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Section

1

Viruses

Viruses

Reading Preview

Objectives
After this lesson, students will be able to
A.2.1.1 List characteristics of viruses and
state reasons why viruses are considered to
be nonliving.
A.2.1.2 Describe the components of the
basic structure of a virus.
A.2.1.3 Explain how both active and hidden
viruses multiply.
A.2.1.4 Discuss both positive and negative
ways that viruses affect living things.

Target Reading Skill
Sequencing Explain that organizing
information from beginning to end helps
students understand a step-by-step process.
Answer
One way students might organize the
information is: How Active Viruses
Multiply—1. Virus attaches to the surface of
a living cell. 2. Virus injects genetic material
into cell. 3. Cell produces viral proteins and
genetic material. 4. Viruses assemble. 5. Cell
bursts, releasing viruses. How Hidden
Viruses Multiply—1. Virus attaches to cell.
2. Virus injects its genetic material. 3. Virus’s
genetic material becomes part of cell’s
genetic material. 4. Later, virus’s genetic
material becomes active. 5. Cell produces
viral proteins and genetic material; viruses
are assembled. 6. Cell bursts, releasing
viruses.

Key Concepts
• How do viruses differ from living
things?

1. Your teacher will give you a key.
2. Study the key closely. Think
about what shape the keyhole
on its lock must have. On a piece of
paper, draw the shape of the keyhole.
3. The lock for your key is contained in the group of
locks your teacher will provide. Try to match your
key to its lock without inserting the key into the keyhole.

• What is the basic structure of a
virus?

• How do viruses multiply?

Key Terms
• virus • host • parasite
• bacteriophage

Target Reading Skill
Sequencing As you read, make
two flowcharts that show how
active and hidden viruses multiply.
Put the steps in the process in
separate boxes in the flowchart in
the order in which they occur.
How Active Viruses Multiply
Virus attaches to the surface
of a living cell

Virus injects genetic material
into cell

Which Lock Does the Key Fit?

Think It Over
Inferring Suppose that each type of cell had a unique “lock” on
its surface. How might a unique lock help protect a cell from
invading organisms?

It is a dark and quiet night. An enemy spy slips silently across the
border. Invisible to the guards, the spy creeps cautiously along
the edge of the road, heading toward the command center.
Undetected, the spy sneaks by the center’s security system and
reaches the door. Breaking into the control room, the spy takes
command of the central computer. The enemy is in control.
Moments later the command center’s defenses finally activate. Depending on the enemy’s strength and cunning, the
defenses may squash the invasion before much damage is done.
Otherwise the enemy will win and take over the territory.

 This robotlike virus, called a
bacteriophage, infects bacteria.
FIGURE 1

Virus Shapes
Viruses come in various shapes.

Teaching Resources

• Transparency A10
 The round chickenpox virus causes
an itchy rash on human skin.

Preteach
Build Background
Knowledge

L2

Identifying Viral Diseases
Invite students to name diseases they are
familiar with. List the diseases on the board.
Tell students that viruses are the cause of
some diseases. Encourage them to identify
any diseases on the list that they know
are caused by viruses. (Sample: cold, flu,
smallpox, measles, mumps, polio)

Skills Focus Observing, inferring,
L1
predicting
Materials key for each group of students,
locks that match the keys given to the
students
Time 10 minutes
Tips This activity will create interest and
anticipation for the concept of virus
specificity.

Expected Outcome Students will gain
interest in and understanding of the lockand-key concept and be ready to apply it
to the fit between a virus’s protein coat and
its host cell.
Think It Over An invading organism
would not be able to “enter” a cell unless it
had a unique “key” that fits the “lock” on
the cell’s surface.
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What Is a Virus?

Instruct

Although this spy story may read like a movie script, it describes
similar events that can occur in your body. The spy acts very
much like a virus invading an organism. A virus is a tiny, nonliving particle that enters and then reproduces inside a living cell.
No organisms are safe from viruses. From the smallest bacterial
cell to the tallest tree, from your pet cat to your younger brother,
there is a virus able to invade that organism’s cells.

What Is a Virus?
Teach Key Concepts

What Viruses Are Not
Focus Ask students to look at the viruses on
these two pages.
Teach Ask: What do you notice about the
viruses in the pictures? (Viruses vary in
appearance.)
Apply Ask: How does that help scientists
to recognize viruses? (Scientists can use the
shape of a virus to help identify it.) learning

Characteristics of Viruses Most biologists today consider

viruses to be nonliving because viruses do not have all the
characteristics essential for life. Viruses are not cells and do not
use their own energy to grow or to respond to their surroundings. Viruses also cannot make food, take in food, or produce
wastes. The only way in which viruses are like organisms is that
they are able to multiply. Although viruses can multiply, they
do so differently than organisms. Viruses can multiply only
when they are inside a living cell.
The organism that a virus enters and multiplies inside is
called a host. A host is an organism that provides a source of
energy for a virus or another organism. A virus acts like a
parasite (PA ruh syt), an organism that lives on or in a host
and causes it harm. Almost all viruses destroy the cells in which
they multiply.

modality: visual

Independent Practice
• Guided Reading and Study Worksheet:
Viruses
Student Edition on Audio CD

L1

Making Models of Virus Shapes
Materials clay (enough for each student to
make one model of a virus)
Time 15 minutes

 These round viruses are responsible
for causing West Nile disease in
animals.

 The bullet-shaped rabies
virus infects nerve cells in
certain animals.
 Tube-shaped tobacco mosaic
viruses infect tobacco plants.

Differentiated Instruction

modality: verbal

L1

L2

Teaching Resources

Virus Shapes As you can see in Figure 1, viruses vary widely
in shape. Some viruses are round, while some are rod-shaped.
Other viruses are shaped like bricks, threads, or bullets. There
are even viruses that have complex, robotlike shapes, such as
the bacteriophage in Figure 1. A bacteriophage (bak TEER ee
oh fayj) is a virus that infects bacteria. In fact, its name means
“bacteria eater.”

English Learner/Beginning
Comprehension: Ask Questions
Distribute a simple version of the text
under What Is a Virus? Ask: What Is a
Virus? (A tiny, nonliving thing that gets
inside a living cell, where it produces new
viruses.) Ask: How are viruses unlike
living things? (Viruses must be inside a
living host to reproduce.) learning

L2

L2
English Learner/Intermediate
Have
Comprehension: Ask Questions
students read the text prepared for the
Beginning activity. Ask: What is a virus? (A
tiny, nonliving thing that gets inside a living
cell, where it produces new viruses.) Ask
students to name three virus shapes.
(Sample: spherical, robot-shaped, tubeshaped, bullet-shaped, or circular) learning

modality: verbal

Focus Point out that viruses have very
definite shapes, like those in the photographs
on these two pages.
Teach Ask students to form cooperative
groups. Give each group enough clay to
make models of the viruses pictured on these
two pages. Ask that each group member
make a model of a different one of those
viruses, labeling the viruses A, B, C, and D.
Then, ask groups to look at models made by
other groups and identify each virus by
name. Ask: What are some distinct shapes
of the viruses in these models? (Each virus
has a distinct shape, i.e., spherical, robotshaped, tube-shaped, bullet-shaped, or
circular.)
Apply Ask: How might these viruses affect
organisms of various kingdoms? (Viruses
can infect organisms of different kingdoms; no
organisms are safe from viruses.) learning
modality: kinesthetic
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Use Visuals: Figure 2

L1

Virus Sizes
Focus Remind students that viruses can
reproduce only inside cells. Ask: What can
you conclude about the size of viruses from
this information? (Viruses are much smaller
than cells.)
Teach Have students study Figure 2 and
compare the sizes of the viruses and bacteria
cells. Explain that bacteria are much smaller
than most body cells. Explain also that
viruses are even smaller than bacteria, which
are the smallest living organisms.
Apply Ask: How might the many different
sizes and shapes of viruses influence their
effect on the bodies of their hosts? (Sample
answer: It may be hard for the body to
recognize and fight viruses because they are so
small and so different from one another.)

Smallpox virus 250 nm

Cold sore virus 130 nm
Influenza virus 90 nm
Cold virus 75 nm
Streptococcus bacterium 750 nm
Yellow fever virus 22 nm

All measurements
represent diameters.

FIGURE 2
Virus Sizes
Virus particles are tiny compared to
even the smallest bacteria.
Calculating How many cold virus
particles could ﬁt across the
diameter of the Streptococcus
bacterial cell?

learning modality: visual

Teaching Resources

• Transparency A11

Diameter
L2

Making Models of Viral Structures
Materials construction paper of different
colors, glue, poster board, scissors
Time 30 minutes
Focus Review viral structure.
Teach Before class, cut out four large circles
to represent four different types of cells. Use
scissors to notch the edges of the circles so
that each circle has a distinct pattern. Divide
the class into four groups and give each
group one cell model. Challenge groups to
create model viruses to attach to their type
of cell. When students have completed
their models, each group can make a poster
showing the cell and the viruses.
Apply Ask: If each virus can attach to only
one kind of cell, does that mean that each
cell can be attacked by only one kind of
virus? (No, viruses of different sizes with
different structures can attach to the same type
of cell.) learning modality: kinesthetic

Red blood cell
7,500 nm

The diameter of a circle is a
line that passes through the
center of the circle and has
both of its endpoints on the
circle. To find the diameter,
draw a line like the one
shown below. Then, use a
metric ruler to measure the
length of the line. For
example, the diameter of a
penny is about 1.9 mm.
Center

Endpoint

Endpoint

Practice Problem Measure
the diameter of a quarter
and a CD.

Virus Sizes Just as viruses vary in shape, they also vary in size.
Viruses are smaller than cells and cannot be seen with the microscopes you use in school. Viruses are so small that they are measured in units called nanometers (nm). One nanometer is one
billionth of a meter (m). The smallest viruses are about 20 nanometers in diameter, while the largest viruses are more than 200
nanometers in diameter. The average virus is quite small when
compared with even the smallest cells—those of bacteria.
Naming Viruses Because viruses are not considered organisms, scientists do not use traditional binomial nomenclature
to name them. Currently, scientists name viruses in a variety of
ways. Some viruses, such as the polio virus, are named after the
disease they cause. Other viruses are named for the organisms
they infect. The tobacco mosaic virus, for example, infects
plants in the tobacco family. Scientists named the West Nile
virus after the place in Africa where it was first found. Sometimes, scientists name viruses after people. The Epstein-Barr
virus, for example, was named for the two scientists who first
identified the virus that causes the disease known as mononucleosis, or mono.

Diameter 1. quarter—2.4cm; CD—12cm

Which is larger—a virus or a bacterium?
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The Structure of Viruses
Although viruses may look very different from one another,
they all have a similar structure. All viruses have two basic
parts: a protein coat that protects the virus and an inner core
made of genetic material. A virus’s genetic material contains
the instructions for making new viruses. Some viruses are also
surrounded by an additional outer membrane, or envelope.
The proteins on the surface of a virus play an important role
during the invasion of a host cell. Each virus contains unique
surface proteins. The shape of the surface proteins allows the
virus to attach to certain cells in the host. Like keys, a virus’s proteins fit only into certain “locks,” or proteins, on the surface of a
host’s cells. Figure 3 shows how the lock-and-key action works.
Because the lock-and-key action of a virus is highly specific, a certain virus can attach only to one or a few types of
cells. For example, most cold viruses infect cells only in the
nose and throat of humans. These cells are the ones with proteins on their surface that complement or “fit” those on the
virus. This explains why each virus has very specific host cells
that it is able to infect.
What information does a virus’s genetic material
contain?

The Structure
of Viruses
Teach Key Concepts

FIGURE 3

Virus Structure and
Infection
All viruses consist of genetic
material surrounded by a protein
coat. Some viruses, like the ones
shown here, are surrounded by an
outer membrane envelope. A virus
can attach to a cell only if the
virus’ surface proteins can fit those
on the cell.

Virus particle

L2

Two Structural Components
Focus Tell students that every virus has two
basic structural components.
Teach Ask: What two structural
components does every virus have? (A
protein coat and an inner core of genetic
material) How does a virus’s protein coat
relate to the host cells? (The proteins on the
outer surface of the virus can attach to proteins
on the surface of certain host cells.)
Apply Ask: How does this apply to the
location where a virus is likely to be found?
(A virus for a certain disease attaches itself to a
specific type of cell, often found in a specific
part of the body.) learning modality: visual
Teaching Resources

• Transparency A12
Genetic material

Predicting Fit of Virus and Cell

Protein coat

Membrane
envelope

Host cell membrane

Virus’s outer
membrane proteins

Monitor Progress

Differentiated Instruction
Gifted and Talented
Creating Displays Have students briefly
research viruses to choose one aspect of
viruses they would like to present to the
class. You may want their presentations
to include posters to make them more
interesting and more informative. Give
students a deadline for submitting their
topics for approval before proceeding
with the project. Try to have each student
present a different aspect of viruses.

Materials clothing snaps or fasteners
Time 5 minutes
Focus Direct students’ attention to Figure 3.
Teach Ask students to observe the way the
clothing snaps attach to each other. Fasten
and unfasten them as you allow all students
to see. Ask: Would one of these snaps fit
other types of snaps or fastener? (No, it fits
only the unique partner it was made to fit.)
Apply Ask: How does that relate to the
viral protein coat and the host cell’s
surface? (The fit between the viral proteins
and cell proteins is very specific, just as these
kinds of snaps fit with only each
other.) learning modality: visual

Cell’s surface
proteins

L3

L2

Challenge students to make their
presentations very interesting for the class.
You may choose to add some competition
to the project by asking the class to vote on
the presentations. The goal is to make this
project especially valuable for the gifted
and talented students but also beneficial for
the rest of the class. learning modality:
verbal

L2

Drawing Have students draw labeled
diagrams of the viruses shown on this page.
Ask them to indicate where the viral protein
fits into the cell’s surface protein by
adding arrows. Students may keep
their drawings in their portfolios.
Answers
Figure 2 Ten

A bacterium
Instructions for making
new viruses
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How Viruses Multiply

How Viruses Multiply
Teach Key Concepts

After a virus attaches to a host cell, it enters the cell. Once
inside a cell, a virus’s genetic material takes over many of the
cell’s functions. It instructs the cell to produce the virus’s
proteins and genetic material. These proteins and genetic
material then assemble into new viruses. Some viruses take
over cell functions immediately. Other viruses wait for a while.

L2

Viruses Take Over
Focus Ask students to look at the visuals
under the heading How Viruses Multiply.
Teach Ask: What are the similarities and
the differences between the active and the
hidden viruses? (Similarity: Both inject their
genetic material into a host cell. Both burst
open the cell after they multiply. Difference:
An active virus multiplies immediately, while
a hidden virus hides and later multiplies. The
genetic material of a hidden virus becomes a
part of the host cell’s genetic material for a
time while it hides.)
Apply Ask: What is the difference in the
effects of the active and the hidden
viruses? (The effects of an active virus
infection are immediate; the effects of a
hidden virus infection take a while to appear.
Both eventually burst and kill the host cell.)
learning modality: visual

FIGURE 4

Active and Hidden
Viruses
Active viruses enter cells and
immediately begin to multiply,
leading to the quick death of
the invaded cells. Hidden viruses
“hide” for a while inside host
cells before becoming active.

1 A virus attaches to
the surface of
a bacterium.

Teaching Resources

• Transparencies A13, A14
2 The virus injects
its genetic material
into the bacterium.

Active Viruses After entering a cell, an active virus immediately goes into action. The virus’s genetic material takes over
cell functions, and the cell quickly begins to produce the virus’s
proteins and genetic material. Then these parts assemble into
new viruses. Like a photocopy machine left in the “on” position, the invaded cell makes copy after copy of new viruses.
When it is full of new viruses, the host cell bursts open, releasing hundreds of new viruses as it dies.

5 The bacterium bursts
open, releasing new
viruses. The viruses go
on to infect more cells.

a5778
Active Virus

For: Active and Hidden Viruses activity
Visit: PHSchool.com
Web Code: cep-1021
Students explore the two methods
viruses use to multiply.

Help Students Read
Relate Text and Visuals Refer to the
Content Refresher, which provides the
guidelines for relating text and visuals. Have
students preview the text on these two
pages, including Figure 4. After they
preview, have students write two questions
about the figures. Ask students to answer
their questions as they read. Then, ask them
each to compare their questions and
answers with the questions and answers of a
partner.

4 The proteins and
genetic material
assemble into
new viruses that
fill the bacterium.
3 The virus’s genetic material takes over the cell
functions of the bacterium. The cell starts to
produce the virus’s proteins and genetic material.
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Hidden Viruses Other viruses do not immediately become

active. Instead, they “hide” for a while. After a hidden virus
enters a host cell, its genetic material becomes part of the cell’s
genetic material. The virus does not appear to affect the cell’s
functions and may stay in this inactive state for years. Each time
the host cell divides, the virus’s genetic material is copied along
with the host’s genetic material. Then, under certain conditions,
the virus’s genetic material suddenly becomes active. It takes
over the cell’s functions in much the same way that active viruses
do. Soon, the cell is full of new viruses and bursts open.
The virus that causes cold sores is an example of a hidden
virus. It can remain inactive for months or years inside nerve
cells in the face. While hidden, the virus causes no symptoms.
When it becomes active, the virus causes a swollen, painful
sore to form near the mouth. Strong sunlight and stress are
two factors that scientists believe may activate a cold sore virus.
After an active period, the virus once again “hides” in the nerve
cells until it becomes active again.
Where in a host cell does a hidden virus “hide”
while it is inactive?

1 A virus attaches
to the surface of
a bacterium.

L1

Communicating Differences
Materials per group: 1 package of colored
markers, 2 large poster boards, textbook
Time 30 minutes

For: Active and Hidden Viruses activity
Visit: PHSchool.com
Web Code: cep-1021

6 The new viruses crowd
the bacterium. Finally,
the cell bursts open and
releases the new viruses.

Hidden Virus
2 The virus injects
its genetic material
into the bacterium.

3 The virus’s genetic material
becomes part of the genetic
material of the bacterium.

Focus Review the differences between active
and hidden viruses.
Teach Have students work in groups.
While volunteers read aloud the descriptions
of active viruses, have each group create a
flowchart that shows each step of viral
reproduction and its result. Repeat the
process for hidden viruses. Ask: At what
stage in their cycles do the active and
hidden viruses begin to differ? (Stage 3).
What does the active virus do at the point
at which the two cycles differ? (Its host cell
begins to produce the virus’s proteins and
genetic material.) What does the hidden
virus do before it becomes active? (Its
genetic material becomes part of the host’s
genetic material.)
Apply Ask How does this relate to the way
a virus affects you? (It means that, if the virus
is an active virus, the disease symptoms may
appear soon. If it is a hidden virus, those
symptoms may not appear for a long time.)
learning modality: visual

5 The cell begins to produce the virus’s proteins
and genetic material, which
assemble into new viruses.

4 After some time, the virus’s
genetic material removes
itself and becomes active.

Computer viruses are quite different from
biological viruses. Invite a computer science
instructor or software programmer to talk to
the class about computer viruses. Before the
visit, tell students that after a computer virus
enters a computer via a disk, e-mail, or
online file, the computer may infect all other
computers or disks with which it comes into
contact by copying the virus onto them.
Encourage students to develop a list of
questions about computer viruses before the
visit. learning modality: verbal

Monitor Progress

Differentiated Instruction
L1
Special Needs
Interpreting Visuals Ask students to
study Figure 4. Ask them what they
understand about active and hidden virus
cycles. Use simple language to summarize
the text under the sub-headings Active
Viruses and Hidden Viruses. Have them
look at the visuals again. Ask what these
two visuals communicate. Explain to them
that a visual communicates information in

Integrating Science

a variety of ways. In this diagram, they can
learn from the colored arrows that show
the sequence of steps as well as from the
numbers preceding each step. Show them
how to compare and contrast the two
cycles.

L2

Oral Presentation Ask students to explain
the difference between an active and a hidden
virus.
Answer
In the host cell’s genetic
material

sx05_TE_c02ANEW.fm Page 46 Tuesday, July 13, 2004 3:49 PM

Viruses and the Living World

Viruses and the
Living World
Teach Key Concept

If you’ve ever had a cold sore or been sick with a cold or the flu,
you know that viruses can cause disease. However, you might
be surprised to learn that viruses can also be put to good use.
L2

Can a Virus Be Helpful?
Focus Ask students how they think viruses
might be helpful.
Teach Ask: What is gene therapy? (It is a
medical technique where scientists can use a
virus to treat certain disorders.)
Apply Ask: How does gene therapy work?
(Scientists add needed genetic material to a
virus and use the virus to deliver the genetic
material to a patient’s cells.) learning
modality: verbal

Monitor Progress

Viruses and Disease Some viral diseases, such as colds, are
mild—people are sick for a short time but soon recover. Other
viral diseases, such as acquired immunodeficiency syndrome,
or AIDS, have much more serious effects on the body.
Viruses also cause diseases in organisms other than
humans. For example, apple trees infected by the apple mosaic
virus may produce less fruit. House pets, such as dogs and cats,
can get deadly viral diseases, such as rabies and distemper.
Usefulness of Viruses The news about viruses isn’t all bad.
FIGURE 5
Viruses and Disease
Veterinarians can give pets
injections that protect the animals
against many viral diseases.

L2

In a technique called gene therapy, scientists take advantage of a
virus’s ability to enter a host cell. They add genetic material to a
virus and then use the virus as a “messenger service” to deliver
the genetic material to cells that need it.
Gene therapy shows some promise as a medical treatment
for disorders such as cystic fibrosis (SIS tik fy BRO sis). People
with cystic fibrosis lack the genetic material they need to keep
their lungs functioning properly. Gene therapy delivers the
needed genetic material to their lung cells.
How is a virus’s ability to get inside a host cell
useful to scientists?

Answer

Scientists add important
genetic material to a virus.
Then the virus enters a host cell and inserts
that genetic material.

Assess
Reviewing Key Concepts
1. a. A nonliving particle that invades a cell,

using the cell’s structures to reproduce
b. Similarities: Both multiply. Differences:
Viruses are nonliving; organisms are living.
Viruses are not cells, can’t make or take in
food, produce wastes, and do not use their
own energy to grow or respond to their
surroundings. Viruses have two basic parts;
organisms are more complex. To multiply,
viruses use host’s structures; organisms use
their own structures. c. Viruses cannot exist
without organisms.
2. a. All viruses have a protein coat that
surrounds an inner core of genetic material
b. They fit the proteins on the surface of the
host cell. These proteins must fit together for
the virus to be able to invade the host cell.
3. a. Virus attaches to cell, injects viral
genetic material, makes viral proteins and
genetic material. New viruses form. Cell
bursts, releasing viruses. b. The viral genetic
material becomes part of the cell’s genetic
material. Later, the virus’s genetic material
separates from the cell’s genetic material and
becomes active. c. The influenza virus is
active. Soon after “catching” it from
someone, the symptoms appear.

1

Section 1 Assessment

Target Reading Skill Sequencing Refer to your
flowcharts about how viruses multiply as you
answer Question 3.
Reviewing Key Concepts
1. a. Deﬁning What is a virus?
b. Comparing and Contrasting How are viruses

similar to organisms? How are they different?
c. Inferring Scientists hypothesize that viruses

could not have existed on Earth before
organisms appeared. Use what you know
about viruses to support this hypothesis.
2. a. Identifying What basic structure do all
viruses share?
b. Relating Cause and Effect What role do the
proteins in a virus’s outer coat play in the
invasion of a host cell?

Reteach

3. a. Reviewing Trace the steps by which an active

virus multiplies, from when it first enters a
host to when the host cell bursts open.
b. Sequencing List the additional steps that
occur when a hidden virus multiplies.
c. Classifying Do you think that the influenza
virus is an active virus or a hidden virus?
Explain your reasoning.

Diameter Measure the diameter of a dime.
Then, find a round object that you predict
might have a diameter that is ten times the
size of a dime. Measure the diameter of the
object. How close was your prediction?

L1

Have students draw tables to summarize the
reproduction of active and hidden viruses,
comparing the steps of each.

Performance Assessment

L2

Drawing Have students draw and label a
sketch to identify different shapes of viruses.
Teaching Resources

• Section Summary: Viruses
• Review and Reinforcement: Viruses
• Enrich: Viruses

Diameter Review with students how to
measure diameter. A dime measures about
1.7 cm in diameter. After students complete
the activity, discuss reasons that their
predictions were not closer to the actual
measurements.
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How Many Viruses Fit
on a Pin?
Problem
How can a model help you understand how small
viruses are?

Skills Focus
calculating, making models

Materials
• straight pin • long strips of paper • pencil
• meter stick • scissors • tape
• calculator (optional)

Procedure

How Many Viruses
Fit on a Pin?
5. Next, find the area in meters of one virus
particle at the enlarged size. Remember that
the area of a square equals side  side.
6. Now divide the area of the pinhead that you
calculated in Step 3 by the area of one virus
particle to find out how many viruses could
fit on the pinhead.
7. Exchange your work with a partner, and
check each other’s calculations.

Analyze and Conclude
1. Calculating Approximately how many
viruses can fit on the head of a pin?

1. Examine the head of a straight pin. Write a
prediction about the number of viruses that
could fit on the pinhead. CAUTION: Avoid
pushing the pin against anyone’s skin.

2. Predicting How does your calculation compare with the prediction you made? If the
two numbers are very different, explain why
your prediction may have been inaccurate.

2. Assume that the pinhead has a diameter of
about 1 mm. If the pinhead were enlarged
10,000 times, then its diameter would measure 10 m. Create a model of the pinhead by
cutting and taping together narrow strips of
paper to make a strip that is 10 m long. The
strip of paper represents the diameter of the
enlarged pinhead.

3. Making Models What did you learn about
the size of viruses by magnifying both the
viruses and pinhead to 10,000 times their
actual size?

3. Lay the 10-m strip of paper on the floor of
your classroom or in the hall. Imagine creating a large circle that had the strip as its
diameter. The circle would be the pinhead at
the enlarged size. Calculate the area of the
enlarged pinhead using this formula:
Area    radius 2
Remember that you can find the radius by
dividing the diameter by 2.
4. A virus particle may measure 200 nm on each
side (1 nm equals a billionth of a meter). If
the virus were enlarged 10,000 times, each
side would measure 0.002 m. Cut out a
square 0.002 m by 0.002 m to serve as a
model for a virus. (Hint: 0.002 m  2 mm.)

Analyze and Conclude
1. About 20 million
2. Have students explain whether their
predictions were based on reasoning or
whether they “just guessed.”
3. When magnified, the pinhead was very
large while the virus size was still very small.
4. The enlarged models help them to
understand details of scale and structure.

4. Communicating In a paragraph, explain why
scientists sometimes make and use enlarged
models of very small things such as viruses.

More to Explore
Think of another everyday object that
you could use to model some other
facts about viruses, such as their
shapes or how they infect cells.
Describe your model and
explain why the object would
be a good choice.

These papilloma viruses, 
which cause warts, are
about 50 nm in diameter.

Extend Inquiry
More to Explore Have students compare
their models with what they know about
viruses to determine models’ strengths and
weaknesses.

Safety
Remind students not to harm anyone
with the pins. Caution students not to
lose pins. Review the safety guidelines in
Appendix A.

L2

Prepare for Inquiry
Key Concept
To help appreciate the small size of viruses,
people often compare them to known
objects.
Skills Objectives
Students will be able to
• make a model showing a virus’s size
compared to the head of a pin
• calculate the number of viruses that could
fit on a pin’s head
Prep Time 45 minutes
Class Time 40 minutes

Alternative Materials
To make the 10-m strip, obtain long rolls of
paper such as adding machine tape.
Teaching Resources

• Lab Worksheet: How Many Viruses Fit on
a Pin

Guide Inquiry
Invitation
Point out that referring to how many items
fit on a pinhead often occurs when
discussing things that are very small or very
numerous.
Introduce the Procedure
Review metric measurements to ensure that
students remember the metric units of
measurement. Review the idea of scale.
Remind students of everyday examples of the
ways in which scale is used.
Troubleshooting the Experiment
Remind students that there are often
different ways to solve specific calculation
problems. Match up students who are using
similar methods, then let different groups
share their strategies.
Expected Outcome
Area of the enlarged pinhead: π × radius2 =
3.1 × 25 = 77.5 m2; area of enlarged virus:
0.002 × 0.002 = 0.000004 m2; could fit
77.5/0.000004 = 19,375,000 viruses on
pinhead

