it would be without the current. You can see examples of this in Figure 8.3.

FIGURE 8.3
The Gulf Stream moves warm equatorial
water up the western Pacific and into
northern Europe where it raises temper-
atures in the British Isles.

Mountains and Climate

Did you ever hike up the side of a mountain? Did you notice that it was cooler near the top? Even if you’ve never

been on a mountain, having a mountain range nearby can affect the climate where you live.

Altitude and Temperature

Air temperature falls at higher altitudes. You can see this in Figure 8.4. Why does this happen? Air is less dense

at higher altitudes. Its molecules are spread farther apart than they are at sea level. They have fewer collisions and

produce less heat.
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FIGURE 8.4
Air temperature drops as you go higher.

Mountains and Precipitation

Mountains can also affect precipitation. They can cast a rain shadow. This is an area that gets very little precipitation

due to a nearby mountain range. Figure 8.5 shows how this happens.

FIGURE 8.5
What role do prevailing winds play in a
rain shadow?
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Lesson Summary

• Climate is the average weather of a place over many years. It varies with latitude. It may also be influenced

by nearby oceans or mountains.

• Temperature falls from the equator to the poles. Global air currents create wet and dry zones at different

latitudes. They also create global winds.

• Oceans influence the climate of coasts. A coastal climate is mild. It may also get plenty of rain. An inland

climate has greater temperature extremes. It can also be dry.

• The air is cooler as you go higher up a mountain. Mountain ranges can also cast rain shadows.

Lesson Review Questions

Recall

1. What is climate?

2. Describe how temperature changes with latitude.

3. Why are many deserts found near 30° latitude?

4. How does altitude influence temperature?

5. What is a rain shadow?

Apply Concepts

6. An ocean current flows from north to south off the western coast of a continent. The current flows close to land at

50° N latitude. Predict how the current affects the climate of the coast at that latitude. Explain your prediction.

Think Critically

7. Explain how prevailing winds influence climate.

8. Compare and contrast coastal and inland climates.

Points to Consider

In this lesson, you read how latitude, oceans, and mountains affect climate.

• Do you think you could predict the climate of a place, based on its location?

• Do you think that similar locations around the globe might have the same climate?
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8.2 World Climates

Lesson Objectives

• Identify world climates and where they are found.

• Define microclimate, and give an example.

Vocabulary

alpine tundra

biome

continental climate

desert

humid continental climate

humid subtropical climate

marine west coast climate

Mediterranean climate

microclimate

polar climate

polar tundra

steppe

subarctic climate

temperate climate

tropical climate

tropical rainforest

Introduction

The same latitudes have the same types of climate all around the globe. Oceans and mountain ranges also influence

climate in the same ways worldwide. You can see this in Figure 8.6. It shows where major climate types are found.

You can read more about the climate types below.

Major Climate Types

Major climate types are based on temperature and precipitation. These two factors, in turn, determine what types of

plants can grow in an area. Other living things depend on plants. So each climate is associated with certain types of

living things. A major type of climate and its living things make up a biome. As you read about the major climate

types below, find them on the map in Figure 8.6.

174

www.ck12.org Chapter 8. Climate

FIGURE 8.6
Find where you live on the map. What
type of climate do you have?

Tropical Climates

Tropical climates are found around the equator. They have warm temperatures year round. They may be very wet

or wet and dry.

• Tropical wet climates occur at or very near the equator. They have high rainfall year round. Tropical
rainforests grow in this type of climate.

• Tropical wet and dry climates occur between 5° and 20° latitude. They receive less rainfall. Most of the rain

also falls in a single season. The rest of the year is dry. Few trees can withstand the long dry season. The main

plants are grasses.

Dry Climates

Dry climates receive very little rainfall. They also have high rates of evaporation. This makes them even drier.

• The driest climates are deserts. Most occur between about 18° and 28° latitude. This is where dry global

air sinks to the surface. Deserts receive less than 25 centimeters (10 inches) of rain per year. They may be

covered with sand dunes or they may be home to sparse but hardy plants. With few clouds, deserts have hot

days and cool nights.

• Other dry climates get a little more precipitation. They are called steppes. They have short grasses and low

bushes. Steppes occur at higher latitudes than deserts. They are dry because they are in rain shadows.

Temperate Climates

Temperate climates have moderate temperatures. They are also known as moderate climates. They vary in how

much rain they get and when the rain falls.

• Mediterranean climates are found on the western coasts of continents between 30° and 45° latitude. The

coast of California has this type of climate. Temperatures are mild. Rainfall is moderate. Most of the rain falls

in the winter, so summers are dry. Short woody plants grow in this climate.

• Marine west coast climates are also found on the western coasts of continents. But they occur between 45°

and 60° latitude. The coast of Washington State has this type of climate. Temperatures are mild. There’s

plenty of rainfall all year round. Dense fir forests grow in this climate.
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• Humid subtropical climates are found on the eastern sides of continents between about 20° and 40° latitude.

The southeastern U.S. has this type of climate. Summers are hot and humid. Winters are chilly. There is

moderate rainfall throughout the year. Pine and oak forests grow in this climate.

Continental Climates

Continental climates are found in inland areas. They are too far from oceans to experience the effects of ocean

water. They occur between 40° and 70° north latitude. They don’t occur in the Southern Hemisphere. Can you

guess why? Southern continents at this latitude are too narrow. Their inland areas are close enough to a coast to be

affected by the ocean.

• Humid continental climates are found between 40° and 60° north latitude. The northeastern U.S. has this

type of climate. Summers are warm to hot, and winters are cold. Precipitation is moderate, and it falls year

round. Deciduous trees grow in this climate. They lose their leaves in the fall and grow new ones in the spring.

• Subarctic climates are found between 60° and 70° north latitude. Much of Canada and Alaska have this type

of climate. Summers are cool and short. Winters are very cold and long. Little precipitation falls, and most of

it falls during the summer. Conifer forests grow in this climate.

Polar Climates

Polar climates are found near the North and South Poles. They also occur on high mountains at lower latitudes.

The summers are very cool, and the winters are frigid. Precipitation is very low because it’s so cold.

• Polar tundra climates occur near the poles. A tundra climate has permafrost. This is layer of ground below

the surface that is always frozen, even in the summer. Only small plants such as such as mosses can grow in

this climate.

• Alpine tundra climates occur at high altitudes at any latitude. They are also called highland climates. They

are very cold because they are so far above sea level. They are similar to polar tundra climates.

• Ice caps are areas covered with thick ice year round. They are found in Greenland and Antarctica. Tempera-

tures and precipitation are both very low. What little snow falls usually stays on the ground. It doesn’t melt

because it’s too cold.

Microclimates

A place might have a different climate than the major climate type around it. This is called a microclimate. Look

at Figure 8.7. The south-facing side of the hill gets more direct sunlight than the north side of a hill. This gives the

south side a warmer microclimate.

FIGURE 8.7
Hills and other features can create micro-
climates.
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Lesson Summary

• Climate types are based on temperature and precipitation. A major climate type and its living things make up

a biome. Climate types include tropical, temperate, continental, and polar climates.

• A microclimate is a local climate that differs from the major climate type around it. For example, the south-

facing side of a hill may have a warmer microclimate.

Lesson Review Questions

Recall

1. Define biome.

2. Identify two types of tropical climates.

3. How do steppes differ from deserts?

4. Where are Mediterranean climates found?

5. Describe a marine west coast climate.

6. What is permafrost?

7. What is a microclimate? Give an example.

Apply Concepts

8. Identify the type of climate in the shaded areas on the map below (Figure 8.8). Describe this type of climate.

FIGURE 8.8

Think Critically

9. Some tropical climates have rainforests. Others have grasslands. What explains the difference?

10. Compare and contrast two types of continental climates.
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8.3 Climate Change

Lesson Objectives

• Outline how Earth’s climate has changed over time.

• Identify causes and effects of climate change.

• Describe El Niño and La Niña.

Vocabulary

El Niño

global warming

ice age

La Niña

Introduction

The weather changes all the time. It can change in a matter of minutes. Changes in climate occur more slowly. They

also tend to be small changes. But even small changes in climate can make a big difference for Earth and its living

things.

How Earth’s Climate Has Changed

Earth’s climate has changed many times. It’s been both hotter and colder than it is today.

The Big Picture

Over much of Earth’s past, the climate was probably a little warmer than it is today. But ice ages also occurred many

times. An ice age is a period when temperatures are cooler than normal. This causes glaciers to spread to lower

latitudes. Scientists think that ice ages occurred at least six times over the last billion years alone. How do scientists

learn about Earth’s past climates?

Pleistocene Ice Age

The last major ice age took place in the Pleistocene. This epoch lasted from 2 million to 14,000 years ago. Earth’s

temperature was only 5° C (9° F) cooler than it is today. But glaciers covered much of the Northern Hemisphere. In

Figure 8.9, you can see how far south they went. Clearly, a small change in temperature can have a big impact on

the planet. Humans lived during this ice age.

Earth’s Recent Temperature

Since the Pleistocene, Earth’s temperature has risen. Figure 8.10 shows how it changed over just the last 2000 years.

There were minor ups and downs. But each time, the anomaly (the difference from average temperature) was less
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FIGURE 8.9
Pleistocene Glaciers. Chicago would have been buried under a glacier if
it existed during the Pleistocene.

than 1° C (1.8° F).

FIGURE 8.10
Earth

Since the mid 1800s, Earth has warmed up quickly. Look at Figure 8.11. The 14 hottest years on record occurred

since 1900. Eight of them occurred since 1998. This is what is usually meant by global warming.

Explaining Long-Term Climate Change

Natural processes caused early climate change. Human beings may be contributing to current climate change.
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FIGURE 8.11
Earth

Causes of Climate Change

Several natural processes may affect Earth’s temperature. They range from sunspots to Earth’s wobble.

• Sunspots are storms on the sun. When the number of sunspots is high, the sun gives off more energy than

usual. This may increase Earth’s temperature.

• Plate movements cause continents to drift. They move closer to the poles or the equator. Ocean currents also

shift when continents drift. All these changes affect Earth’s temperature.

• Plate movements trigger volcanoes. A huge eruption could spew so much gas and ash into the air that little

sunlight would reach the surface for months or years. This could lower Earth’s temperature.

• A large asteroid hitting Earth would throw a lot of dust into the air. This could block sunlight and cool the

planet.

• Earth goes through regular changes in its position relative to the sun. Its orbit changes slightly. Earth also

wobbles on its axis. Both of these changes can affect Earth’s temperature.

Causes of Global Warming

Recent global warming trends. Figure 8.12 shows the increase in carbon dioxide since 1960. Carbon dioxide is a

greenhouse gas. It’s one of several gasses in the air. This has created a greater greenhouse effect.

Effects of Global Warming

As Earth has gotten warmer, sea ice has melted. This has raised the level of water in the oceans. Figure 8.13 shows

how much sea level has risen since 1880.

Other effects of global warming may include more extreme weather. Many living things may not be able to adjust

to the changing climate. For example, coral reefs are dying out in all the world’s oceans due to climate change and

other factors.

How Will Climate Change in the Future?

Look at the projections in Figure 8.14. The temperature in 2100 may be as much as 5° C (9° F) higher than it was

in 2000. A 5° C decrease in temperature led to the Pleistocene ice age. How might a 5° C increase in temperature

affect Earth in the future?
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FIGURE 8.12
How much more carbon dioxide was in the
air in 2005 than in 1960?

FIGURE 8.13
How much did sea level rise between
1880 and 2000?

One effect of higher temperatures will be more melting of sea ice. Figure 8.15 shows how much less sea ice there

may be in 2050 if temperatures keep going up. This would cause sea level to rise even higher. Some coastal cities

could be under water. Millions of people would have to move inland. How might other living things be affected?

Short-Term Climate Change

You’ve probably heard of El Niño and La Niña. These terms refer to certain short-term changes in climate. The

changes are natural and occur in cycles. To understand the changes, you first need to know what happens in normal

years. This is shown in Figure 8.16.
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FIGURE 8.14
Projections of several different models are
shown here. They all predict a warmer
future.

FIGURE 8.15
In the 2050s, there may be only half as
much sea ice as there was in the 1950s.

El Niño

El Niño occurs when the Pacific Ocean is warmer than usual. This causes the trade winds to change direction. They

blow from west to east instead of the usual east to west. This is shown in Figure 8.17. Warm water piles up along

the western coast of South America. This prevents upwelling.

These changes in water temperature, winds, and currents affect climates worldwide. The changes usually last a year

or two. Some places get more rain than normal. Other places get less. Overall, there may be more severe weather.

La Niña

La Niña generally follows El Niño. It occurs when the Pacific Ocean is cooler than normal. Figure 8.18 shows what
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FIGURE 8.16
This diagram represents the Pacific
Ocean in a normal year. North and South
America are the brown shapes on the
right.

FIGURE 8.17
How do you think El Ni

happens then. The trade winds blow from east to west as in normal years. But the winds are stronger than usual.

They carry cold water farther across the Pacific than normal. These changes also affect climates worldwide.

Global Warming and Short-Term Climate Change

Some scientists think that global warming is affecting the cycle of El Niño and La Niña. These short-term changes

seem to be cycling faster now than in the past.

Lesson Summary

• Earth’s climate has changed many times. Long warm periods were broken up by ice ages. Over the past 150

years, climate has warmed.

• Early climate change was due to natural processes. The burning of fossil fuels has released greenhouse gases

into the air. Some scientists believe this has contributed to a greater greenhouse effect and global warming.

• El Niño and La Niña are short-term climate changes. They occur in cycles and influence weather all over the

planet. They may be affected by global warming.
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FIGURE 8.18
How do you think La Ni

Lesson Review Questions

Recall

1. What is an ice age?

2. Describe the Pleistocene ice age.

3. Outline recent changes in Earth’s temperature.

4. What does global warming usually refer to?

5. Identify three natural causes of climate change.

6. List two effects of global warming.

Think Critically

7. Compare and contrast El Niño and La Niña.

Points to Consider

A place’s climate determines what kinds of plants and animals can live there.

• Would you expect similar plants and animals to be found in the same type of climate all over the world?

• Besides climate, what factors might influence which plants and animals are found in a place?
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8.4 Chapter 8 Review

Chapter 8 Review

1. Name 3 factors that will affect climate.

2. Diagram and explain the rainshadow effect.

3. If 2 cities are located at the same latitude, but one city is located at sea level and the other is located at 5000

ft. above sea level, how will their climates be different?

4. List and describe 5 world climates.

5. What was the last ice age that covered the globe?

6. What is global warming?

7. List 3 factors that can cause climate change.

8. Compare and Contrast El Nino and La Nina.
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9.1 Ecosystems

Lesson Objectives

• Define ecosystem, and give examples.

• Identify abiotic factors in ecosystems.

• Describe biotic factors in ecosystems.

• Explain how energy flows through ecosystems.

• Outline how matter moves through ecosystems.

Vocabulary

• abiotic factor

• biotic factor

• carnivore

• community

• consumer

• decomposer

• ecosystem

• food chain

• food web

• grazer

• habitat

• herbivore

• niche

• nutrients

• omnivore

• population

• predator

• prey

• producer

• scavenger

• species

Introduction

You open your front door and step outside. It doesn’t matter where you live, you are in your ecosystem. All around

you are living and nonliving things. You’re surrounded by air. You feel warm sunlight on your face. There’s soil

under your feet. You see plants and hear a bird singing. Your own body is covered with billions of bacteria. All of

these things are part of your ecosystem.

What Is an Ecosystem?

An ecosystem is a group of living things and their environment. The word ecosystem is short for “ecological system.”

Like any system, an ecosystem is a group of parts that work together. The forest is a big ecosystem. Besides trees,
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what living things do you think are part of the forest ecosystem? The dead tree stump in the same forest is a small

ecosystem. It includes plants, mosses, and fungi. It also includes insects and worms.

Abiotic Factors

Abiotic factors are the nonliving parts of ecosystems. They include air, sunlight, soil, water, and minerals. These

are all things that are needed for life. They determine which living things — and how many of them — an ecosystem

can support. Figure 9.1 shows an ecosystem and its abiotic factors.

FIGURE 9.1
Which abiotic factors do you see here?

Biotic Factors

Biotic factors are the living parts of ecosystems. They are the species of living things that reside together.

Species, Niche, and Habitat

A species is a unique type of organism. Members of a species can interbreed and produce offspring that can breed

(they are fertile). Organisms that are not in the same species cannot do this. Examples of species include humans,

lions, and redwood trees. Can you name other examples?

Each species has a particular way of making a living. This is called its niche. You can see the niche of a lion in

Figure 9.2. A lion makes its living by hunting and eating other animals. Each species also has a certain place where

it is best suited to live. This is called its habitat. The lion’s habitat is a grassland. Why is a lion better off in a

grassland than in a forest?

Living Together

All the members of a species that live in the same area form a population. Many different species live together in an

ecosystem. All their populations make up a community. What populations live together in the grassland in Figure
9.2?

Roles in Ecosystems

All ecosystems have living things that play the same basic roles. Some organisms must be producers. Others must

be consumers. Decomposers are also important.
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FIGURE 9.2
A lion hunts a zebra. What is the zebra

Producers

Producers are living things that use energy to make food. Producers make food for themselves and other living

things. There are two types of producers:

• By far the most common producers use the energy in sunlight to make food. This is called photosynthesis.

Producers that photosynthesize include plants and algae. These organisms must live where there is plenty of

sunlight. Which living things are producers in Figure 9.2?

Consumers

Consumers can’t make their own food. Consumers must eat producers or other consumers. Figure 9.3 lists the

three main types of consumers. Which type are you?

Consumers get their food in different ways Figure 9.4. Grazers feed on living organisms without killing them. A

rabbit nibbles on leaves and a mosquito sucks a drop of blood. Predators, like lions, capture and kill animals for

food. The animals they eat are called prey. Even some plants are consumers. Pitcher plants trap insects in their

sticky fluid in their “pitchers.” The insects are their prey. Scavengers eat animals that are already dead. This hyena

is eating the remains of a lion’s prey. Decomposers break down dead organisms and the wastes of living things. This

dung beetle is rolling a ball of dung (animal waste) back to its nest. The beetle will use the dung to feed its young.

The mushrooms pictured are growing on a dead log. They will slowly break it down. This releases its nutrients to

the soil.

How Energy Flows Through Ecosystems

All living things need energy. They need it to power the processes of life. For example, it takes energy to grow. It

also takes energy to produce offspring. In fact, it takes energy just to stay alive. Remember that energy can’t be

created or destroyed. It can only change form. Energy changes form as it moves through ecosystems.

The Flow of Energy

Most ecosystems get their energy from the sun. Only producers can use sunlight to make usable energy. Producers

convert the sunlight into chemical energy or food. Consumers get some of that energy when they eat producers.
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FIGURE 9.3
Examples of the main types of consumers. Can you name other consumers of each type?

They also pass some of the energy on to other consumers when they are eaten. In this way, energy flows from one

living thing to another.

Food Chains

A food chain is a simple diagram that shows one way energy flows through an ecosystem. You can see an example

of a food chain in Figure 9.5. Producers form the base of all food chains. The consumers that eat producers are

called primary consumers. The consumers that eat primary consumers are secondary consumers. This chain can

continue to multiple levels.

At each level of a food chain, a lot of energy is lost. Only about 10 percent of the energy passes to the next level.

Where does that energy go? Some energy is given off as heat. Some energy goes into animal wastes. Energy also

goes into growing things that another consumer can’t eat, like fur. It’s because so much energy is lost that most food

chains have just a few levels. There’s not enough energy left for higher levels.

Food Webs

Food chains are too simple to represent the real world. They don’t show all the ways that energy flows through an

ecosystem. A more complex diagram is called a food web. You can see an example in Figure 9.6. A food web

consists of many overlapping food chains. Can you identify the food chains in the figure? How many food chains

include the mouse?
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FIGURE 9.4
Ways consumers get food. Do you know how earthworms get food?

How Matter Moves Through Ecosystems

Living things need nonliving matter as well as energy. What do you think matter is used for? One thing is to build

bodies. They also need it to carry out the processes of life. Any nonliving matter that living things need is called a

nutrient. Carbon and nitrogen are examples of nutrients. Unlike energy, matter is recycled in ecosystems. You can

see how in Figure 9.7.

• Decomposers release nutrients when they break down dead organisms.

• The nutrients are taken up by plants through their roots.

• The nutrients pass to primary consumers when they eat the plants.

• The nutrients pass to higher level consumers when they eat lower level consumers.

• When living things die, the cycle repeats.
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FIGURE 9.5
What do the arrows stand for in a food
chain?

Lesson Summary

• An ecosystem is a group of living things and their environment. It is made up of both living and nonliving

things.

• Abiotic factors are the nonliving parts of ecosystems. They include air, soil, and other things organisms need.

They determine which organisms — and how many of them — can live in an ecosystem.

• Biotic factors are the living parts of ecosystems. They include species of living things.

• All ecosystems have organisms that play the same roles. They all have producers and consumers.

• All living things need energy. Most ecosystems get energy from the sun. Producers use the energy to make

food. They pass some of the energy to consumers. Food chains and food webs show how energy flows through

ecosystems.

• Living things also need matter. Unlike energy, matter is recycled in ecosystems.

Lesson Review Questions

Recall

1. Define ecosystem. Give two examples.

2. List four abiotic factors in an ecosystem.
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FIGURE 9.6
The owl in this food web consumes at two
different levels. What are they?

FIGURE 9.7
This diagram shows two cycles. One
is the cycle of energy, the other is the
cycle of matter. Compare the two cycles.
Do you see how the sun keeps adding
energy? That
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3. Identify three types of consumers, based on what they eat.

4. Give an example of each of these types of organisms: predator, scavenger, and decomposer.

5. What is a nutrient?

Apply Concepts

6. Describe the habitat and niche of a tree, a duck, and a housefly.

7. Draw a food chain that consists of the following organisms: fox, grass, mountain lion, and rabbit. Label each

living thing with its role in the food chain. Show how energy enters the food chain.

Think Critically

8. Explain how these concepts are related: species, population, and community.

Points to Consider

In this lesson, you read that matter is recycled in ecosystems. You already know how water is recycled. Its cycle

includes living things, the air, and the oceans. In the next lesson, you’ll read about the cycles of two important

nutrients, starting with carbon.

• Can you predict how carbon cycles?

• Do you think carbon cycles between living and nonliving things?
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9.2 Cycles of Matter

Lesson Objectives

• Explain why carbon is important to life.

• Outline the carbon cycle.

• Give an overview of the nitrogen cycle.

Vocabulary

• carbon cycle

• dead zone

• nitrogen cycle

Introduction

Did you know that carbon is the basis of life on Earth? Living things consist mainly of carbon. Carbon compounds

also control life processes. Your own body is mostly carbon. But do you know what carbon is?

The Element Carbon

Carbon is an element. By itself, it’s a black solid. You can see a lump of carbon in Figure 9.8. Carbon is incredibly

important because of what it makes when it combines with many other elements. Carbon can form a wide variety of

substances. For example, in the air, carbon combines with oxygen to form the gas carbon dioxide.

FIGURE 9.8
This piece of carbon looks like a lump of coal. Coal is mostly carbon.

In living things, carbon combines with several other elements. For example, it may combine with nitrogen and

hydrogen. Then it forms compounds such as sugars and proteins. How do living things get the carbon they need?

Carbon moves through ecosystems in the carbon cycle.

The Carbon Cycle

In the carbon cycle, carbon moves through living and nonliving things. Carbon actually moves through two cycles

that overlap. One cycle is mainly biotic; the other cycle is mainly abiotic. Both cycles are shown in Figure 9.9.
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FIGURE 9.9
Carbon changes form as it moves through
its cycle. Follow carbon through the dia-
gram as you read about the cycle below.

How Carbon Cycles Through Living Things

Producers such as plants or algae use carbon dioxide in the air to make food. The organisms combine carbon dioxide

with water to make sugar. They store the sugar as starch. Both sugar and starch are carbohydrates. Consumers get

carbon when they eat producers or other consumers.

Carbon doesn’t stop there. Living things get energy from food in a process called respiration. This releases carbon

dioxide back into the atmosphere. The cycle then repeats.

How Carbon Cycles Through Nonliving Things

Carbon from decaying organisms enters the ground. Some carbon is stored in the soil. Some carbon may be stored

underground for millions of years. This will form fossil fuels. When volcanoes erupt, carbon from the mantle is

released as carbon dioxide into the air. Producers take in the carbon dioxide to make food. Then the cycle repeats.

The oceans also play an important role in the carbon cycle. Ocean water absorbs carbon dioxide from the air. In

fact, the oceans contain 50 times more carbon than the atmosphere. Much of the carbon sinks to the bottom of the

oceans, where it may stay for hundreds of years.

Human Actions and the Carbon Cycle

Human actions are influencing the carbon cycle. Burning of fossil fuels releases the carbon dioxide that was stored

in ancient plants. Carbon dioxide is a greenhouse gas and may cause global warming.

Forests are also being destroyed. Trees may be cut down for their wood, or they may be burned to clear the land

for farming. Burning wood releases more carbon dioxide into the atmosphere. You can see how a tropical rainforest

was cleared for farming in Figure 9.10. With forests shrinking, there are fewer trees to remove carbon dioxide from
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the air. This increases the greenhouse effect.

FIGURE 9.10
Large parts of this Amazon rainforest
have been cleared to grow crops. How
does this affect the carbon cycle?

The Nitrogen Cycle

Living things also need nitrogen. Nitrogen is a key element in proteins. Like carbon, nitrogen cycles through

ecosystems. You can see the nitrogen cycle in Figure below.

FIGURE 9.11
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Fixing Nitrogen

Air is about 78 percent nitrogen. Decomposers release nitrogen into the air from dead organisms and their wastes.

However, producers such as plants can’t use these forms of nitrogen. Nitrogen must combine with other elements

before producers can use it. This is done by certain bacteria in the soil. It’s called “fixing” nitrogen.

Human Actions and the Nitrogen Cycle

Nitrogen is one of the most important nutrients needed by plants. That’s why most plant fertilizers contain nitrogen.

Adding fertilizer to soil allows more plants to grow. As a result, a given amount of land can produce more food. So

far, so good. But what happens next?

Rain dissolves fertilizer in the soil. Runoff carries it away. The fertilizer ends up in bodies of water, from ponds to

oceans. The nitrogen is a fertilizer in the water bodies. Since there is a lot of nitrogen it causes algae to grow out of

control. Figure 9.12 shows a pond covered with algae. Algae may use up so much oxygen in the water that nothing

else can grow. Soon, even the algae die out. Decomposers break down the dead tissue and use up all the oxygen in

the water. This creates a dead zone. A dead zone is an area in a body of water where nothing grows because there

is too little oxygen. There is a large dead zone in the Gulf of Mexico. You can see it Figure 9.12.

FIGURE 9.12
Effects of Too Much Nitrogen. The pond on the left is covered with algae because of fertilizer in the water. The
red-shaded area in the map on the right is a dead zone in the Gulf of Mexico. It
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Lesson Summary

• Carbon is an element. Carbon is the basis of all life on Earth. Since carbon can combine with many other

elements it forms a variety of different substances.

• Carbon moves through ecosystems in two cycles that overlap. In the biotic cycle, it moves between living

things and the air. In the abiotic cycle, it moves between the air, ground, and oceans. By burning fossil fuels,

humans have increased the amount of carbon dioxide in the air.

• Living things also need nitrogen. It cycles between the air, soil, and living things. By using fertilizers, humans

have increased the amount of nitrogen in bodies of water.

Lesson Review Questions

Recall

1. State why carbon is important to life.

2. Sketch and describe the carbon cycle.

3. Sketch and describe the nitrogen cycle.

4. Give examples of how human interactions have affected the carbon and nitrogen cycles.
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9.3 Chapter 9 Review

Part 1- Definitions:

1. Abiotic

2. Biodiversity

3. Biomes

4. Biotic

5. Carbon Cycle

6. Decomposer

7. Ecosystem

8. Extinction

9. Nitrogen Cycle

10. Photosynthesis

Part 2- Essay: Answer 3 of the following:

1. Give an example of an ecosystem,

a. describe three biotic factors in the ecosystem

b. describe three abiotic factors in the ecosystem

c. describe an interaction between two biotic factors, two abiotic factors, and one abiotic/ one biotic factor in the

ecosystem.

2. Photosynthesis and Respiration

a. Give the chemical formula, and describe photosynthesis

b. Give the chemical formula, and describe respiration

c. Explain why these two reactions are essential for life.

3. Biodiversity

a. Describe biodiversity, and give examples of regions of high and low biodiversity

b. Give economic, social, biological, and aesthetic reasons to maintain biodiversity

c. Give economic, social, biological, and aesthetic reasons why maintaining biodiversity is not worth it.

4. Extinction

a. Give an example of how the extinction of one species might affect another

b. List and describe 4 natural factors that lead to extinction of species

c. List and describe 4 human influenced factors that lead to extinction of species

5. Sketch and Label the Nitrogen and Carbon cycles
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CHAPTER 10 Earth Systems Glossary

A

abrasion a form of mechanical weathering that occurs whenever one rock hits another

abiotic factor
non-living factor in an ecosystem.
abyssal plain flat ocean floor under the open ocean

active volcano a volcano that is currently erupting or just about to erupt

adaptation a trait that an organism inherits that helps it survive in its natural environment

air mass large body of air that has about the same conditions throughout

air pressure weight of the air pressing against a given area

alpine tundra polar climate found at high altitudes an any latitude

altitude distance above sea level

amplitude the height of a wave from a center line to the top of the crest, or to the bottom of the trough

anemometer instrument that measures wind speed

anticyclone system of winds that rotate around a center of high air pressure

aphotic zone ocean zone deeper than 200 meters that does not receive enough sunlight for photosynthesis

aquifer underground layer of porous rock that is saturated with groundwater

asteroid rocky objects larger than a few hundred meters that orbit the Sun in the asteroid belt

asteroid belt region between the orbits of Mars and Jupiter with many asteroids

asthenosphere
semi-solid layer of the mantle on which the lithospheric plates rest
astronomers scientists who study the universe, galaxies, and stars

astronomical unit unit of length measurement used in astronomy; it is roughly equal tot the distance be-
tween Earth and the sun

atmosphere mixture of gases that surrounds a planet such as Earth

aquifer
porous rock and sediment with water in between
axis an imaginary line that runs from the North Pole to South Pole through the center of Earth
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B

barometer instrument that measures air pressure

barrier island a long, narrow island parallel to the shore

basin a block of rock that has slipped downward between two normal faults

beaches areas along the shore where sand or gravel is deposited.

benthic zone ocean zone that consists of the ocean floor

benthos organisms that live on the ocean floor

Big Bang Theory the hypothesis that all matter and energy were at one time compressed into a very small
volume and exploded in a "big bang," forming the universe

binary star system two stars that orbit each other

biome major climate type and the organisms that live there

biosphere all of the living organisms on Earth

biotic factor
living, once living or product of a living thing in an ecosystem

black hole the super dense core left after a supergiant explodes as a supernova

blizzard snow storm with high winds and reduced visibility because of wind-blown snow

body wave a type of seismic wave that travels through the body of a planet, including primary waves and secondary

waves

C

caldera circular-shaped feature formed from a massive eruption of an ancient volcano, which collapses back into

the ground

capillary action
property of water that allows it to move itself through thin tubes or fibers

carbon cycle
carbon moving through living and non-living things

carnivore
animal that survives by eating other animals
cemented describes substances that have hardened or crystallized in the spaces between loose sediments
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chemical compound a substance in which the atoms of two or more elements bond together

chemical energy energy that is stored in the connections between atoms in a chemical substance

chemical weathering a form of weathering that changes rock, in which minerals formed at high temperatures and

pressures change to minerals that are stable at the Earths surface

chromosphere thin layer of the suns atmosphere that lies directly above the photosphere and glows red

cinder cone a smaller volcano composed of small rock fragments that grows rapidly but only erupts over a short

period of the time

cirrus cloud thin, wispy cloud that forms from ice crystals high in the troposphere

cleavage the tendency of a mineral to break along certain planes to make smooth surfaces

climate average weather of a place over many years

coastal climate climate that is mild and may have plenty of precipitation because it is near an ocean

cold front boundary between two air masses that forms when a faster-moving cold air mass runs into a
slower-moving warm air mass

comet a small, icy, dusty object in orbit around the Sun

community
populations of multiple species living in an area

compacted describes sediments that have hardened by being squeezed together by the weight of layers on top of

them

compass hand-held device with a magnetic needle, used to find magnetic north

compass rose figure on a map or nautical chart for displaying locations of north, south, east and west

composite volcano a volcano composed of alternating layers of ash and lava flows with a broad base, steep sides,

and often a crater at the top; also called a stratovolcano

compression stresses that push toward each other, which causes a decrease in the space a rock takes up

condensation process in which water vapor changes to liquid water

conduction transfer of heat through direct contact of molecules of matter

confining stress stress due to the weight of material above a buried object, reducing volume but causing no

deformation
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conic map a map projection made by projecting Earth’s three dimensional surface onto a cone wrapped around an

area of the Earth

constellation a pattern of stars as observed from Earth.

consumer
organisms that gain energy by eating other organisms

contact metamorphism type of metamorphism that results from temperature increases when a body of magma

contacts a cooler existing rock

continent a land mass above sea level

continental climate climate that is harsh and may be dry because it is inland and not affected by an ocean

continental crust the crust that makes up the continents

continental drift hypothesis developed in the early 20th century that states that the continents move about
on the surface of the Earth

continental margin the underwater, outer edge of the continent

continental rift a divergent plate boundary that forms in the middle of a continent

continental shelf gently sloping ocean floor at the edges of continents

continental slope steeply sloping ocean floor between the continental shelf and abyssal plain

continental rise gently sloping pile of sediments that forms where the continental slope meets the ocean floor

contour interval the constant difference in elevation between two contour lines on a topographic map

contour lines lines drawn on a topographic map to show elevation, and which connect all the places that are the

same elevation

control factors that are kept the same in an experiment in order to focus just on the independent and dependent

variables

convection transfer of heat through a liquid or gas by a current

convection cell a circular pattern of warm material rising and cool material sinking

convection current current that flows through a liquid or gas because of differences in density

convection zone layer of the sun that surrounds the radiative zone; energy in this zone moves as flowing cells of

gas
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convergent plate boundary a location where two tectonic plates come together

coordinate system numbers in a grid that locate a particular point

core the dense metallic center of the Earth; also the term for the innermost part of the sun, where nuclear
fusion reactions take place

Coriolis effect effect of Earths rotation on the direction of global winds and surface ocean currents

corona outermost layer of the sun, made up of a plasma that extends millions of kilometers into space

crater a bowl-shaped depression on the surface of the Moon, caused by impact from a meteorite

crest the highest point of a wave

crust The rocky outer layer of the Earths surface; the two types of crust are continental and oceanic

crystal a solid in which all the atoms are arranged in a regular, repeating pattern

cumulus cloud white puffy cloud that grows vertically because it forms in a convection current

cyclone system of winds that rotate around a center of low air pressure

D

dark energy form of energy that we cannot see

dark matter matter in the universe that does not emit light

dead zone
area in a body of water where nothing grows because of a lack of oxygen

deciduous trees trees that lose their leaves once a year

decomposer
organisms that gain energy by breaking down dead organisms and waste

deep current convection current that flows through ocean water deep below the surface

deform to change in shape; happens when a rock has been altered by stresses

delta deposit of sediment at the mouth of a river, often in the shape of a triangle

density amount of mass per unit of volume of a substance

dependent variable the variable in an experiment that you are measuring as you change the independent variable
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deposited process by which sediments are dropped by water, wind, water or ice

desert very dry climate that receives less than 25 centimeters (10 inches) of precipitation each year

dew point temperature at which water vapor condenses out of the air

dip-slip fault a fault in which the dip of the fault plane is inclined relative to the horizontal

divergent plate boundary location where two tectonic plates spread apart

dome a circular anticline in which the oldest rocks are in the center and the youngest on the outside

doppler effect:
apparent change in frequency of a wave due to motion of source.
dormant volcano a volcano that is not currently erupting, but that has erupted in the recorded past

drought
a period of unusally low rainfall

dwarf planet celestial body that meets three of four criteria that define a planet; a dwarf planet does not
clear its orbit of other objects

E

earthquake ground shaking caused by the release of energy stored in rocks

echo sounder device that uses sound waves to measure the depth to the seafloor

ecosystem
group of living things and their environment

elastic rebound theory theory of how earthquakes are generated, which states that that stresses cause strain to

build up in rocks until they can no longer bend elastically and they break, causing an earthquake

electromagnetic (EM) radiation energy transmitted through space as a wave

electromagnetic (EM) spectrum total range of wavelengths of energy from the sun

element a substance in which all of the atoms have the same number of protons

elevation height of a land feature measured relative to sea level

elliptical galaxy an oval-shaped galaxy with older stars and little gas and dust

El Nino short-term, worldwide climate change that occurs when the Pacific Ocean is warmer than usual

energy ability to do work
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epicenter point on the earths surface that lies above an earthquakes focus

erosion the transport of weathered materials by water, wind, ice, or gravity

eruption the release of magma and gases onto the Earths surface

evaporation process in which liquid water changes to water vapor

evolution the change in an organism’s traits over long periods of time, such that a new species is often the result

exosphere top layer of Earths atmosphere, above the thermosphere

explosive eruption volcanic eruption that releases large amounts of gas, so that magma is violently thrown up into

the air

extinct term to describe an organism that has completely died out

extinct volcano a volcano that has not erupted in recorded history, and is considered unlikely to erupt again

extrusive igneous rock that forms above Earths surface

F

fault zone a network of related faults

fissure a long crack from which lava erupts onto Earth’s surface

focus the point under Earth’s surface where rocks rupture during an earthquake

fog cloud that forms on the ground

fold a bend in a set of rocks caused by compression

foliation layers that form in some metamorphic rocks; evidence of squeezing by pressure

food chain
A simple diagram that shows one way energy flows through an ecosystem.

food web
A diagram showing energy flow in an ecosystem using overlapping food chains

footwall the block of rock that is beneath a dip-slip fault

fossil something that is left behind by a once-living organism, such as bones or footprints

fracture the way a mineral breaks when it is not broken along a cleavage plane
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freezing rain precipitation that falls as rain but freezes on contact with cold surfaces near the ground,
forming a glaze of ice

freshwater water that contains little or no dissolved salts

frequency the number of wavelengths that pass a given point every second

front boundary between two air masses

fuel material that can release energy in a chemical change

G

galaxy group of between a few million and a few billion stars held together by gravity

Galilean moons the four largest moons of Jupiter, discovered by Galileo

gamma rays the shortest wavelength form of electromagnetic radiation

gas giants the four large outer planets - Jupiter, Saturn, Uranus, and Neptune - which are composed of the
gases hydrogen and helium

gemstone any material that is cut and polished to use in jewelry

Geographic Information System (GIS) an information system that links data to a particular location

geologic time scale timeline that illustrates Earths past

geology the study of the rocks, processes, and history of Earth

geostationary orbit type of orbit that allows a satellite to stay in place above one location on Earth’s surface

geyser heated groundwater that erupts from the ground under pressure

giant impact hypothesis idea that Earth’s moon was formed when a planet-sized object collided with the Earth

about 4.5 billion years ago

global warming recent increase in Earths temperature due mainly to human actions

global wind wind that occurs in a belt that circles the planet

globular cluster groups of tens to hundreds of thousands of stars held together by gravity

gnomonic map map projection made by projecting onto a flat paper from just one spot on the Earth

gravity force of attraction that exists between all objects in the universe
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grazer
organism that feeds on other organisms without killing them

Great Red Spot enormous, oval-shaped storm on Jupiter

greenhouse effect warming of Earth by gases in the atmosphere that absorb energy

greenhouse gas gas such as carbon dioxide or water vapor that absorbs energy in the atmosphere and keeps
Earth warm

groundwater freshwater below Earths surface

H

habitat
environment in which an organism is best suited to live

hail precipitation that falls as balls of ice and forms when strong updrafts carry rain high into the tropo-
sphere, where it freezes

hanging wall the block of rock that is above a dip-slip fault

hardness the ability of a rock to resist scratching

heat index measure of what the temperature feels like because of humidity

hemisphere one half of a sphere

herbivore
organism that survives by eating plants
hot spot fixed region of hot magma that rises through the mantle and creates volcanoes on Earths surface

hot spring stream of hot water that flows out of the ground continuously

humid continental climate inland climate found between 40 and 60 north latitude

humidity amount of water vapor in the air

humid subtropical climate temperate climate found on the eastern sides of continents between about 20 and
40 latitude

humus the partially decayed remains of plants and animals that forms the organic portion of soil

hurricane large storm with high winds and heavy rains that develops from a tropical cyclone over warm
ocean water

hydrocarbon chemical compound that contains only carbon and hydrogen

hydrosphere all the water on Earth

hygrometer instrument for measuring humidity

hypothesis a testable working explanation for a problem in science
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I

ice age period when Earths temperatures are cooler than normal and glaciers spread from to lower latitudes

ice wedging form of mechanical weathering that occurs as water expands when it freezes, wedging apart rock

impermeable
a layer of rock that does not allow water to pass through it
independent variable the variable in an experiment that is controlled and changed by the researcher

infiltration process in which water seeps into the ground

infrared light light with wavelengths longer than visible light that humans can feel as heat

inner planets the four solid, dense, rocky planets - Mercury, Venus, Earth, and Mars - located inside the
asteroid belt of our solar system

inorganic does not come from living organisms; in soil, the portion made up of rock and mineral

intertidal zone ocean zone that is covered with water at high tide and exposed to air at low tide

intraplate activity geologic activity, such as volcanic eruptions and earthquakes, that takes place away from
plate boundaries

intrusion rock mass formed by magma cooling underground

intrusive igneous rock that forms inside the Earth

ion an atom with a different number of electrons and protons. An ion may have positive charge (more protons) or

negative charge (more electrons)

irrigation
providing extra water to plants

irregular galaxy category of galaxy that is neither a spiral nor an elliptical galaxy

island arc line of volcanoes sitting on an oceanic plate above a subducting oceanic plate and near a deep sea
trench

J

jet stream
fast moving air currents high in the troposphere.
joint a break in rock caused by stresses, along which there is no movement

K

kinetic energy the energy that an object in motion has because of its motion

Kuiper belt region of space beyond the orbit of Neptune that contains millions of frozen objects
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L

lake large body of standing water

lake-effect snow heavy snow storm that occurs when winter winds pick up moisture as they pass over a
relatively warm lake and then drop the moisture as snow on the other side of the lake

land breeze local wind that blows from sea to land during the day when air over land is warmer than air
over water

La Nina short-term, worldwide climate change that occurs when the Pacific Ocean is colder than usual

laterite nutrient-poor, red, tropical soil that forms in a region with rainforest vegetation

latitude imaginary horizontal line drawn around the Earth parallel to the equator

landscape the surface features of an area

lava molten rock that has reached Earth’s surface

lava dome dome-shaped plug of thick lava that cools near the vent of a volcano

lava plateau flat, wide surface formed when lava comes out of the ground and spreads out very quickly

Law of Conservation of Energy law stating that energy cannot be created or destroyed

lightning huge spark that jumps between oppositely charged parts of the same cloud, between one cloud
and another, or between a cloud and the ground during a thunderstorm

light-year the distance light can travel in one year, 9.5 trillion kilometers

lithosphere layer of solid, brittle rock that makes up the Earths surface, composed of the crust and the
uppermost mantle

liquefy to become liquid; when clay, silt, and sand become saturated with water they are said to liquefy, becoming

like quicksand, losing their strength and behaving more like a liquid than a solid

loam soil texture that forms from a roughly equal combination of sand, silt, and clay

local wind wind that blows over a limited area because it is influenced by local geography, such as nearness
to the ocean

longitude imaginary vertical line drawn on the Earth from pole to pole

Love waves surface waves that have a side-to-side motion, much like a slithering snake

Low Earth Orbit path of satellites that orbit relatively close to Earth

lunar related to the Moon

luster the way light reflects off of the surface of a mineral
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M

magma molten rock deep inside the Earth

magma chamber region within Earth surrounded by solid rock and containing magma

magnetic field the region around a magnet that is susceptible to the magnetic force

main sequence star star that is fusing hydrogen atoms to form helium, considered to be a star in the main
portion of its "life"

mantle the middle layer of the Earth, made of hot rock that circulates by convection and located between
the crust and the core

mantle plume a column of very hot rock that rises up through the mantle

map two-dimensional representation of Earth’s surface

maria the dark parts of the Moons surface, made up of ancient lava eruptions

marine organism ocean organism that is adapted for life in salt water

marine west coast climate temperate climate found on the western coasts of continents between 45 and 60
latitude

mechanical weathering form of weathering that disintegrates rock, in which bigger pieces of rock are broken into

smaller pieces composed of the same materials as the original rock.

Mediterranean climate climate with dry summers that occurs on the western sides of continents between 30
and 45 latitude

Mercalli Intensity Scale scale that measures the effects of an earthquakes seen on the land surface and felt by

humans, using a scale of I-XII

Mercator projection map projection created using a cylinder wrapped around the Earth

mesosphere layer of Earths atmosphere between the stratosphere and thermosphere

metamorphic type of rock that forms when rock is exposed to high temperature and pressure

meteor
material from outer space that burns up as it enters Earth’s atmosphere

meteorite fragment of a planetary body, such as moons, planets, asteroids, and comets, that strikes Earth

meteoroid small rock in interplanetary space that has not yet entered Earth’s atmosphere
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meteor shower area of frequent meteors appearing to originate in a particular part of the sky

microclimate local climate that differs from the major climate type around it

Milky Way Galaxy the name of our galaxy, which includes the whitish band of stars visible in the night sky

mineral a naturally occurring, inorganic, crystalline solid with a characteristic chemical composition

mineralogist scientist who studies minerals

meteorologist scientist who studies the weather and makes weather forecasts

meteorology study of Earth’s atmosphere, weather, and storms

microwave 30 cm 1mm wavelength electromagnetic wave

mid-ocean ridge mountain range that runs through all the worlds oceans where tectonic plates pull apart

molecule the smallest possible amount of a chemical substance

moment magnitude scale logarithmic scale that measures the total energy released by an earthquake; an increase

of one integer indicates a 30-fold increase in energy released, while an increase of two integers indicates a

1,000-fold increase in energy released

monocline a bend in a set of rocks that causes them to be inclined relative to the horizontal

monsoon local wind that blows from water to land in the summer and from land to water in the winter due
to seasonal changes in the temperatures of land and water

N

neap tide tide with the least difference between high and low tides that occurs during the first and third
quarters of the moon

nebula cloud of gas and dust in space

neutron star the core of a massive star after it explodes as a supernova

nekton organisms such as fish that swim through the water

neritic zone ocean zone that lies over the continental shelf between the intertidal zone and oceanic zone

niche
a organisms place in the ecosystem

nitrogen cycle
nitrogen moving through living and non-living things
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non-point source pollution
pollution that enters the water from multiple points, difficult to identify a single source

normal fault dip-slip fault in which the hanging wall drops down relative to the footwall

nuclear energy energy that is released from the nucleus of an atom when it is changed into another atom

nuclear fusion reaction in which two nuclei come together, releasing huge amounts of light and heat

nutrients

non-living matter that organisms need to survive

O

occluded front
warm air mass becomes trapped between two cold air masses
ocean basin area covered by ocean water

oceanic crust the part of Earth’s crust that underlies the oceans

oceanic trench deep canyon on the ocean floor where one tectonic plate slides under another

oceanic zone ocean zone that consists of open ocean out past the neritic zone

oceanography study of the ocean in all its aspects

occluded front boundary that forms between air masses when a warm air mass is trapped between two cold air

masses

omnivore
organsim that gains energy by eating both plants and animals

open cluster group of up to a few thousand stars loosely held together by gravity

orbit to travel in a circular or elliptical path around another object

orbiter the main part of the space shuttle; it has wings like an airplane

ore mineral deposit that contains enough minerals to be mined for profit

outcrop large rock formation at the surface of the Earth

outer planets the four large, gaseous planets - Jupiter, Saturn, Uranus, and Neptune - located beyond the
asteroid belt in our solar system

ozone gas consisting of three oxygen atoms (O3) that absorbs UV light in the stratosphere
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P

paleontologist scientist who studies Earths past life forms

pedalfer fertile, dark soil that forms in mid-latitude, forested regions

pedocal slightly less fertile soil that forms in drier, grassland regions

permeable
a layer of rock that allows water to move through it

photic zone ocean zone in the top 200 meters of water that receives enough sunlight for photosynthesis

photon tiny packet of energy given off by the sun that travels in a wave

photosphere the visible surface of the Sun

physical model a representation of something using objects

phytoplankton plant-like plankton such as algae that make food by photosynthesis

plains low-lying continental areas that can be inland or coastal

planet celestial object orbiting a star that has cleared its orbit of smaller objects

planetary rings rings of dust and rock encircling a planet in a thin plane

plankton mainly microscopic organisms that float in the water of the photic zone

plasma

high-energy, high-temperature form of matter in which electrons are removed from atoms, leaving each atom

with an electrical charge

plate slab of Earths lithosphere that can move around on the planets surface

plateau flat, elevated area

plate boundary location where two plates come together

plate tectonics theory that the Earths surface is divided into lithospheric plates that move about on Earths
surface

point source pollution
pollution that enters the water supply at a single point

polar climate climate found near the poles or at high latitudes that has very cool summers, frigid winters,
and low precipitation
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polar orbit orbit that moves over Earth’s north and south poles as Earth rotates underneath

polar tundra polar climate found near the poles and characterized by permafrost

pond small body of standing freshwater

population
a group of organisms belonging to the same species

porosity
the amount of space between grains of a rock

potential energy energy stored within a physical system

precipitation water that falls from clouds to Earths surface

predator
an organism that captures and kills animals for food

prey
animals that are killed and eaten as food

primary wave (P-wave) fastest type of longitudinal body wave, capable of traveling through solids, liquids, and

gases

producer
living things that use energy to make food for themselves

projection a way to represent a three-dimensional surface in two dimensions

pyroclast rock made up of fragments of volcanic rock thrown into the air by an explosive eruption

Q

R

radiation transfer of heat by waves that can travel through air or space

radiative zone layer of the Sun immediately surrounding the core; energy moves from atom to atom as electro-

magnetic waves

radio telescope radio antenna that collects radio waves

radio waves longest wavelength wave of the electromagnetic spectrum, with a length ranging from from 1 mm to

thousands of kilometers

rain gauge instrument that measures the amount of rainfall
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rain shadow area that receives very little precipitation because of a nearby mountain range

Rayleigh waves surface waves that have a rolling motion

red giant stage in a star’s development in which the inner helium core contracts while the outer layers of
hydrogen expand

red shift
a shift toward longer wavelengths of the spectral lines emitted by a celestial object that is
caused by the object moving away from Earth.
reflecting telescope telescope that uses mirrors to collect and focus light

refracting telescope telescope that uses convex lenses to collect and focus light

regional metamorphism type of metamorphism that occurs when great masses of rock change over a wide area

due to pressure

relative humidity percent of water vapor in the air relative to the maximum amount the air can hold

relief difference in height of landforms in a region

reservoir
natural or artificial storage location for water

residence time
the amount of time a water molecule stays in a reservoir

residual soil soil that forms from the bedrock upon which it lies

reverse fault dip-slip fault in which the hanging wall pushes up relative to the footwall

revolution the Earths movement around the Sun in an orbit

Richter scale logarithmic scale that measures the largest jolt produced by an earthquake

river large body of moving water that flows downhill in a channel

river valley area formed as water erodes the landscape, often "V"-shaped

rock a solid mixture of minerals or mineral grains

rocket device propelled by particles flying out of it at high speed

rotation the motion of the Earth spinning on its axis

runoff precipitation that flows over the surface of the land
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S

satellite an object, either natural or human made, that orbits a larger object

scavenger
animals that eat other animals already dead

sea breeze local wind that blows from land to sea during the night when air over water is warmer than air
over land

seafloor spreading process by which new seafloor forming at spreading ridges pushes lithospheric plates on
the Earths surface, thus moving continents

seamount volcanic mountain on the ocean floor

secondary wave (S-wave) slower-moving, transverse body wave that can only travel through solids

sediment small particle of soil or rock deposited by wind or water

sedimentary type of rock that forms from layers of sediment compacted and cemented together

seismic wave wave of energy that radiates out from an earthquakes focus

seismogram printed record of seismic activity produced by a seismometer

seismograph older type of seismometer in which a pen that is suspended and weighted writes on a drum that

moved with the ground

seismometer machine that measures seismic waves and other ground motions

shear type of stress that pushes rocks past each other in opposite directions

shield volcano type of volcano built almost entirely of fluid lava flows, characterized by its large width and

relatively low height

silicate mineral containing silicon atoms bonded to oxygen atoms

sleet precipitation that falls as small ice pellets when snow falls through a layer of warm air and then
refreezes as it passes through a cold layer near the ground

slip the distance rocks move along a fault

snow gauge instrument that measures the amount of snowfall

soil horizon an individual layer of a complete soil profile; examples include A, B, and C horizons

soil profile the entire set of soil layers or horizons for a particular soil
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solar flare a violent explosion on the Suns surface.

solar system the Sun and all the objects that revolve around the Sun, held by the Suns gravity

solar wind the stream of radiation emitted by a solar flare, which extends millions of kilometers out into space

and can even reach Earth

sonar tool for using sound waves to study distant objects or surfaces such as the ocean floor

sound form of energy that travels in waves and allows us to hear

space probe a spacecraft that is sent without a crew to collect data by flying near or landing on an object in space

Space Race competition during the Cold War (1945-1990) between the United States and the Soviet Union, in

which nation strove to have the best space technology

space shuttle reusable spacecraft capable of carrying large pieces of equipment or pieces of a space station

space station large spacecraft on which humans can live for an extended period of time

space telescope telescope in orbit above Earth’s atmosphere

species a group of living things that have similar characteristics

spectrometer tool that uses a prism to break light into all its colors

spiral arm region of gas, dust, and young stars that winds outward from the central area of a spiral galaxy

spiral galaxy a rotating type of galaxy containing a central bulge and spiral arms with young stars, gas, and dust

spring water that flows out of the ground where the water table meets the surface

spring tide tide with the greatest difference between high and low tides that occurs during new moon and
full moon

stable term for rocks that are not likely to change significantly any more

stationary front boundary between air masses that is stalled in one place

star a glowing sphere of gases that produces light through nuclear fusion reactions

star cluster a group of hundreds of thousands of stars

star system a small group of stars

steppe semi-arid climate that receives up to 40 centimeters (16 inches) of precipitation each year
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storm episode of severe weather caused by a major disturbance in the atmosphere

storm surge high water that rushes ashore when the eye of a hurricane passes over

strata layers of rock that are similar in composition to one another

stratosphere layer of Earths atmosphere between the troposphere and mesosphere

stratus cloud cloud that forms low in the troposphere in layers that spread horizontally

streak the color of the powder of a mineral

stream any body of freshwater that flows downhill in a channel

stress force per unit area in a rock

strike-slip fault a fault in which the dip of the fault plane is vertical.

subarctic climate continental climate found between 60 and 70 north latitude

subduction the sinking of one lithospheric plate beneath another

subduction zone area where two lithospheric plates come together and one sinks beneath the other

sublimation
change in phase from a solid directly to a gas

subsidence
the collapse of an aquifer causing the ground surface to sink

subsoil the B horizon of a soil; the zone where iron oxides and clay minerals accumulate

sunspot cooler, darker area on the Suns surface that has lower temperatures than the surrounding area

supernova a tremendous explosion that occurs when a stars core is mostly iron

supervolcano massive volcanic eruption that is rare but incredibly powerful

surface current ocean current caused by wind that flows through the surface of the water

surface wave seismic wave that travels along the ground surface and does the most damage after an earthquake;

the two types of surface wave are Love waves and Rayleigh waves

syncline a fold in rocks that bends downward, in which the youngest rocks are at the center
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T

temperate climate climate that has moderate temperatures

temperature inversion reversal of normal temperatures in the troposphere, with cooler air closer to the
ground and warmer air above it

tension type of stress that pulls material in opposite directions, so that it is pulled apart

terrae the light parts of the Moons surface, composed of high crater rims

theory a hypothesis that has been repeatedly tested and not proven false

thermal pollution
pollution that raises the temperature of water
thermometer instrument that measures temperature

thermosphere layer of Earths atmosphere between the mesosphere and exosphere

thrust forward force produced by gases escaping from a rocket engine

thrust fault reverse fault in which the dip of the fault plane is nearly horizontal

thunder loud sound that occurs following lightning because the air heats and expands so quickly that it
explodes

thunderstorm storm with heavy rain and lightning

tide constant change in the level of ocean water caused by the pull of the moons and suns gravity

topographic map a special type of map that shows the elevations of different geologic features of a region

topography changes in elevation for a given region

topsoil the most fertile layer of soil, where humus, plant roots, and living organisms are found

tornado small but powerful storm with very strong, whirling winds that may occur with a thunderstorm or
hurricane

transform fault an earthquake fault where relative motion is sliding past

transform plate boundary type of plate boundary where two plates slide past one another

transpiration process in which plants release water vapor through their leaves

transported soil soil formed from weathered components that have been transported by water, wind, or ice to a

different area
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trench a deep hole in the seafloor where subduction takes place; trenches are the deepest places on Earth

tropical climate climate found near the equator that has warm temperatures year round

tropical rainforest forest that grows in tropical wet climates that have high rainfall year round

troposphere lowest, densest layer of Earths atmosphere

trough the lowest point of a wave

tsunami ocean wave caused by an earthquake

U

ultraviolet (UV) light light with wavelengths shorter than visible light that harms living things

universe everything that exists; contains all matter, energy, space, and time

upwelling process in which deep ocean water rises to the surface and brings nutrients with it

V

variation having many differences

visible light range of wavelengths of light that humans can see

W

warm front boundary between two air masses that forms when a faster-moving warm air mass runs into a
slower-moving cold air mass

water simple chemical compound containing two hydrogen atoms and one oxygen atom (H2O)

water cycle (hydrologic cycle) constant movement of water through the oceans, atmosphere, land, and living
things

water table top of the underground layer of porous rock that is saturated with groundwater

water treatment
a series of processes that remove unwanted substances from water

water vapor gaseous form of water

wave energy moving through a medium. (transfer of energy from wind through water)

wavelength the horizontal distance between two waves, as measured from crest to crest or trough to trough
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weather conditions of the atmosphere at a given time and place

weather balloon balloon that rises into the troposphere where it gathers weather data and sends them to the
surface

weather map map that shows weather conditions for a particular geographic area

weather satellite satellite that orbits Earth and constantly collects and transmits weather data from high
above the surface

weather station one of thousands of devices that collects weather data at a place on Earths surface

well hole that is dug or drilled through the ground to an aquifer in order to obtain groundwater

wetland area that has soggy soil or is covered with water for at least part of the year and that has certain types of

plants

wind air that flows over Earths surface because of differences in heating of the atmosphere

windchill temperature the air feels like that takes into account actual air temperature and wind speed

wind vane instrument that measures wind direction

X

X rays band of electromagnetic radiation with wavelength between that of between gamma rays and ultraviolet

radiation

Y

year the time it takes for a planet to orbit the Sun

Z

zooplankton animal-like organisms in plankton that consume phytoplankton
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