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THIS AT HOME
A good place to measure your pulse is the artery on
the thumb-side of the wrist. Touch this area lightly
with the index finger of your opposite hand until you
feel your heartbeat. Count the amount of heartbeats
for 15 seconds and multiply by four - this will give
you your pulse rate.

Measure the pulse of other people in your
household. Try to answer some of these
questions: Does pulse vary with age? Does
it vary with time of day (morning, afternoon,
bedtime)? What happens to your pulse after you walk up stairs?
Do girls have lower, higher, or the same pulse rates than boys?

Chapter 16

Human Body Systems
The human body is a busy place! Even when you are sitting
down and reading a book, your body's organ systems are
actively carrying out their jobs. Your heart beats an average
of 70 times each minute, pumping blood to all parts of your
body. Your lungs repeatedly take in and expel air. Your skin
is constantly shedding dead cells and growing new ones. Your
digestive system is working on the last meal you ate. Even
when you sleep, your body's systems are at work. Read this
chapter to learn all about how circulation, respiration,
reproduction, digestion, and other systems work in the
human body.

1. What serves as your
transportation system?

body's

internal

2. How does a developing fetus get food and oxygen
from the mother?
3. Is skin considered an organ?

16.1 Circulation and Respiration
You’re an animal! To be more specific, you’re a mammal. Mammals have complex
organ systems. These include skeletal, muscular, digestive, urinary, integumentary,
nervous, reproductive, and endocrine systems. All of your organ systems
function because of the contributions of organs, tissues, and cells. We will
begin our study of the human body with the circulatory and respiratory systems.

The circulatory system
What is the Your body is made of
circulatory trillions of cells. Each cell
system? needs oxygen and nutrients.

As your cells carry out their
functions, they need to get
rid of wastes like carbon
dioxide. How do substances
move to and from your
cells? Your body has a
transportation system. The
circulatory system
transports blood throughout
the body, delivers essential
substances to cells, and
removes wastes. It is
sometimes called the
cardiovascular system. The
circulatory system consists
of the heart, blood vessels,
and blood.
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Table 15.1 on page 323 gives
information about the major organ
systems. Use the table to make a
set of flash cards. Write the name
of a body system on one side of
each card. Write its function and
major organs on the other side of
the card. Use the cards to
remember the function and organs
of each system.

circulatory system - the body
system that circulates blood
throughout the body and delivers
essential substances to cells and
removes wastes.

CHAPTER 16: HUMAN BODY SYSTEMS

The heart
Structure of the What pumps over two
heart million liters of blood per

year and weighs only 300
grams? Your heart, of
course! The heart is a
hollow organ found in the
middle of your chest. It is
made mostly of cardiac
muscle tissue. The heart
contracts to pump blood
throughout the body. A
contraction happens when
muscle tissue shortens. The
right and left sides of the heart have separate functions. The right
side of the heart collects oxygen-poor blood from the body and
pumps it to the lungs where it picks up oxygen and releases carbon
dioxide. The left side of the heart then collects oxygen-rich blood
from the lungs and pumps it to the body so that every cell in the
body has the oxygen it needs.

Blood flow The heart has four chambers (Figure 16.1). Each chamber has a
through the heart one-way valve at its exit. A valve is a flap of tissue that prevents

the backflow of blood. When each chamber contracts, the valve at
its exit opens. When a chamber relaxes, the valve closes so that
blood does not flow backwards. The heart contracts (or beats) in
two stages. This causes the lub-dub sound you hear. In the first
stage the atria contract together. This pumps blood to the
ventricles. In the second stage, the ventricles contract together.
This pumps blood out of the heart. Then the heart muscle relaxes
before the next heartbeat. This allows blood to flow into the atria
again.

Figure 16.1: The heart is a muscle
that consists of four chambers and a
valve between each chamber.

valve - a flap of tissue that
prevents the backflow of blood.
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Blood vessels
Blood vessels are organs that carry the blood throughout your
body. There are three types of blood vessels: arteries, capillaries,
and veins. Figure 16.2 shows the structure of these blood vessels.

Arteries Arteries are blood vessels that carry blood from the heart.
With the exception of the pulmonary artery,
they carry oxygen-rich blood. Each time the
heart contracts, blood is pumped out at high
pressure. Arteries are made of three layers of
tissues that help them withstand that
pressure. The lining is epithelial tissue. Next
is a thick layer of smooth muscle that helps
the artery withstand high pressure. The outer
layer is made of elastic connective tissue that
allows the artery to expand under pressure.

Capillaries Capillaries are the smallest blood vessels where the
exchange of materials with cells takes place. Capillary walls
are only one cell thick and may be so narrow that blood cells must
pass through in single file. They form a net-like structure
throughout your tissues. Oxygen and other materials diffuse
through capillary walls into the tissues and then into cells.

Veins Veins are blood vessels that carry blood toward the heart.
With the exception of the pulmonary veins,
they carry oxygen-poor blood. Like arteries,
veins have three tissue layers. But veins have
thinner walls because they do not receive
blood directly from the heart. The largest
veins have one-way valves to keep blood
flowing toward the heart.
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Figure 16.2: The blood vessel
system.

arteries - blood vessels that carry
blood away from the heart.
capillaries - the smallest blood
vessels where the exchange of
materials with cells takes place.
veins - blood vessels that carry
blood toward the heart.
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Blood
The function of You have about 5 liters of blood in your body. Blood is a circulating
blood connective tissue. It is made of a fluid called plasma, two types of
cells (red blood cells and white blood cells), and particles called
platelets. The main function of blood is to supply oxygen and
nutrients to tissues and to remove waste products like carbon
dioxide. Blood also transports hormones, enzymes, and immune
cells between tissues and organs. Any interruption in the flow of
blood can cause death in a matter of minutes. Interruptions in
blood flow may be caused by a heart attack, stroke, or blood clots.

blood - a circulating connective
tissue made of plasma, cells, and
platelets.

plasma - the fluid part of blood.
red blood cells - carry oxygen to
cells.

white blood cells - immune
cells that destroy invaders.

Plasma About 55 percent of your blood is plasma. Plasma
is the fluid part of the blood that contains water,
dissolved nutrients, sugars, and proteins. Floating
in the plasma are red blood cells, white blood cells
and platelets.

Red blood cells About 45 percent of your blood is made of red
blood cells. Red blood cells transport oxygen to
your cells. Red blood cells are red because of a
pigment called hemoglobin. Hemoglobin grabs
onto the oxygen molecules you inhale and carries
them to your cells.

White blood cells White blood cells and platelets make up a tiny
and platelets fraction of your blood. White blood cells are part

of your immune system. They help fight infections by destroying
invaders like bacteria and viruses. Some white blood cells engulf
invaders. Others produce antibodies that destroy invaders.
Platelets are particles that prevent blood loss. When you cut or
scrape your skin, platelets clump together in the damaged area and
form a “plug.”

Figure 16.3: The components of
blood.
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Blood pressure
Heart Did you know that your blood circulates through about 90,000
contractions and kilometers of blood vessels in your body? Each heart beat pushes
blood pressure about 90 milliliters of oxygenated blood from the heart into the

aorta, the body's largest blood vessel. From there, the blood flows
to smaller arteries and then capillaries. Eventually, it transfers its
oxygen to body cells and returns back to the heart through the
veins. Contractions of the heart generate blood pressure. The
rhythmic change in blood pressure is called a pulse. Blood
pressure keeps the blood flowing in the right direction. Valves
prevent backflow of blood.

blood pressure - a measure of
the force of the blood pushing
against the walls of the arteries.

Heart contractions generate blood pressure.
What is blood Blood pressure is a measure of the force of blood pushing against
pressure? the walls of the arteries. It is measured in millimeters of mercury

(mm Hg). A pressure of 100 mm Hg means the pressure is great
enough to push a narrow column of mercury 100 mm high. Normal
blood pressure is 120/80 mm Hg. The top number is called the
systolic pressure. Systolic pressure is the maximum force exerted
against artery walls each time the heart contracts. The lower
number is called diastolic pressure. Diastolic pressure is the force
exerted on the arteries when the heart relaxes (Figure 16.4).

How to measure A sphygmomanometer is used to measure blood pressure. The cuff
blood pressure is pumped up with air to restrict blood flow in the arm. As the

pressure in the cuff is released, blood starts flowing again. You can
hear the flow in a stethoscope. The number at which blood starts
flowing is the measure of the systolic pressure. Pressure in the cuff
continues to release. The point at which no sound is heard
indicates the pressure in the system when the heart is relaxed—
the diastolic reading.
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Figure 16.4: Systolic and diastolic
blood pressure.
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The respiratory system
Breathing and Do you ever notice your breathing? Probably not. Your breathing
respiration happens even when you don’t think about it. When you breathe,

you take in oxygen gas from the air and exhale carbon dioxide gas
and water vapor. Your cells use the oxygen for cellular respiration
and produce carbon dioxide and water. Respiration is the entire
process by which the body exchanges and uses gases. Respiration is
made possible by the respiratory system. The respiratory system
consists of the lungs, and passageways that lead to the lungs.

Structure and
function of the
respiratory
system

The diagram to the right shows the organs of the respiratory
system. When you breathe, air is inhaled through your nose and
mouth. From there, it flows through the pharynx, or throat. The
pharynx branches into two tubes. The esophagus leads to your
stomach. The larynx, leads to your
lungs. The larynx also contains your
voice box. Next, air flows into the
trachea, or windpipe. The trachea
splits into two tubes called bronchi.
One bronchus (singular) goes to each
lung. Each bronchus branches into
thousands of tiny tubes called
bronchioles. Bronchioles end in tiny
sacs called alveoli. Each of your
lungs contains thousands of alveoli.
Alveoli are sac-like structures
surrounded by capillaries where the
exchange of gases takes place. The
diaphragm is a sheet of muscle that
helps draw air into the lungs.

respiration - the entire process
by which the body takes in oxygen
and gets rid of carbon dioxide and
water.

respiratory system - the body
system consisting of the lungs,
and passageways that lead to the
lungs.
alveoli - tiny, sac-like structures of
the lungs that are surrounded by
capillaries where gas exchange
takes place.
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Putting it all together: tracing blood flow
Failure of any Your circulatory and respiratory systems work together to ensure
part can affect that every cell in your body has the oxygen it needs to perform
the entire system cellular respiration. The failure of any part can affect the

entire system. For example, a person may die from a heart
attack (failure of the heart). Smoking may lead to inefficient gas
exchange in the lungs and cause cardiovascular disease. Blockage
of blood vessels may lead to inefficient gas exchange in the brain
and cause a stroke. To understand the system, we can trace the
flow of blood, starting at the heart. Follow the numbers in
Figure 16.5 as you read the following paragraph.

Tracing blood All blood enters the right side of the heart through two veins. The
through the superior vena cava carries oxygen-poor blood from the upper body
system parts. The inferior vena cava carries oxygen-poor blood from the

lower body parts (1). When the right atrium contracts, the blood
goes through a valve and into the right ventricle (2). When the
right ventricle contracts, blood is pumped through a valve and into
the pulmonary artery (3). From there, blood flows into the lungs
where it picks up oxygen (4). The now oxygen-rich blood is carried
back to the left atrium through the pulmonary veins (5). When the
left atrium contracts, blood goes through a valve into the left
ventricle (6). When the left ventricle contracts, blood is pumped
through a valve and into the aorta (7). The aorta branches into
arteries that lead to upper and lower parts of the body (8). Those
arteries branch into smaller and smaller arteries and into
capillaries (9). In the capillaries, blood cells release their oxygen
which diffuses into tissues. Carbon dioxide and water are picked
up from the body cells. The now oxygen-poor blood flows through
the capillaries and into small veins (10). Smaller veins lead to
larger veins and eventually to the superior and inferior vena cava.
This is where the cycle begins again.
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Figure 16.5: The numbers in the

diagram correspond to the numbers in
the text to the left. Follow the numbers
as you read the text.
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16.1 Section Review
1. What are the organs of the circulatory system?
2. What is the function of the right side of the heart? What is the
function of the left side of the heart?
3. What is a valve? What is the function of a valve?
4. What causes the lub-dub sound of your heartbeat?
5. Match each component of the circulatory system with its
function:
Organ system

Draw a flow chart that traces a
drop of blood through your body.
Use the following terms in your
flow chart:
right ventricle
left ventricle
right atrium
left atrium

Function

1. blood

a. pump blood

capillaries

2. arteries

b. carry oxygen

arteries

3. red blood cells

c. prevent blood loss

veins

4. capillaries

d. carry oxygen-poor blood to the heart

5. heart

e. transport gases and nutrients

superior and inferior vena cava

6. veins

f. protect the body from invaders

7. white blood cells

g. carry oxygen-rich blood to the body

8. platelets

h. carry gases and nutrients into tissues

aorta

6. Why do the wall of arteries need to be thicker than the walls of
veins?
7. Describe the structure of the lungs. Use the words bronchi,
bronchioles, alveoli, and capillaries in your description.
8. Explain why each event could cause damage to your body:
a. heart attack
b. smoking
c. stroke

pulmonary artery
pulmonary veins
lungs
oxygen-rich blood
oxygen-poor blood

16.1 CIRCULATION AND RESPIRATION
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16.2 Human Reproduction
Like most animals, humans reproduce sexually. As you have read, you started out as
a single, fertilized egg called a zygote. The egg came from your mother and the sperm
came from your father. In this section, you will learn about the process of human
reproduction.

testosterone.

The male reproductive system

semen - a mixture of sperm and

The components
of the male
reproductive
system

Figure 16.6 shows the organs of the male reproductive system.The
male reproductive system produces sperm and
transfers it to the female reproductive system. The
testes produce sperm and the male hormone, testosterone. A
hormone is a chemical that regulates body functions.
Testosterone regulates the development of male traits and
the production of sperm (male sex cells). The testes are stored
in the external scrotum. The scrotum is about 3°C cooler than
body temperature (37°C). The cooler temperature allows
sperm to develop. Sperm are produced in tightly-coiled tubes
inside of the testes called seminiferous tubules. The
epididymis temporarily stores mature sperm cells. Each
sperm cell has a flagellum (shown left).

testes - produce sperm and
hormone - a chemical that
regulates body functions.
fluid that is ejaculated during
sexual intercourse.

The path of A tube called the vas deferans passes from each epididymis
sperm into the body. The prostate gland produces some of the fluid

that mixes with sperm as it travels through the vas deferans.
The mixture of sperm and fluid is called semen. During
sexual arousal, millions of sperm travel from the vas
deferans, down the urethra, and are ejaculated out of the
penis. Ejaculation is the abrupt discharge of semen. The
urethra is a tube that runs through the penis. The penis is the
organ that transfers sperm into the female’s body.
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Figure 16.6: The male reproductive
system.

CHAPTER 16: HUMAN BODY SYSTEMS

The female reproductive system
The components
of the female
reproductive
system

Figure 16.7 shows the female reproductive system. The female
reproductive system produces eggs, ensures development of
fertilized eggs, and gives birth. The ovaries are about the size of
a large olive. Ovaries produce the eggs, also called oocytes. Ovaries
also produce the female hormones estrogen and progesterone. The
female hormones regulate the production and release of eggs and
regulate the development of female traits. The vagina is the
passageway that receives sperm during sexual intercourse.

Ovulation Puberty is the time of life when male and female sex organs become
mature. A woman has an estimated 300 to 400 thousand eggs
contained within her ovaries at the time of puberty. At puberty, a
woman begins to ovulate. Ovulation is the release of a mature egg
from the ovary. An egg matures in a structure of the ovary called a
follicle. During ovulation, a mature follicle ruptures through the
ovary wall. Once released, the egg travels down one of the fallopian
tubes that lead to the uterus. The uterus is the organ where a baby
grows and develops.

The menstrual Each month starting at puberty, the tissue lining the uterus
cycle thickens to prepare for pregnancy. If fertilization occurs, the zygote
moves down the fallopian tube and embeds in the thickened tissue.
If fertilization does not occur, the egg deteriorates. Then, the tissue
layer, along with the deteriorated egg, is discharged through the
vagina. This process is called menstruation and lasts for about 5
days. After menstruation, the tissue lining the uterus thickens
again. Ovulation occurs about two weeks into the cycle. The entire
process is called the menstrual cycle. It repeats each month from
puberty until late middle age.

Figure 16.7: The female
reproductive system.

ovaries - female organs that
produce eggs and female
hormones.

ovulation - the release of a
mature egg from the ovary.

follicle - a structure of the ovary
where an egg matures.

uterus - the organ where a baby
grows and develops.

16.2 HUMAN REPRODUCTION

351

Fertilization and pregnancy
The start of the
human
reproductive
process

The human reproductive process begins when a man ejaculates
sperm into a woman’s vagina during sexual intercourse. Some
sperm may exit the penis before ejaculation occurs. Thus, sexual
activity that does not involve ejaculation could also lead to the
release of sperm into the vagina, fertilization, and pregnancy.

implantation - the process in
which an embryo becomes
embedded in the lining of the
uterus.

What happens Figure 16.8 shows the process that occurs from fertilization to
during pregnancy. Once inside the vagina, many sperm die because of the
fertilization acidic environment. Surviving sperm use their flagella to swim

through the uterus and up the fallopian tube. When they reach the
egg, the sperm surround it. They release an enzyme that breaks
down the proteins in the egg’s outer covering. As soon as a single
sperm gets through that covering, a reaction occurs that keeps any
other sperm from entering. The membrane of the egg then fuses
with the sperm. Next, the sperm’s flagellum and mitochondria
break down. At that point, the sperm is only a nucleus. This
explains why all mitochondrial DNA is inherited from the mother,
as you read in Chapter 10. When the sperm and egg nuclei fuse,
fertilization is complete.

Implantation The fertilized egg then begins a 5 day journey down the fallopian
tube toward the uterus. During the journey, the zygote undergoes
many mitotic divisions. By the time it reaches the uterus, it is an
embryo that looks like a tiny ball of cells. The next step is called
implantation. In implantation, the tiny embryo becomes embedded
in the lining of the mother’s uterus. Implantation is successful
only about 30 percent of the time. Once the embryo is implanted,
pregnancy begins. One of the first signs of pregnancy is that a
woman’s regular menstrual cycle stops. A pregnant woman may
give birth to a baby between 38 and 42 weeks later which is the
gestation period for humans.
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Figure 16.8: From fertilization to
implantation.
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Development and birth
The placenta and Once the embryo is implanted in the uterus, the placenta begins to
umbilical cord grow. Recall that the placenta supplies food and oxygen from the

mother’s blood to the developing embryo. It contains a network of
blood vessels that links the embryo to the mother. By the fourth
week of pregnancy, the embryo is about 2 millimeters long. It is
surrounded by a thin, protective membrane called the amnion.
Inside the amnion and surrounding the embryo, is amniotic fluid
that protects the embryo from shocks. The umbilical cord has also
formed. It contains arteries and veins that connect the embryo to
the placenta. It enters the embryo’s body at the umbilicus, or naval.

umbilical cord - contains
arteries and veins that connect the
embryo to the placenta.

fetus - an embryo that has
developed for 8 weeks and has
formed the major structures.

The developing At the eighth week, the embryo has developed enough to be called a
fetus fetus. A human fetus develops from the end of the eighth week of
pregnancy (when the major structures have formed), until birth.
Figure 16.9 shows a fetus and the structures that connect it to the
mother. The blood of the mother and fetus do not mix together.
Oxygen and nutrients pass from the mother’s blood to the fetus
through the placenta and umbilical cord. Waste products like
carbon dioxide pass from the fetus to the mother’s blood for
removal. Most drugs and alcohol can easily pass through the
placenta and into the fetus, as well as many infectious viruses such
as the human immunodeficiency virus (HIV).

Labor and birth After 38 to 42 weeks, the fetus is ready to live outside of the
mother. The mother goes through a series of contractions called
labor. The fetus is pushed, headfirst, through her vagina. The baby
is still connected to the placenta by the umbilical cord. When the
doctor ties and cuts the umbilical cord, birth is complete. The
mother continues with labor until the placenta is pushed out of her
body.

Figure 16.9: The structures
surrounding the fetus.

16.2 HUMAN REPRODUCTION

353

16.2 Section Review
1. Match the parts of the male reproductive system listed below,
to the letters on the diagram in Figure 16.10.
urethra, epididymis, testes, penis, vas deferans, scrotum,
seminiferous tubules
2. What is a hormone? Name the male hormone and the female
hormones.
3. Match the parts of the female reproductive system listed below
to the letters on the diagram in Figure 16.11.
uterus, ovary, fallopian tube, vagina
4. Match each structure to its function.
Structure

Function

1. testes

a. links the mother to the embryo

2. ovaries

b. connects the fetus to the placenta

3. follicle

c. produces fluid that makes up semen

4. prostate gland

d. produces sperm

5. uterus

e. organ where the baby grows and develops

6. placenta

f. contains a developing egg

7. umbilical cord

g. produces eggs

5. Describe the sequence of events that occurs during
fertilization.
6. What is implantation? Why is it a necessary step to pregnancy?
7. Why are materials exchanged between mother and fetus
through the placenta?
8. Why do doctors advise women to not drink alcohol during
pregnancy?
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Figure 16.10: Match the terms in
question 1 to the letters in the diagram.

Figure 16.11: Match the terms in
question 3 to the letters in the diagram.
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16.3 Other Organ Systems
Why do you sweat? Why do you sometimes feel hungry? Why does your heart beat
faster and you breathe heavier when you exercise? These are examples of how your
organs work together to maintain a stable internal environment. Recall that this
process is called homeostasis. In this section, you will learn about some of your other
organ systems and their role in homeostasis.

The integumentary system
The function of
the
integumentary
system

integumentary system - the
body system consisting of the skin,
hair, and nails that protects the
underlying tissues.

sweat glands - glands in the skin
that produce sweat to regulate
body temperature.

What is your body’s largest organ? It’s your skin and it’s part of the
integumentary system which also includes your hair and nails. The
integumentary system has several functions described below.
• Your skin is a barrier between your underlying tissues and the
outside environment. Skin is the first line of defense for blocking
moisture and invaders like bacteria.
• Skin contains sweat glands that help regulate your body
temperature. Sweat glands work by producing a salty fluid
called sweat that flows to the surface of your skin when you are
hot. As sweat evaporates, it cools your skin.
• Skin contains nerve endings that allow you to sense your
environment through touch.

Anatomy of the Figure 16.12 shows a cross section of the skin. The epidermis is the
skin thin, outer layer that you see. The dermis lies underneath and is
made of connective tissue and protein fibers. It contains the sweat
glands and nerve endings. It also contains oil glands that produce
oils to waterproof your skin. Hair follicles produce the hair on your
skin. Muscle fibers attached to the hair follicles cause hair to stand
up. This action helps regulate temperature. Hair also filters out
dust particles from your nose and eyes. The subcutaneous fat layer
functions as insulation for your body.

Figure 16.12: A cross-section of the

skin.
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The endocrine system
What is the The endocrine system consists of a group of glands that produce
endocrine hormones and release them into the blood. The endocrine system
system? controls a variety of important functions such as cell processes,
reproduction, and response to stress. The pituitary gland is often
called the “master gland” because the hormones it releases
regulate the release of hormones by other glands. Figure 16.13
shows the locations of endocrine glands and their functions.

The adrenal Some glands affect many organs at once. The adrenal glands
gland produce a hormone called epinephrine. Epinephrine

endocrine system - a group of
glands that produce hormones and
release them into the blood.

pancreas - a gland that produces
insulin and digestive enzymes.

adrenal glands - produce
epinephrine, a hormone that
prepares the body for stress.

prepares several of your organs for stress. When you get
scared, it speeds up your heart rate, increases your
breathing, and makes more blood sugar available for
energy. This prepares your body to either run away from
danger or fight for survival. It is called the fight or flight
response.

Some glands
function as part
of other organ
systems

Some glands also function as part of other organ
systems. The pancreas releases insulin, a hormone that
regulates the amount of sugar (glucose) in your blood. It
is also part of the digestive system because it produces
enzymes that digest proteins, carbohydrates, and fats.
The endocrine function of testes and ovaries is to
produce male and female sex hormones (testosterone in
males, progesterone and estrogen in females). Their
reproductive function is to produce sex cells.

Figure 16.13: The endocrine system.
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Feedback control systems
What are Sophia was hot so she turned on the
feedback control air conditioner. The thermostat was
systems? set to 70°F. After awhile, the air

feedback control systems systems that control the levels of
endocrine hormones in the blood.

conditioner turned off automatically
when the room temperature reached
the thermostat setting. A thermostat
is a feedback control that sends a
message to the air conditioner to turn
off when a pre-set temperature is
reached. Similarly, your body has
feedback control systems that turn your endocrine glands on or
off. These systems control the levels of hormones in your blood.

An example of a Recall that your cells need glucose for cellular respiration. A
feedback control feedback control system maintains your blood glucose levels. The
system system involves your pancreas, which produces insulin, and your

liver, which stores glucose. When you eat something, glucose from
the food is absorbed by your small intestine and enters your blood.
When blood glucose rises above normal levels, your pancreas
releases insulin into your blood. Insulin tells your liver to take
glucose from the blood and store it for future use. When glucose
levels return to normal your pancreas stops producing insulin
(Figure 16.14).

Diabetes mellitus Sometimes, a feedback control system does not work properly. This
may cause problems for other body systems. A person whose
pancreas cannot make enough insulin has a condition called
diabetes mellitus. That person must monitor blood glucose levels
and may need injections of insulin to keep blood glucose levels
normal. Chronic high blood glucose levels may cause damage to the
eyes, kidneys, nerves, heart and blood vessels.

Figure 16.14: A feedback control
system for blood glucose.
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Digestive and excretory systems
What is the The digestive system is a group of organs that takes in and digests
digestive food, and eliminates solid wastes. You need a digestive system
system? because the food you eat is in large pieces and your cells need

molecules for cell processes. Your digestive system breaks food
into smaller pieces and then uses enzymes to break those pieces
down into molecules. Those molecules are absorbed by the small
intestine and enter your blood where they are transported to
different parts of your body. The digestive system is basically a
long, twisting tube that runs from the mouth to the anus. Most of
the digestive organs (like the stomach and intestines) are tube-like
and contain the food as it makes its way through the body. Other
organs (like the liver and pancreas) produce or store digestive
chemicals. Figure 16.15 shows the organs of the digestive system.

What is the Your body gets rid of solid wastes through the digestive system.
excretory But it must also get rid of chemical wastes that are produced by
system? chemical reactions in your cells. The excretory system is a group

of organs that excrete chemical wastes. These include water,
carbon dioxide, salts, and urea—a by product of protein reactions.
The excretory system includes the kidneys, liver, lungs, and skin.
The liver has functions in many organ systems. In the excretory
system, it breaks down waste compounds into urea. Urea, along
with excess water and salts, is filtered out by your kidneys. The
liquid produced by your kidneys is called urine. Urine is stored in
your bladder—until it gets too full. You can guess what happens
next. Sweat glands in your skin also excrete excess water, salts,
and urea. Carbon dioxide is excreted through the lungs.
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Figure 16.15: The organs of the

digestive system.

excretory system - a group of
organs that excrete chemical
wastes.
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16.3 Section Review
1.
2.
3.
4.

Name three functions of skin.
How does the skin contribute to homeostasis?
What is the endocrine system?
Match each endocrine gland to the hormone it produces:
Gland

Use the following terms to create a
concept map:
circulatory system
endocrine system

Hormone

digestive system

1. testes

a. epinephrine

heart

2. ovaries

b. testosterone

blood vessels

3. pancreas

c. progesterone

4. adrenal glands

d. insulin

blood

5.
6.
7.
8.

hormones

Why is the pituitary gland called the “master gland?”
Name two organs found in the digestive system.
Name two organs found in the excretory system.
What is a feedback control system and why is it important for
endocrine gland function?
9. The excretory system gets rid of chemical wastes. Name a
process that produces each chemical waste:
a. urea
b. carbon dioxide
10. Each organ below functions in more than one organ system. For
each organ below: (1)name two organ systems for which it has
functions; and (2)name its function in each system.
a. sweat glands
b. lungs
c. liver
d. pancreas

insulin
pancreas
diabetes mellitus
feedback control system
glucose
liver

16.3 OTHER ORGAN SYSTEMS
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Effects of Smoking on Reproduction
According to the March of Dimes, an organization that works
to improve the health of babies, an estimated 20 percent of
women in the United States smoke, many of them while they
are pregnant. Cigarette smoking is linked to the
development of heart disease, cancer, and many respiratory
conditions. It can be harmful to the fetus as it develops in the
womb and to the baby at birth, leading to premature birth,
low birthweight, and respiratory disorders. Smoking also can
affect a women’s reproductive health before pregnancy.
Studies show that smoking may reduce a women’s ability to
become pregnant.

Toxic smoke
There are over 4,000
chemicals in
cigarette smoke.
Carbon monoxide
and nicotine are two
that are known to be
harmful to a fetus.
When a pregnant
woman smokes,
these chemicals pass
through her blood
stream into the placenta, the tissue that provides oxygen
and nutrients to the fetus. Carbon monoxide and nicotine
cause the vessels that supply blood to the fetus to narrow,
thus preventing enough food and oxygen from reaching the
developing baby.

Mothers and babies at risk
Women who smoke during pregnancy are at risk for having
premature and low birthweight babies (a low birthweight is
under 5½ pounds). These babies may be small because of
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poor growth before birth and/or early delivery (nine months
being full term). In 2002, 12.2 percent of babies born to
American women who smoked were of low birthweight.
Meanwhile, only 7.5 percent of babies born to nonsmoking
women were of low birthweight. Pregnant women who are
regularly exposed to secondhand smoke also are at risk for
having premature and low birthweight babies. And these
babies then are at risk for serious health problems.
Children born to mothers who smoked during the pregnancy
may have more colds, earaches, and respiratory problems
than children born to nonsmoking mothers. Sudden Infant
Death Syndrome (SIDS) is another risk for infants whose
mothers smoked while pregnant. SIDS is the sudden and
unexplained death of an infant under a year old. Studies
show that babies whose mothers smoked while pregnant are
up to three times more likely to die of SIDS than babies born
to nonsmokers.

Smoking affects future generations
Women who smoke while pregnant risk health problems not
only in their children, but also in their grandchildren. This
means that smoking’s harmful effects can reach two
generations of a family. Researchers call this the “grandma
effect.” Scientists have found that when a pregnant woman
smokes, her future grandchildren may have double the risk
of developing asthma. Asthma is a respiratory disorder that
causes wheezing, coughing, and tightness in the chest. This
may happen to a child whose mother did not smoke during
the pregnancy but whose grandmother smoked while
pregnant.
How does this grandma effect happen? Some scientists
believe that chemicals in cigarette smoke may change the
DNA in a female fetus’s eggs. DNA is the molecule that
stores all of a person’s genetic information. Eggs are the

Questions:
1. What impact do the toxic substances in cigarette smoke have
on the development of a fetus?
2. What complications may occur in women who smoke both
before they are pregnant and during their pregnancy?
3. List several smoking risks that may occur in developing
fetuses and in newborns.
4. What is the “grandma effect”? What impact can a woman’s
smoking have on her grandchildren?

Efforts to reduce smoking
There are many organizations
working to reduce the number
of smokers in the United
States. The March of Dimes
supports research on the risks
of smoking during pregnancy
and provides information to
pregnant women and their
doctors. The Centers for
Disease Control (CDC) also
provides educational resources
about the risks of smoking,
with its aim being that, by
2010, less than 1 percent of pregnant women will be
smoking.

Unit 6 THE HUMAN BODY
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female sex cells
that are produced
in a fetus while she is in
the womb. It is thought
the chemicals in
smoke may
change the genes
that program the
fetus’s immune
system. These
altered genes
may then trigger
the development
of asthma.
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Chapter 16 Activity

Build a Lung Model
Animals need oxygen to survive. Land
animals get oxygen from the air they
breathe. The respiratory system consists
of the airways, lungs, and muscles that
work together to let air in and out of the
body. In this activity you will build a
model of a single lung and see for yourself
how breathing really works.
For this activity, your group will need:
• 1 empty water bottle (the kind with the
pull-top cap)
• 2 balloons (good-sized helium party
balloons)
• duct tape
• scissors

What you will do
1. Poke a hole in the bottom of the empty
bottle and use the scissors to carefully cut a
small nickel-sized hole in the bottom of the
bottle. (use caution - the bottom plastic is
thick.)
2. Cut the neck off of one of the balloons and
stretch the balloon over the entire bottom
of the bottle. Secure with duct tape.
3. Unscrew the pull-top and pop up the
opening so the cap is in the "open" position.
4. Slide the second balloon over the poppedout part of the cap and rest the cap on top
of the bottle upside-down, with the balloon
hanging into the bottle.
5. To operate your lung model, gently pull
down on the middle of the balloon that is
covering the bottom of the bottle. Watch what happens to
the "lung" inside the bottle.
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Applying your knowledge
1. Make a sketch of your lung model
and label the parts of the model that
represent the:
a. diaphragm
b. chest cavity
c. lung
d. airway
2. Use several sentences to explain why
air enters the model lung when you
pull down on the balloon that covers
the bottom of the bottle.
3. Use several sentences to explain how
breathing works in the human
respiratory system.
4. How many times do you breathe in
one minute? Work with a partner to
determine your average number of
breaths per minute and record your
data. Compare your results with
classmates. What is the class average
for breaths per minute?
5. Research a lung disease. Some
examples are: pneumonia, asthma,
emphysema, chronic bronchitis, lung
cancer. Use the internet and library
for your research. Find answers to
the following questions:
• What part of the respiratory system
is affected?
• What are the symptoms?
• What are possible causes?
• What treatments are necessary?

Chapter 16 Assessment
Vocabulary
Select the correct term to complete the sentences.

10. _____ is a measure in mm Hg of the force that blood exerts
on the walls of blood vessels.
11. An organism exchanges of oxygen, carbon dioxide and water
with the environment through the process of _____.

capillaries

respiration

feedback control system

red blood cell

alveoli

umbilical cord

blood pressure

ovaries

endocrine system

arteries

testes

pancreas

valve

hormones

sweat glands

veins

follicle

fetus

13. Sac-like structures within the lung that allow gas exchange
are _____.

plasma

semen

adrenal glands

Section 16.2

circulatory system

implantation

respiratory system

white blood cell

ovulation

integumentary system

14. Production of sperm and testosterone take place in the
_____.

blood

uterus

Section 16.1

1.

Made up of the heart, blood vessels and blood, the _____
transports substances to and from the cells.

2.

The failure of a heart _____ to properly close could cause the
blood to flow backwards in the vessels.

3.

_____ carry blood away from the heart.

4.

The network of small blood vessels that allow oxygen and
other substances to flow into tissues are _____.

5.

Thin walled vessels that return blood to the heart are _____.

6.

Made of specialized cells, plasma and platelets, _____
transports nutrients, wastes and other substances
throughout the body.

7.

Red and white blood cells are suspended in a fluid called
_____.

8.

A blood cell containing the oxygen carrying molecule
hemoglobin is a _____.

9.

A blood cell that helps fight infections is a _____.

12. The _____ consists of the lungs and their associated
passages.

15. _____ such as testosterone help regulate body functions.
16. _____ is formed of sperm and fluid from the prostrate gland.
17. Organs that produce eggs and female sex hormones are the
_____.
18. Beginning at puberty, females release mature eggs from the
ovary in a process called _____.
19. Developing eggs mature in _____ of the ovary.
20. Development and growth an embryo happens in the _____.
21. After the fertilized egg travels down the fallopian tube, the
process of _____ must take place in order for pregnancy to
continue.
22. The placenta supplies nutrients and oxygen to the embryo
via the _____.
23. After the eighth week of pregnancy, the _____ has all the
major structures of an adult.
Section 16.3

24. The skin, nails and hair are major components of the _____.
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25. Without ____, the body would be unable to regulate body
temperature.

4.

Outline the path an oxygen molecule would take as it
traveled from the outside environment to your tissues.

26. The _____ is made up of glands that secrete regulatory
hormones.

5.

Which of the following is true?
a.
b.
c.
d.

27. The _____ aids in digestion and blood sugar regulation.
28. The _____ produce epinephrine, which triggers a fight or
flight response to stress.
29. Without our complex _____, the body could not control the
effects of hormonal secretions from endocrine glands.

6.

Concepts
Section 16.1

Blood moves most quickly in the capillaries.
Heart valves force blood through the heart
More than half of your blood is made of red blood cells.
Large veins have one-way valves to channel blood back
towards the heart.

Lung tissue damage caused by smoking can lead to the
slowing of blood from the heart to the lungs. Which
structure is most likely weakened by the increased pressure
caused by the backup?
a.
b.
c.
d.

Right ventricle
Aorta
Left ventricle
Pulmonary artery

1.

A lack of energy is a symptom seen in some types of blood
disorders. Which component of the blood is most likely the
cause and why?

2.

Which statement correctly describes blood pressure?

Section 16.2

a.

7.

b.
c.

d.
3.

Accidental loss of blood would increase systolic
pressure.
Sphygmomanometers measure pressure exerted on the
walls of blood vessels returning to the heart.
A blood pressure reading of 110/73 mm Hg signifies that
the force exerted on arterial walls during the relaxation
of the heart can push a column of mercury 73 mm high.
Vessels returning to the heart have thicker walls to
accommodate higher blood pressures.

Accidentally, surgeons reverse the aorta and pulmonary
arteries of a heart transplant patient. Now the right
ventricle pumps blood out through the aorta and the left
ventricle is connected to the pulmonary artery. How would
this change blood flow? Why would this need to be corrected
quickly?
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Which of the following correctly traces the path of sperm out
of a man’s body.
a.
b.
c.
d.

8.

Vas deferens-prostrate gland seminiferous tubules,
urethra
Seminiferous tubules-epididymis-vas deferens-urethra
Seminiferous tubules-vas deferens-epididymis-urethra
Epididymis-seminiferous tubules-vas deferens-urethra

The levels of which of the following would not be analyzed in
the case of a couple not being able to conceive children?
a.
b.
c.
d.

Testosterone
Estrogen and progesterone
Sperm production
Epinephrine

CHAPTER 16 ASSESSMENT
9.

a.
b.
c.
d.

Fraternal twins are the result of two eggs being fertilized by
separate sperm. Outline the series of events that happen
within a woman that would lead to a fraternal twin
pregnancy.

10. How does the
development?

during

16. How are the organs of the excretory system different from
those of the digestive system?

11. Which of the following is true about drug and alcohol
consumption during pregnancy?

17. Of the following, which does not have a role in the
production or excretion of urea?

a.
b.
c.

d.

fetus

receive

nourishment

Pituitary gland
Testes
Adrenal gland
Pancreas

Drug and alcohol use is not a risk because the maternal
blood and fetal blood do not mix.
Only drugs can pass through the placenta to the fetus.
Organ and tissue damage can result as both drugs and
alcohol pass easily through the placental lining to the
fetus.
Alcohol is dangerous to the fetus only if the mother
drinks beyond her legal limits.

Section 16.3

12. Third degree burns involve the deeper dermal layers of the
skin. Why are these more dangerous than first degree burns
involving only the epidermal layers?
13. Describe how sweat glands regulate homeostasis in the
body.
14. In a person with diabetes mellitus, the level of which
hormone would fail to increase in the blood after eating a
chocolate bar?
a.
b.
c.
d.

a.
b.
c.
d.

Liver
Bladder
Kidney
Stomach

Math and Writing Skills
Section 16.1

1.

The average male American lifespan is 72 years. Assuming
the average resting heart rate for a male is 72 beats per
minute, calculate the number of times the heart of an
average male will beat over his lifetime.

2.

The average amount of blood a person has is 5 liters. If 55%
of that blood is plasma, how many liters of plasma does the
average person contain?

3.

Write a short story that describes the journey of a red blood
cell through the human circulatory system.

epinephrine
insulin
testosterone
progesterone

15. Of the following, which would have the most widespread
effects if damaged?
UNIT 6 THE HUMAN BODY
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Section 16.2

4.

The graph below shows the hormone levels in a woman’s
blood during her menstrual cycle. Examine the graph and
then answer the questions below.

Hormone Level vs. Time
Menstruation

Hormone levels

Ovulation

Estrogen
Progesterone
Thickness of the uterine lining

0

5

10

15

20

25

b.
c.

Which hormone controls the thickening of the uterine
lining?
Which hormone controls ovulation?
What happens when the levels of both hormones
decline?

Section 16.3

5.

Make a line graph that shows the levels of insulin and
glucose in your blood before and after eating a candy bar.
Plot time on the x-axis and insulin/glucose level on the yaxis. You do not need to worry about the numerical values of
the variables. Just estimate what the curve of each line
would look like.
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Placental Health
It is important for a pregnant woman to maintain a healthy
lifestyle, since oxygen and nutrients pass from her blood to the
fetus through the placenta and umbilical cord. For this project
you will create a tri-fold brochure that teaches the importance of
the placenta and umbilical cord. Make a brochure that could be
displayed in the waiting room of a doctor's office. Make your
brochure creative and informative so people will want to read it.
You need to list four sources of information on the very back of
your brochure. Only two of the sources can be websites. Things
to include in your brochure:
1.

Labeled sketch that shows fetus, placenta, and umbilical
cord in the uterus.

2.

List of behaviors or choices that result in harmful
substances reaching the fetus through the placenta.

3.

List of diseases that can be transferred from the mother to
the fetus through the placenta.

4.

"Do's and Don'ts" to maintain a healthy pregnancy.

5.

Places to go for more information (4 sources; only 2
websites).

28

Days

a.

Chapter Project

Chapter 17

Support and Movement
Why are skeletons often used to scare people on Halloween?
Many people associate a skeleton with a dead person, but
your skeletal system is quite alive and it is an extremely
important body system. Why is your skeleton so important?
You probably know that your bones provide support and
structure for your body. Did you also know that your bones
and muscles protect your vital organs, and allow you to move?
Did you know that bones produce blood cells and store
important minerals that your body needs? Your jaw, neck,
arms, feet, and other skeletal/muscle partners work like
simple machines to accomplish daily tasks. After reading this
chapter, you will see that the human systems of support and
movement can do more than scare people on Halloween!

1. Why are bones so important to the human body,
and how many are there?
2. How do muscles move bones?
3. Why is the human body like a machine?

17.1 Bones and Muscles
Like a machine, your body consists of many parts that move. Those parts are your
bones and muscles. Muscles are attached to bones by tendons. Muscles and bones
work in coordination with your nervous system to move your body on demand. In this
section you will learn about the structure and function of bones and muscles and how
they work together.

The skeletal system
Growth of the The skeletal system is the name given to the collection of bones in
skeletal system your body. A baby's body has about 300 bones at birth. These

axial skeleton - forms the axis of
the body and includes the skull,
vertebral column, ribs, and
sternum.

appendicular skeleton - the
bones of the limbs, including the
bones of the pectoral and pelvic
girdles.

eventually fuse (grow together) to form the 206 bones in an adult.
Much of a baby’s skeleton is made of cartilage. As you grow, most
of the cartilage grows and is slowly replaced by bone with help
from calcium. By the time you are 25, growth is complete. Then,
your bones will have reached their final size.

Functions of the The skeletal system serves many important functions including:
skeletal system
•
•
•
•

It protects the vital organs such as the brain, heart, and lungs.
It gives your body shape and form.
It allows for movement.
It produces blood cells and stores minerals.

How the skeleton The human skeleton is divided into two parts. The axial skeleton
is divided consists of bones that form the axis of the body. It supports and

protects many organs and includes the skull, vertebral column,
ribs, and sternum. The appendicular skeleton includes the bones
of the limbs and the girdles. The pectoral girdle forms your
shoulders and anchors your arms. The pelvic girdle forms your
hips and anchors your legs. The diagram on the next page shows
the major bones of your body.
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Learning your bones
The human skeleton is shown on
the next page. Study the diagram
and find the location of the bones
of your own body. Learn the names
of the major bones on the diagram.
Then, try to identify the bones on a
model skeleton without looking at
the names on the diagram.

CHAPTER 17: SUPPORT AND MOVEMENT

The Human Skeleton

Your bones
Here are the common names for
some of your bones

Skull
Mandible

Mandible - jaw bone

Scapula

Clavicle

Sternum - breast bone

Sternum
Rib cage

Scapula - shoulder blade

Humerus

Humerus - upper arm
Radius/ulna - forearm

Vertebral
column

Radius
Ulna

Carpals

Femur - thigh
Tibia - shin bone
Phalanges - fingers and toes
Pelvis - hip

Femur

Phalanges
Metacarpals

Pelvis

Patella - knee cap
Calcaneus - heel

What are the smallest bones in
your body?
Patella

The bones of your inner ear!

Fibula

Malleus

Tibia

Incus

Tarsals
Metatarsals

Calcaneus

Phalanges

Stapes

17.1 BONES AND MUSCLES
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What is bone?
The structure of If you've ever seen a real skeleton in a museum, you might think
bone that all bones are dead. But the bones that make up your skeleton
are living organs. Bones are made of many layers of connective
tissue and minerals produced by living cells. Almost every bone in
your body has a similar structure:

• The outer surface of bone is
called the periosteum. The
periosteum is a thin membrane
that contains blood vessels to
nourish the bone and nerves.
• The next layer is called compact
bone. Compact bone provides
most of the strength and
support. It is the smooth, hard
part you see when you look at a
skeleton. Tiny canals within
compact bone contain blood
vessels (Figure 17.1).
• Within the compact bone are
many layers of cancellous bone.
Cancellous bone has many
open spaces like a sponge.
Cancellous bone is not quite as
hard as compact bone, but it is still very strong.
• In many bones (like the femur), the cancellous bone protects the
innermost part of the bone called bone marrow. Bone marrow is
a thick, jelly-like layer that makes blood cells or stores fat. Red
bone marrow produces red blood cells. Yellow bone marrow
stores fat.
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Figure 17.1: A cross section of the
femur—longest bone in your body.

periosteum - the outer surface of
a bone that contains blood vessels
and nerves.

compact bone - the layer of
bone that provides most of its
strength.

cancellous bone - the layers of
bone that have many open spaces
like a sponge.
bone marrow - a thick, jelly-like
layer of bone that makes blood
cells or stores fat.
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Joints
Fixed and moving The place where two bones meet is called a joint. Some joints are
joints fixed while others move. Your skull has some fixed joints called

sutures. Sutures close up the bones of the skull. Moving joints are
the ones that let you twist, bend, and move different parts of your
body. Figure 17.2 shows the types of moving joints.

Hinge joints One type of moving joint is called a hinge joint. Your elbows and
knees each have hinge joints. They allow you to bend and then
straighten your arms and legs. These joints are like the hinges on a
door. Just as most doors can only open one way, you can only bend
your arms and legs in one direction. You also have many smaller
hinge joints in your fingers and toes.

joint - the place where two bones
meet.

hinge joint - joints that allow oneway movement.

ball and socket joint - joints
that allow movement in all
directions.

ligament - a strong elastic band
of connective tissue.

Ball and socket Another important type of moving joint is the ball and socket joint.
and sliding joints You can find these joints at your shoulders and hips. They are
made up of the round end of one bone fitting into a small cup-like
area of another bone. Ball and socket joints allow movement in
every direction. Sliding joints allow bones in your hand to glide
over one another and provide flexibility.

Where bones Bones are held together at the joints by
meet ligaments. Ligaments are strong
elastic bands of connective tissue.
When bones move, there is friction.
Cartilage helps cushion the areas
where bones meet. Have you ever seen
someone lubricate a door hinge to stop
it from squeaking? Your joints have
their own lubricating fluid called
synovial fluid. This fluid helps them
move freely.

Figure 17.2: Three types of moving
joints.
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The muscular system
What is the The muscular system consists of skeletal muscles and tendons.
muscular Skeletal muscles are made of skeletal muscle tissue. Recall that
system? the other two types of muscle tissue are cardiac muscle and

smooth muscle. A tendon is a strand of tough connective tissue
that attaches a skeletal muscle to a bone. The major function of
the muscular system is to move bones. It also provides support and
protection for your organs. Figure 17.3 shows some human body
muscles.

muscular system - a body
system that consists of skeletal
muscles and tendons.

tendon - a strand of tough
connective tissue that attaches a
skeletal muscle to a bone.

Muscle action The beating of your heart and movement of your digestive tract
are both examples of involuntary muscle action. Involuntary
means you do not control the movement. Most of the time, skeletal
muscles are involved in voluntary muscle movement. Voluntary
means that you can control it. When you lift an object, it is
voluntary. You can voluntarily blink your eyes. However,
sometimes blinking your eyes is involuntary.

Skeletal muscle Skeletal muscle tissue is made up of
tissue thousands of cylindrical muscle

fibers often running the entire
length of the muscle. Bundles of
fibers are bound together by
connective tissue. Blood vessels and
nerves run through the connective
tissue. Muscle fibers contain long
muscle cells each with thousands of
mitochondria for energy. During a
muscle contraction, a complex
reaction causes muscle fibers to
shorten. When the muscle relaxes, muscle fibers return to their
original position.
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Figure 17.3: Some human muscles.
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Movement
Muscles work in Muscles usually work in pairs called flexors and extensors. If a
pairs muscle bends part of your body, it is called a flexor. If a muscle

straightens part of your body, it is called an extensor. Flexor and
extensor pairs are found across many of your joints. These pairs
provide almost all the movement of
your skeleton.

flexor - a muscle that bends part
of your body.

extensor - a muscle that
straightens part of your body.

An example of An example of a flexor and extensor
muscle working together is found in your
movement arm. The flexor is the biceps muscle,

located at the front of your arm. The
extensor is the triceps muscle, located
at the back of your arm. When the
biceps muscle is contracted, the triceps
muscle is relaxed. Your arm bends at
the elbow joint and raises your
forearm. When the triceps muscle is
contracted the biceps muscle is
relaxed. Now, your arm straightens
out.

Exercise Muscles require movement and
exercise to remain strong. Muscles
actually become stronger, larger, and more
efficient with more exercise. You move in your
every day activities. This is sufficient to
maintain your muscle strength. Resistance exercise requires
muscles to overcome resistance (weight). This increases muscle size
and strength. Aerobic exercise like running, swimming laps, and
cycling strengthens the heart and increases the endurance of
skeletal muscle.

Figure 17.4: Resistance and aerobic
exercises.
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373

17.1 Section Review
1. Match the names of the bones below to letters in the diagram
(Figure 17.5).
humerus
femur
pelvic bone
vertebral column
sternum
ulna
2. Tell whether each bone in question 1 is part of the
appendicular skeleton or axial skeleton.
3. Match each layer of bone to its function.
Organ system

Function

1. red marrow

a. provides most of the strength and support

2. periosteum

b. produces red blood cells

3. cancellous bone

c. stores fat

4. yellow marrow

d. contains blood vessels and nerves

5. compact bone

e. contains many open spaces like a sponge

4. Name a place on your body that has each type of joint:
a. hinge joint
b. ball and socket joint
c. sliding joint
5. In the pair of muscles below, which is the extensor? Which is
the flexor?
a. triceps
b. biceps
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Figure 17.5: Use this diagram to
answer question 1.
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17.2 The Human Body as a Machine
You may have heard the human body described as a machine. In fact, it is. Your bones
and muscles work as levers to perform everything from chewing to throwing a ball.
The lever is an example of a simple machine. In this section, you will learn how
simple machines work. You will also learn how certain parts of the human body work
as levers. First, you need to know a little about the concept of force.

force - a push or a pull, or any
action that has the ability to
change motion.

Forces
What is a force? A force is a push or pull, or any action that has the ability to
change motion. Forces are created in many different ways. For
example, your biceps muscle creates a force when you raise your
arm. Earth’s gravity creates forces that pull on everything around
you. On a windy day, the movement of air creates forces.

Measuring force Weight is a measure of the force exerted by gravity. Weight is
therefore a measure of force. The pound is the English unit of force.
The newton (N) is the SI unit of force. A force of one newton is the
exact amount of force needed to cause a mass of one kilogram to
increase in speed (accelerate) by one meter per second each second
(Figure 17.6). The newton is a smaller unit of force than the pound.
One pound of force equals 4.448 newtons. How much would a 100pound person weigh in newtons? Remember that 1 pound =
4.448 newtons. Therefore, a 100-pound person weighs
444.8 newtons.

Figure 17.6: The definition of a
newton.
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Simple machines
The beginning of A simple machine is an unpowered mechanical device, such as a
technology lever. Some other simple machines are a wheel and axle, ropes and
pulleys, gears, and a ramp.

input force - the force applied by
a lever (also called the effort).

output force - the force exerted
on the load.

Figure 17.7: Forces in a lever.

Input force and Simple machines are often used to lift heavy loads. A lever allows
output force you to move a rock that weighs 10 times as much as you do (or

more). You can think of simple machines in terms of an input force
and an output force. With a lever, the input force (also called the
effort) is the force you apply. The output force is the force exerted
on the load you are lifting (Figure 17.7).

ropes and pulleys A simple machine can create an output force large enough to lift a
heavy load with a smaller input force. In ropes and pulleys, the
input force is what you apply to the rope. The output force is what
gets applied to the load you are trying to lift. One person could lift
an elephant with a properly designed set of ropes and pulleys
(Figure 17.8)!
Figure 17.8: Forces in a set of ropes
and pulleys.
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Levers and mechanical advantage
Examples A lever can be made by balancing a board on a log (Figure 4.7).
of levers Pushing down on one end of the board lifts a load on the other end

of the board. The downward force you apply is the input force. The
upward force the board exerts on the load is the output force. Other
examples of levers include: pliers, a wheelbarrow, and the human
biceps and forearm.

fulcrum - the fixed point where a
lever rotates.

mechanical advantage - the
ratio of output force produced by a
simple machine to the applied
input force.

Parts of the lever All levers include a stiff structure (the lever) that rotates around a
fixed point called the fulcrum. The side of the lever where the input
force is applied is called the input arm. The output arm is the end
of the lever that moves the rock or lifts the heavy weight. Levers
are useful because you can arrange the fulcrum and the input and
output arms to adapt to the task you need to perform.
The ability of a lever to perform a task depends on its mechanical
advantage. Mechanical advantage is the ratio of output force
produced by a simple machine to the applied input force. The
higher the output force in relation to the input force, the greater
the mechanical advantage. You can calculate mechanical
advantage by dividing the output force, in newtons, by the input
force, in newtons as shown in the formula below:

Suppose the output force of a
machine is 10N and the input force
is 5N. What is the mechanical
advantage of the lever? Using the
formula, you get:

MA =

output force (N) 10 N
=
=2
input force (N)
5N

Calculate the mechanical
advantage for each lever:
1. Output force = 25N
Input force = 5N
2. Output force = 10N
Input force = 2N
3. Output force = 5N
Input force = 10N
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Mechanical advantage and length of input and output arms
Lever arm length The input force that is applied to a lever and the output
and mechanical force are related to the lengths of the input and output
advantage arms. When the input and output arms are the same length

(because the fulcrum is in the middle of the lever), the input and
output forces are the same. The input and output forces are
different if the fulcrum is not in the center of the lever. The side of
the lever with the longer arm has the smaller force.

The mechanical advantage of a
lever can be calculated if you know
the lengths of the input and output
arms using this formula:

MA =

length of input arm
length of output arm

Use the formula above to calculate
the mechanical advantage of a
lever with an input arm that is 40
cm long and an output arm that is
60 cm long.

Varying the For some levers, the output arm is longer than the input arm and
length of the the output force is less than the required input force. Levers
arms designed this way achieve a wide range of motion on the output
side. For example, a broom is a lever used to sweep floors
(Figure 17.9).
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Figure 17.9: A broom has a

mechanical advantage of less than 1.
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The three classes of levers
The three types There are three types of levers, as shown in Figure 17.10. They are
of levers classified by the locations of the input and output forces relative to
the fulcrum.

First-class levers First-class levers always have the fulcrum between the
input force and the output force. If the input arm of a firstclass lever is larger than the output arm, you can produce a large
output force relative to the input force. Sometimes the input arm of
a first-class lever is shorter than the output arm. In this case, the
output force is less than the input force. The advantage of a lever
designed this way is that work done by the lever can be done
faster—a small amount of motion of the input arm translates into a
huge motion made by the output arm. The mechanical advantage of
a first-class lever can be greater than one or less than one.
Examples of first-class levers include pliers and see-saws.

Second-class Second-class levers always have the output force between
levers the fulcrum and the input force. Therefore, the input arm will

always be longer than the output arm in second-class levers. What
does this mean in terms of mechanical advantage? It means that
mechanical advantage will always be greater than one. Secondclass levers always multiply force. Wheelbarrows are second-class
levers.

Third-class Third-class levers always have the input force between the
levers fulcrum and the output force. This means that the output arm
is always longer than the input arm and mechanical advantage is
less than one. If mechanical advantage is less than one, then you
can never multiply force by using a third-class lever. Third-class
levers do result in a wide range of motion that is important in
moving your arms or sweeping large areas when you use a broom.

Figure 17.10: Examples of three

kinds of levers.
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Levers in the human body
In the human body, all bones act as levers
and each joint can serve as a fulcrum.
The neck Stop reading for a moment. Relax your neck so that your head
drops slowly forward. The head is a heavy object—about 4.5
kilograms. Your head drops forward when you relax your neck
because your head and neck work like a first-class lever
(Figure 17.11). The fulcrum is at the top of the neck. The muscles
in the neck provide an input force that allows you to raise your
head. When you relax these muscles, gravity causes your head to
fall forward.

The jaw Think about how your jaw works when you bite into an apple.
When biting, your jaw works as a third-class lever. The input force
(applied by your jaw muscles) occurs between the fulcrum (the
joint where your jaw bone connects to your skull) and the output
force which is applied to the apple.

Figure 17.11: The neck is an
example of a first-class lever.

The arms Your forearms work as third-class levers (see Figure 17.10 on the
previous page). As you have learned, third-class levers require
more input force than output force. However, the gain in thirdclass levers is range of motion. The range of motion of your arms is
very important in that it makes it possible to reach, pick up
objects, and lift them. Often, we are doing tasks that don’t require
a lot of output force. For example, when you turn a page of this
book, you need range of motion to move the page, but you don’t
need a lot of force!

Feet When you stand on your toes, the feet act as second-class levers
(Figure 17.12). Your toes are the fulcrum. The input force is
provided by your calf muscles. The output force is the weight of
your foot being lifted.
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Figure 17.12: The foot is an example
of a second-class lever.
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17.2 Section Review
1.
2.
3.
4.

What is a force? Name two units used to measure forces.
How much does a 5 pound bag of flour weigh in newtons?
What is a simple machine? List three examples.
For the simple machine below: (a) Which is the output force?
(b) Which is the input force? (c) Calculate the mechanical
advantage.

5. Calculate the mechanical advantage for each lever:
a. A lever has an input force of 15 N and an output force of
60 N.
b. A lever has an input arm that is 35 cm and an output arm
that is 7 cm.
c. A lever has an output force of 5 N and an input force of 50 N.
6. The picture in Figure 17.13 shows the location of levers in the
human body. For each lever in the diagram:
a. Tell whether it is a first-class, second-class, or third-class
lever.
b. Tell whether the mechanical advantage is greater than, less
than, or equal to 1.

Solve each challenging problem
below.
1. A lever has a mechanical
advantage of 2. Its output force
is 100N. What is the input force
of the lever?
2. A lever has an input arm that is
25 cm long. If it has a
mechanical advantage of 5,
what is the length of its output
arm?
3. The total length of a lever is
100 cm. If the fulcrum is placed
75 cm from the edge of the
output arm, what is its
mechanical advantage?

Figure 17.13: Use the diagram to
answer question 6.
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Skin Grafts for Burn Victims
According to the American Burn
Association, there are 1.1
million burn injuries in the
United States each year. About
45,000 Americans need to be
hospitalized because of serious
burns. Some 50 years ago, there
were fewer than 10 hospitals in
the country that specialized in
treating burns. Today, there are
+about 200 special burn care
centers. There are many types of
burns, including those caused by
fire, heat, chemicals, electricity,
sunlight, and nuclear radiation.

Layers of the skin
The skin is the
largest organ of
the human
body. It has
several
functions: to
serve as a
protective
barrier against
infection, to
help keep our
bodies at the
correct
temperature, and to provide us our sense of touch.
There are three main layers of the skin: epidermis, dermis,
and subcutaneous fat. The epidermis is the outer layer of
skin that you see. The body constantly adds new cells to this
layer because 30,000-40,000 dead cells flake off the surface

382

of your skin every minute. The epidermis also contains a
substance called melanin, which gives skin its color.
The dermis is the tough and stretchy layer of skin that lies
below the epidermis. The dermis contains nerve endings,
blood vessels, oil glands, and sweat glands.
The bottom layer of skin is called the subcutaneous layer. It
mostly contains fat to help your body stay warm. The
subcutaneous layer also provides a cushion to protect your
body from injury.

Degrees of burns
The degree of a burn is determined by how deeply it
penetrates the skin. Burn wounds are classified into three
depths. A first-degree burn is a minor burn that affects only
the epidermis - a sunburn, for instance. Symptoms include
redness, swelling, pain, and peeling skin. A second-degree
burn is deeper
and causes
more damage
to the skin.
Blisters occur
with seconddegree burns
and there is
damage to the
dermis. A
third-degree
burn is the
most severe
type of burn. It
damages all the layers of skin and can sometimes expose
muscle or bone. Healing from third-degree burns is slow and
may result in much scarring.

Patients with severe burns are often treated
with skin grafts. Surgeons who are specially
trained in treating burn victims perform
these procedures.
Skin grafts may involve taking healthy skin
from an unburned part of the patient’s body
and placing it on the damaged area. This
procedure is also called autografting, “auto-”
referring to the graft being from the same
individual.
Sometimes patients with large burns do not
have enough undamaged skin for
autografting, so skin is taken from a human
donor. This is called an allograft, “allo-”
referring to the donor being of the same
species but different genetically.
However, skin from human donors is not
always available, either. Sometimes skin
from an animal donor (such as a pig) is used.
This is called a xenograft, “xeno-” referring to
the donor being of another species. The
problem with donated skin is the risk of
infection; the body’s immune system often
rejects the donated skin.

New procedures for skin replacement
In 1987, a procedure for permanent skin replacement was
developed involving creating large amounts of skin in the
laboratory using skin cells from the burn victim. The body is
less likely to reject this skin because it is made from the
patient’s own cells. This laboratory-created skin does not
look or function like normal skin. Its color may be different
from the patient’s, and it does not contain hair follicles or
pores for sweating.

Scientists are trying to develop a
true artificial skin. It would work
like normal skin and could be used to
treat large burn areas. Scientists
hope to create cells that will grow
hair follicles and sweat glands, and
so look and feel more like normal
skin. Much research is still to be
done but scientists hope artificial
skin will become available in the
near future.

Questions:

Chapter 17 Connection

A system that helps burn victims to
heal is the Integraâ Dermal
Regeneration Template. This is not a
replacement for skin, because it is
not made from living cells. It
provides a protective covering so that
a patient’s own cells can grow. These
cells arrange themselves into a layer
similar to a normal, healthy dermis.

Sources of skin grafts

1. What are the different causes of burns?
2. What are the three layers of the skin and what do they
contain?
3. What are the different degrees of burns and which layers of
the skin do they affect?
4. What types of skin grafts are available to burn patients?

Unit 6 THE HUMAN BODY
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Chapter 17 Activity

Leg levers - Digger or Runner?
Some animals do a lot of running, while others spend a
lot of their time digging. The way the leg lever is put
together for each of these animals is different. In this
activity you will find the mechanical advantage of two
leg bones and decide which one is from a digger and
which is from a runner. For this activity, you will need
graph paper with 0.5 cm boxes, a pencil, and a
calculator.
What you will do
1. Place a piece of graph paper over the leg bone sketches
shown to the right. Trace both leg bones without moving
or lifting the paper until all the tracing is done. Begin
with the left side of each bone so it starts on one of the
graph box lines. This will make it easier to count boxes in
the next steps.
2. There are two important measurements to make when
comparing the leg levers. One measurement is the
distance from the fulcrum to the point of muscle
attachment, and the other is from the fulcrum to the
opposite end of the bone. Count how many boxes there
are from the fulcrum to the muscle attachment point and
label this on each sketch. This is the input distance.
3. Count how many boxes there are from the fulcrum to the
right side of the lever and label this on each sketch. This
is the output distance.
4. To find the mechanical advantage of each leg bone, divide
the input distance by the output distance. Your number
will be less than one.
5. Record the mechanical advantage for each leg bone beside
the sketch. There is no unit label for mechanical
advantage, because it is a ratio or comparison of
measurements.
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Applying your knowledge
The leg bone with the higher mechanical advantage can
generate more force. The leg bone with the lower
mechanical advantage can move quickly.
a. Now that you know the mechanical advantage of each leg
bone, which leg bone belongs to the digger? Explain your
answer.
b. Which leg bone belongs to the runner? Explain your
answer.
c. Levers can be set up in three different ways, depending
on where the fulcrum is in comparison to the input and
output sides of the lever. Use your textbook to review the
three types of levers. What class of lever is represented by
the digger and runner leg bones? Explain your answer.
d. Use everyday items like popsicle sticks, fasteners, and
rubber bands to model a runner leg lever and a digger leg
lever. You may use any materials you wish, but the goal
is to make a model that you can use to demonstrate the
difference in how the two leg bones generate force and
speed.

Chapter 17 Assessment
Vocabulary

Section 17.2

Select the correct term to complete the sentences.
appendicular skeleton
axial skeleton
ball and socket joint
input force
ligament
mechanical advantage
output force

bone marrow
cancellous bone
compact bone
hinge joint
muscular system
tendon

extensor
flexor
force
fulcrum
joint
periosteum

11. The fixed point where a lever rotates in called the _____.
12. The _____ is calculated by dividing the output force by the
input force.
13. Scientists use the Newton to express _____.
14. A simple machine can be used to create a large _____ with a
small _____.

Concepts

Section 17.1

Section 17.1

1.

Two muscles usually work together: the _____, which bends
the body part, and the _____, which straightens the body
part out.

1.

Explain why a human has more bones as a baby than as an
adult.

2.

What are the four major functions of the skeletal system?

2.

Inside the layers of bone, _____ makes blood cells or stores
fat.

3.

Name and describe the two parts of the skeletal system.

3.

Skull, vertebral column, ribs and sternum make up the
_____, while the bones of limbs and girdles make up the
_____.

4.

Circle the correct answers to complete the following
statement.
The (pectoral, pelvic) girdle forms the shoulders, while the
(pectoral, pelvic) girdle forms the hips.

4.

The primary function of the _____ is movement.

5.

Draw and label a cross section of bone.

5.

_____ more spongy and not quite as strong as _____.

6.

6.

The two types of _____s are fixed and moving.

Predict what might happen to a person that has a disease of
the periosteum.

7.

The _____ is a thin membrane that has blood vessels to
nourish the bone and nerves.

7.

Your skull is made up of 22 bones. All but one of the joints is
fixed. What is the one movable joint of the skull?

8.

The knee is an example of a _____, whereas the shoulder is
an example of a _____.

8.

Describe the three types of moving joints.

9.

Compare and contrast ligaments and tendons.

The strand of tough connective tissues that attaches a
skeletal muscle to a bone is called a _____.

10. When a person suffers from arthritis, their cartilage is
damaged. Why does this make movement painful?

9.

10. _____ hold bones together at joints.
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11. Label these muscle movements are voluntary or
involuntary: movement of the digestive tract, blinking of the
eye, beating of the heart, raising the forearm.
12. Muscle fibers contain thousands of _____ for energy.
a.
b.
c.
d.

endoplasmic reticulum
lysosomes
ribosomes
mitochondria

13. The quadriceps muscle is on the front of the thigh. The
hamstring muscle is on the back of the thigh. Explain what
happens to the leg when each of these muscles contracts and
relaxes.

22. How are levers classified?
23. Name and describe the three types of levers.
24. Identify each of the following levers as first, second, or third
class:
a.
b.
c.

seesaw
wheelbarrow
tweezers

25. Match these descriptions to the correct type of lever:

14. Describe the two types of exercise. Give an example of each.

a.

1st class

1.

load - effort - fulcrum

b.

2nd class

2.

load - fulcrum - effort

c.

3rd class

3.

fulcrum - load - effort

Section 17.2

15. Give three examples of different forces.
16. Look around your house and school for everyday examples of
simple machines. List at least five that you find.

26. Circle the correct answers to complete the statement. In the
human body, (bones, joints) act as levers and (bones, joints)
can serve as fulcrums.

17. What is the difference between input force and output force?

27. Pick a lever in the human body to describe. Name the class
of the lever and identify the fulcrum.

18. Draw and label a lever with these terms: fulcrum, input
force, output force.

Math and Writing Skills

19. Which of these is not a lever?

Section 17.1

a.
b.
c.
d.

pliers
wheelbarrow
ramp
human biceps and forearm

20. Circle the correct answers to complete the statement. The
side of the lever that is (longer, shorter) has the (smaller,
greater) force.
21. What is the advantage of having a longer output arm than
input arm?
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1.

Your friend tells you that bones are non-living things. Is
your friend correct? Explain.

2.

Write a persuasive paragraph about the importance of
calcium to bone development.

3.

Since cancellous bone is spongy, it weighs less than compact
bone. Predict how an organism's overall body weight would
be affected if all bones were made up of only compact bone.
How might this be a challenge?

CHAPTER 17 ASSESSMENT
4.

Bones are comprised of: 30% living tissue, cells, and blood
vessels; 45% mineral deposits; and 25% water. Create a pie
graph to show the make up of bones.

5.

A male adult's height is 3.84 times the length of his thigh
bone. If a male's thigh bone is 18.2 inches long, how is his
overall height?

6.

Design a robot that will fold the laundry. Make a sketch of
your idea and label the types of joints necessary to perform
this task.

7.

How would your life be different if your involuntary muscles
were voluntary? Write about a typical day at school if all
your muscles were voluntary.

8.

Muscles only pull - they can never push. Explain how it is
possible for the human body to push something if this
statement is true.

9.

Make a poster to show how exercise is important for
muscles.

15. Your jaw works as a lever when you bite an apple. Your arm
also works as a lever, as do many of the bones in your body.
Using the diagrams below, answer the following questions
by analyzing the changes in force and distance.

10. your brother is crazy about lifting weights! Try and convince
him to include aerobic exercise in his workout routine.
11. While you were training for track season, you reduced your
resting heart rate from 82 to 67 beats per minute through
daily exercise. How many contractions have you saved your
heart each day?
Section 17.2

12. Tim weighs 800.64 newtons. How many pounds does he
weigh?
13. Write a short story with as many examples of simple
machines as you can. Create a separate answer key so that
you can have a classmate try to find the examples.
14. Explain how rowing a boat is an example of a lever. Be sure
to identify the location of the input force, output force, and
fulcrum.

a.

b.

c.

Using the distances shown, calculate and compare the
mechanical advantage of the jaw and arm. Which is
larger?
Suppose the jaw and biceps muscles produce equal
input forces of 800N. Calculate and compare the output
forces in biting (jaw) and lifting (arm). Which is larger?
Suppose you need an output force of 500N. Calculate
and compare the input forces of the jaw and biceps
muscles required to produce 500 N of output force.
Explain how your calculation relates to the relative size
of the two muscles.
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16. A car gets stuck in the mud. The driver is using a lever to
try to get out. If the driver applies an input force of 500 N
and the mechanical advantage is 5, what is the output force?
17. Fill in these comparison statements with <, >, or =.
a.
b.
c.

If the mechanical advantage equals 1, the output force
_____ the input force.
If the output arm is less than the input force, the
mechanical advantage _____ 1.
If the mechanical advantage is less than 1, the output
force is _____ the input force.

Chapter Project
Human Body Presentation
The human body's skeletal and muscular systems are complex
and interesting, and for this project, you will choose a topic from
the list below to learn more about these systems. Choose a topic,
research it, and decide on a way to present your findings. You
may decide to write a report, create a poster, build a model,
write a poem or song, or put together a short book about what
you have learned.
Choose a topic:

18. If the mechanical advantage of a lever is 12 N and the
length of the input arm is 48 cm, what is the length of the
output arm?

•

19. You just got a job at your local home improvement store!
Your first assignment is to give a presentation on the three
types of levers. Write an informative description of the types
of levers and how they can be used to help with home
improvement projects.

•

20. Write an article for the sports section of a newspaper about
a recent sporting event of your choice. Include at least five
examples of joints as levers in your article.
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•

•
•
•

Where did the funny bone get its name, and why does it hurt
so much when you hit it?
What actually makes that sound when you crack your knuckles?
What does it mean to "pull a muscle", and what should you
do to care for this type of injury?
What is a major disease that can harm that skeletal or muscular system?
How do X-rays work?
How do doctors categorize different types of bone fractures?

1.

Research your topic and take notes on what you learn. You
must use four different sources of information, with no more
than two of them being websites. Be sure to list your
sources!

2.

Create a product, such as a report, mini-storybook, model,
poster, or something else of your choice to share what you've
learned with your classmates.

Chapter 18

Vision and Hearing
Although small, your eyes and ears are amazingly important
and complex organs. Do you know how your eyes and ears
work? Scientists have learned enough about these organs to
begin creating artificial eye and ear parts that might restore
vision and hearing to some people who have lost their ability
to see or hear. To do this, scientists and engineers must know
a lot about light and sound waves, as well as how the brain
works. Study this chapter to learn all about light and sound
waves, the brain, and even how different optical systems work
in addition to the structure and function of eyes and ears.

1. What are the components of your nervous
system?
2. How do telescopes and human eyes work?
3. How does the human ear work, and why can you
tell one voice from another, even when both say
the same word?

18.1 The Nervous System
Which body system allows you to see and hear? Which body system keeps your other
systems working properly? You are right if you guessed your nervous system. In this
section, you will learn about the components of the nervous system and how signals
are transmitted in your body.

control center of the body that
includes the brain and spinal cord.

Parts of the human nervous system

consists of nerves that connect all
areas of the body to the central
nervous system.

Central and There are two major divisions of the
peripheral nervous system. The central nervous
nervous systems system is your body’s command
center. It includes the brain and
spinal cord. The peripheral nervous
system consists of nerves that
connect all areas of the body to the
central nervous system. You can
think of the peripheral nervous
system as the “information
highway” of your nervous system.

Neurons and Your nervous system is made of
nerve impulses hundreds of billions of specialized

cells called neurons. A neuron has
three parts: the cell body, a long stalk
called the axon, and finger-like
projections called dendrites (Figure 18.1).
Neurons send signals called nerve
impulses throughout your body. A nerve
impulse is wave of electrical and chemical
activity transmitted between neurons.

390

UNIT 6 THE HUMAN BODY

central nervous system - the

peripheral nervous system -

nerve impulse - a wave of
electrical activity transmitted
between neurons.

Figure 18.1: The parts of a neuron.

CHAPTER 18: VISION AND HEARING

How your body responds to a stimulus
The withdrawal Imagine you’re relaxing on the couch, watching your favorite
reflex television show. Someone sneaks up behind you and touches the

withdrawal reflex - an

back of your neck with a wet, frosty ice cube. Before you even have
a chance to think “who did that?” your body springs into action. The
ice cube triggers an automatic response called a withdrawal reflex
that happens without a conscious decision on your part.

Sensory and A withdrawal reflex happens because nerve impulses are sent
motor nerves through the nerves in your body. When an ice cube touches the

back of your neck, sensory nerves in your skin send nerve
impulses through wire-like nerve fibers to your spinal cord. In the
spinal cord, the nerve impulse is transferred to motor nerves.
Motor nerves control muscle contractions. Impulses from your
motor nerves cause the muscles in your neck and back to contract,
jerking your body away from the ice cube. All of this happens in a
split second!

involuntary response to an outside
stimulus.

sensory nerves - nerves that
receive sensory stimuli, such as
how something feels.
motor nerves - nerves that
transmit signals to skeletal muscle,
causing movement.

A withdrawal reflex happens
automatically. A stimulus like cold
or hot can trigger this response.
Write a reflection about a time you
experienced a withdrawal reflex.
What caused the withdrawal reflex
(the stimulus)? How did your body
respond? How did you react
afterwards?

18.1 THE NERVOUS SYSTEM
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How a nerve impulse works
Electrical and A withdrawal reflex starts when sensory nerves in your skin
chemical signals receive a stimulus from outside the body. That stimulus starts a

nerve impulse along the cell membrane. When a neuron is at rest,
the inside of the cell membrane is electrically negative compared
with the outside. Figure 18.2 illustrates
how a nerve impulse works.
1. The stimulus causes the cell membrane
to open channels that let positivelycharged particles into the cell. The
inside of the cell becomes positively
charged compared with the outside.
2. Other channels open and let positivelycharged particles out of the cell. As they
leave, the inside of the cell membrane
once again becomes negatively-charged
compared with the outside.
3. The nerve impulse travels down the
axon like dominoes falling. When the
impulse reaches the end of the axon,
chemicals are released and picked up by
a neighboring neuron, causing the
nerve impulse to continue.

Non-stop nerve Each second, your body fires off about five trillion nerve impulses.
impulses Your emotions, decisions, and physical actions all happen

through nerve impulses traveling through neurons in your
brain, spinal cord and nerves. A single neuron can have up to
ten thousand dendrites connecting to other neurons. It is
estimated that just one cubic millimeter of brain tissue contains a
billion connections between cells!
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Figure 18.2: A nerve impulse is a

combination of electrical and chemical
signals.

CHAPTER 18: VISION AND HEARING

The brain
What is the The brain is the processing and control center of your nervous
brain? system. The brain and spinal cord are made of tissues called gray

and white matter. Gray matter is mostly made up of the cell bodies
of neurons. White matter is mostly made up of the axons coming
from those cell bodies. In general, grey matter makes up the parts
of the brain responsible for information processing. White matter is
responsible for transmitting nerve impulses.

The brain has The three parts of the brain are the cerebrum, the cerebellum, and
three parts the medulla (Figure 18.3). These parts are all connected but each
part has its own function.

The cerebrum The largest part of your brain is the dome-shaped cerebrum. The
cerebrum controls voluntary movements and the senses (touch,
taste, smell, vision, hearing). It also allows you to think, talk, solve
problems, and imagine. The cerebrum is divided into two halves
called hemispheres. The right hemisphere controls the left side of
the body and the left hemisphere controls the right side of your
body! But both sides are involved in most activities.

The cerebellum The cerebellum provides feedback on the position of the body in
space. It receives sensory information and sends nerve impulses to
different skeletal muscles to keep you balanced. The cerebellum is
located underneath the back of your cerebrum.

The medulla The medulla is the part of the brain that controls your spinal cord.
It also controls your involuntary breathing, heart rate, blood
pressure, and some other involuntary activities. It receives sensory
input from the heart and blood vessels and sends nerve impulses
back to those organs to control their function. The medulla is
located underneath the cerebrum and in front of the cerebellum.

Figure 18.3: The three parts of the
brain and some of their functions.

cerebrum - the part of the brain
that controls voluntary
movements, the senses, and
thought.

cerebellum - the part of the brain
that keeps the body in balance.

medulla - the part of the brain
that controls the spinal cord and
many involuntary activities like
breathing and heart rate.
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18.1 Section Review
1. Define each category of the nervous system:
a. central nervous system
b. peripheral nervous system
2. Explain how a nerve impulse is both electrical and chemical.
3. Classify each as voluntary, involuntary, or both. If the action
can be both, explain how.
a. the beating of your heart muscle
b. breathing
c. raising your arm
d. lifting a rock
e. blinking your eyes
f. movement of muscles in your digestive system
4. The diagram below shows a neuron. Name the function of each
of its parts.

5. The brain and spinal cord are made of two tissues. Name those
tissues and explain their function.
6. Match each brain structure to one of its functions.
Structure
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Function

1. medulla

a. controls involuntary breathing

2. cerebrum

b. detects the position of the body in space

3. cerebellum

c. controls imagination
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Measuring how fast someone
responds to what they see
1. Hold a ruler near the end
(highest number) and let it
hang down.
2. Have a partner put their hand
at the bottom of the ruler and
ready to grab it. They should
not be touching the ruler.
3. Tell your partner that you will
drop the ruler sometime within
the next 5 seconds. They
should catch the ruler as fast
as they can after it is dropped.
4. Record the place on the ruler
where they catch it, in cm.
5. Test the same person 3 to 5
times. Vary the time of
dropping the ruler within the 5
second "drop-zone" so the
other person cannot guess
when you will drop the ruler.
6. Design an experiment to test
one of the following questions:
• Does the amount of light affect
response?
• Who responds faster, girls or
boys?
• Does age affect response?
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18.2 Vision
In Chapter 4, you learned how a microscope uses light to form magnified images. The
human eye also uses light to form images. Every time you see something, light is
involved. In complete darkness, you cannot see anything! In this section, you will
explore how human vision works.

The human eye

Review Section 4.3 to refresh your
memory about light. Write down
the following terms and their
meanings: light ray, reflection,
refraction, lens, focal point,
focal length.

You see the world Figure 18.4 shows what happens when you see this page. Light
by reflected light rays in the room reflect off the page and into your eyes. The

reflected light carries information that allows your brain to form an
image of the page. If you were in a room with no light, you would
not be able to see this page because it does not give off its own light.
You see many objects because they reflect light

How the eye The eye is the sensory organ used for vision. You learned about the
works mammalian eye in Chapter 15. The structures of the human eye
are similar to the eyes of other mammals.

Light passes through the cornea and
enters the eye through the pupil. It
passes through the lens and is refracted
to a focal point on the retina.
The retina contains light-sensitive cells
called photoreceptors. Photoreceptors
convert light into nerve impulses that
travel through the optic nerve to the
visual cortex of the brain. The visual
cortex interprets the light as an image.

Figure 18.4: What happens when
you see this page.

photoreceptors - light-sensitive
cells of the retina that convert light
into nerve impulses.

optic nerve - a nerve that carries
nerve impulses from the eyes to
the brain.
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Seeing an image
How does light Light enters the eye through the pupil. The pupil is an opening
enter the eye? created by the iris, the pigmented part of the eye. A ring of

muscles causes the iris to open or close to change the size of the
pupil. When there is a lot of light, the iris closes and pupil gets
smaller. When the light is dim, the iris opens up and the pupil gets
larger (Figure 18.5).

The lens forms An image is a picture of
an image an object formed where

light rays meet. In
Chapter 4 you learned
that a convex lens
refracts light rays to a
focal point. The lens in
your eye refracts light
rays to a focal point on
the retina called the fovea. The fovea is the spot on the retina
where the image forms. Since the lens in your eye is a single lens,
the image formed on the retina is actually upside down! Your
brain interprets the image as right-side up so you don’t notice.

Focusing The lens in your eye has a feature that makes it different from the
lenses you use in a science lab. The lens in your eye is flexible.
Small muscles around the edge cause the lens to stretch and
change its shape. When the lens changes its shape, so does the
focal length. This allows you to focus on objects close by and also
on objects further away (Figure 18.6). The cornea is the
transparent front part of the eye that covers the iris and pupil.
The cornea works with the lens to refract light and helps the eye to
focus. But unlike the lens, the curvature of the cornea is fixed.
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Figure 18.5: The pupil of the eye gets
smaller in bright light and larger in
dim light.
Lens
Light
Longer focal length
Lens
Light
Shorter focal length

Figure 18.6: The lens of your eye can
change shape to change its focal length.

pupil - the hole in the eye through
which light enters.
image - a picture of an object
formed where light rays meet.
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How the human eye sees color
How we see color In Chapter 6, you learned that light is part of a range of waves
called the electromagnetic spectrum. Color is how we
perceive the energy of light. All of the colors of visible light have
different energies. Red light has the lowest energy and violet light
has the highest energy. As you move through the spectrum of
visible light from red to violet, the energy of the light increases
(Figure 18.7).

Cone cells Our eyes have two types of photoreceptors: cone cells and rod cells.
respond to color Cone cells respond to color (Figure 18.8) and there are three types.

Figure 18.7: Color is how we
perceive the energy of light.

One type responds best to red light. Another type responds best to
green light and the last type responds best to blue light. We see a
wide range of colors depending on how each kind of cone cell is
stimulated. For example, we see white light when all three types of
cones (red, green, blue) are equally stimulated.

Rod cells Rod cells respond only to differences in light intensity, and not to
respond to light color (Figure 18.8). Rod cells detect black, white, and shades of
intensity gray. However, rod cells are more sensitive than cone cells
especially at low light levels. At night, colors seem washed out
because there is not enough light for cone cells to work. When the
light level is very dim, you see “black and white” images
transmitted from your rod cells.

How rod and An average human eye contains about 130 million rod cells and 7
cone cells work million cone cells. Each one contributes a “dot” to the total image
together assembled by your brain. The brain evaluates all 137 million “dots”
about 15 times each second. The cone cells are concentrated near
the center of the retina, making color vision best at the center of
the eye’s field of view. Each cone cell “colors” the signals from the
surrounding rod cells.

Figure 18.8: Cone cells and rod cells.

cone cells - photoreceptors that
respond to color
rod cells - photoreceptors that
respond to light intensity.
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How color is perceived
The additive Our eyes work according to an additive color process — three
color process photoreceptors (red, green, and blue) in the eye operate together so
that we see millions of different colors. The color you “see” depends
on how much energy is received by each of the three different
types of cone cells. The brain thinks “green” when there is a strong
signal from the green cone cells but no signal from the blue or red
cone cells (Figure 18.9).

How we perceive We perceive different colors as a
color combination of percentages of the three

additive primary colors: red, green,
and blue. For example, we see yellow
when the brain gets an equally strong
signal from both the red and the green
cone cells at the same time. Whether
the light is actually yellow, or a
combination of red and green, the
cones respond the same way and we
perceive yellow. If the red signal is stronger than the green signal
we see orange (Figure 18.10). If all three cones send an equal
signal to the brain, we interpret the light we see as white.

Figure 18.9: If the brain gets a

signal from only the green cone, we see
green.

Two ways to see The human eye can see any color by adding different percentages
a color of the three additive primary colors. Mixing red and green light is

one way the eye sees the color yellow or orange, for example. Keep
in mind that you perceive these colors even though the light itself
is still red and green. You can also see pure yellow light or orange
light that is not a mixture of red and green. For example, sodium
street lights produce pure yellow light, not a mixture of yellow and
green.
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Figure 18.10: If there is a strong red
signal and a weak green signal, we see
orange.
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Color blindness
Not everyone You may be surprised to learn that all people do not see color the
sees color the same way. A condition called color blindness affects about 8 percent
same way of males and 0.4 percent of females. This means that about one out
of every 13 men has color blindness and about one out of every 250
women has color blindness.

Color blindness Although color blindness can be caused by eye disease, it is most
is inherited often an inherited condition. More males than females have color

blindness because of how the genes that determine our sex are
inherited. Males have a X and a Y chromosome; females have two X
chromosomes. The color blindness alleles are on the X chromosome
which males receive only from their mothers; they receive the Y
chromosome from their fathers. Because females receive two X
chromosomes, they have two chances to inherit the alleles for
normal color vision.

What is color People who are color blind have trouble seeing certain colors. The
blindness? most common condition is red-green color blindness (Figure 18.11).
People with this type of color blindness have trouble seeing reds
and greens. Less common is blue-green color blindness. Complete
color blindness means that the person can only see shades of gray.
Fortunately, this condition is rare.

Living with color It is easy to lead a normal life with color blindness. Having color
blindness blindness just means that an individual must look for ways to

adapt to situations where color is involved. For example, color is
extremely important when driving because traffic lights and street
signs are color-coded. Fortunately, in most states, the traffic lights
are vertical and the colors are in the same position—red on top,
yellow in the center, and green on the bottom.

Figure 18.11: This graphic
illustrates how red-green color
blindness affects seeing a traffic light.
The top of the graphic shows what the
traffic light looks like with normal color
vision. The middle and bottom graphic
show what a traffic light looks like with
two of the common forms of color
blindness.
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18.2 Section Review
1. Match the parts of the eye to their functions:
Structure

Function

1. iris

a. hole through which light enters

2. cornea

b. opens or closes to change the pupil

3. lens

c. respond to light intensity

4. retina

d. convert light into nerve impulses

5. photoreceptors

e. refracts light and can change shape

6. optic nerve

f. refracts light and helps the lens focus

7. rod cells

g. respond to color

8. pupil

h. sends nerve impulses to the brain

9. cone cells

h. inner surface where light rays land

2. Match the structures in question 1 to the letters on the
diagram in Figure 18.12.
3. Fill in the table below:
Colors of light mixed

Color you see

red + green
red + blue
green + blue
red + green + blue

4. What is color blindness? Why is it more common in males than
in females?
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Figure 18.12: Use the diagram
above to answer question 2.
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18.3 Optics
Optics is the study of how light behaves. It is helpful to think about optics in terms of
objects and images. Objects are real physical things that give off or reflect light rays.
Images are “pictures” of objects that are formed in space where light rays meet.
Images are formed by our eyes, and by mirrors, lenses, prisms, and other optical
devices (Figure 18.13). Images are not objects you can touch; they are just illusions
created by organizing light collected from objects. You learned how lenses refract
light in Chapter 4. In this section, you will learn about how lenses and mirrors create
images.

Review the following terms from
Section 4.3:
lens, convex lens, concave lens,
microscope

Images
How images are Each point on an object gives off light rays in all directions. That is
created why you can see an object from different directions. Images are

created by collecting many light rays from each point on an object
and bringing them back together again in a single point (the focal
point). For example, a camera works by collecting the rays from an
object so they form an image on the film. In the diagram below
many rays from a part of the bridge railing are focused to a single
point by the camera lens, forming the image of that part of the
railing. A camera captures some but not all of the light rays. This is
why a photograph only shows one side of an object — you can’t turn
a photograph over and see the back of any object!

Figure 18.13: You see the tree
because light from the tree reaches your
eye. The image of the tree in a telescope
is not the real tree, but instead is a
different way of organizing light from
the tree. A telescope organizes the light
so that the tree appears bigger but also
upside down!

optics - the study of how light
behaves.
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Virtual and real images
Seeing your If you stand in front of a flat mirror, your image appears the same
reflection distance behind the mirror as you are in front of the mirror
(Figure 18.14). If you move back the image seems to move back
too. If you raise your left hand, the hand on the left side of the
image is raised. How does this happen?

Virtual images The image in a mirror is called a virtual image. In a virtual image,
light rays do not actually come together to a focal point to form the
image. They only appear to come together. The virtual image in a
flat mirror is created by your eyes and brain. Your brain “sees”
where you would be if the light rays reaching your eye had come in
a single straight line. Because the light rays do not actually meet,
a virtual image cannot be projected onto a screen or on film.
Virtual images are illusions created by your eye and brain.

A converging A convex lens can form a real image (diagram below). In a real
lens forms a real image, light from a single point on an object comes back together
image at a single point in another place to make an image. The place
where light comes back together again is called the focus. The
focus is where you see the image clearly. Real images can be
projected onto a screen or film as shown below.
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Figure 18.14: An image in a flat

mirror.

virtual image - an image where
light rays do not actually come
together to form the image.

real image - light from a single
point on an object comes back
together at a single point in
another place to make an image.

CHAPTER 18: VISION AND HEARING

Optical systems
What is an optical Optical systems are built from lenses, mirrors, and prisms. Optical
system? systems do two things. First, an optical system collects light rays.

Second, the system changes the light rays to form an image. A
camera is an optical system that collects light to record an image.
Your eye is also an optical system. A photocopy machine is another
optical system. The more light an optical system collects, the
brighter the image it can form.

A pinhole camera A pinhole camera is a simple optical system (Figure 18.15). You can
make a pinhole camera by poking a pinhole through a box. No
image forms on the front of the box because rays from many points
of the object reach the same point on the box. An image does form
inside the box, however. The image inside the box forms because
light rays that reach a point on the box surface are restricted by the
pinhole to come from only a pinhole-sized point on the object.

A lens makes the The image formed by a pinhole is very dim because the pinhole is
image brighter small and does not allow much light to come through. The image

formed by a lens is brighter because a lens is larger and collects
more light (Figure 18.15). Each point on the image is formed by a
cone of light collected by the lens. With a pinhole, the cone is much
smaller and therefore the image has a much lower light intensity.

Larger lenses The larger the lens, the brighter the image. This is because a larger
make brighter lens collects more light rays. Compared to smaller lenses, larger
images lenses can make good images with less light. That is why

inexpensive cameras with small lenses need a flash to take pictures
indoors. The small lens does not capture enough light by itself.

Figure 18.15: The images formed by
a pinhole camera and a lens are
different in brightness because different
amounts of light are collected to form
each point in the image.
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How telescopes work
Lenses can form In addition to real images, lenses can also form virtual images. For
virtual images example, a convex lens used as a magnifying glass creates an
image that is virtual and larger than life (magnified). Light is
refracted by the lens so that it appears to come from a much larger
object (Figure 18.16).

A magnifying A magnifying glass is a single convex lens. A magnified virtual
glass image forms when you look at an object that is closer than one

focal length from the lens. If the object is farther than one focal
length you see a real image that is smaller than actual size (and
upside down). The focal-length limit is why magnifying glasses
should be held fairly close to the objects you are looking at.

The refracting To get higher magnification, microscopes and telescopes use more
telescope than one lens. A refracting telescope has two convex lenses with
different focal lengths. The lens with the shorter focal length is
nearer to the eye.

Figure 18.16: A magnifying glass
forms a virtual image that is larger and
appears behind the lens.

Reflecting Because large lenses are nearly impossible to make, most modern
telescope telescopes use a concave mirror instead of one lens. The diagram

shows a reflecting telescope, much like the one used by the Hubble
Space Telescope and almost all astronomical observatories
(Figure 18.17).
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Figure 18.17: The light rays in a
reflecting telescope.
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18.3 Section Review
1. If an object is 1 foot away from a mirror, how far behind the
mirror surface does the image appear to be? Is this image a real
or virtual image?
2. What is the difference between a real and virtual image?
3. Mirrors and lenses both produce images your eyes can see. How
are mirrors and lenses similar? How are they different?
4. Copy the diagram below on your paper. Using a ruler, draw the
path of the light rays from the object to the image in the
diagram below.

Object

Converging
lens

Image

Make a concept map using the
following terms:
lens
refraction
reflection
light ray
optical system
eye
camera
telescope
virtual image
real image
mirror
convex lens
concave lens

5. Is the image in the diagram above a virtual image or a real
image? Explain your answer.
6. Why do ambulances often have the letters for “AMBULANCE”
reversed on the front of the vehicle?
7. Why do some optical systems use more than one lens?
8. Explain how a lens can form both virtual and real images.
9. Is the image of the brine shrimp in Figure 18.18 a virtual image
or a real image? Explain your answer.
Figure 18.18: Use this picture to
answer question 9.
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18.4 Hearing
Like light, sound is a wave. A wave is a vibration that transfers energy from place to
place. Your eyes can detect light waves. You cannot see sound waves with your eyes.
Instead, you “see” them with your ears! In this section, you will learn about sound
and how the ear detects it.

wave - a vibration that transfers
energy from place to place.

frequency - the number of
vibrations per second.

What is sound?
Sound is a wave Sound waves are pressure waves with alternating high and low
pressure regions. A sound wave is created when something
vibrates—like a speaker playing music. If you touch the surface of
the speaker, you can feel the vibrations that create a sound wave.
Those vibrations transfer energy to the surrounding air molecules.

How a sound Air molecules are spread very far apart and are in constant,
wave is created random motion (Figure 18.19). When they are pushed by the

vibrations, it creates a layer of higher pressure (Figure 18.20).
That layer pushes on the next layer, which pushes on the next
layer, and so on. The result is a traveling vibration of pressure—a
sound wave. The molecules in a sound wave are compressed in the
direction that the wave travels.

Frequency The frequency of a sound wave is the number of vibrations per
second. Wave frequency is measured in hertz (Hz). A wave with a
frequency of 1 hertz vibrates at one vibration per second.
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Figure 18.19: Air is made of
molecules in constant, random motion.

Figure 18.20: At the same
temperature, higher pressure contains
more molecules per unit of volume than
lower pressure.
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Properties of sound
Pitch The pitch of a sound is how we hear and interpret its frequency. A
low-frequency sound has a low pitch, like the rumble of a big truck
or a bass guitar. A high-frequency sound has a high pitch, like the
scream of a whistle or siren. The range of frequencies humans can
hear varies from about 20 hertz to 20,000 hertz.

pitch - how humans hear and
interpret the frequency of sounds.

Loudness The loudness of a sound is measured in decibels (dB). The decibel is
unit used to express relative differences in the loudness of sounds.
The decibel scale compares the loudness of sounds. Most sounds fall
between zero and 100 on the decibel scale. The diagram below
compares the loudness of some sounds on the decibel scale.

frequency Why is it easy to recognize one person’s voice from another, even
spectrum when people are saying the same word? The reason is that voices

Figure 18.21: The frequencies in
three people’s voices as they say the word
“hello.”

have different mixtures of frequencies. A frequency spectrum is a
graph showing the different frequencies present in a sound.
Loudness is on the vertical axis and frequency is on the horizontal
axis. Figure 18.21 shows the frequencies of the voices for three
individuals saying “hello.”
18.4 HEARING
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How the ear works
The outer ear The parts of the ear are shown in Figure 18.22. The outer ear helps
collect sound waves and directs them into the middle ear. Some
mammals can move their outer ears to detect the direction of
sound. You must turn your head. The outer ear funnels sound
waves into the ear canal which leads to the middle ear.

The middle ear The middle ear is an air-filled cavity that consists of the eardrum
Malleus

Incus

Cochlea

Eardrum

Stapes

and three tiny, interconnected bones: the maleus, incus, and stapes
(shown left). The eardrum is a tightly stretched membrane that
vibrates as the sound wave reaches it. The eardrum vibrates at the
same frequency of the sound wave. Being connected to the maleus,
the movements of the eardrum set the maleus, incus, and stapes
into motion at the same frequency of the sound wave.

The inner ear The stapes is connected to the cochlea of the inner ear. The inner
ear has two important functions: providing our sense of hearing
and our sense of balance. The three semicircular canals near the
cochlea are also filled with fluid. Fluid moving in each of the three
canals tells the brain whether the body is moving left-right, updown, or forward-backward. The cochlea is a tiny fluid-filled
cavity in the inner ear that contains nerve endings essential to
hearing.

The cochlea The stapes vibrates against the cochlea. Fluid in the spiral of the
cochlea vibrates and creates waves that travel up the spiral. The
spiral channel starts out large and gets narrower near the end.
The nerves near the beginning respond to lower-frequency sound.
The nerves at the small end of the channel respond to higherfrequency sound. Neurons in the cochlea convert the waves into
nerve impulses and send them to an area of the brain that
interprets sound.
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Figure 18.22: The parts of the

human ear.

cochlea - a spiral-shaped, fluidfilled cavity of the inner ear that
contains nerve endings essential
to hearing.
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18.4 Section Review
1. What is a wave? Why is sound a wave?
2. Explain why sound waves are described as pressure waves.
3. Two containers of equal volume are stored at the same
temperature. Container A contains air under higher pressure
than the air in container B. Which container has more
molecules of air?
4. What is the frequency of a wave? What is the unit of frequency?
5. Which has a higher pitch, a bass guitar or a screaming voice?
6. What is a decibel? How are decibels used?
7. Based on experience, arrange the following sounds from lowest
to highest on the decibel scale:
a. a library
b. a school band concert
c. a barking dog from 10 feet away
d. a whisper

Light waves have very small
wavelengths that are measured in
nanometers. A nanometer is onebillionth of a meter. The
wavelength of sound waves is
measured in meters. The
frequency of a wave is inversely
related to its wavelength. Answer
the questions below:
1. Which have higher frequencies,
light waves or sound waves?
2. Arrange the following
frequencies from longest to
shortest wavelength: 500 Hz,
10 Hz, 20,000 Hz, 55 Hz.

8. Match each structure of the ear to its function:
Structure

Function

1. stapes

a. converts sound waves to vibrations

2. cochlea

b. transfers vibrations from ear drum

3. outer ear

c. vibrates against the cochlea

4. ear drum

d. gathers sound waves

5. maleus

e. directs sound waves to the ear drum

6. semi-circular canals

f. help you stay in balance

7. ear canal

g. contains a fluid that vibrates

18.4 HEARING
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Chapter 18 Connection

Keeping Things in Focus
So gradually that you might not have noticed, you find you
have trouble reading numbers or writing on the classroom
chalkboard. Or a friend points to a sign down the hall, but
you cannot quite make out what it says. What is happening?
Maybe you are becoming
nearsighted.
Nearsightedness is common,
affecting one in four people,
and most often developing
during school age and
adolescence. If you are
nearsighted, objects near you
are clear, but objects at some
distance are blurry. This
occurs when light rays
entering the eye are focused
imperfectly, either because the
eyeball is too long or because
the cornea bulges. In the
normal eye, light rays passing
through the cornea and lens
are focused perfectly, reaching
the retina and creating clear
images.
Science has made it easy to
correct nearsightedness with
glasses or contact lenses. The
lenses may have to be changed
a few times as a child grows,
but nearsightedness usually
stabilizes in a person’s early
twenties.
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Vision is an amazing process. Light reflects off objects all
around us. When we look at an object, reflected light enters
our eyes. That light is focused and hits the retina, the
innermost layer of the eye, the light-sensing area at the back
of the eye. In the retina, light energy is converted to
electrical impulses that our brains interpret as vision.
When vision is normal,
Nearsightedness
the light image is in
Concave lens
focus when it hits the
retina. In the eyes of a
nearsighted person, the
image focal point is in
front of the retina. The
image is out of focus by
the time it reaches the
retina. The brain sees a
fuzzy image. Corrective
lenses change the focal
Concave
point of the image so
lens
that it is in focus when
it reaches the retina.
Farsightedness
Wearing glasses or
Convex lens
contacts, nearsighted
people can see as
clearly as people with
normal vision.

Looking at
farsightedness
You have almost
certainly seen someone
- your teacher, a parent
Convex
or grandparent - reach
lens
for their glasses to read
the fine print on something. If a person

Retina

Focal
point

Retina

Focal
point

has trouble focusing on objects that are close, that person is
farsighted. Many people become farsighted later in life. The
eye shortens, changing the focal point of light entering the
eye. The light entering the eye is focused behind the retina.
Farsighted people have difficulty clearly seeing objects that
are close; they look fuzzy or blurry. This is the opposite of
what people who are nearsighted experience, when they are
unable to focus clearly on objects in a distance.

Reading the “E”
Dr. F. Todd Perzy, an
optometrist, uses a
variety of tests to
examine people’s eyes.
One of the most common
tests is reading an eye
chart. With the lights
dimmed, the patient
focuses on a large
target, like the “E” on
the chart. The doctor
shines a light into the
patient’s eyes and flips lenses in a machine

An eye doctor, be it an optometrist or an ophthalmologist,
also checks the overall health of the eye. He shines light into
the patient’s eye and examines each part from front to back.

Advances in vision correction
Glasses and contact lenses are no longer the only way to
correct vision. Today, LASIK (an acronym for laser-assisted
in situ keratomileusis) is the most popular. This eye surgery
reduces or eliminates the need for glasses in people who are
nearsighted or farsighted. Since 1995, approximately 3
million Americans have had some type of laser eye surgery.
But even with the advancements in laser surgery, more than
half the people in the United States still wear some type of
corrective lens.

Questions:
1. Explain what happens to images in the eye when a person is
farsighted.
2. Explain what happens to images in the eye when a person is
nearsighted.
3. What is the difference between a concave lens and a convex
lens?

Unit 6 THE HUMAN BODY

Chapter 18 Connection

Both conditions can be
remedied with corrective
lenses. With a nearsighted
person, a concave lens, or a
lens that curves inward, bends
the light so that the focal point
is in front of the lens. When the
image reaches the retina, it
will be in focus. With someone
who is farsighted, a convex
lens, or a lens that curves
outward, bends the light so that the focal point is behind the
lens. Here, too, when the image reaches the retina, it will be
in focus.

positioned in front of each eye. Depending on how the light
reflects from the patient’s eyes, Dr. Perzy can start to
determine the necessary corrective measures.
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Human Ear Model
Ears are truly amazing organs. The ear picks up mechanical
sound waves (vibrating air molecules) and translates the
vibrations into signals that the brain can understand. In this
activity you will build a model of the ear. Then, you will
figure out how the model works. Finally, you will relate the
parts of your model to the parts of a human ear.

8. To operate your ear model, insert the noisemaker into the
can from the open end so that it is very close to the
balloon covering, but not touching it or any part of the
can. Without moving any part of the model, blow into the
noisemaker and watch what happens to the floating ball.

Chapter 18 Activity

To build your model, you will need:
•
•
•
•
•
•

2 plastic cups
1 empty potato stick can
1 balloon
1 index card
1 small lightweight ball (Styrofoam or hollow plastic)
1 party noisemaker

What you will do
1. Carefully cut off the bottom of the potato stick can so
the can is open at both ends.
2. Cut off the neck of the balloon and stretch it over one
end of the can; secure with tape. Make sure the balloon is
stretched as tightly as possible.
3. Cut a strip of index card that is 0.5 cm wide.
4. Tape one end of the index card strip to the ballooncovered end of the can
5. Tape the other end of the index card strip to the
lightweight ball.
6. Tape the entire can/balloon/paper/ball assembly to an
upside-down cup.
7. Fill the second cup with water and place it under the ball
so the ball floats on top of the water.
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Applying your knowledge
a. What causes the floating ball to move?
b. Make a sketch of your ear model and label the parts of
the model that represent the: outer ear, eardrum
middle ear bones, inner ear/cochlea.
c. Do Internet or library research on three different
causes of hearing loss.
d. Do Internet or library research on new devices called
cochlear implants that allow hearing impaired people
to hear sounds for the first time. How do the implants
work?

Chapter 18 Assessment
Vocabulary
Select the correct term to complete the sentences.
central nervous system
cone cells
frequency
nerve impulse
peripheral nervous system
rod cells
wave

cerebellum
cerebrum
cochlea
optic nerve
photoreceptors
pupil
sensory nerves
withdrawal reflex

image
medulla
motor nerves
optics
pitch
real image
virtual image

8.

_____ are photoreceptors that respond to color, while _____
are photoreceptors that respond to light intensity.

9.

Even though the _____ formed in the retina is upside down,
your brain interprets it as right side up.

10. The retina contains light sensitive cells called _____.
Section 18.3

11. A mirror creates a _____, whereas a converging lens can
create a _____.
12. The study of how light behaves is called _____.
Section 18.4

Section 18.1

13. _____ is measured in Hertz (Hz).

1.

14. The _____ is how humans hear and interpret the frequency
of sounds.

The three parts of the brain are: the _____, which controls
involuntary actions; the _____, which controls voluntary
movements and the senses; and the _____, which provides
feedback on the position of the body.

15. Your ear detects sound _____.
16. Neurons in the _____ convert waves into nerve impulses and
send them to the brain.

2.

A wave of chemical and electrical activity transmitted
between neurons is called a _____.

3.

_____ send nerve impulses through wire-like nerve fibers to
the spinal cord, while _____ control muscle contractions.

Concepts

4.

An example of a _____ is when someone pulls their hand
back from a hot plate.

1.

5.

The two divisions of the nervous system are the _____, which
is the command center, and the _____, which is the
“information highway.”

Section 18.2

6.

The iris opens and closes to change the size of the _____
depending on the amount of light available.

7.

The _____ carries nerve impulses from the eyes to the brain.

Section 18.1

Which division of the nervous system includes these parts?
a.
b.
c.

brain
nerves throughout the body
spinal cord

2.

What are the three parts of a neuron?

3.

Which of these is not a withdrawal reflex?
a.
b.
c.
d.

pulling hand back from a hot pan on the stove
taking foot out of cold pool water
shivering on a cold day at the bus stop
none of the above
CHAPTER 18 VISION AND HEARING
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4.

What is the difference between sensory and motor neurons?

10. Explain why injuries to the medulla are often fatal.

5.

Put the following events of a withdrawal reflex in the correct
order:

11. A stroke results from a clot in the brain that typically
results in paralysis. If a person was unable to move their left
arm and left leg after a stroke, predict which side of the
brain the clot most likely occurred in. Explain your
prediction.

a.
b.
c.
d.
e.
f.
g.
6.

7.

inside of the cell membrane becomes positively charged
sensory nerves in skin receive stimuli
inside of the cell membrane becomes negatively charged
again compared to the outside
chemicals are released to pass on the nerve impulse to
the neighboring neuron
impulse travels down the axon to the end
other channels open to let out positively charged
particles
stimulus causes cell membrane to open channels to let
in positively charged particles

Certain drugs inhibit the release of chemicals from the
axons of nerve cells. How may these drugs affect the
transmission of nerve impulses?
Identify the correct part of the brain for each description:
a.
b.
c.
d.
e.
f.
g.
h.
i.

largest part
controls the spinal cord
keeps body balanced
located under the back half of the cerebrum
divided into two halves called hemisphere
located in front of the cerebellum
controls voluntary movement
receives input from the heart and blood vessels
controls the senses

8.

Infer which part of the brain is responsible for coughing and
sneezing. Explain your choice.

9.

What symptoms might indicate that a person’s cerebrum
has been injured?
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Section 18.2

12. How is light critical to vision?
13. Explain how light travels through the eye.
14. What happens to the iris and the pupil in these situations?
a.
b.
c.

a person leaves the movie theater on a sunny afternoon
a person goes inside after soccer practice on a sunny
morning
the light is turned on when a person is napping in a
dark room

15. How does your eye focus on objects?
16. Which color has the most energy? Which color has the least
energy?
17. What are the two types of photoreceptors? Describe their
functions.
18. Which works better in dim light - rods or cones? Explain.
19. Why is color vision best at the center of the field of view?
20. What is the additive color process?
21. Which of these is not a primary color?
a.
b.
c.
d.

white
green
blue
red

CHAPTER 18 ASSESSMENT
22. Explain how the design of traffic lights helps people with
color blindness.
Section 18.3

23. Which of the following terms relates to optics?
a.
b.
c.
d.

image
focal point
light rays
all of the above

24. Explain how a camera captures an image.
25. Of the lenses shown to the
right, which has the shorter
focal length?

Lens A

Math and Writing Skills
Section 18.1

1.

Write a short story that has three examples of withdrawal
reflexes. Do not mark your examples so that a classmate
may try to identify the examples in your story.

2.

The average human brain weighs 1.3 kilograms. If 1
kilogram is equivalent to 2.21 pounds, how many pounds
does the average human brain weigh?

3.

A nerve impulse can travel at the speed of 120 kilometers
per second. Electricity can travel at 300,000 kilometers per
second. How many times faster do electric impulses travel
than nerve impulses?

Lens B

26. What is an optical system?
Describe their two functions.

Section 18.2

4.

In the average eye, 130 million of the photoreceptors in the
eye are rod cells, while 7 million of the photoreceptors are
cone cells. What percent of photoreceptors are rod cells?
What percent are cone cells?

5.

If the brain evaluates all 137 million dots created by
photoreceptors every fifteen seconds, how many times does
the brain scan all the dots in a minute? In an hour? In a
day?

27. Why does a lens give a brighter image than the hole in a
pinhole camera?
28. What are the two types of telescopes? Explain the difference.
Section 18.4

29. How are sound and light similar? How are they different?
30. Describe how sound is created.
31. What are two properties of sound? Describe each property.

Section 18.3

32. How can you recognize different people’s voices?

6.

Look around your house and school to find examples of how
optics affect your daily life. Write a paragraph describing
the ways that optics impact you each day.

7.

Write a short story that includes at least five examples of
real and virtual images. Do not indicate your examples in
the story so that a classmate can try to identify your
examples as real or virtual images.

8.

Choose an optical system to describe in detail including how
it works.

33. Why is being able to move their ears a helpful adaptation for
some mammals?
34. Explain why a person should never stick a sharp object in
their ear.
35. Why can an infection in the inner ear cause a person to lose
their balance?

UNIT 6 THE HUMAN BODY
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1.

Section 18.4

9.

Write short play that explains how a sound wave travels
through the ear. Include how the sound wave affects the
different parts of the ear.

magenta

10. Imagine that you are a town representative that is in charge
of setting local noise level laws. Propose what you believe
would be a reasonable maximum decibel limit. Explain your
proposal.

yellow

11. A noise creates 10,000 vibrations in 2 seconds. What is the
frequency of this sound in Hertz?
12. The speed of sound is 340.29 m/s. The speed of light is
299,792,458 m/s. Given these speeds, how much faster is
light than sound? How does this explain why you see
lightening before you hear thunder?

Chapter Project
Color models
Our eyes work according to an additive color process. Three
photoreceptors (red, green, and blue) in the eye operate together
so that we see millions of different colors. Color printers work
according to a subtractive color process. Three different pigments
or inks (cyan, magenta, and yellow) combine to make millions of
different colors. In this project, you will combine cyan, magenta,
and yellow clay or paint to produce the colors red, blue, and
green. You will need:
•
•
•
•

Polymer clay or tempera paint in the colors cyan, magenta,
and yellow
One sheet of construction paper or poster board
Paintbrush and water (if using paint)
Ruler and pencil
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Create a blank color chart on your construction paper or
poster board like the one below. DO NOT write the words in
the boxes.

cyan

Mix magenta
and cyan, with
more magenta
than cyan
Mix yellow and
magenta, with
more yellow
than magenta
Mix cyan and
yellow, with
more cyan than
yellow

Mix equal parts
of magenta and
cyan
Mix equal parts
of yellow and
magenta
Mix equal parts
of cyan and
yellow

Mix cyan and
magenta, with
more cyan than
magenta
Mix yellow and
magenta, with
more magenta
than yellow
Mix cyan and
yellow, with
more yellow
than cyan

cyan

magenta

yellow

2.

On the boxes of the table that contain a color name, paint
that box with the pure color of paint or fill the box with that
color clay by pressing the clay firmly onto the paper.

3.

In the other boxes of each row, create a mixture according to
the instructions in each box and paint or press the clay into
the appropriate box.

4.

When you look at the middle boxes, you should see one that
is red, one that is blue, and one that is green. If you do not
see these colors, you will have to experiment with different
ratios of one color to another to achieve the pure red, blue,
and green. If your magenta is more intense than your cyan,
for example, you might not be able to mix equal parts to
achieve a sharp blue color. Mix your paint on a different
piece of paper before you use it to paint your final boxes. If
you are using clay, work the colors together well to achieve
your final colors before you press it onto the final grid.

5.

On the back of your color chart, write a paragraph that
summarizes what you have learned about the subtractive
color process by doing this project.

