Unit One - Life Science:
Setting Things in Motion

Don Scott
Jean Brainard, Ph.D.
Jessica Harwood
Douglas Wilkin, Ph.D.
Niamh Gray-Wilson
Milton Huling, Ph.D.
Barbara Akre

Say Thanks to the Authors
Click http://www.ck12.org/saythanks
(No sign in required)

www.ck12.org

To access a customizable version of this book, as well as other
interactive content, visit www.ck12.org

CK-12 Foundation is a non-profit organization with a mission to
reduce the cost of textbook materials for the K-12 market both in
the U.S. and worldwide. Using an open-source, collaborative, and
web-based compilation model, CK-12 pioneers and promotes the
creation and distribution of high-quality, adaptive online textbooks
that can be mixed, modified and printed (i.e., the FlexBook®
textbooks).
Copyright © 2020 CK-12 Foundation, www.ck12.org
The names “CK-12” and “CK12” and associated logos and the
terms “FlexBook®” and “FlexBook Platform®” (collectively
“CK-12 Marks”) are trademarks and service marks of CK-12
Foundation and are protected by federal, state, and international
laws.

CONTRIBUTORS
Doris Kraus, Ph.D.
Niamh Gray-Wilson
Jean Brainard, Ph.D.
Sarah Johnson
Jane Willan
Corliss Karasov
AUTHORS
Don Scott
Jean Brainard, Ph.D.
Jessica Harwood
Douglas Wilkin, Ph.D.
Niamh Gray-Wilson
Milton Huling, Ph.D.
Barbara Akre
EDITOR
Douglas Wilkin, Ph.D.

Any form of reproduction of this book in any format or medium,
in whole or in sections must include the referral attribution link
http://www.ck12.org/saythanks (placed in a visible location) in
addition to the following terms.
Except as otherwise noted, all CK-12 Content (including CK-12
Curriculum Material) is made available to Users in accordance
with the Creative Commons Attribution-Non-Commercial 3.0
Unported (CC BY-NC 3.0) License (http://creativecommons.org/
licenses/by-nc/3.0/), as amended and updated by Creative Commons from time to time (the “CC License”), which is incorporated
herein by this reference.
Complete terms can be found at http://www.ck12.org/about/
terms-of-use.
Printed: July 21, 2020

iii

Contents

www.ck12.org

Contents
1

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

1
2
10
14
17
20
23

Chapter 2: Sense & Respond
2.1
Human Body . . . . . . . . . . . . . . . .
2.2
Nervous System . . . . . . . . . . . . . . .
2.3
The Central Nervous System - Advanced . .
2.4
The Peripheral Nervous System - Advanced
2.5
Vision and the Eye . . . . . . . . . . . . . .
2.6
References . . . . . . . . . . . . . . . . . .

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

24
25
30
33
40
45
48

.
.
.
.
.
.
.
.

49
50
55
58
63
66
68
72
75

4

Chapter 4: Got Cells?
4.1
Cells of the Human Body - Advanced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4.2
Tissues of the Human Body - Advanced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4.3
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

76
77
81
84

5

Chapter 5: Parts of a Whole
5.1
Basic Parts of a cell and Cell Organelles
5.2
Osmosis . . . . . . . . . . . . . . . . .
5.3
Diffusion . . . . . . . . . . . . . . . . .
5.4
Mitosis . . . . . . . . . . . . . . . . . .
5.5
DNA . . . . . . . . . . . . . . . . . . .
5.6
Genes and Alleles - Advanced . . . . .
5.7
References . . . . . . . . . . . . . . . .

2

3

iv

Chapter 1: Energy in Motion
1.1
Newtons First Law of Motion
1.2
Inertia . . . . . . . . . . . .
1.3
Newton’s Second Law . . . .
1.4
Newton’s Third Law . . . . .
1.5
Energy Conversion . . . . .
1.6
References . . . . . . . . . .

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.

Chapter 3: Interacting Subsystems
3.1
Skeletal System . . . . . . . . . . . .
3.2
The Cardiovascular System . . . . . .
3.3
Muscular System Tissues - Advanced .
3.4
Circulatory System . . . . . . . . . .
3.5
Respiratory System . . . . . . . . . .
3.6
Digestive System . . . . . . . . . . .
3.7
Excretory System . . . . . . . . . . .
3.8
References . . . . . . . . . . . . . . .

.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.

.
.
.
.
.
.
.

85
86
92
96
100
106
110
115

www.ck12.org

Chapter 1. Chapter 1: Energy in Motion

C HAPTER

1 Chapter 1: Energy in Motion

Chapter Outline
1.1

N EWTONS F IRST L AW OF M OTION

1.2

I NERTIA

1.3

N EWTON ’ S S ECOND L AW

1.4

N EWTON ’ S T HIRD L AW

1.5

E NERGY C ONVERSION

1.6

R EFERENCES

1

1.1. Newtons First Law of Motion

www.ck12.org

1.1 Newtons First Law of Motion
Newton’s First Law

There’s no doubt from Aman’s face that he loves skateboarding! Aman and his friends visit Newton’s Skate Park
every chance they get. They may not know it, but while they’re having fun on their skateboards, they’re actually
applying science concepts such as forces and motion.

Starting and Stopping

Did you ever ride a skateboard? Even if you didn’t, you probably know that to start a skateboard rolling over a level
surface, you need to push off with one foot against the ground. That’s what Aman’s friend Nina is doing in this
picture below.

FIGURE 1.1

2
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FIGURE 1.2

Do you know how to stop a skateboard once it starts rolling? Look how Nina’s friend Tina does it in the figure above.
She steps down on the back of the skateboard so it scrapes on the pavement. This creates friction, which stops the
skateboard.
Even if Tina didn’t try to stop the skateboard, it would stop sooner or later. That’s because there’s also friction
between the wheels and the pavement. Friction is a force that counters all kinds of motion. It occurs whenever two
surfaces come into contact.

Video Break

Tina learned how to use forces to start and stop her skateboard by watching the videos below. Watch the video to
see how the forces are applied. You can pick up some skateboarding tips at the same time!
Starting: http://www.youtube.com/watch?v=OpZIVjbMAOU

MEDIA
Click image to the left or use the URL below.

Stopping: http://www.youtube.com/watch?v=6fuOwhx91zM

MEDIA
Click image to the left or use the URL below.

3

1.1. Newtons First Law of Motion

www.ck12.org

Laws of the Park: Newton’s First Law

If you understand how a skateboard starts and stops, then you already know something about Newton’s first law of
motion. This law was developed by English scientist Isaac Newton around 1700. Newton was one of the greatest
scientists of all time. He developed three laws of motion and the law of gravity, among many other contributions.
Newton’s first law of motion states that an object at rest will remain at rest and an object in motion will stay in
motion unless it is acted on by an unbalanced force. Without an unbalanced force, a moving object will not only
keep moving, but its speed and direction will also remain the same. Newton’s first law of motion is often called the
law of inertia because inertia is the tendency of an object to resist a change in its motion. If an object is already at
rest, inertia will keep it at rest. If an object is already in motion, inertia will keep it moving.

Do You Get It?

Q: How does Nina use Newton’s first law to start her skateboard rolling?
A: The skateboard won’t move unless Nina pushes off from the pavement with one foot. The force she applies when
she pushes off is stronger than the force of friction that opposes the skateboard’s motion. As a result, the force on
the skateboard is unbalanced, and the skateboard moves forward.
Q: How does Nina use Newton’s first law to stop her skateboard?
A: Once the skateboard starts moving, it would keep moving at the same speed and in the same direction if not for
another unbalanced force. That force is friction between the skateboard and the pavement. The force of friction
is unbalanced because Nina is no longer pushing with her foot to keep the skateboard moving. That’s why the
skateboard stops.

Changing Direction

FIGURE 1.3

Aman’s friend Sachin likes to skate on the flat banks at Newton’s Skate Park. That’s Sachin the figure above. As he
reaches the top of a bank, he turns his skateboard to go back down. To change direction, he presses down with his
heels on one edge of the skateboard. This causes the skateboard to turn in the opposite direction.
4
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Video Break

Can you turn a skateboard like Sachin? To see how to apply forces to change the direction of a skateboard, watch
this video: http://www.youtube.com/watch?v=iOnlcEk50CM

MEDIA
Click image to the left or use the URL below.

Do You Get It?

Q: How does Sachin Newton’s first law of motion to change the direction of his skateboard?
A: Pressing down on just one side of a skateboard creates an unbalanced force. The unbalanced force causes the
skateboard to turn toward the other side. In the picture, Sachin is pressing down with his heels, so the skateboard
turns toward his toes.
Summary

• Newton’s first law of motion states that an object at rest will remain at rest and an object in motion will remain
in motion unless it is acted on by an unbalanced force.
• Using unbalanced forces to control the motion of a skateboard demonstrates Newton’s first law of motion.
Explore More

Do you think you understand Newton’s first law? Go to the URL below to find out. Review Newton’s law and watch
what happens to the skateboarder in the animation. Then answer the questions at the bottom of the Web page.
• http://teachertech.rice.edu/Participants/louviere/Newton/law1.html
Review

1. State Newton’s first law of motion.
2. You don’t need to push off with a foot against the ground to start a skateboard rolling down a bank. Does this
violate Newton’s first law of motion? Why or why not?

FIGURE 1.4
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3. Nina ran into a rough patch of pavement, but she thought she could ride right over it. Instead, the skateboard
stopped suddenly and Nina ended up on the ground (see figure above). Explain what happened.
4. Now that you know about Newton’s first law of motion, how might you use it to ride a skateboard more safely?

Newton’s First Law

The First Law is about inertia; objects at rest stay at rest unless acted upon and objects in motion continue
that motion in a straight line unless acted upon. Prior to Newton and Galileo, the prevailing view on motion was
still Aristotle’s. According to his theory the natural state of things is at rest; force is required to keep something
moving at a constant rate. This made sense to people throughout history because on earth, friction and air resistance
slow moving objects. When there is no air resistance (or other sources of friction), a situation approximated in space,
Newton’s first law is much more evident.
The amount of inertia an object has is simply related to the mass of the object. Mass and Weight are two different
things. Mass (typically in units of kg or grams) is basically a measure of what comprises an object. Weight is the
measure of how much the force of gravity is pulling on you. The metric unit for weight (and force) is the Newton.

Key Equations

Fg = mg
The force of gravity (i.e. your weight) is equal to the mass of the object multiplied by the acceleration of gravity for
that planet.

Guidance

• An object will not change its state of motion (i.e., accelerate) unless a net force acts on it. Equal and oppositely
directed forces do not produce acceleration.
• If no net force acts on an object the object remains at constant velocity or at rest.

Example 1

Question: What is the weight of a 90 kg person on Earth? What about the moon?
Answers:
On Earth,
Fg = mg = (90 kg)(9.8 m/s2 ) = 882 N
On moon,
Fg = mg = (90 kg)(1.6 m/s2 ) = 144 N
6
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Simulation

Try the following simulation to apply these principles.

• http://simulations.ck12.org/SledSim/
Explore More

1. When hit from behind in a car crash, a passenger can suffer a neck injury called whiplash. Explain in terms of
inertia how this occurs, and how headrests can prevent the injury.
2. A cheetah can outrun a gazelle in a short straight race, but the gazelle can escape with its life by zigzagging. The
cheetah is more massive than the gazelle - explain how this strategy works.
3. If your hammer develops a loose head, you can tighten it by banging it on the ground. A little physics secret
though - it’s better to bang the hammer head up rather than head down. Explain, using inertia.
Answers:
1. The passenger’s head will remain at rest for the split second when the seat exerts a big force on the passenger’s
back causing a “whiplash” on your neck. This is an example of newton’s first law because your head is not acted on
by an unbalanced force while the rest of your body is. A head rest causes your head to accelerate with the rest of
your body.
2. The cheetah must exert a bigger force to change directions than the gazelle because the cheetah has more inertia.
This extra force needed for the cheetah to change directions allows the gazelle to get away.
3. The head of the hammer has more inertia than the tail. So when you bang the hammer “head up” the head exerts
a large force on the rest of the hammer in order to come to a stop.

7
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Newton’s First Law of Motion - Overview

Overview

MEDIA
Click image to the left or use the URL below.

Watch the video at: http://www.ck12.org/flx/render/embeddedobject/145610
Professor Mac Explains Newton’s First Law of Motion

Explains Newton’s first law and demonstrates the law with an experiment.

MEDIA
Click image to the left or use the URL below.

Watch the video at: https://www.youtube.com/watch?v=BlFGN2zlDYc
Real World Example - Football Physics

This quarterback has one goal: to run down the field as far and fast as he can. Defensive players on the other team
will try to stop him by tackling him. Will the quarterback make it all way and score a touchdown? Who will win
this gridiron battle? The answer depends on Newton’s first law of motion.
The Back Story
8
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• Newton’s first law of motion is also called the law of inertia. It is one of many scientific laws.
• A scientific law is a statement describing what always happens under certain conditions in nature.
• Newton’s first law of motion states that an object’s motion will not change unless an unbalanced force acts on
the object. An object at rest will stay at rest and an object in motion will keep moving in the same direction
and at the same speed unless acted upon by an unbalanced force.
• The football player in the photo above is in motion. He will stay in motion unless players on the other team
exert an unbalanced force against him.
• Watch this video to see how Newton’s first law controls what happens in a professional football game: http
://www.nbclearn.com/nfl/cuecard/50884

FIGURE 1.5
The receiver is tackled down by unbalanced forces from the opposing team

Can You Apply It?
With the links below, learn more about Newton’s first law and how it applies to common events in life. Then answer
the following questions.
• http://www.physicsclassroom.com/Class/newtlaws/u2l1a.cfm
• http://www.physicsclassroom.com/Class/newtlaws/U2l1b.cfm
1. What is inertia? Why is Newton’s first law of motion also called the law of inertia?
2. How is mass related to inertia? Why do you think football players are usually large in size?
3. A defensive football player on one team tackles the other team’s quarterback, who is running down the field. The
quarterback is pushed to the ground by the defensive player. Apply Newton’s first law to explain what happened.
4. Apply Newton’s first law of motion to throwing a football.
5. What are some other examples of Newton’s first law in daily life?

9
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1.2 Inertia
Learning Objectives

•
•
•
•

Define inertia.
Describe how inertia affects motion.
State the relationship between inertia and mass.
Explain how to overcome inertia.

At Newton’s Skate Park, Lauren is pushing her twin cousins, Jonathan and Cody, on her skateboard. She has to push
hard to get the skateboard started, but once it begins moving, it takes much less effort to keep it rolling over the
smooth, flat pavement. In fact, if Lauren tries to stop the rolling skateboard, it may take as much effort to stop it as
it did to start it rolling in the first place.
Q: Why is it harder to start and stop the skateboard than it is to keep it rolling?
A: The reason is inertia.
What Is Inertia?

Inertia is the tendency of an object to resist a change in its motion. All objects have inertia, whether they are
stationary or moving. Inertia explains Newton’s first law of motion, which states that an object at rest will remain at
rest and an object in motion will stay in motion unless it is acted on by an unbalanced force. That’s why Newton’s
first law of motion is sometimes called the law of inertia.
Q: You probably don’t realize it, but you experience inertia all the time, and you don’t have to ride a skateboard. For
example, think about what happens when you are riding in a car that stops suddenly. Your body moves forward on
the seat and strains against the seat belt. Why does this happen?
A: The brakes stop the car but not your body, so your body keeps moving forward because of inertia.
10
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FIGURE 1.6
Inertia explains why it’s important to always wear a seat belt.

Inertia and Mass

The inertia of an object depends on its mass. Objects with greater mass also have greater inertia. It would be easier
for Lauren to push just one of her cousins on her skateboard than both of them. With just one twin, there would be
only about half as much mass on the skateboard, so there would be less inertia to overcome.

MEDIA
Click image to the left or use the URL below.

Overcoming Inertia

To change the motion of an object, inertia must be overcome by an unbalanced force acting on the object. The
unbalanced force that starts Lauren’s cousins rolling along on the skateboard is applied by Lauren when she gives
it a push. Once an object starts moving, inertia keeps it moving without any additional force being applied. In fact,
it won’t stop moving unless another unbalanced force opposes its motion. For example, Lauren can stop the rolling
skateboard by moving to the other end and pushing in the opposite direction.
Q: What if Lauren didn’t stop the skateboard in this way? If it remained on a smooth, flat surface, would it just keep
rolling forever?
A: The inertia of the moving skateboard would keep it rolling forever if no other unbalanced force opposed its
motion. However, another unbalanced force does act on the skateboard
Q: What other force is acting on the skateboard?
A: The other force is rolling friction between the skateboard’s wheels and the ground. The force of friction opposes
the motion of the rolling skateboard and would eventually bring it to a stop without any help from Lauren. Friction
opposes the motion of all moving objects, so—like the skateboard—all moving objects eventually stop moving even
if no other forces oppose their motion.
Later that day, Jonathan rode his skateboard and did some jumps. You can see him in the picture 1.7. When he’s in
11
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the air, there is no rolling friction between his wheels and the ground, but another unbalanced force is acting on the
skateboard and changing its motion.
Q: What force is acting on the skateboard when it is in the air above the ground? And how will this force change the
skateboard’s motion?
A: The force of gravity is acting on the skateboard. It will pull the skateboard back down to the ground. Once it’s
on the ground, friction will slow its motion.

FIGURE 1.7

Summary

• Inertia is the tendency of an object to resist a change in its motion. Because of inertia, a resting object will
remain at rest, and a moving object will keep moving.
• Objects with greater mass have greater inertia.
• To change the motion of an object, inertia must be overcome by an unbalanced force acting on the object.
Review

1.
2.
3.
4.

12

What is inertia?
How does inertia affect the motion of an object?
What is the relationship between inertia and mass?
Jonathan and Cody’s older brother Josh, who is pictured in the Figure 1.8, is standing at the top of a half-pipe
at Newton’s Skate Park. Gravity is exerting a downward force on the skateboard, as seen in the picture. Why
doesn’t it tip over the edge and start rolling down the side of the half-pipe?

www.ck12.org
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FIGURE 1.8
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1.3 Newton’s Second Law
Learning Objectives

• State Newton’s second law of motion.
• Compare and contrast the effects of force and mass on acceleration.

These boys are racing around the track at Newton’s Skate Park. The boy who can increase his speed the most will
win the race. Tony, who is closest to the camera in this picture, is bigger and stronger than the other two boys, so he
can apply greater force to his skates.
Q: Does this mean that Tony will win the race?
A: Not necessarily, because force isn’t the only factor that affects acceleration.
Force, Mass, and Acceleration

Whenever an object speeds up, slows down, or changes direction, it accelerates. Acceleration occurs whenever an
unbalanced force acts on an object. Two factors affect the acceleration of an object: the net force acting on the object
and the object’s mass. Newton’s second law of motion describes how force and mass affect acceleration. The law
states that the acceleration of an object equals the net force acting on the object divided by the object’s mass. This
can be represented by the equation:
Acceleration =
14

Net force
Mass

www.ck12.org
or a =
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F
m

Q: While Tony races along on his rollerblades, what net force is acting on the skates?
A: Tony exerts a backward force against the ground, as you can see in the Figure 1.9, first with one skate and then
with the other. This force pushes him forward. Although friction partly counters the forward motion of the skates, it
is weaker than the force Tony exerts. Therefore, there is a net forward force on the skates.

FIGURE 1.9

Watch the video below to learn more about Newton’s second law and the relationship between force, mass, and
acceleration:

MEDIA
Click image to the left or use the URL below.

Direct and Inverse Relationships

Newton’s second law shows that there is a direct relationship between force and acceleration. The greater the force
that is applied to an object of a given mass, the more the object will accelerate. For example, doubling the force on
the object doubles its acceleration.
The relationship between mass and acceleration is different. It is an inverse relationship. In an inverse relationship,
when one variable increases, the other variable decreases. The greater the mass of an object, the less it will accelerate
when a given force is applied. For example, doubling the mass of an object results in only half as much acceleration
for the same amount of force.
Q: Tony has greater mass than the other two boys he is racing (pictured in the opening image). How will this affect
his acceleration around the track?
A: Tony’s greater mass will result in less acceleration for the same amount of force.

Summary

• Newton’s second law of motion states that the acceleration of an object equals the net force acting on the
object divided by the object’s mass.
• According to the second law, there is a direct relationship between force and acceleration and an inverse
relationship between mass and acceleration.
15
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Review

1.
2.
3.
4.

State Newton’s second law of motion.
How can Newton’s second law of motion be represented with an equation?
If the net force acting on an object doubles, how will the object’s acceleration be affected?
Tony has a mass of 50 kg, and his friend Sam has a mass of 45 kg. Assume that both friends push off on their
rollerblades with the same force. Explain which boy will have greater acceleration.

Explore More

Use this resource to answer the questions that follow:

MEDIA
Click image to the left or use the URL below.

1. How is force proportional to acceleration?
2. How is force proportional to mass?
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1.4 Newton’s Third Law
Learning Objectives

• State Newton’s Third Law of Motion.
• Describe action and reaction forces.
• Explain why action and reaction forces are not balanced forces.

This is a sketch of Jerod on his skateboard. He’s on his way to Newton’s Skate Park. When he pushes his foot against
the ground, what happens next? He moves on his skateboard in the opposite direction. How does this happen?
Action and Reaction

Newton’s third law of motion explains how Jerod starts his skateboard moving. This law states that every action
has an equal and opposite reaction. This means that forces always act in pairs. First an action occurs—Jerod pushes
against the ground with his foot. Then a reaction occurs—the ground pushes back on Jerod! This force causes Jerod
to move forward. The reaction is always equal in strength to the action but in the opposite direction.
Q: If Jerod pushes against the ground with greater force, how will this affect his forward motion?
A: His action force will be greater, so the reaction force will be greater as well. Jerod will be pushed forward by the
ground with more force, and this will make him go faster and farther.
Equal and Opposite Forces

The forces involved in actions and reactions can be represented with arrows. The way an arrow points shows the
direction of the force, and the size of the arrow represents the strength of the force. Look at the skateboarders in the
17
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Figure 1.10. In the top row, the arrows represent the forces with which the skateboarders push against each other.
This is the action. In the bottom row, the arrows represent the forces with which the skateboarders move apart. This
is the reaction. Compare the top and bottom arrows. They point in different directions, but they are the same size.
This shows that the reaction forces are equal and opposite to the action forces.

FIGURE 1.10

Equal and Opposite but Not Balanced

Because action and reaction forces are equal and opposite, you might think they would cancel out, as balanced forces
do. But you would be wrong. Balanced forces are equal and opposite forces that act on the same object. That’s
why they cancel out. Action-reaction forces are equal and opposite forces that act on different objects, so they don’t
cancel out. In fact, they often result in motion. Think about Jerod again. He applies force with his foot to the ground,
whereas the ground applies force to Jerod and the skateboard, causing them to move forward.
Q: Actions and reactions occur all the time. Can you think of an example in your daily life?
A: Here’s one example. If you lean on something like a wall or your locker, you are applying force to it. The wall or
locker applies an equal and opposite force to you. If it didn’t, you would go right through it or else it would tip over.
Watch the video below to learn more about Newton’s third law of motion:

MEDIA
Click image to the left or use the URL below.
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Summary

• Newton’s third law of motion states that every action has an equal and opposite reaction. This means that
forces always act in pairs.
• Action and reaction forces are equal and opposite, but they are not balanced forces because they act on different
objects so they don’t cancel out.
Review

1. State Newton’s third law of motion.
2. Describe an example of an action and reaction. Identify the forces and their directions.
3. Explain why action and reaction forces are not balanced forces.
Explore More

Watch this video about Newton’s third law of motion and then answer the questions that follow:

MEDIA
Click image to the left or use the URL below.

1. Describe all the forces acting on the coffee mug as it is resting on the coffee table.
2. Identify one action and reaction force pair involving the coffee mug resting on the coffee table.
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1.5 Energy Conversion
Learning Objectives

• Define energy conversion.
• Give examples of energy changing from one form to another.
• Describe energy changes between kinetic and potential energy.

Sari and Daniel are spending a stormy Saturday afternoon with cartons of hot popcorn and a spellbinding movie.
They are obviously too focused on the movie to wonder where all the energy comes from to power their weekend
entertainment. They’ll give it some thought halfway through the movie when the storm causes the power to go out!
Changing Energy

Watching movies, eating hot popcorn, and many other activities depend on electrical energy. Most electrical energy
comes from the burning of fossil fuels, which contain stored chemical energy. When fossil fuels are burned, the
chemical energy changes to thermal energy and the thermal energy is then used to generate electrical energy. These
are all examples of energy conversion. Energy conversion is the process in which one kind of energy changes into
another kind. When energy changes in this way, the energy isn’t used up or lost. The same amount of energy exists
after the conversion as before. Energy conversion obeys the law of conservation of energy, which states that energy
cannot be created or destroyed.
How Energy Changes Form

Besides electrical, chemical, and thermal energy, some other forms of energy include mechanical and sound energy.
Any of these forms of energy can change into any other form. Often, one form of energy changes into two or more
20
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different forms. For example, the popcorn machine below changes electrical energy to thermal energy. The thermal
energy, in turn, changes to both mechanical energy and sound energy. You can read the Figure 1.11 how these
changes happen.

FIGURE 1.11
1. The popcorn machine changes electrical to thermal energy, which heats the
popcorn. 2. The heat causes the popcorn
to pop.

You can see that the popping

corn has mechanical energy (energy of
movement). It overflows the pot and falls
into the pile of popcorn at the bottom of
the machine. 3. The popping corn also
has energy. That’s why it makes popping
sounds.

Kinetic-Potential Energy Changes

Mechanical energy commonly changes between kinetic and potential energy. Kinetic energy is the energy of moving
objects. Potential energy is energy that is stored in objects, typically because of their position or shape. Kinetic
energy can be used to change the position or shape of an object, giving it potential energy. Potential energy gives the
object the potential to move. If it does, the potential energy changes back to kinetic energy.
That’s what happened to Sari. After she and Daniel left the theater, the storm cleared and they went for a swim.
That’s Sari in the Figure 1.12 coming down the water slide. When she was at the top of the slide, she had potential
energy. Why? She had the potential to slide into the water because of the pull of gravity. As she moved down the
slide, her potential energy changed to kinetic energy. By the time she reached the water, all the potential energy had
changed to kinetic energy.
Q: How could Sari regain her potential energy?
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FIGURE 1.12

A: Sari could climb up the steps to the top of the slide. It takes kinetic energy to climb the steps, and this energy
would be stored in Sari as she climbed. By the time she got to the top of the slide, she would have the same amount
of potential energy as before.
Q: Can you think of other fun examples of energy changing between kinetic and potential energy?
A: Playground equipment such as swings, slides, and trampolines involve these changes.

MEDIA
Click image to the left or use the URL below.

Summary

• Energy conversion is the process in which energy changes from one form or type to another. Energy is always
conserved in energy conversions.
• Different forms of energy—such as electrical, chemical, and thermal energy—often change to other forms of
energy.
• Mechanical energy commonly changes back and forth between kinetic and potential energy.
Review

1.
2.
3.
4.
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Define energy conversion.
Relate energy conversion to the law of conservation of energy.
Describe an original example of energy changing from one form to two other forms.
Explain how energy changes back and forth between kinetic and potential energy when you jump on a
trampoline. Include a sketch to help explain the energy conversions.
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2.1 Human Body
Learning Objectives

•
•
•
•

List the levels of organization in the human body.
Define cell, tissue, organ, and organ system.
Identify the four types of tissues that make up the body.
Give examples of organ systems and their functions.

Do cells work together?
Cells, like these nerve cells, do not work in isolation. To send orders from your brain to your legs, for example,
signals pass through many nerve cells. These cells work together to perform a similar function. Just as muscle cells
work together, bone cells and many other cells do as well. A group of similar cells that work together is known as a
tissue.
25
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Organization of Your Body: Cells, Tissues, Organs

Cells are grouped together to carry out specific functions. A group of cells that work together form a tissue. Your
body has four main types of tissues, as do the bodies of other animals. These tissues make up all structures and
contents of your body. An example of each tissue type is pictured in the Figure 2.1.

FIGURE 2.1
Your body has four main types of tissue: nervous tissue, epithelial tissue, connective tissue, and muscle tissue.
They are found throughout your body.

1. Epithelial tissue is made up of layers of tightly packed cells that line the surfaces of the body. Examples of
epithelial tissue include the skin, the lining of the mouth and nose, and the lining of the digestive system.
2. Connective tissue is made up of many different types of cells that are all involved in supporting and binding
other tissues of the body. Examples include tendon, cartilage, and bone. Blood is also classified as a
specialized connective tissue.
3. Muscle tissue is made up of bands of cells that contract and allow movement.
4. Nervous tissue is made up of nerve cells that sense stimuli and transmit signals. Nervous tissue is found in
nerves, the spinal cord, and the brain.
26
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Groups of Tissues Form Organs

A single tissue alone cannot do all the jobs that are needed to keep you alive and healthy. Two or more tissues
working together can do a lot more. An organ is a structure made of two or more tissues that work together. The
heart (Figure 2.2) is made up of the four types of tissues.

FIGURE 2.2
The four different tissue types work together in the heart as they do in the other
organs.

Groups of Organs Form Organ Systems

Your heart pumps blood around your body. But how does your heart get blood to and from every cell in your body?
Your heart is connected to blood vessels such as veins and arteries. Organs that work together form an organ system.
Together, your heart, blood, and blood vessels form your cardiovascular system.
What other organ systems can you think of?
Organ Systems Work Together

Your body’s 12 organ systems are shown below (Table 2.1). Your organ systems do not work alone in your body.
They must all be able to work together.
For example, one of the most important functions of organ systems is to provide cells with oxygen and nutrients and
to remove toxic waste products such as carbon dioxide. A number of organ systems, including the cardiovascular
and respiratory systems, all work together to do this.

TABLE 2.1: Major Organ Systems of the Human Body
Organ System
Cardiovascular

Major Tissues and Organs
Heart; blood vessels; blood

Lymphatic

Lymph nodes; lymph vessels

Function
Transports oxygen, hormones, and
nutrients to the body cells. Moves
wastes and carbon dioxide away
from cells.
Defend against infection and disease, moves lymph between tissues
and the blood stream.
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TABLE 2.1: (continued)
Organ System
Digestive
Endocrine
Integumentary

Muscular
Nervous
Reproductive

Major Tissues and Organs
Esophagus; stomach; small intestine; large intestine
Pituitary gland, hypothalamus;
adrenal glands; ovaries; testes
Skin, hair, nails

Cardiac (heart) muscle; skeletal
muscle; smooth muscle; tendons
Brain, spinal cord; nerves

Respiratory

Female: uterus; vagina; fallopian
tubes; ovaries
Male: penis; testes; seminal vesicles
Trachea, larynx, pharynx, lungs

Skeletal

Bones, cartilage; ligaments

Urinary

Kidneys; urinary bladder

Immune

Bone marrow; spleen; white blood
cells

Function
Digests foods and absorbs nutrients,
minerals, vitamins, and water.
Produces hormones that communicate between cells.
Provides protection from injury and
water loss, physical defense against
infection by microorganisms, and
temperature control.
Involved in movement and heat production.
Collects, transfers, and processes
information.
Produces gametes (sex cells) and
sex hormones.

Brings air to sites where gas exchange can occur between the blood
and cells (around body) or blood
and air (lungs).
Supports and protects soft tissues of
body; produces blood cells; stores
minerals.
Removes extra water, salts, and
waste products from blood and
body; controls pH; controls water
and salt balance.
Defends against diseases.

Summary

• The levels of organization in the human body include: cells, tissues, organs, and organ systems.
• There are four tissue types in the body: epithelial tissue, connective tissue, muscle tissue, and nervous tissue.
Explore More

Use the resources below to answer the following questions.
• Human Body Plan at http://vimeo.com/37349968 (2:28)

MEDIA
Click image to the left or use the URL below.
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What kind of symmetry does the human body plan show? Explain what this means.
How does this symmetry extend to our senses?
How much of our body is made of muscle? What does this muscle do?
How are oxygen and nutrients delivered to the cells of the body?
What controls all the activity on the body? How much energy does this organ use?

Review

1.
2.
3.
4.
5.
6.

What are the four levels of organization in an organism?
List the four types of tissues that make up the human body.
Describe epithelial tissue.
Give two examples of connective tissue.
What is the role of the nervous system?
What is the role of the cardiovascular system?
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2.2 Nervous System
Learning Objectives

• Define nerve.
• Describe the role of a nerve.
• Explain the functions of the nervous system.

What body system helps you learn?
As these girls are studying, many processes are taking place. Their eyes have to take in the words on the page, and
their brains have to process the meaning of the words. The brain also has to assimilate the knowledge so it can be
retrieved at a later time. All these processes are controlled by the nervous system.
Introduction to the Nervous System

Michelle was riding her scooter when she hit a hole in the street and started to lose control. She thought she would
fall, but, in the blink of an eye, she shifted her weight and kept her balance. Her heart was pounding, but at least she
didn’t get hurt. How was she able to react so quickly? Michelle can thank her nervous system for that (Figure 2.3).
The nervous system, together with the endocrine system, controls all the other organ systems. The nervous system
sends one type of signal around the body, and the endocrine system sends another type of signal around the body.
The endocrine system makes and releases chemical messenger molecules, or hormones, which tell other body parts
that a change or a reaction is necessary. So what type of signal does the nervous system send?
Controlling muscles and maintaining balance are just two of the roles of the nervous system. The nervous system
also lets you:
• Sense your surroundings with your eyes and other sense organs.
30
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FIGURE 2.3
Staying balanced when riding a scooter
requires control over the body’s muscles.
The nervous system controls the muscles
and maintains balance.

•
•
•
•

Sense the environment inside of your body, including temperature.
Control your internal body systems and keep them in balance.
Prepare your body to fight or flee in an emergency.
Use language, think, learn, and remember.

The nervous system works by sending and receiving electrical signals. The main organs of the nervous system are
the brain and the spinal cord. The signals are carried by nerves in the body, similar to the wires that carry electricity
all over a house. The signals travel from all over the body to the spinal cord and up to the brain, as well as moving
in the other direction. For example, when Michelle started to fall off her scooter, her nervous system sensed that she
was losing her balance. It responded by sending messages from her brain to muscles in her body. Some muscles
tightened while others relaxed. Maybe these actions moved her hips or her arms. The nervous system, working
together with the muscular and skeletal systems, allowed Michelle to react to the situation. As a result, Michelle’s
body became balanced again. The messages released by the nervous system traveled through nerves. Just like the
electricity that travels through wires, nerve quickly carry the electrical messages around the body.
Think about how quickly all this happens. It has to be really fast, otherwise Michelle would not have been able to
react. What would happen if a car pulled out unexpectedly in front of Michelle? A signal would have to go from her
eyes to her brain and then to her muscles. What allows the nervous system to react so fast. It starts with the special
cell of the nervous system, the neuron.

Science Friday: The Agony and Ecstasy of Capsaicin

Have you ever tasted something spicy? In this video by Science Friday, Dr. Marco Tizzano discusses how capsaicin
creates the burning sensation that some people enjoy.

MEDIA
Click image to the left or use the URL below.
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Further Reading

Nervous System Health
Summary

• The nervous system sends electrical messages throughout the body and controls all other body systems.
• The nervous system allows you to think, learn, sense your surroundings, and control your internal body
systems.
Explore More

Use the resource below to answer the questions that follow.
• Nervous System at http://www.getbodysmart.com/ap/nervoussystem/menu/menu.html
1. What are the major organs of the nervous system?
2. What does the somatic nervous system do? Why is a system like this useful to organisms?
3. What does the autonomic nervous system do? How does it differ from the somatic nervous system?
Review

1. What are three functions of the nervous system?
2. What type of signals does the nervous system send? What carries these signals?
3. What are the main organs of the nervous system?
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2.3 The Central Nervous System - Advanced
Learning Objectives

• Differentiate between the central and peripheral nervous system.
• Describe the relationship between the brain and spinal cord.
• Identify the primary parts of the brain.

The human brain. The "control center." What does it control?
Practically everything. From breathing and heartbeat to reasoning, memory, and language. And it is the main part
of the central nervous system.
The Central Nervous System

The central nervous system (CNS), which includes the brain and the spinal cord (see Figure 2.4), represents the
largest part of the nervous system. The brain is the central control of the nervous system, and the spinal cord acts
as a superhighway, carrying nerve impulses from the brain to the body and vice versa. Together with the peripheral
nervous system (PNS), which includes all nervous tissue outside of the central nervous system, the CNS controls
virtually every activity in the body. The brain is protected by the skull, and the spinal cord is protected by the
vertebrae.
33

2.3. The Central Nervous System - Advanced

www.ck12.org

FIGURE 2.4
The two main divisions of the human
nervous system are the central nervous
system and the peripheral nervous system. The peripheral nervous system has
additional divisions. The components of
the central nervous system are shown on
the right.

The Brain

The brain is the most complex organ in the body. The brain contains about 100 billion neurons—each of which can be
connected to tens of thousands of other neurons within the brain. The brain is the source of what makes us human:
the conscious mind. The mind is the set of cognitive processes related to perception, interpretation, imagination,
memories, and language. Beyond cognitive functions, the brain regulates processes related to homeostasis such as
respiration and heartbeat. An average adult human brain weighs between 1 and 1.5 kg (3 lb). An adult brain uses
about 20-25% of the total energy used by the body, while the developing brain of an infant consumes around 60%
of the total energy used by the body.
The parts of the brain can be classified by the processes they control. The cerebrum generally controls conscious
functions such as problem-solving and speech, while the midbrain and the brain stem are more involved with
unconscious (autonomic) functions such as breathing, heartbeat, and temperature regulation. The cerebellum is
involved in coordination and control of body movement.

FIGURE 2.5
In this drawing, assume you are looking
at the left side of the head. This is how
the brain would appear if you could look
underneath the skull.
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Cerebrum

The cerebrum is what most people would think of as the "brain." The cerebrum lies on top of the brainstem. It is
made up of two cerebral hemispheres, which are shown in Figure 2.6. The two cerebral hemispheres are connected
to each other at the corpus callosum, the dark-colored, X-shaped structure in the center of the image. The corpus
callosum is a wide, flat bundle of axons found deep inside the brain. Mammals (including humans) have the largest
and most well-developed cerebrums among all species.

FIGURE 2.6
A magnetic resonance image (MRI) of
the human brain in which the two hemispheres of the cerebrum can be seen.

Each hemisphere of the cerebrum can be divided into four parts, or lobes. These lobes are named thusly: the
frontal lobe, the parietal lobe, the temporal lobe, and the occipital lobe. Researchers have identified a number of
functional areas within each lobe, some of which are listed in Table 2.2. Both hemispheres look identical, but there
are functional differences between them. For example, between right- and left-handed people, there are differences
between the centers of function for spatial awareness. Each cerebral hemisphere both receives sensory information
from and controls muscle movements of the opposite side of the body. Therefore, the right hemisphere controls the
left side of the body, and the left hemisphere controls the right side of the body.

TABLE 2.2: Functions Controlled by the Cerebral Lobes
Lobe
Frontal
Parietal
Temporal
Occipital

Functions
Speech, intellectual function (reasoning, abstract
thought, etc.), and touch
Speech, taste, and reading
Hearing and smell
Vision

The cerebral cortex is the highly-folded outer layer of the cerebrum that is between 2 mm and 4 mm thick. The
many folds in the cortex allow for the large surface area of the brain to fit inside the skull. The four lobes that make
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FIGURE 2.7
The lobes of the cerebral cortex—frontal,
temporal, occipital, and parietal. In vertebrates, a gross division into three major
parts is used.

up the cerebral cortex, shown in Figure 2.7, are named after the skull bones that cover those areas of the brain. The
cerebral cortex controls higher functions such as consciousness, reasoning, emotions, and language. It also controls
sensory functions such as touch, taste, smell, and responses to external stimuli. In the cerebrum, and found below
the cerebral cortex, is the white matter. White matter is made up of myelinated axons that act as “cables” that link
up certain parts of the right and left hemispheres.

Diencephalon

The diencephalon is the region of the brain that includes structures such as the thalamus, the hypothalamus, and
a portion of the pituitary gland. The thalamus is believed to “translate” sensory signals for the cerebral cortex,
and it plays an important role in regulating states of sleep and wakefulness. The hypothalamus gland controls
certain metabolic processes and other autonomic activities such as body temperature, hunger, thirst, and circadian
cycles. The hypothalamus also makes and releases neurotransmitters that control the action of the pituitary gland.
The thalamus, hypothalamus, and hippocampus together are considered part of a set of structures called the limbic
system. The limbic system is considered the “emotional center” of the brain.

Brain Stem

Sometimes called the “lower brain,” the brain stem is the lower part of the brain that is joined to the spinal cord.
There are three parts to the brainstem: the midbrain, the pons, and the medulla oblongata, which are shown in Figure
2.8. The brain stem is primarily involved in unconscious, autonomic functions as well as several types of sensory
information. It also helps coordinate large body movements such as walking and running. The midbrain deals
with sight and sound information and translates these inputs before sending them to the forebrain. The pons relays
messages to other parts of the brain (primarily the cerebrum and cerebellum) and helps regulate breathing. Some
researchers have hypothesized that the pons plays a role in dreaming. Some of the functions of the pons are shared by
the medulla oblongata, also called the medulla. The medulla controls several subconscious homeostatic functions
such as breathing, heart and blood vessel activity, swallowing, and digestion.
One of the brain stem’s most important roles is that of an “information highway.” That is, all of the information
coming from the body to the brain and the information from the cerebrum to the body go through the brain stem.
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Sensory pathways for such things as pain, temperature, touch, and pressure sensation go upward to the cerebrum,
and motor pathways for movement and other body processes go downward to the spinal cord. Most of the axons in
the motor pathways cross from one side of the CNS to the other as they pass through the medulla oblongata. As a
result, the right side of the brain controls much of the movement in the left side of the body, and the left side of the
brain controls much of the movement in the right side of the body.

FIGURE 2.8
The locations of the brainstem and cerebellum. The brainstem is in the center of
this image. It is made up of the pons,
medulla oblongata, and the midbrain. The
cerebellum is the red structure to the right
of the brainstem.

Cerebellum

The cerebellum is found just below the occipital lobe of the cerebrum. It plays an important role in coordination
and the control of body movements. Many nerve pathways link the cerebellum with motor neurons. These neurons
send muscles information regarding when and where to move; they also transmit information on the position of the
body in space. The cerebellum processes this information and uses the feedback on body position to fine-tune body
movements. Hand-eye coordination is an example of such a function. Damage to the cerebellum does not cause
paralysis, but the fine movements of the body, such as hand-eye coordination, balance, posture, and the ability to
learn new motor skills, will be negatively affected. The cerebellum is the purple structure in Figure 2.7. A section
of the cerebellum is shown in Figure 2.8.

Spinal Cord

The spinal cord, which is protected by the spinal vertebrae, is a thin, tubular bundle of nervous tissue that extends
from the medulla oblongata and continues to the lower back, where it ends in a group of fibrous extensions. The
main function of the spinal cord is as an information superhighway that links the sensory messages from the body to
the brain. The outer cortex of the cord contains white matter (myelinated sensory and motor neurons). The central
region, the gray matter, is made up of unmyelinated neurons. A cross section of the spinal cord is shown in Figure
2.9.

37

2.3. The Central Nervous System - Advanced

www.ck12.org

FIGURE 2.9

MEDIA
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Humanoid Robot Brains

The smartest people in the world have spent millions of dollars on developing high-tech robots. But even though
technology has come a long way, these humanoid robots are nowhere close to having the "brain" and motor control
of a human. Why is that?

MEDIA
Click image to the left or use the URL below.

Summary

• The Central Nervous System consists of two parts: the brain and the spinal cord.
• The spinal cord brings both sensory information from the body to the brain and instructions from the brain to
the body.
• The brain stem is the lower part of the brain that directs subconscious homeostatic actions.
• The cerebrum has four lobes: frontal, parietal, occipital, and temporal. It is in these four lobes that our
conscious thoughts occur.
Review

1. What is the Central Nervous System?
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2. Select five parts of the brain and explain what they do.
Explore More

MEDIA
Click image to the left or use the URL below.
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2.4 The Peripheral Nervous System Advanced
Learning Objectives

• Understand the sections and subsections of the peripheral nervous system.
• Learn how the peripheral nervous system communicates with the central nervous system.

How does the signal get to your toes?
If the brain controls practically everything, how does the signal get to your toes? Or your legs? Or arms? By way
of the peripheral nervous system: all the nerves shown here other than the brain and spinal cord. Notice that they go
everywhere.
The Peripheral Nervous System

The peripheral nervous system (PNS) consists of the nervous tissue that lies outside the central nervous system, as
shown in Figure 2.10. The nervous tissue of the peripheral nervous system serves the limbs and organs. The central
nervous system interacts with the peripheral nervous system through twelve pairs of cranial nerves that connect the
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brain to areas of the head and neck and 31 pairs of spinal nerves that connect the spinal cord (and CNS) to the rest of
the body such as the internal organs, arms, and legs. A nerve is an enclosed, cable-like bundle of axons. Unlike the
central nervous system, the peripheral nervous system is not protected by bone, making it more vulnerable to toxins
and injuries.
Spinal nerves originate from the spinal cord. They control functions of the rest of the body. Each spinal nerve has a
dorsal root and a ventral root, which are shown in Figure 2.10. The dorsal root is the “nerve highway” that carries
sensory information from sensory receptors in the body to the CNS. The ventral root contains axons of motor
neurons that carry information away from the CNS to the muscles and glands of the body.
These two nerve “highways” are actually parts of two subdivisions of the PNS. The sensory division, also known
as the afferent division, carries sensory information from sensory receptors in the body to the CNS. The sensory
division keeps the CNS constantly updated on events happening inside and outside the body. The motor division,
or efferent division, carries nerve impulses from the CNS to the muscles, glands, and organs of the body. The nerve
impulses of the motor division cause muscles to contract and cause glands to secrete chemical signals.
FIGURE 2.10
(Left) The peripheral nervous system
(PNS). The peripheral nervous system
extends from the CNS and reaches out
to all parts of the body, from the cranial
nerves found in the head to the plantar
nerves in the tips of the toes.

(Right)

A cross section of the spinal cord. The
central, butterfly-shaped area (1, 2, 3)
is the gray matter, and the outer cortex
is the white matter.

Instructions going

to the body’s muscles and other areas
go through the motor neurons that leave
the spinal cord in the ventral roots (11).
Sensory information from the body enters
the spinal cord through sensory neurons
in the dorsal roots (12). Dorsal and ventral
roots occur on both sides of the spinal
cord; only one side is shown in this diagram.

Somatic and Autonomic Nervous Systems

The motor division of the peripheral nervous system is divided into the somatic nervous system and the autonomic
nervous system.
The somatic nervous system is the part of the PNS that is associated with the conscious (voluntary) control of the
body through the movement of skeletal muscles and the perception of external stimuli through senses such as touch,
hearing, and sight. The system includes all the neurons that are connected with muscles, skin, and sensory organs.
The somatic nervous system is made up of both sensory nerves that receive sensory information from the external
environment and motor nerves that are responsible for muscle contractions.
Together with interneurons, sensory and motor neurons are found in reflex arcs. A reflex is an automatic (involuntary) action that is caused by a defined stimulus and is carried out through a reflex arc. For example, a person
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stepping on a sharp object would start a reflex action through the creation of a stimulus (pain) within specialized
pain receptors located in the skin tissue of the foot. The resulting stimulus would be passed along sensory neurons
to the spinal cord. This stimulus is usually processed by an interneuron, which creates an immediate response to
the stimulus by initiating a motor response in the muscles of the leg that pull the foot away from the object. This
reflexive action occurs as the pain sensation is arriving in the brain; thus, the brain is not needed for a reflex arc to
occur. A reflex arc is shown in Figure 2.11.

FIGURE 2.11
The components of a reflex. A sensory
receptor detects a stimulus and sends
nerve signals to the spinal cord. These
signals activate motor neurons that lead
back to the effector (muscle).

The autonomic nervous system (ANS) is the part of the peripheral nervous system that maintains homeostasis in
the body. Your body carries out most of these maintenance activities without your conscious control, which is why
the autonomic nervous system is also called the involuntary nervous system. The ANS has far reaching effects such
as the control of heart rate, digestion, respiration rate, salivation, and perspiration. Some autonomic nervous system
functions, such as breathing, work in line with the conscious mind.
The ANS is also made up of the sensory and motor neurons that send messages to and from the internal organs.
These neurons form reflex arcs that pass through the medulla oblongata. This explains why a person’s cerebrum
may experience trauma, yet their cardiovascular, digestive, and respiratory functions will continue to function, even
if higher level functions, such as awareness and consciousness, are lost. Such a low level of brain functioning is
referred to as a vegetative state.
The ANS has two subdivisions: the sympathetic division and parasympathetic division. The sympathetic division
generally stimulates body systems during emergency situations. It gets the body ready for "fight or flight," which
would probably be required in the situation shown in Figure 2.12. The parasympathetic division controls nonemergency functions such as digestion. The relationships between the divisions of the nervous system are illustrated
in Figure 2.13.

Levels of Organization of the Nervous System
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FIGURE 2.12
Watch out! A situation in which your sympathetic nervous system (and hopefully
your somatic nervous system) would be
firing at full speed.

MEDIA
Click image to the left or use the URL below.

Summary

• The peripheral nervous system consists of the nerves that are not within the brain or spinal cord.
• The PNS can be separated into the sensory, or afferent, and motor, or efferent, divisions.
• The motor division can be separated into the somatic nervous system, which controls conscious movement,
and the autonomic nervous system.
• The autonomic nervous system can be separated into the sympathetic (emergency) and parasympathetic (nonemergency) nervous system.
Review

1. Explain the different divisions of the peripheral nervous system.
2. What is a reflex?
3. What is "fight or flight?"
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FIGURE 2.13
The Levels of Organization in the Nervous System.
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2.5 Vision and the Eye
Learning Objectives

• Describe how the eye collects and focuses light.
• Explain the role of the brain in vision.

Did you ever hear the proverb, “the eyes are the windows to the soul”? While it’s true that our eyes often express
what we are thinking or feeling, they are windows in another sense as well. Like windows made of glass, the eyes
let light in and allow us to see.
Structure and Function of the Eye

The human eye is an organ that is specialized to collect light and focus images. The structures of the human eye are
shown in the Figure 2.14. Examine each structure in the diagram as you read about it below.
• The sclera, also known as the white of the eye, is an opaque outer covering that protects the eye. It keeps light
out of the eye except at the center front of the eye.
• The cornea is a transparent outer covering of the front of the eye. It protects the eye and also acts as a convex
lens. A convex lens is thicker in the middle than at the edges and makes rays of light converge, or meet at a
point. The shape of the cornea helps focus light that enters the eye.
• The pupil is an opening in the front of the eye. It looks black because it doesn’t reflect any light. All the
light passes through it instead. The pupil controls the amount of light that enters the eye. It automatically gets
bigger or smaller to let more or less light in as needed.
• The iris is the colored part of the eye. It controls the size of the pupil.
• The lens of the eye is a convex lens. It fine-tunes the focus so an image forms on the retina at the back of the
eye. Tiny muscles control the shape of the lens to focus images of close or distant objects.
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FIGURE 2.14

• The retina is a membrane lining the back of the eye. The retina has nerve cells called rods and cones that
change images to electrical signals. Rods are good at sensing dim light but can’t distinguish different colors
of light. Cones can sense colors but not dim light. There are three different types of cones. Each type senses
one of the three primary colors of light (red, green, or blue).
• The optic nerve carries electrical signals from the rods and cones to the brain.
Q: The lens of the eye is a convex lens. How would vision be affected if the lens of the eye was concave instead of
convex?
A: A concave lens causes rays of light to diverge, or spread apart. It forms a virtual image on the same side of the
lens at the object being viewed. Therefore, a concave lens would focus the image in front of the eye, not on the
retina inside the eye. No signals would be sent to the brain so vision would not be possible.

How We See

The ability to see is called vision. This ability depends on more than healthy eyes. It also depends on certain parts
of the brain, because the brain and eyes work together to allow us to see. The eyes collect and focus visible light.
The lens and other structures of the eye work together to focus an image on the retina. The image is upside-down
and reduced in size, as you can see in the Figure 2.15. Cells in the retina change the image to electrical signals that
travel to the brain through the optic nerve. The brain interprets the electrical signals as shape, color, and brightness.
It also interprets the image as though it were right-side up. The brain does this automatically, so what we see always
appears right-side up. The brain also interprets what we are seeing.
Q: The part of the brain that processes information from the eyes is the visual cortex. It is located at the back of the
brain. How might an injury to the visual cortex affect vision?
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FIGURE 2.15

A: An injury to the visual cortex might cause abnormal vision or even blindness regardless of how well the eyes can
gather and focus light.

Summary

• The human eye is an organ that is specialized to collect light and focus images. Light enters through transparent structures at the front of the eye. It is focused by the cornea and lens on the retina at the back of the
eye.
• The ability to see is called vision. The brain and eyes work together to allow us to see. The eyes collect and
focus visible light and change it to electrical signals that travel to the brain. The brain interprets the signals
and “tells” us what we are seeing.
Review

1. Create a flowchart to summarize how the eye gathers and focuses light.
2. Explain the meaning of the following sentence: The eyes sense light but the brain sees.
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3.1 Skeletal System
Learning Objectives

•
•
•
•

Identify the main structures and functions of the skeletal system.
Describe the structure of bones and how bones grow.
Define cartilage and ligament.
Explain bone growth.

Are bones alive?
From seeing a skeleton, you might think that bones are just dead, hollow structures. But in a living person, those
hollow spaces are full of living cells. Bones have a blood supply and nerves. Bones are a living tissue.

Your Skeleton

How important is your skeleton? Can you imagine your body without it? You would be a wobbly pile of muscle and
internal organs, and you would not be able to move.
The adult human skeleton has 206 bones, some of which are named below (Figure 3.1). Bones are made up of living
tissue. They contain many different types of tissues. Cartilage, a dense connective tissue, is found at the end of
bones and is made of tough protein fibers. Cartilage creates smooth surfaces for the movement of bones that are next
to each other, like the bones of the knee.
Ligaments are made of tough protein fibers and connect bones to each other. Your bones, cartilage, and ligaments
make up your skeletal system.
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Functions of Bones

Your skeletal system gives shape and form to your body, but it also plays other important roles. The main functions
of the skeletal system include:
• Support. The skeleton supports the body against the pull of gravity, meaning you don’t fall over when you
stand up. The large bones of the lower limbs support the rest of the body when standing.
• Protection. The skeleton supports and protects the soft organs of the body. For example, the skull surrounds
the brain to protect it from injury. The bones of the rib cage help protect the heart and lungs.
• Movement. Bones work together with muscles to move the body.
• Making blood cells. Blood cells are mostly made inside certain types of bones.
• Storage. Bones store calcium. They contain more calcium than any other organ. Calcium is released by the
bones when blood levels of calcium drop too low. The mineral, phosphorus is also stored in bones.

Structure of Bones

Bones come in many different shapes and sizes, but they are all made of the same materials. Bones are organs, and
recall that organs are made up of two or more types of tissues.
The two main types of bone tissue are compact bone and spongy bone (Figure 3.2).
• Compact bone makes up the dense outer layer of bones.
• Spongy bone is found at the center of the bone and is lighter and more porous than compact bone.
Bones look tough, shiny, and white because they are covered by a layer called the periosteum. Many bones also
contain a soft connective tissue called bone marrow in the pores of the spongy bone. Bone marrow is where blood
cells are made.

FIGURE 3.2
Bones are made up of different types of
tissues.
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Bone Growth

Early in human development, the skeleton consists of only cartilage and other connective tissues. At this point, the
skeleton is very flexible. As the fetus develops, hard bone begins to replace the cartilage, and the skeleton begins
to harden. Not all of the cartilage, however, is replaced by bone. Cartilage remains in many places in your body,
including your joints, your rib cage, your ears, and the tip of your nose.
A baby is born with zones of cartilage in its bones that allow growth of the bones. These areas, called growth plates,
allow the bones to grow longer as the child grows. By the time the child reaches an age of about 18 to 25 years, all
of the cartilage in the growth plate has been replaced by bone. This stops the bone from growing any longer. Even
though bones stop growing in length in early adulthood, they can continue to increase in thickness throughout life.
This thickening occurs in response to strain from increased muscle activity and from weight-lifting exercises.
Science Friday: Jump In Jerboas

It’s a potato on toothpicks! No, it’s a hopping noodle! A fuzzy rodent T-rex! Any way you look at them, jerboas are
about as cute as they come. These adorable critters bounce about on long, springy legs - appendages that just might
help us better understand and perhaps manipulate the growth of human bones.

MEDIA
Click image to the left or use the URL below.

Summary

• Bones, cartilage, and ligaments make up the skeletal system.
• Functions of the skeletal system include providing support, protecting the soft organs of the body, aiding in
movement, and making blood cells.
Explore More

Use the resource below to answer the questions that follow.
• Human Skeleton at http://www.getbodysmart.com/ap/skeletalsystem/skeleton/menu/menu.html
1. What makes up the axial skeleton? What makes up the appendicular skeleton?
2. What is the scapula commonly known as? What other bone helps the scapula function? What do these two
bones do?
3. How many thoracic vertebrae do humans have? Where are they located in the spinal column?
4. To which type of vertebrae do ribs attach?
5. What is the atlas bone? What is the role of this bone?
Review

1. Are bones a living organ?
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2. What are the three components of the skeletal system?
3. List four functions of the skeletal system.
4. Name and describe the two types of tissue that make up a bone.
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3.2 The Cardiovascular System
Lesson Objectives

• Identify parts of the cardiovascular system.
• State functions of the cardiovascular system.

Lesson Vocabulary

• cardiovascular system

Introduction
What do you do for "cardio"?
"Cardio" has become slang for exercise. Cardio is the type of exercise that keeps your heart rate high. Cardio can
include biking, running, or swimming. Cardio is short for cardiovascular system. Your heart is in this system. So
are your blood and blood vessels. The cardiovascular system is the system of organs that delivers blood to all the
cells of the body. It’s like the body’s lifeline. Without the cardiovascular system circulating your blood, you couldn’t
survive.

Parts of the Cardiovascular System

Of course, everyone has heard of the heart. It is the engine of your body. The heart and a network of blood vessels
make up the cardiovascular system. The network of blood vessels runs throughout the body. The blood in the
cardiovascular system is a liquid connective tissue. Figure 3.3 shows the heart and major vessels. You will notice it
affects the entire body. The heart is basically a pump. It is what keeps the blood moving through the blood vessels.
Functions of the Cardiovascular System
Your cardiovascular system has many jobs. At times the cardiovascular system can work like a pump. This pump
pushes your blood through your body. It helps you regulate temperature. It also supplies the cells with what they
need to do their job. The cardiovascular system works with all the other organ systems in the body.
Every cell in your body depends on your cardiovascular system. If your cells don’t receive what they need, they
cannot survive. The main function of this system is to deliver oxygen to your cells. Blood receives oxygen in your
lungs, which are a part of the respiratory system. Oxygen-rich blood is then pumped by your heart all around your
body.
The cardiovascular system also plays a role in keeping your body temperature just right. It helps to keep you warm
by moving warm blood around your body. Your blood vessels keep you from getting too hot or too cold. Your
brain acts as the control center. If you are getting too hot, it sends a signal to the blood vessels in your skin. The
skin receives these messages and the blood vessels expand. This action increases the amount of blood and heat to
move near the skin’s surface. The heat is then released from the skin. This helps you cool down. What do you think
happens when you are cold? How would your blood vessels react?
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FIGURE 3.3
The cardiovascular system transports
many substances to and from cells
throughout the body.

MEDIA
Click image to the left or use the URL below.

The blood also carries other special chemicals. These special chemicals are produced by organs of the endocrine
system and carried through your body. These special chemicals are produced in one area of your body and have an
effect on another. To get to that other area, they must travel through your blood. You may have heard of adrenaline.
You may have heard the term, “My adrenaline is pumping.” Adrenaline is produced by the adrenal glands on top of
the kidneys . Adrenaline has multiple effects on the heart . We mostly feel its effects as a quicker heart rate.
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Lesson Summary

• The cardiovascular system consists of the heart, a network of blood vessels, and blood. Blood is a liquid
tissue. The heart is a pump that keeps blood flowing through the vessels of the system.
• The main function of the cardiovascular system is transport. It carries special chemicals, oxygen, nutrients,
and cellular wastes around the body. The cardiovascular system also helps regulate body temperature by
controlling blood flow.
Lesson Review Questions
Recall

1. List the parts of the cardiovascular system.
2. State two general functions of the cardiovascular system.
Apply Concepts

3. The cardiovascular system has been called the highway system of the body. Do you think this is a good
analogy for the cardiovascular system? Why or why not?
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3.3 Muscular System Tissues - Advanced
Learning Objectives

• Differentiate between the three types of muscle tissue.
• Understand the basic cellular composition of each type of muscle.

What exactly are muscles?
Does the word "muscle" make you think of the biceps of a weightlifter like the man pictured above? Muscles that
move the body are easy to feel and see, but they aren’t the only muscles in the human body. Many muscles are deep
within the body. They form the walls of internal organs such as the heart and stomach. You can flex your biceps like
a body builder, but you cannot control the muscles inside you. It’s a good thing that they work on their own without
any conscious effort on your part because movements of these muscles are essential for survival.
Muscle Tissues

The muscular system is the biological system that allows humans to move. The muscular system, in vertebrates,
is controlled through the nervous system. Much of your muscle movement occurs without your conscious control
and is necessary for your survival. The contractions of your heart and the intestinal movements, called peristalis,
that push food through your digestive system are examples of involuntary muscle movements. Involuntary muscle
movement is controlled by the autonomic nervous system. Voluntary muscle contractions are used to move the body
and can be finely controlled, such as the pincer-type movements of the fingers that are needed to pick up chess pieces
or the gross movements of legs, arms, and the torso that are needed in skating, as shown in Figure 3.4. Voluntary
muscle movement is controlled by the somatic nervous system.
Each muscle in the body is composed of specialized structures called muscle fibers. Muscle fibers are long, thin
cells that have a special talent that other cells do not have—they are able to contract. Muscles, where attached
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FIGURE 3.4
You need muscles to play chess. Playing
chess requires fine motor movement, but
not a lot of gross muscle movement. Skating, on the other hand, requires a lot of
gross muscle movement of the limbs and
the entire body.

to bones or internal organs and blood vessels, are responsible for movement. Nearly all movement in the body is
the result of muscle contractions. Exceptions to this are the actions of cilia, the flagellum on sperm cells, and the
amoeboid movements of some white blood cells.
There are three types of muscle tissue in the body: skeletal, smooth, and cardiac.
• Skeletal muscle is usually attached to the skeleton. Skeletal muscles are used to move the body. They
generally contract voluntarily (controlled by the somatic nervous system), although they can also contract
involuntarily through reflexes.
• Smooth muscle is found within the walls of organs and structures such as the esophagus, stomach, intestines,
bronchi, uterus, urethra, bladder, and blood vessels. Unlike skeletal muscle, smooth muscle is involuntary
muscle, which means it is not under your conscious control.
• Cardiac muscle is also an involuntary muscle, but it is a specialized kind of muscle found only within the
heart.
Cardiac and skeletal muscles are striated (they have striations), meaning they contain highly-regular arrangements
of bundles of protein fibers that give them a “striped” appearance. Smooth muscle does not have such bundles
of fibers and is non-striated. While skeletal muscles are arranged in regular, parallel bundles, cardiac muscle fibers
connect at branching, irregular angles. Skeletal muscle contracts and relaxes in short, intense bursts, whereas cardiac
muscle contracts constantly for 70 to 80 years (an average life span) or even longer.
Skeletal Muscle

Skeletal muscle, which is attached to bone, is responsible for body movements and body posture. There are
approximately 639 skeletal muscles in the human body, all under voluntary control. Some are shown in Figure
3.5. The basic units of skeletal muscles are muscle cells that have many nuclei. Each cell acts independently of its
neighboring muscle cells. These cells also contain light and dark stripes called striations, which are shown in Figure
3.6. The striations are a result of the orientation of the contractile proteins inside the cells. On average, adult males
are made up of 40 to 50 percent skeletal muscle tissue, and an adult female is made up of 30 to 40 percent skeletal
muscle tissue.
Smooth Muscle

Smooth muscle is found in the walls of the hollow internal organs such as blood vessels, the intestinal tract, the
urinary bladder, and the uterus. It is under the control of the autonomic nervous system. Unlike skeletal muscle,
smooth muscle cells do not have striations (smooth muscle is called non-striated muscle). Smooth muscle cells
are spindle-shaped, have one central nucleus, and are generally arranged in sheets or bundles rather than the regular
grouping that skeletal muscle cells form. Smooth muscle cells are connected by gap junctions, which are little pores
or gaps in the cell membrane that link adjoining cells, allowing for quick passage of chemical messages between
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FIGURE 3.5
A frontal view of the major skeletal muscles. You would not see smooth and cardiac muscles included in diagrams
of the muscular system because such diagrams usually show only the muscles that move the body (skeletal
muscles).
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FIGURE 3.6
A micrograph of skeletal muscle.

The

stripy appearance of skeletal muscle tissue is due to long protein filaments that
run the length of the fibers.

cells. Smooth muscle is very different from skeletal muscle and cardiac muscle in terms of structure and function,
as shown in Figure 3.7. Smooth muscle contracts slowly and rhythmically.
FIGURE 3.7
Smooth muscle.

The appearance of

smooth muscle is very different from
skeletal and cardiac muscle. The muscle
protein fibers within smooth muscles are
arranged very differently than the protein fibers of skeletal or cardiac muscles, shown in (a). The spindly shape of
smooth muscle cells can be seen in (b).

Cardiac Muscle

Cardiac muscle, which is found in the walls of the heart, is also under the control of the autonomic nervous system.
A cardiac muscle cell has characteristics of both a smooth muscle and a skeletal muscle cell. It has one central
nucleus, similar to smooth muscle, but is striated like skeletal muscle. The cardiac muscle cell is rectangular in
shape, as can been seen in Figure 3.8. The contraction of cardiac muscle is involuntary, strong, and rhythmical.
Cardiac muscle has many adaptations that makes it highly resistant to fatigue. For example, it has the largest number
of mitochondria per cell of any muscle type. The mitochondria supply the cardiac cells with energy for constant
movement. Cardiac cells also contain myoglobins (oxygen-storing pigments) and are provided with a large amount
of nutrients and oxygen by a rich blood supply.
Cardiac muscle is similar to skeletal muscle in chemical composition and action. However, the structure of cardiac
muscle is different in that the muscle fibers are typically branched, like a tree branch, and connect to other cardiac
muscle fibers through intercalated discs, which are a type of gap junction. A close-up of an intercalated disc is shown
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in Figure 3.8.

FIGURE 3.8
Cardiac muscle. Cardiac muscle fibers
are connected together through intercalated discs.

MEDIA
Click image to the left or use the URL below.

Summary

• 639 muscles are skeletal muscles; these are voluntarily controlled, striated, and attached to bones.
• The muscles lining internal organs are composed of non-striated cells and are controlled by the autonomic
nervous system.
• Cardiac muscles are specialized striated muscles that are involuntarily controlled and found only in the heart.
Review

1. What are the similarities and differences between the three muscle types?
2. What are intercalated discs?
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3.4 Circulatory System
Learning Objectives

• Outline pathways of the pulmonary and systemic circulations.

How does oxygen get into the blood?
The main function of the circulatory system is to pump blood carrying oxygen around the body. But how does that
oxygen get into the blood in the first place? You may already know that this occurs in the lungs. So the blood must
also be pumped to the lungs, and this happens separately from the rest of the body.

Pulmonary and Systemic Circulations

The circulatory system actually consists of two separate systems: pulmonary circulation and systemic circulation.

Pulmonary Circulation

Pulmonary circulation is the part of the circulatory system that carries blood between the heart and lungs (the term
“pulmonary” means “of the lungs”). It is illustrated in Figure 3.9. Deoxygenated blood leaves the right ventricle
through pulmonary arteries, which transport it to the lungs. In the lungs, the blood gives up carbon dioxide and picks
up oxygen. The oxygenated blood then returns to the left atrium of the heart through pulmonary veins.
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FIGURE 3.9
The pulmonary circulation carries blood
between the heart and lungs.

Systemic Circulation

Systemic circulation is the part of the circulatory system that carries blood between the heart and body. It is
illustrated in Figure 3.10. Oxygenated blood leaves the left ventricle through the aorta. The aorta and other arteries
transport the blood throughout the body, where it gives up oxygen and picks up carbon dioxide. The deoxygenated
blood then returns to the right atrium through veins.

MEDIA
Click image to the left or use the URL below.

Summary

• The pulmonary circulation carries blood between the heart and lungs.
• The systemic circulation carries blood between the heart and body.
Review

1. Compare and contrast pulmonary and systemic circulations.
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FIGURE 3.10
The systemic circulation carries blood between the heart and body.
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3.5 Respiratory System
Learning Objectives

• Define respiration.
• Distinguish respiration from cellular respiration.

Where does oxygen get into blood?
Red blood cells are like trucks that transport cargo on a highway system. Their cargo is oxygen, and the highways
are blood vessels. Where do red blood cells pick up their cargo of oxygen? The answer is the lungs. The lungs are
organs of the respiratory system. The respiratory system is the body system that brings air containing oxygen into
the body and releases carbon dioxide into the atmosphere.
Respiration

The job of the respiratory system is the exchange of gases between the body and the outside air. This process,
called respiration, actually consists of two parts. In the first part, oxygen in the air is drawn into the body and
carbon dioxide is released from the body through the respiratory tract. In the second part, the circulatory system
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delivers the oxygen to body cells and picks up carbon dioxide from the cells in return. The lungs are organs of
the respiratory system. It is in the lungs where oxygen is transferred from the respiratory system to the circulatory
system.
The use of the word “respiration” in relation to gas exchange is different from its use in the term cellular respiration.
Recall that cellular respiration is the metabolic process by which cells obtain energy by “burning” glucose. Cellular
respiration uses oxygen and releases carbon dioxide. Respiration by the respiratory system supplies the oxygen and
takes away the carbon dioxide.
• Respiration is the process in which gases are exchanged between the body and the outside air.
• The lungs and other organs of the respiratory system bring oxygen into the body and release carbon dioxide
into the atmosphere.

MEDIA
Click image to the left or use the URL below.

Review

1. What is respiration?
2. Describe the two parts of respiration.
3. How is respiration different from cellular respiration?
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3.6 Digestive System

Learning Objectives

• List the functions of the digestive system.
• Define digestion and absorption.
• Distinguish chemical digestion from mechanical digestion.

Do you know when you’re digesting food?
Unless you have an upset stomach, digestion usually happens without you even noticing. You consciously chew up
your food, but most of the digestive process takes place without your conscious awareness. Long after you put down
your fork, food is still passing through your stomach and small intestine. It may take over a day for a meal to pass
all the way through your digestive system.
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Function of the Digestive System

Nutrients in the foods you eat are needed by the cells of your body. How do the nutrients in foods get to your body
cells? What organs and processes break down the foods and make the nutrients available to cells? The organs are
those of the digestive system. The processes are digestion and absorption.
The digestive system is the body system that breaks down food and absorbs nutrients. It also gets rid of solid food
waste. The digestive system is mainly one long tube from the mouth to the anus, known as the gastrointestinal
tract (GI tract). The main organs of the digestive system include the esophagus, stomach and the intestine, and are
pictured below (Figure 3.11). The intestine is divided into the small and large intestine. The small intestine has
three segments. The ileum is the longest segment of the small intestine, which is well over 10 feet long. The large
intestine is about 5 feet long.

FIGURE 3.11
This drawing shows the major organs of
the digestive system. The liver, pancreas
and gallbladder are also organs of the
digestive system.

Digestion is the process of breaking down food into nutrients. There are two types of digestion, mechanical and
chemical. In mechanical digestion, large chunks of food are broken down into small pieces. Mechanical digestion
begins in the mouth and involves physical processes, such as chewing. This process continues in the stomach as
the food is mixed with digestive juices. In chemical digestion, large food molecules are broken down into small
nutrient molecules. This is a chemical process which also begins in the mouth as saliva begins to break down food
and continues in the stomach as stomach enzymes further digest the food.
Absorption is the process that allows substances you eat to be taken up by the blood. After food is broken down into
small nutrient molecules, the molecules are absorbed by the blood. After absorption, the nutrient molecules travel
in the bloodstream to cells throughout the body. This happens mostly in the small intestine.
Some substances in food cannot be broken down into nutrients. They remain behind in the digestive system after the
nutrients are absorbed. Any substances in food that cannot be digested and absorbed pass out of the body as solid
waste. The process of passing solid food waste out of the body is called elimination.
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Further Reading

Digestive System Enzymes
Summary

• The digestive system is the body system that breaks down food, absorbs nutrients, and gets rid of solid wastes.
• Digestion is the process of breaking down food into nutrients, while absorption is the process that allows
nutrients to be taken up by the blood.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• How Food is Digested at https://www.youtube.com/watch?v=_QYwscALNng

MEDIA
Click image to the left or use the URL below.

1. What type of muscles do you think you have in your esophagus?
2. How long does food stay in your stomach? Where does it go next?
3. What is the role of bile in the digestion process?
Explore More II

• Human Digestive System

MEDIA
Click image to the left or use the URL below.

1.
2.
3.
4.
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What does the digestive system do to food?
Where does digestion start? What happens during the start of digestion?
Where are most of the nutrients from food absorbed? What happens to the nutrients once they are absorbed?
What happens in the colon (large intestine)?
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Review

1.
2.
3.
4.
5.
6.

Describe the primary structure of the digestive system.
What are three functions of the digestive system?
Define mechanical and chemical digestion.
Describe mechanical digestion.
Describe chemical digestion.
What is the difference between mechanical and chemical digestion?
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3.7 Excretory System
Learning Objectives

• Define excretion.
• List organs of the excretory system.
• Identify the functions of the excretory system.

What happens to your body’s waste?
There is no space for a landfill in your body to contain wastes. You must be able to expel wastes from your body.
This is the role of the excretory system.
Excretion

So what happens to your body’s wastes? Obviously, you must get rid of them. This is the job of the excretory
system. You remove waste as a gas (carbon dioxide), as a liquid (urine and sweat), and as a solid. Excretion is the
process of removing wastes and excess water from the body.
Recall that carbon dioxide travels through the blood and is transferred to the lungs where it is exhaled. In the large
intestine, the remains of food are turned into solid waste for excretion. How is waste other than carbon dioxide
removed from the blood? That is the role of the kidneys.
Urine is a liquid waste formed by the kidneys as they filter the blood. If you are getting plenty of fluids, your urine
should be almost clear. But you might have noticed that sometimes your urine is darker than usual. Do you know
why this happens? Sometimes your body is low on water and trying to reduce the amount of water lost in urine.
Therefore, your urine gets darker than usual. Your body is striving to maintain homeostasis through the process of
excretion.
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Urine helps remove excess water, salts, and nitrogen from your body. Your body also needs to remove the wastes
that build up from cell activity and from digestion. If these wastes are not removed, your cells can stop working, and
you can get very sick. The organs of your excretory system help to release wastes from the body.
The organs of the excretory system are also parts of other organ systems. For example, your lungs are part of the
respiratory system. Your lungs remove carbon dioxide from your body, so they are also part of the excretory system.
More organs of the excretory system are listed below (Table 3.1).

TABLE 3.1: Organs of the Excretory System
Organ(s)

Function

Lungs
Skin

Remove carbon dioxide.
Sweat glands remove water, salts,
and other wastes.
Removes solid waste and some water in the form of feces.
Remove urea, salts, and excess water from the blood.

Large intestine
Kidneys

Component of Other Organ System
Respiratory system
Integumentary system
Digestive system
Urinary system

Further Reading

Excretory System Diseases

Summary

• Excretion is the process of removing wastes from the body.
• Organs of the excretory system include the kidneys, large intestine, skin, and lungs.

Explore More

Use the resource below to answer the questions that follow.
• Excretion at http://www.youtube.com/watch?v=DNJosKX_PmA (8:47)

MEDIA
Click image to the left or use the URL below.

1.
2.
3.
4.

What is filtered and excreted in the nephron?
What two mechanisms govern filtration in the glomerulus?
What is the name of the first section of the nephron?
What ions are removed from the blood?
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1.
2.
3.
4.
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What is excretion?
List four organs involved in excretion.
How is the large intestine involved in excretion?
What does urine remove from your body?
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4.1 Cells of the Human Body - Advanced
Learning Objectives

•
•
•
•

Outline the role of a specialized cell.
Understand the difference between cells and stem cells.
Understand the process of cell differentiation, and determine which types of cells undergo differentiation.
List three types of stem cells.

How is the human body similar to a well-tuned machine?
Over and over, the human body is compared to a complex piece of machinery. Like any common machine, the
human body is composed of a variety of parts, each working separately, but also working together.
Cells

Cells are the most basic units of life in your body, and each cell is specialized, with a specific function. Nerve
cells transmit electrical messages around the body, and white blood cells attack invading bacteria throughout the
body. Other cells include specialized cells in the kidney (such as kidney glomerulus parietal cells), brain (such as
astrocytes), stomach (such as parietal cells), and muscles (such as red and white skeletal muscle fibers). Cells group
together to form tissues; different tissues work together to form organs. This grouping of cells and tissues is referred
to as levels of organization. Complex multicellular organisms, which include flatworms and humans, have different
levels of organization. The human body’s levels begin with cells and conclude with the entire organism. Flatworms,
though they lack specialized circulatory and respiratory systems, also have levels of organization ranging from cells
to the entire organism.
Differentiation

Every cell in the body originates from a single fertilized egg called a zygote. The zygote divides repeatedly to
produce an embryo. These embryonic cells continue to divide, differentiating into all the cell types present in the
body of all humans (and other mammals), from a new-born baby to an elderly adult. Differentiation is the process
by which an unspecialized cell, such as a fertilized egg cell, divides many times to produce specialized cells. During
differentiation, certain genes are turned on, or become activated, while other genes are switched off, becoming
inactivated. This process is regulated by the cell. A differentiated cell will develop specific structures and perform
certain functions.
A cell that is able to differentiate into all cell types within a body is called totipotent. They have “total potential” to
differentiate into any cell type. In mammals, only the zygote and early embryonic cells are totipotent. A cell that is
able to differentiate into many, but not all, cell types is called pluripotent. Such cells have “plural potential” (but not
“total potential”) to differentiate into most cell types. Figure 4.2 gives a visual representation of cell differentiation.
Stem Cells

An unspecialized cell that can divide and give rise to different specialized cells is called a stem cell (Figure 4.2).
Zygotes and embryonic cells are both types of stem cells. These stem cells, called embryonic stem cells, can divide
indefinitely and can specialize into any cell type. They are totipotent. In contrast, adult stem cells, also known as
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FIGURE 4.1
Different types of cells in the human body
are specialized for specific jobs. Do you
know the functions of any of the cell types
shown here?

somatic stem cells, are undifferentiated cells found within the body that divide to replace dying cells and damaged
tissues. Adult stem cells can divide indefinitely and generate all the cell types of the organ from which they originate.
They can potentially re-grow the entire organ from just a few cells. A third type of stem cell is found in both the
blood from the umbilical cord of a new-born baby and the placenta. These "cord blood stem cells" are considered to
be adult stem cells because they cannot generate all body cell types, just different types of blood cells. Adult stem
cells and cord blood stem cells are pluripotent.

Stem Cells in Medicine

Stem cells are of great interest to researchers because of their ability to both divide indefinitely and differentiate into
many cell types. Stem cells have many existing and even more potential therapeutic applications. Such therapies
include treatments for cancer, blood disorders, brain or spinal cord injuries, and blindness.
Embryonic stem cells, shown in Figure 4.3, are taken from eggs that were donated to research and fertilized in
the laboratory. These stem cells may have the greatest potential because they are totipotent and thus have the most
potential medical applications. However, embryonic stem cells are relatively controversial. Some individuals and
groups have objections to the harvesting of embryonic stem cells because harvesting the stem cells involves the
destruction of the embryo. Some researchers are looking into methods of extracting embryonic stem cells without
destroying the actual embryo. Other researchers have claimed success in harvesting embryonic stem cells from the
embryonic fluid that surrounds a growing fetus. Additionally, stem cells harvested from a donated embryo differ
from a potential patient’s tissue type. Therefore, just as in organ transplantation, there is a risk that the patient’s
body may reject the transplanted embryonic stem cells.
Adult stem cells, including cord blood stem cells, have already been used to treat diseases of the blood such as
sickle-cell anemia and certain types of cancer. Unlike embryonic stem cells, the use of adult stem cells in research
and therapy is not controversial because the production of adult stem cells does not require the destruction of an
embryo. Adult stem cells can be isolated from tissue samples, such as bone marrow, of a patient. Scientists have
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FIGURE 4.2
Division and differentiation of stem cells
into specialized cells.

recently discovered more sources of adult stem cells in the body including in body fat, the inside lining of the nose,
and the brain. Some researchers are investigating ways to revert adult stem cells back to a totipotent stage.
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FIGURE 4.3
A human embryonic stem cell colony,
which was grown in a laboratory on a
feeder layer of mouse cells.

Summary

• Cells are the most basic units of life found in the human body and any living organism.
• Stem cells undergo the process of differentiation to become specialized cells.
Review

1. What are totipotent and pluripotent cells?
2. What are stem cells? Where do they come from?
Explore More

MEDIA
Click image to the left or use the URL below.

Use the video above to answer the following questions:
1. When did scientists first understand the idea of differentiation?
2. What changes in a totipotent cell to make it specialize?
3. Can a blood stem cell become a muscle, brain, and/or liver cell?
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4.2 Tissues of the Human Body - Advanced
Learning Objectives

• Identify the four tissue types found in the human body.

Muscle, connective, skeletal, and epithelial. What do these have in common?
Tissues

A tissue is a group of connected cells that have a similar function within an organism. The simplest living,
multicellular organisms, sponges, are made of many specialized types of cells that work together for a common
goal. Such cell types include digestive cells, tubular pore cells, and epidermal cells. Though the different cell types
create a large organized, multicellular structure—the visible sponge—they are not organized into true tissues. If a
sponge is broken up by passing it through a sieve, the sponge will reform on the other side.
More complex organisms, such as jellyfish, coral, and sea anemones, have a tissue level of organization. For
example, jellyfish have tissues that have separate protective, digestive, and sensory functions. There are four basic
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types of tissues in the bodies of all animals including the human body. These make up all the organs, structures, and
other contents of the body. Figure 4.5 shows an example of each tissue type. The four basic types of tissues are
epithelial, muscle, nervous, and connective.

FIGURE 4.4
The human body consists of these four
tissue types.

FIGURE 4.5
(a) A scanning electron micrograph
(SEM) image of lung trachea epithelial
tissue.

(b) A transmission electron mi-

crograph (TEM) image of skeletal muscle
tissue. (c) A light microscope image of
neurons of nervous tissue. (d) Red blood
cells, a connective tissue.

Epithelial tissue is made up of a layer or layers of tightly packed cells that line the surfaces of the body. The largest
example of epithelial tissue (also the largest organ in the human body) is the skin. Mammalian skin consists of
stratified epithelium, which has several layers of cells. The outermost layers of cells, called squamous cells, are
flat plate-like cells, while the deeper layers are roughly cube shaped and called cuboidal cells. Epithelial tissue has
multiple functions, but it serves primarily to protect, absorb, and secrete. As you probably already know, our skin
organ covers our entire body and protects underlying tissues from bacteria, chemicals, and other injury. Epithelial
cells also line the small intestine where they absorb nutrients, and similar cells in the glands secrete enzymes and
hormones.
Muscle tissue encompasses not only the muscles, such as those in our legs or fingers, that we actively control, but
also the tissue that forms most of our internal organs. There are three types of muscle tissue: skeletal, cardiac, and
smooth. Skeletal muscle tissue forms what we think of as our muscles; it is attached to our bones by our tendons and
can be relaxed or contracted voluntarily. Similar in structure to skeletal muscle, cardiac muscle is found exclusively
in the walls of the heart. The major difference, however, is that cardiac muscle is involuntary and cannot be actively
controlled. Similarly, smooth muscle, which forms the muscle layers in internal organs such as the digestive tract
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and bladder, is an involuntary tissue. Smooth muscle tissue controls slow involuntary movements such as stomach
wall contractions and the contractions of arteries to regulate blood flow.
Nervous tissue is made up of the nerve cells (neurons) that form the nervous system, including the brain and spinal
cord. These cells are especially responsive to stimuli, allowing nervous tissue to transmit stimuli from the brain to
the body extremely rapidly.
Connective tissue connects, supports, or separates other tissues and organs. Connective tissue proper, a form of
connective tissue, can be either loose or dense. Adipose tissue, or fat, is loose connective tissue, while tendons and
ligaments, composed of collagen, are examples of dense connective tissue. Other forms of connective tissue include
blood (fluid connective tissue) and cartilage and bone (both forms of supporting connective tissue).
Summary

• Tissues are composed of cells, and multiple tissues together constitute an organ.
• The human body has four types of tissues: nervous, muscle, connective, and epithelial
Review

1. What are the four types of tissues? Give an example of each.
2. What is the difference between tissue and cellular level organization?
3. Are there any organisms that do not have tissue structures? If yes, what organism(s)?
Explore More

MEDIA
Click image to the left or use the URL below.

Use the video above to answer the following questions:
1. What are some different types of connective tissue?
2. What is the extracellular matrix?
3. What are the differences between skeletal, cardiac, and smooth muscle tissue?
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5.1 Basic Parts of a cell and Cell Organelles
Four Common Parts of a Cell

Although cells are diverse, all cells have certain parts in common. The parts include a plasma membrane, cytoplasm,
ribosomes, and DNA.
1. The plasma membrane (also called the cell membrane) is a thin coat of lipids that surrounds a cell. It forms the
physical boundary between the cell and its environment, so you can think of it as the “skin” of the cell.
2. Cytoplasm refers to all of the cellular material inside the plasma membrane, other than the nucleus. Cytoplasm
is made up of a watery substance called cytosol, and contains other cell structures such as ribosomes.
3. Ribosomes are structures in the cytoplasm where proteins are made.
4. DNA is a nucleic acid found in cells. It contains the genetic instructions that cells need to make proteins.
These parts are common to all cells, from organisms as different as bacteria and human beings. How did all known
organisms come to have such similar cells? The similarities show that all life on Earth has a common evolutionary
history.
A nice introduction to the cell is available at http://www.youtube.com/watch?v=Hmwvj9X4GNY (21:03).

MEDIA
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What are you made of?
Cells make up all living things, including your own body. This picture shows a typical group of cells. But not all
cells look alike. Cells can differ in shape and sizes. And the different shapes usually means different functions.
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Introduction to Cells

A cell is the smallest structural and functional unit of an organism. Some organisms, like bacteria, consist of only
one cell. Big organisms, like humans, consist of trillions of cells. Compare a human to a banana. On the outside,
they look very different, but if you look close enough you’ll see that their cells are actually very similar.

FIGURE 5.1
The outline of onion cells are visible under
a light microscope.

In the 1950s, scientists developed more powerful microscopes. A light microscope sends a beam of light through
a specimen, or the object you are studying. A more powerful microscope, called an electron microscope, passes a
beam of electrons through the specimen. Sending electrons through a cell allows us to see its smallest parts, even
the parts inside the cell (figure below). Without electron microscopes, we would not know what the inside of a cell
looked like.

FIGURE 5.2
An electron microscope allows scientists
to see much more detail than a light microscope, as with this sample of pollen.
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Structure of nucleus

• The nucleus is a membrane-enclosed organelle, found in most eukaryotic cells, which stores the genetic
material (DNA).
• The nucleus is surrounded by a double lipid bilayer, the nuclear envelope, which is embedded with nuclear
pores.
• The nucleolus is inside the nucleus, and is where ribosomes are made.
Other Cell Organelles

Does a cell have its own ER?
Yes, but in this case, the ER is not just for emergencies. True, there might be times when the cell responds to
emergency conditions and the functions of the ER may be needed, but usually the cell’s ER is involved in normal
functions. Proteins are also made on the outside of the ER, and this starts a whole process of protein transport, both
around the inside of the cell and to the cell membrane and out.
Other Organelles

In addition to the nucleus, eukaryotic cells have many other organelles, including the endoplasmic reticulum, Golgi
apparatus, vesicles, vacuoles, and centrioles.
Endoplasmic Reticulum

The endoplasmic reticulum (ER) (plural, reticuli) is a network of phospholipid membranes that form hollow tubes,
flattened sheets, and round sacs. These flattened, hollow folds and sacs are called cisternae. The ER has two major
functions:
• Transport: Molecules, such as proteins, can move from place to place inside the ER, much like on an
intracellular highway.
• Synthesis: Ribosomes that are attached to ER, similar to unattached ribosomes, make proteins. Lipids are also
produced in the ER.
There are two types of endoplasmic reticulum, rough endoplasmic reticulum (RER) and smooth endoplasmic reticulum (SER).

88

www.ck12.org

Chapter 5. Chapter 5: Parts of a Whole

• Rough endoplasmic reticulum is studded with ribosomes, which gives it a “rough” appearance. These
ribosomes make proteins that are then transported from the ER in small sacs called transport vesicles. The
transport vesicles pinch off the ends of the ER. The rough endoplasmic reticulum works with the Golgi
apparatus to move new proteins to their proper destinations in the cell. The membrane of the RER is
continuous with the outer layer of the nuclear envelope.
• Smooth endoplasmic reticulum does not have any ribosomes attached to it, and so it has a smooth appearance. SER has many different functions, some of which include lipid synthesis, calcium ion storage, and drug
detoxification. Smooth endoplasmic reticulum is found in both animal and plant cells and it serves different
functions in each. The SER is made up of tubules and vesicles that branch out to form a network. In some cells
there are dilated areas like the sacs of RER. Smooth endoplasmic reticulum and RER form an interconnected
network.

FIGURE 5.3
Image of nucleus, endoplasmic reticulum
and Golgi apparatus, and how they work
together. The process of secretion from
endoplasmic reticuli to Golgi apparatus is
shown.

Golgi Apparatus

The Golgi apparatus is a large organelle that is usually made up of five to eight cup-shaped, membrane-covered
discs called cisternae, as shown in figure above. The cisternae look a bit like a stack of deflated balloons. The Golgi
apparatus modifies, sorts, and packages different substances for secretion out of the cell, or for use within the cell.
The Golgi apparatus is found close to the nucleus of the cell, where it modifies proteins that have been delivered
in transport vesicles from the RER. It is also involved in the transport of lipids around the cell. Pieces of the Golgi
membrane pinch off to form vesicles that transport molecules around the cell. The Golgi apparatus can be thought
of as similar to a post office; it packages and labels “items” and then sends them to different parts of the cell. Both
plant and animal cells have a Golgi apparatus. Plant cells can have up to several hundred Golgi stacks scattered
throughout the cytoplasm. In plants, the Golgi apparatus contains enzymes that synthesize some of the cell wall
polysaccharides.
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Vesicles

A vesicle is a small, spherical compartment that is separated from the cytosol by at least one lipid bilayer. Many
vesicles are made in the Golgi apparatus and the endoplasmic reticulum, or are made from parts of the cell membrane.
Vesicles from the Golgi apparatus can be seen in figure above. Because it is separated from the cytosol, the space
inside the vesicle can be made to be chemically different from the cytosol. Vesicles are basic tools of the cell for
organizing metabolism, transport, and storage of molecules. Vesicles are also used as chemical reaction chambers.
They can be classified by their contents and function.
• Transport vesicles are able to move molecules between locations inside the cell. For example, transport
vesicles move proteins from the rough endoplasmic reticulum to the Golgi apparatus.
• Lysosomes are vesicles that are formed by the Golgi apparatus. They contain powerful enzymes that could
break down (digest) the cell. Lysosomes break down harmful cell products, waste materials, and cellular
debris and then force them out of the cell. They also digest invading organisms such as bacteria. Lysosomes
also break down cells that are ready to die, a process called autolysis.
• Peroxisomes are vesicles that use oxygen to break down toxic substances in the cell. Unlike lysosomes,
which are formed by the Golgi apparatus, peroxisomes self-replicate by growing bigger and then dividing.
They are common in liver and kidney cells that break down harmful substances. Peroxisomes are named
for the hydrogen peroxide (H2 O2 ) that is produced when they break down organic compounds. Hydrogen
peroxide is toxic, and in turn is broken down into water (H2 O) and oxygen (O2 ) molecules.
Vacuoles

Vacuoles are membrane-bound organelles that can have secretory, excretory, and storage functions. Many organisms
will use vacuoles as storage areas and some plant cells have very large vacuoles. Vesicles are much smaller than
vacuoles and function in transporting materials both within and to the outside of the cell.
Centrioles

Centrioles are rod-like structures made of short microtubules. Nine groups of three microtubules make up each
centriole. Two perpendicular centrioles make up the centrosome. Centrioles are very important in cellular division,
where they arrange the mitotic spindles that pull the chromosome apart during mitosis.
Summary

• The endoplasmic reticulum (ER) is involved in the synthesis of lipids and synthesis and transport of proteins.
• The Golgi apparatus modifies, sorts, and packages different substances for secretion out of the cell, or for use
within the cell.
• Vesicles are also used as chemical reaction chambers. Transport vesicles, lysosomes, and peroxisomes are
types of vesicles.
• Vacuoles have secretory, excretory, and storage functions.
• Centrioles are made of short microtubules and are very important in cell division.
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Practice I

Use this resource to answer the questions that follow.
• http://www.hippocampus.org/Biology → Biology for AP* → Search: Cellular Organelles
1. Where in the cell are the endoplasmic reticulum and Golgi apparatus located?
2. What are the roles of the ER, the Golgi apparatus, and the lysosome?
3. How do proteins move from the ER to the Golgi apparatus?
4. Why do digestive enzymes have to be located in a lysosome and not the cytosol?
5. What is the main difference between a lysosome and a peroxisome?
Review

1. List five organelles eukaryotes have that prokaryotes do not have.
2. Explain how the following organelles ensure that a cell has the proteins it needs: nucleus, rough and smooth ER,
vesicles, and Golgi apparatus.
3. What is the main difference between rough endoplasmic reticulum and smooth endoplasmic reticulum?
4. Describe the three types of vesicles.
Check out this video below by Khan academy explaining cells and cell organelles in detail:

MEDIA
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Watch the video at: https://www.youtube.com/watch?v=Ogxpuq-qIW0
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5.2 Osmosis
Learning Objectives

• Distinguish solute from solvent and solution.
• Define osmosis.
• Summarize hypotonic, hypertonic and isotonic environmental effects on cells.

Saltwater Fish vs. Freshwater Fish?
Fish cells, like all cells, have semi-permeable membranes. Eventually, the concentration of "stuff" on either side of
them will even out. A fish that lives in salt water will have somewhat salty water inside itself. Put it in the freshwater,
and the freshwater will, through osmosis, enter the fish, causing its cells to swell, and the fish will die. What will
happen to a freshwater fish in the ocean?

Osmosis

Imagine you have a cup that has 100ml water, and you add 15g of table sugar to the water. The sugar dissolves and
the mixture that is now in the cup is made up of a solute (the sugar) that is dissolved in the solvent (the water). The
mixture of a solute in a solvent is called a solution.
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Imagine now that you have a second cup with 100ml of water, and you add 45 grams of table sugar to the water. Just
like the first cup, the sugar is the solute, and the water is the solvent. But now you have two mixtures of different
solute concentrations. In comparing two solutions of unequal solute concentration, the solution with the higher
solute concentration is hypertonic, and the solution with the lower solute concentration is hypotonic. Solutions of
equal solute concentration are isotonic. The first sugar solution is hypotonic to the second solution. The second
sugar solution is hypertonic to the first.
You now add the two solutions to a beaker that has been divided by a selectively permeable membrane, with pores
that are too small for the sugar molecules to pass through, but are big enough for the water molecules to pass through.
The hypertonic solution is on one side of the membrane and the hypotonic solution on the other. The hypertonic
solution has a lower water concentration than the hypotonic solution, so a concentration gradient of water now exists
across the membrane. Water molecules will move from the side of higher water concentration to the side of lower
concentration until both solutions are isotonic. At this point, equilibrium is reached.
Osmosis is the diffusion of water molecules across a selectively permeable membrane from an area of higher
concentration to an area of lower concentration. Water moves into and out of cells by osmosis. If a cell is in a
hypertonic solution, the solution has a lower water concentration than the cell cytosol, and water moves out of the
cell until both solutions are isotonic. Cells placed in a hypotonic solution will take in water across their membrane
until both the external solution and the cytosol are isotonic.
A cell that does not have a rigid cell wall, such as a red blood cell, will swell and lyse (burst) when placed in a
hypotonic solution. Cells with a cell wall will swell when placed in a hypotonic solution, but once the cell is turgid
(firm), the tough cell wall prevents any more water from entering the cell. When placed in a hypertonic solution, a
cell without a cell wall will lose water to the environment, shrivel, and probably die. In a hypertonic solution, a cell
with a cell wall will lose water too. The plasma membrane pulls away from the cell wall as it shrivels, a process
called plasmolysis. Animal cells tend to do best in an isotonic environment, plant cells tend to do best in a hypotonic
environment. This is demonstrated in the Figure 5.4.

FIGURE 5.4
Unless an animal cell (such as the red
blood cell in the top panel) has an adaptation that allows it to alter the osmotic
uptake of water, it will lose too much
water and shrivel up in a hypertonic environment. If placed in a hypotonic solution, water molecules will enter the cell,
causing it to swell and burst. Plant cells
(bottom panel) become plasmolyzed in a
hypertonic solution, but tend to do best in
a hypotonic environment. Water is stored
in the central vacuole of the plant cell.
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Osmotic Pressure

When water moves into a cell by osmosis, osmotic pressure may build up inside the cell. If a cell has a cell wall, the
wall helps maintain the cell’s water balance. Osmotic pressure is the main cause of support in many plants. When
a plant cell is in a hypotonic environment, the osmotic entry of water raises the turgor pressure exerted against the
cell wall until the pressure prevents more water from coming into the cell. At this point the plant cell is turgid (see
the Figure 5.5). The effects of osmotic pressures on plant cells are shown in the Figure 5.5.

FIGURE 5.5
The central vacuoles of the plant cells in
this image are full of water, so the cells
are turgid.

The action of osmosis can be very harmful to organisms, especially ones without cell walls. For example, if a
saltwater fish (whose cells are isotonic with seawater), is placed in fresh water, its cells will take on excess water,
lyse, and the fish will die. Another example of a harmful osmotic effect is the use of table salt to kill slugs and snails.

Controlling Osmosis

Organisms that live in a hypotonic environment such as freshwater, need a way to prevent their cells from taking
in too much water by osmosis. A contractile vacuole is a type of vacuole that removes excess water from a cell.
Freshwater protists, such as the paramecium shown in the Figure 5.6, have a contractile vacuole. The vacuole is
surrounded by several canals, which absorb water by osmosis from the cytoplasm. After the canals fill with water,
the water is pumped into the vacuole. When the vacuole is full, it pushes the water out of the cell through a pore.

MEDIA
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FIGURE 5.6
The contractile vacuole is the star-like
structure within the paramecia.

Summary

• Osmosis is the diffusion of water.
• In comparing two solutions of unequal solute concentration, the solution with the higher solute concentration is
hypertonic, and the solution with the lower concentration is hypotonic. Solutions of equal solute concentration
are isotonic.
• A contractile vacuole is a type of vacuole that removes excess water from a cell.
Review

1.
2.
3.
4.

What is osmosis? What type of transport is it?
How does osmosis differ from diffusion?
What happens to red blood cells when placed in a hypotonic solution?
What will happen to a salt water fish if placed in fresh water?
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5.3 Diffusion

Learning Objectives

•
•
•
•

Describe a concentration gradient.
Define diffusion.
Distinguish between diffusion and osmosis.
Differentiate between hypertonic, hypotonic, and isotonic solutions.

What happens if you put a few drops of food coloring in water?
Over time, the molecules of color spread out through the rest of the water. When the molecules are evenly spread
throughout the space, the water will become an even color. This process of molecules moving from an area where
there are lots of molecules to an area where there are fewer molecules is known as diffusion.
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Diffusion

Small molecules can pass through the plasma membrane through a process called diffusion. Diffusion is the
movement of molecules from an area where there is a higher concentration (larger amount) of the substance to
an area where there is a lower concentration (lower amount) of the substance (Figure 5.7). The amount of a
substance in relation to the total volume is the concentration. During diffusion, molecules are said to flow down
their concentration gradient, flowing from an area of high concentration to an area of low concentration. Molecules
flowing down a concentration gradient is a natural process and does not require energy.
Diffusion can occur across a semipermeable membrane, such as the cell membrane, as long as a concentration
gradient exists. Molecules will continue to flow in this manner until equilibrium is reached. At equilibrium, there
is no longer an area of high concentration or low concentration, and molecules flow equally in both directions across
the semipermeable membrane. At equilibrium, equal amounts of a molecule are entering and leaving a cell.

FIGURE 5.7
Diffusion is the movement of a substance
from an area of a higher amount toward
an area of lower amount. A concentration gradient initially exists across the cell
membrane. Equilibrium is reached when
there is an equal amount of the substance
on both sides of the membrane.

Osmosis

The diffusion of water across a membrane because of a difference in concentration is called osmosis. Let’s explore
three different situations and analyze the flow of water.
1. A hypotonic solution means the environment outside of the cell has a lower concentration of dissolved
material than the inside of the cell. If a cell is placed in a hypotonic solution, water will move into the
cell. This causes the cell to swell, and it may even burst.
2. A hypertonic solution means the environment outside of the cell has more dissolved material than inside of
the cell. If a cell is placed in a hypertonic solution, water will leave the cell. This can cause a cell to shrink
and shrivel.
3. An isotonic solution is a solution in which the amount of dissolved material is equal both inside and outside
of the cell. Water still flows in both directions, but an equal amount enters and leaves the cell.
Applications of Osmosis

How do marine animals keep their cells from shrinking? How do you keep your blood cells from bursting? Both
of these questions have to do with the cell membrane and osmosis. Marine animals live in salt water, which is a
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hypertonic environment; there is more salt in the water than in their cells. To prevent losing too much water from
their bodies, these animals intake large quantities of salt water and then secrete the excess salt. Red blood cells can
be kept from bursting or shriveling if put in a solution that is isotonic to the blood cells. If the blood cells were put in
pure water, the solution would be hypotonic to the blood cells, so water would enter the blood cells, and they would
swell and burst (Figure 5.8).

FIGURE 5.8
Osmosis causes these red blood cells to
change shape by losing or gaining water.

Summary

• Diffusion is the movement of molecules from an area of high concentration to an area of low concentration.
• The diffusion of water across a membrane because of a difference in concentration is called osmosis.
Explore More

Use the resource below to answer the following questions.
• Osmosis at http://www.youtube.com/watch?v=7-QJ-UUX0iY (5:07)

MEDIA
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1.
2.
3.
4.
5.

What is osmosis?
What is tonicity?
How can a hypotonic solution cause a cell to rupture? Describe this process as specifically as you can.
How would a hypertonic solution affect a cell? How could this affect cellular processes?
Do water molecules leave or enter a cell in an isotonic solution?

Review

1. Describe the process of diffusion.
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2. Define osmosis.
3. If a plant cell is placed in a solution and the cell shrivels up, what type of solution was it placed in? How do
you know?
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5.4 Mitosis
Learning Objectives

•
•
•
•
•

Summarize mitosis.
Outline the phases of mitosis.
Describe the function of the centrioles and the spindle.
Explain the importance of the metaphase plate.
Define cytokinesis.

What is meant by the "division of the nucleus"?
What do you think this colorful picture shows? If you guessed that it’s a picture of a cell undergoing cell division,
you are right. But more specifically, the image is a lung cell stained with fluorescent dyes undergoing mitosis, during
early anaphase.
Mitosis and Cytokinesis

During mitosis, when the nucleus divides, the two chromatids that make up each chromosome separate from each
other and move to opposite poles of the cell. This is shown in Figure 5.9.
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FIGURE 5.9
Mitosis is the phase of the eukaryotic cell
cycle that occurs between DNA replication and the formation of two daughter
cells. What happens during mitosis?

Mitosis actually occurs in four phases. The phases are called prophase, metaphase, anaphase, and telophase. They
are shown in Figure 5.10 and described in greater detail in the following sections.

Prophase

The first and longest phase of mitosis is prophase. During prophase, chromatin condenses into chromosomes, and
the nuclear envelope, or membrane, breaks down. In animal cells, the centrioles near the nucleus begin to separate
and move to opposite poles (sides) of the cell. As the centrioles move, a spindle starts to form between them. The
spindle, shown in Figure 5.11, consists of fibers made of microtubules.

Metaphase

During metaphase, spindle fibers attach to the centromere of each pair of sister chromatids (see Figure 5.12). The
sister chromatids line up at the equator, or center, of the cell. This is also known as the metaphase plate. The spindle
fibers ensure that sister chromatids will separate and go to different daughter cells when the cell divides.

Anaphase

During anaphase, sister chromatids separate and the centromeres divide. The sister chromatids are pulled apart by
the shortening of the spindle fibers. This is like reeling in a fish by shortening the fishing line. One sister chromatid
moves to one pole of the cell, and the other sister chromatid moves to the opposite pole. At the end of anaphase,
each pole of the cell has a complete set of chromosomes.
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FIGURE 5.10
Mitosis in the Eukaryotic Cell Cycle. Mitosis is the multi-phase process in which the nucleus of a eukaryotic cell
divides.

Telophase

During telophase, the chromosomes begin to uncoil and form chromatin. This prepares the genetic material for
directing the metabolic activities of the new cells. The spindle also breaks down, and new nuclear membranes
(nuclear envelope) form.

Cytokinesis

Cytokinesis is the final stage of cell division in eukaryotes as well as prokaryotes. During cytokinesis, the cytoplasm
splits in two and the cell divides. Cytokinesis occurs somewhat differently in plant and animal cells, as shown in
Figure 5.13. In animal cells, the plasma membrane of the parent cell pinches inward along the cell’s equator until
two daughter cells form. In plant cells, a cell plate forms along the equator of the parent cell. Then, a new plasma
membrane and cell wall form along each side of the cell plate.
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FIGURE 5.11
Spindle. The spindle starts to form during
prophase of mitosis. Kinetochores on the
spindle attach to the centromeres of sister
chromatids.

FIGURE 5.12
Chromosomes, consisting of sister chromatids, line up at the equator or middle of
the cell during metaphase.
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FIGURE 5.13
Cytokinesis is the final stage of eukaryotic
cell division. It occurs differently in animal
(left) and plant (right) cells.

FIGURE 5.14
The four phases of mitosis.

Can you

describe what happens in each phase?

Summary

• Cell division in eukaryotic cells includes mitosis, in which the nucleus divides, and cytokinesis, in which the
cytoplasm divides and daughter cells form.
• Mitosis occurs in four phases, called prophase, metaphase, anaphase, and telophase.
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Review

1.
2.
3.
4.
5.
6.

List the phases of mitosis.
What happens during prophase of mitosis?
During which phase of mitosis do sister chromatids separate?
Describe what happens during cytokinesis in animal cells.
If a cell skipped metaphase during mitosis, how might this affect the two daughter cells?
Explain the significance of the spindle fibers in mitosis.
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5.5 DNA
Learning Objectives

•
•
•
•

Explain the importance of DNA.
Define and describe a nucleotide.
Describe the shape of DNA.
Summarize the base-pairing rules.

Where’s the instructions?
How do your cells know what to do? Just like builders have blueprints to tell them how to build a house, your cells
also have instructions. Your cells’ instructions are molecules of DNA.
What is DNA?

DNA is the material that makes up our chromosomes and stores our genetic information. When you build a house,
you need a blueprint, a set of instructions that tells you how to build. The DNA is like the blueprint for living
organisms. The genetic information is a set of instructions that tell your cells what to do.
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DNA is an abbreviation for deoxyribonucleic acid. As you may recall, nucleic acids are a type of macromolecule
that store information. The deoxyribo part of the name refers to the name of the sugar that is contained in DNA,
deoxyribose. DNA may provide the instructions to make up all living things, but it is actually a very simple molecule.
DNA is made of a very long chain of nucleotides. In fact, in you, the smallest DNA molecule has well over 20 million
nucleotides.

MEDIA
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Nucleotides

Nucleotides are composed of three main parts:
1. a phosphate group.
2. a 5-carbon sugar (deoxyribose in DNA).
3. a nitrogen-containing base.
The only difference between each nucleotide is the identity of the base. There are only four possible bases that make
up each DNA nucleotide: adenine (A), guanine (G), thymine (T), and cytosine (C).

The Genetic Code

The various sequences of the four nucleotide bases make up the genetic code of your cells. It may seem strange that
there are only four letters in the “alphabet” of DNA. But since your chromosomes contain millions of nucleotides,
there are many, many different combinations possible with those four letters.
But how do all these pieces fit together? James Watson and Francis Crick won the Nobel Prize in 1962 for piecing
together the structure of DNA. Together with the work of Rosalind Franklin and Maurice Wilkins, they determined
that DNA is made of two strands of nucleotides formed into a double helix, or a two-stranded spiral, with the sugar
and phosphate groups on the outside, and the paired bases connecting the two strands on the inside of the helix
(Figure 5.15).

Base-Pairing

The bases in DNA do not pair randomly. When Erwin Chargaff looked closely at the bases in DNA, he noticed
that the percentage of adenine (A) in the DNA always equaled the percentage of thymine (T), and the percentage
of guanine (G) always equaled the percentage of cytosine (C). Watson and Crick’s model explained this result by
suggesting that A always pairs with T, and G always pairs with C in the DNA helix. Therefore A and T, and G and
C, are "complementary bases," or bases that always pair together, known as a base-pair. The base-pairing rules
state that A will always bind to T, and G will always bind to C (Figure 5.16). For example, if one DNA strand reads
ATGCCAGT, the other strand will be made up of the complementary bases: TACGGTCA.
Hydrogen bonds hold the complementary bases together, with two bonds forming between an A and a T, and three
bonds between a G and a C.
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FIGURE 5.15
DNA’s three-dimensional structure is a
double helix. The hydrogen bonds between the bases at the center of the helix
hold the helix together.

FIGURE 5.16
The chemical structure of DNA includes
a chain of nucleotides consisting of a 5carbon sugar, a phosphate group, and
a nitrogen base. Notice how the sugar
and phosphate group form the backbone
of DNA (strands highlighted in pink), with
the hydrogen bonds between the bases
joining the two strands.
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Summary

• DNA stores the genetic information of the cell in the sequence of its 4 bases: adenine, thymine, guanine, and
cytosine.
• DNA is made of a long chain of nucleotides consisting of a 5-carbon sugar, a phosphate group, and nitrogencontaining base.
Explore More

Use the resource below to answer the questions that follow. Some resources require flash player to view but are not
necessary to answer the questions.
https://learn.genetics.utah.edu/content/basics/builddna/
1.
2.
3.
4.
5.
6.
7.

Where is nuclear DNA located in a eukaryotic organism?
Describe the structure of DNA.
What is another name for the "sentences" that DNA encodes?
What to genes tell a cell to do?
How long does it take a human cell to copy the DNA in its nucleus before it divides?
How many new cells does your body produce every day?
What steps does the cell take to speed the rate of DNA replication?

Review

1.
2.
3.
4.

Describe the structure of DNA.
What does a nucleotide consist of?
What are the base-pairing rules?
If one DNA strand reads CCGTAATGCAT, what will be the sequence of the complimentary strand?
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5.6 Genes and Alleles - Advanced
Learning Objectives

•
•
•
•

Analyze the relationship between Darwin’s work and Mendel’s discoveries.
Explain the goal of population genetics.
Describe the relationship between genes and traits.
Differentiate between genes and alleles.

Jeans vs. Genes. What’s the difference?
Plenty. One you have for life, the other just lasts a few years. One is the basis for the passing of traits from one
generation to the next. Some jeans you change frequently. But what happens when you change a gene’s frequency?
Essentially, evolution is a change in gene frequencies within a population.
Population Genetics

If you have ever taken something apart to find out how it works, you will understand post-Darwinian biologists’
delight in exploring how evolution actually works. Darwin gave us the keys to unlocking this mystery by describing
natural selection and common ancestry as scientific explanations for the similarities and differences among the
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millions of Earth’s species - living and extinct. However, his theory depended on the ideas that traits could vary,
and that variations were heritable - and even Darwin was puzzled as to how this might work. Another biological
giant, Gregor Mendel, was a contemporary of Darwin’s, but his now-famous work with pea plant inheritance was
not widely known or appreciated until after both scientists had died. During the 20th century, “re-discovery” of
Mendel’s work stimulated extensive research in genetics, and the identification of DNA as the universal genetic
material of life, brought “heritable variation” into sharp focus. A branch of the new field of Population Biology
finally combined what Mendel and Darwin had begun separately - the exploration of population genetics and the
evolution of populations.
You have studied genetics, DNA, and Darwinian evolutionary theory in previous chapters. You have had the
opportunity to learn far more about biology than either Darwin or Mendel could imagine. You are prepared, then,
to join biologists in exploring how evolution works. You know that biologists have massive amounts of evidence
that natural selection and evolution happen. This chapter will explore what we know about how molecules, genes,
and populations change - with the ultimate goal of understanding how the “Origin of Species” produced the vast
diversity of life on Earth.

Genes and Alleles

As you’ve learned, each cell of an organism contains all the information needed to build the entire organism in the
DNA of its chromosomes (Figure 5.17). A gene is a segment of DNA which has the information to code for a
protein (or RNA molecule) (Figure 5.18). For many genes, the protein product controls or at least contributes to
a particular trait. For example, enzymes are proteins which are important in the biochemical reactions controlling
many cellular processes.

FIGURE 5.17
The source of variation required for natural selection is not traits or characters,
as Darwin predicted, but the underlying
genes, which were not discovered until
Mendel’s work became known.

Genes

are segments of DNA located at a particular place on a chromosome.

The

gene’s sequence of bases codes for a
protein - often an enzyme that catalyzes
a particular chemical reaction in the cell.
The chemical reaction determines or contributes to a physical trait or behavior.

111

5.6. Genes and Alleles - Advanced

www.ck12.org

FIGURE 5.18
A gene is a segment of DNA which codes for a protein. Proteins, in turn, determine traits. Changes in genes
(mutations) cause changes in proteins, which in turn produce variation in traits.

For example, the gene for the enzyme tyrosinase controls the chemical reaction which makes melanin, a brown-black
pigment which colors the skin and hair of many animals, including humans. The gene is the “recipe” for tyrosinase;
tyrosinase is the protein, and the trait is coloring of the skin or fur. The rabbit in Figure 5.19 has brown fur because
its DNA contains a gene for tyrosinase.
Genes often have different forms - slightly different nucleotide sequences - known as alleles. In some rabbits, an
alternative form of the gene for fur color makes non-functional tyrosinase. A change in the sequence of As, Ts, Cs,
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FIGURE 5.19
Most wild rabbits have brown fur because their DNA contains a gene which
codes for tyrosinase - an enzyme which makes the pigment melanin.

and Gs changes the sequence of amino acids in the protein and alters or destroys its activity. This allele is recessive
and can cause lack of pigment - an albino rabbit (Figure 5.20). We will refer to the dominant gene for brown fur as
B and the recessive gene for albinism as b.

FIGURE 5.20
If a rabbit receives two copies of the
mutant allele for tyrosinase, it will lack
pigment altogether - a condition known as
albinism. Although these rabbits are obviously domesticated, mutations leading
to albinism do occasionally occur in wild
populations.

Recall that Mendel showed that humans and rabbits have two copies of each gene, or "heritable unit" - one from
each of our parents. The two alleles we receive make up our genotype. For simple Mendelian traits, our genotype
determines our physical appearance, or phenotype, for that trait. A rabbit having two copies of the mutant, recessive
gene cannot make tyrosinase - or melanin; its genotype is bb, and its phenotype is albino. A rabbit having either one
or two copies of the gene for tyrosinase makes melanin; its genotype is either Bb or BB, and in either case, because
B is dominant, its phenotype is brown. Brown rabbits which have different alleles (genotype Bb) are heterozygous,
and brown rabbits with identical alleles (BB) are homozygous. Albino rabbits with identical recessive alleles (bb)
are also homozygous.
Keep in mind that the environment can influence the expression of a gene - its transcription and translation to produce
a protein. By preventing or promoting the expression of certain genes, the environment can cause variation in traits,
but note that this influence is not at all goal-directed and does not result in heritable change. If you do not water or
fertilize your garden, the plants will be short and stunted, but their small size is not a heritable change. Let’s return
to rabbits to see how this kind of variation happens at the level of genes and molecules.
A third allele for rabbit fur coloration codes for a form of tyrosinase which is temperature-sensitive. At low
temperatures, the enzyme makes melanin normally. Higher temperatures, however, denature the enzyme in the
same way that cooking changes egg whites; at higher temperatures, the enzyme is misshapen and cannot make
melanin. The rabbit in Figure 5.21 is homozygous for temperature-sensitive tyrosinase. The main part of its body,
which has a higher temperature, is white because its tyrosinase does not work at high temperatures. The tips of the
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rabbit’s ears, nose, and feet, however, are black, because the enzyme can work at the slightly lower temperatures of
these extremities. What do you think such a rabbit would look like if it developed in the arctic? The tropics?

FIGURE 5.21
Environment can influence the expression of a gene.

California rabbits are

bred for a temperature-sensitive allele
of the pigment-producing enzyme tyrosinase.

Cooler extremities produce

melanin, but warmer body parts do not.

In conclusion, heritable variations, which Darwin knew were necessary for natural selection, are determined by
the variety of alleles, or different forms of genes, which build proteins. The environment may add to the variety
of phenotypes by influencing gene expression, but the genes themselves remain unchanged. Only genes and their
alleles can be sources of heritable variations in traits.
Summary

• Population genetics studies populations at the level of genes and alleles in order to discover how evolution
works.
• Genes are segments of DNA which determine traits by coding for proteins that control chemical reactions
(enzymes).
• Many genes have several different forms known as alleles.
• Alleles are responsible for the variation in traits.
• The environment can affect the expression of some genes, but variations induced by the environment are not
heritable (unless environmental factors mutate DNA).
Review

1.
2.
3.
4.
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Describe the relationship between genes and traits.
Explain the goal of population genetics.
Differentiate between genes and alleles.
Distinguish environmental effects on gene expression from allelic variations in genes.
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