
E
lectronic components like
these are used in televisions,
CD players, and computers.

Some of these components can be
made so small that some electronic
devices, such as computers, can con-
tain millions of them. In this chapter
you will learn what electronic com-
ponents do. You also will learn how
computers use these components to
store and process information.

What do you think?
Science Journal Look at the picture
below with a classmate. Discuss what
you think this might be or what is
happening. Here’s a hint: You’ll find
these in almost any computer. Write
down your answer or best guess in
your Science Journal.

Electronics 
and Computers
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Imagine how your life would be different if you 
had been born before the invention of electronic

devices. You could not watch television or listen to
music on a tape or CD player. You would have no 
computer to use to write and spell check your papers,

look up information on the Internet, or play games. See for yourself how 
electronic devices can make some tasks easier during this activity.

Compare calculators
1. Use a stopwatch to time how long it takes a

volunteer to add the numbers 423, 21, 84,
and 1,098.

2. Time how long it takes another volunteer to
add these numbers using a calculator.

3. Repeat steps 1 and 2 but ask the competitors
to multiply 149 and 876.

4. Divide the time needed by the student calcu-
lator by the time needed by the calculator to
solve each problem. How many times faster is the calculator?

Observe
Write a paragraph in your Science Journal describing which step in each calcu-
lation takes the most time for the student and for the electronic calculator.

EXPLORE
ACTIVITY

N ◆ 65

Making a Know-Want-Learn Study Fold Make the following
Foldable to help identify what you already know and what you
want to know about electronics.

1. Place a sheet of paper in front of you so the long
side is at the top. Fold the paper in half from top
to bottom.

2. Fold in the left side and the right side. Unfold the
paper so three sections show.

3. Through the top thickness of paper, cut along each of the fold lines to the topfold,
forming three tabs. Label the tabs Know, Want, and  Learned.

4. Before you read the chapter, write what you know under the left tab and what you 
want to know under the middle tab. As you read the chapter, add to and correct what 
you have written.

FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading & Study 
Skills



Electronics
S E C T I O N

Electronic Signals
You’ve popped some popcorn, put a video in the VCR, and

turned off the lights. Now you’re ready to watch a movie. The
VCR, television, and lamp shown in Figure 1 use electricity to
operate. However, unlike the lamp, the VCR and the TV are elec-
tronic devices. An electronic device uses electricity to store,
process, and transfer information.

The VCR and the TV use information recorded on the video
tape to produce the images and sounds you see as a movie. As the
video tape moves inside the VCR, it produces a changing electric
current. This changing electric current is the information the
VCR uses to send signals to the TV. The TV then uses these sig-
nals to produce the images you see and the sounds you hear.

A changing electric current that carries information is an
electronic signal. The information can be used to produce
sounds, images, printed words, numbers, or other data. For
example, a changing electric current causes a loudspeaker to
produce sound. If the electric current didn’t change, no sound
would be produced by the loudspeaker. There are two types of
electronic signals—analog and digital.

Analog Signals Most TVs, VCRs, radios and telephones
process and transmit information that is in the form of analog
electronic signals. An analog signal is a signal that varies

smoothly in time. In an analog 
electronic signal the electric current
increases or decreases smoothly in
time, just as your hand can move
smoothly up and down.

Electronic signals are not the
only types of analog signals. An ana-
log signal can be produced by some-
thing that varies in a smooth,
continuous way and contains infor-
mation. For example, a person’s
temperature changes smoothly and
contains information about a per-
son’s health.

■ Compare and contrast analog and
digital signals.

■ Explain how semiconductors are
used in electronic devices.

Vocabulary
electronic signal diode
digital signal transistor
semiconductor integrated circuit

You use electronic devices every day
to make your life easier and more
enjoyable.

Figure 1
The information contained on a
video tape is converted to elec-
tronic signals by the VCR. The
VCR sends these signals to the TV,
which uses the information to
produce images and sound.
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Analog Devices The clock with hands shown in Figure 2A is
an example of an analog device. The hands move smoothly from
one number to the next to represent the time of day. Fluid-filled
and dial thermometers also are analog devices. In a fluid-filled
thermometer, the height of the fluid column smoothly rises or
falls as the temperature changes. In a dial thermometer, a spring
smoothly expands or contracts as the temperature changes.

You have used another analog device if you ever have made a
recording on a magnetic tape player. When voices or music are
recorded on magnetic tape, the tape stores an analog signal of
the sounds. When you play the tape, the tape player converts
the analog signal to an electric current. This current changes
smoothly with time and causes a loudspeaker to vibrate, re-
creating the sounds for you to hear.

Digital Signals Some devices, such as CD players, use a dif-
ferent kind of electronic signal called a digital signal. Unlike an
analog signal, a digital signal does not vary smoothly, but
changes in jumps or steps. If each jump is represented by a num-
ber, a digital signal can be represented by a series of numbers.

How is a digital signal different from an 
analog signal?

You might have a digital clock or watch similar to the one
shown in Figure 2B that displays the time as numbers. The dis-
play changes from 6:29 to 6:30 in a single jump, rather than
sweeping smoothly from second to second. You might have seen
digital thermometers that display temperature as a number.
Some digital thermometers display temperature to the nearest
degree, such as 23°C. The displayed temperature changes by
jumps of 1°C. As a result, temperatures between two whole
degrees, such as 22.7°C, are not displayed.
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Figure 2
Clocks can be analog or digital
devices. The information dis-
played on an analog device such
as this clock changes continu-
ously. On this digital clock,
the displayed time jumps from
one number to another.



Making Digital Signals A smoothly vary-
ing analog signal can be converted to a digital
signal. For example, suppose you wish to create a
record of how the temperature outside changed
over a day. One way to do this would be read an
outdoor thermometer every hour and record the
temperature and time. At the end of the day
your temperature record would be a series of
numbers. If you used these numbers to make a
graph of the temperature record, it might look
like the one shown in Figure 3. The temperature
information shown by the graph changes in
steps and is a digital signal.

Sampling an Analog Signal By recording the temperature
every hour, you have sampled the smoothly varying outdoor
temperature. When an analog signal is sampled, a value of the
signal is read and recorded at some time interval, such as every
hour or every second. An example is shown in Figure 4. As a
result, a smoothly changing analog signal is converted to a series
of numbers. This series of numbers is a digital signal.

The process of converting an analog signal to a digital signal
is called digitization. The analog signal on a magnetic tape can
be converted to a digital signal by sampling. In this way, a song
can be represented by a series of numbers.

Using Digital Signals It might seem that analog signals
would be more useful than digital signals. After all, when an
analog signal is converted to a digital signal, some information

is lost. However, think about how analog and
digital signals might be stored. Suppose a
song that is stored as an analog signal on a
small cassette tape were digitized and con-
verted into a series of numbers. It might take
millions of numbers to digitize a song, so
how could these numbers be stored? As you
will see later in this chapter, there is one elec-
tronic device that can store these numbers
easily—a computer.

Once a digital signal is stored on a com-
puter as a series of numbers, the computer
can change these numbers using mathemati-
cal formulas. This process changes the signal
and is called signal processing. For example,
background noise can be removed from a
digitized song using signal processing.
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Figure 3
A temperature record made by
recording the temperature every
hour changes in steps and is a
digital signal.

Figure 4
An analog signal can be converted
to a digital signal. At a fixed time
interval, the strength of the ana-
log signal is measured and
recorded. The resulting digital 
signal changes in steps.
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Electronic Devices
An electronic device, such as a calculator or a CD player,

uses the information contained in electronic signals to do a job.
For example, the job can be adding two numbers together or
making sounds and images. The electronic signals are electric
currents that flow through circuits in the electronic device. An
electronic device, such as a calculator or a VCR, may contain
hundreds or thousands of complex electric circuits.

Electronic Components The electric circuits in an elec-
tronic device usually contain electronic components. These elec-
tronic components are small devices that use the information in
the electronic signals to control the flow of current in the circuits.

Early electronic devices, such as the television shown in
Figure 5A, used electronic components called vacuum tubes,
such as the one shown in Figure 5B, to help create sounds and
images. Vacuum tubes were bulky and generated a great deal of
heat. As a result, early electronic devices used more electrical
power and were less dependable than those used today, such as
the television shown in Figure 5C. Today, televisions and radios
no longer use vacuum tubes. Instead, they contain electronic
components made from semiconductors.

Semiconductors
On the periodic table, the small number of elements found

between the metals and nonmetals are called metalloids. Some
metalloids, such as silicon and germanium, are semiconductors.
A semiconductor is an element that is a poorer conductor of
electricity than metals but a better conductor than nonmetals.
However, semiconductors have a special property that ordinary
conductors and insulators lack—their electrical conductivity
can be controlled by adding impurities.
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Research Visit the 
Glencoe Science Web site at
science.glenoce.com for
more information about
semiconductor devices.
Choose an application of one
device and prepare a brief
presentation about it.

Figure 5
Because early televisions and
radios used vacuum tubes,
they were bigger, heavier, and
less reliable than their modern
versions.

http://science.glencoe.com


Adding Impurities Adding even a single atom of
an element such as gallium or arsenic to a million sili-
con atoms significantly changes the conductivity. This
process of adding impurities is called doping.

Doping can produce two different kinds of semi-
conductors. One type of semiconductor can be cre-
ated by adding atoms like arsenic to a silicon crystal,
as shown in Figure 6. Then the silicon crystal contains
extra electrons. A semiconductor with extra electrons
is an n-type semiconductor.

A p-type semiconductor is produced when atoms
like gallium are added to a silicon crystal. Then the sili-
con crystal has fewer electrons than it had before. An n-
type semiconductor can give, or donate, electrons and a
p-type semiconductor can take, or accept, electrons.

Solid-State Components
The two types of semiconductors can be put together to

form electronic components that can control the flow of electric
current in a circuit. Combinations of n-type and p-type semi-
conductors can form components that behave like switches that
can be turned off and on. Other combinations can form compo-
nents that can increase, or amplify, the change in an electric cur-
rent or voltage. Electronic components that are made from
combinations of semiconductors are called solid-state compo-
nents. Diodes and transistors are examples of solid-state com-
ponents that often are used in electric circuits.

Diodes A diode is a solid-state component that, like a one-
way street, allows current to flow only in one direction. In a
diode, a p-type semiconductor is connected to an n-type semi-

conductor. Because an n-type semicon-
ductor gives electrons and a p-type
semiconductor accepts electrons, cur-
rent can flow from the n-type to the p-
type semiconductor, but not in the
opposite direction. Figure 7 shows
common types of diodes. Diodes are
useful for converting alternating cur-
rent (AC) to direct current (DC). Recall
that an alternating current constantly
changes direction. When an alternating
current reaches a diode, the diode
allows only the current in one direction
through. The result is direct current.

Figure 6
When arsenic atoms are added to a
silicon crystal, they produce extra
electrons that are free to move
about. This causes the electrical
conductivity of the silicon crystal to
increase.

Figure 7
Diodes like these are wired into
electronic circuits to help control
the flow of electric current.
Diodes allow current to flow in
only one direction.
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Transistors A transistor is a solid-state
component that can be used to amplify sig-
nals in an electric circuit. A transistor also is
used as an electronic switch. Electronic sig-
nals can cause a transistor to allow current
to pass through it or to block the flow of
current. Figure 8 shows examples of transis-
tors that are used in many electronic devices.
Unlike a diode, a transistor contains three
layers of semiconductors joined together. An
n-p-n transistor has a layer of p-type semiconductor sand-
wiched between two n-type semiconductors. A p-n-p transistor
has a layer of n-type semiconductor sandwiched between two 
p-type semiconductors.

What are two ways that transistors are used in
electronic circuits?

Integrated Circuits The transistors you might see in an
electronics store are about the size of a pencil eraser. Personal
computers usually contain millions of transistors, and would be
many times larger if they used transistors the size of pencil
erasers. Instead, computers and other electronic devices use
integrated circuits. An integrated circuit contains large num-
bers of interconnected solid-state components and is made from
a single chip of semiconductor material such as silicon. An inte-
grated circuit, like the one shown in Figure 9, may be smaller
than 1 mm on each side and still can contain millions of transis-
tors, diodes, and other components.
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Section Assessment

1. How are analog signals different from 
digital signals? 

2. Why are semiconductors useful in elec-
tronic devices?

3. How are diodes and transistors used?

4. Explain the difference between p-type
semiconductors and n-type semiconductors.

5. Think Critically In sampling an analog
signal, what are the advantages and disad-
vantages of decreasing the time interval?

6. Researching Information Use references to
find several ways that integrated circuits are
used. Write a paragraph that summarizes your
findings. For more help, refer to the Science
Skill Handbook.

7. Concept Mapping Use a concept map to show
the relationship between electronic signals, cir-
cuits, components, and devices. For more help,
refer to the Science Skill Handbook.

Figure 9
This tiny integrated circuit con-
sists of thousands of diodes and
transistors, yet is smaller than
your fingertip.

Figure 8
Transistors such as
these are used in
electric circuits to
amplify signals or 
to act as switches.



Discuss your results with other students in
your class. Did their LEDs behave in the same
way?  For more help, refer to the Science
Skill Handbook.

Investigating Diodes

72 ◆ N CHAPTER 3 Electronics and Computers

3. Reverse the connections on the LED so the
current goes into the opposite end. Observe
whether the LED lights up this time. Record
your observation.

Conclude and Apply
1. Explain why the bulb did or did not light up.

2. Explain why the LED did or did not light up
each time.

3. How is the behavior of the lightbulb different
from that of the LED?

4. Based on your observations, infer which 
wire on the LED is connected to the n-type
semiconductor and which is connected to 
the p-type semiconductor.

1.5V
Battery Lightbulb

D iodes are found in most electronic devices.
They are used to control the flow of electrons

through a circuit. Electrons will flow through a
diode in only one direction, from the n-type
semiconductor to the p-type semiconductor. In
this activity you will use a type of diode called an
LED (light-emitting diode) to observe how a
diode works.

What You’ll Investigate
How does a current flow through a diode?

Materials
light-emitting diode
lightbulb and holder
D-cell battery and holder
wire

Goals
■ Create an electronic circuit.
■ Observe how an LED works.

Procedure
1. Set up the circuit shown below.Record your

observations.Then reverse the connections so
each wire is connected to the other battery
terminals. Record your observations.

2. Disconnect the wires from the lightbulb 
and attach one wire to each end of an LED.
Observe whether the LED lights up when 
you connect the battery.
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What are computers? 
When was the last time you used a computer? Computers

are found in libraries, grocery stores, banks, and gas stations.
Computers seem to be everywhere. A computer is an electronic
device that can carry out a set of instructions, or a program. By
changing the program, the same computer can be made to do a
different job.

Compared to today’s desktop and laptop computers, the first
electronic computers, like the one shown in Figure 10A, were
much bigger and slower. Several of the first electronic comput-
ers were built in the United States between 1946 and 1951.
Solid-state components and the integrated circuit had not been
developed yet. So these early computers contained thousands of
vacuum tubes that used a great deal of electric power and pro-
duced large amounts of heat.

Computers became much smaller, faster, and more efficient
after integrated circuits became available in the 1960s. Today,
even a game system, like the one in Figure 10B, can carry out
many more operations each second than the early computers.

■ Describe the different parts of a
computer.

■ Compare computer hardware with
computer software.

■ Discuss the different types of mem-
ory and storage in a computer.

Vocabulary
binary system
random-access memory
read-only memory
computer software
microprocessor

You can use computers for a variety
of applications if you understand
how they work.

Computers
S E C T I O N

Figure 10
One of the first electronic 

computers was ENIAC, which was
developed by the U.S. Army in
1946 and weighed more than 
30 tons. ENIAC could do 5,000
additions per second. This
modern game system can do 
millions of operations per second.



Computer Information
How does a computer display images, generate sounds, and

manipulate numbers and words? Every piece of information
that is stored in or used by a computer must be converted to a
series of numbers. The words you write with a word processor,
or the numbers in a spreadsheet are stored in the computer’s
memory as numbers. An image or a sound file also is stored as a
series of numbers. Information stored in this way is sometimes
called digital information.

Binary Numbers Imagine what it would be like if you had to
communicate with just two words—on and off. Could you use
these words to describe your favorite music or to read a book
out loud? Communication with just two words seems impossi-
ble, but that’s exactly what a computer does.

All the digital information in a computer is converted to a
type of number that is expressed using only two digits—0 and 1.
This type of number is called a binary (BI nuh ree) number.
Each 0 or 1 is called a binary digit, or bit. Because this number
system uses only two digits, it is called the binary system, or
base-2 number system.

Which digits are used in the binary system?

Combining Binary Digits You might think that using only
two digits would limit the amount of information you can rep-
resent. However, a small number of binary digits can be used to
generate a large number of combinations, as shown in Table 1.

While one binary digit has only two possible combina-
tions—0 or 1—there are four possible combinations for a group
of two binary digits, as shown in Table 1. By using just one more

binary digit the possible number of combinations is
increased to eight. The number of combinations increases
quickly as more binary digits are added to the group. For
example, there are 65,536 combinations possible for a
group of sixteen binary digits.

Representing Information with Binary Digits
Combinations of binary digits can be used to represent
information. For example, the English alphabet has 26 let-
ters. Suppose each letter was represented by one combina-
tion of binary digits. To represent both lower case and
upper case letters would require a total of 52 different
combinations of binary digits. Would a group of five
binary digits have enough possible combinations?
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Using Binary Numbers 
Procedure
1. Cut out 8 small paper

squares.
2. On four of the squares, draw

the number zero, and on
the other four, draw the
number one.

3. Use the numbered squares
to help determine the num-
ber of different combina-
tions possible from four
binary digits. List the com-
binations.

Analysis
1. From Table 1 and your

results from this MiniLAB,
what happens to the num-
ber of combinations each
time the number of binary
digits is increased by one?

2. Infer how many combina-
tions would be possible
using five binary digits.

Table 1  Combinations of 
Binary Digits

Number  Possible
of Binary Combinations
Digits

1 0 1

2 00 01 10 11

3 000 001 010 011
100 101 110 111



Representing Letters and Numbers A common system
that is used by computers represents each letter, number, or
other text character by eight binary digits, or one byte. There are
256 combinations possible for a group of eight binary digits. In
this system, the letter “A” is represented by the byte 01000001,
while the letter “a” is represented by the byte 01100001, and a
question mark is represented by 00111111.

Computer memory
Why are digital signals stored in a computer as binary num-

bers? A binary number is a series of bits that can have only one
of two values—0 and 1. A switch, such as a light switch on a
wall, can have two positions: on or off. A switch could be used to
represent the two values of a bit. A switch in the “off” position
could represent a 0, and a switch in the “on” position could rep-
resent a 1. Table 2 shows how switches could be used to repre-
sent combinations of binary digits.

Information can be stored in a computer’s
memory or in storage devices such as hard

disks or CDs. One letter, number, or other
text character can be represented by one byte
of information. The amount of information
that can be stored in a computer’s memory
or on a hard disk is so large that special units
are used. The table shows some of the units
that are used to describe amounts of infor-
mation. Desktop computers often have hard
disks that can store many gigabytes of infor-
mation. How much information can be
stored in one gigabyte of storage?

Identifying the Problem 
When words are stored on a computer,

every letter, punctuation mark, and space
between words is represented by one byte.
A page of text, such as this page, might con-
tain as many as 2,900 characters. So to store
a page of text on a computer might require
2,900 bytes.

How much information 
can be stored?

If you write a page of text using a word-
processing program, more bytes might be
needed to store the page. This is because
when the page is stored, some word-pro-
cessing programs include other information
along with the text.

Solving the Problem
1. If it takes 2,900 bytes to store one page of

text on a computer, how many pages can
be stored in 1 gigabyte of storage?

2. Suppose a book contains 400 pages of
text. How many books could be stored
on a 1-gigabyte hard disk?

3. A CD can hold 650 megabytes of infor-
mation. How many 400-page books
could be stored on a CD?

Problem-Solving Activity
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Table 2  Representing 
Binary Digits

Binary Switches
Number

0000

0001

0010

1010

0011

0100

Information Number of Bytes
Storage Unit

kilobyte 1,024 

megabyte 1,048,576 

gigabyte 1,073,741,824 

Size of Information Storage Units



Storing Information The memory in
a computer is an integrated circuit that
contains millions of tiny electronic cir-
cuits, as shown in Figure 11. In the most
commonly used type of computer mem-
ory, each circuit is able to store electric
charge and can be either charged or
uncharged. If the circuit is charged, it rep-
resents the bit 1 and if it is uncharged it

represents the bit 0. Because computer memory contains
millions of these circuits, it can store tremendous
amounts of information using only the numbers 1 and 0.

What is your earliest memory? When you remember
something from long ago, you use your long-term mem-
ory. On the other hand, when you work on a math prob-
lem, you may keep the numbers in your head long
enough to find the answer. Like you, a computer has a
long-term memory and a temporary memory that are
used for different purposes.

Random-Access Memory A computer’s random-access
memory, or RAM, is temporary memory that stores documents,
programs, and data while they are being used. Program instruc-
tions and data are temporarily stored in RAM while you are
using a program or changing the data.

For example, a computer game is kept in RAM while you are
playing it. If you are using a word-processing program to write a
report, the report is temporarily held in RAM while you are
working on it. Because information stored in RAM is lost when
the computer is turned off, this type of memory cannot store
anything that you want to use later.

The amount of RAM depends on the number of binary dig-
its it can store. Recall that eight bits is called a byte. A megabyte
is more than one million bytes. A computer that has 128
megabytes of memory can store more than 128 million bytes of
information in its RAM, or nearly one billion bits.

What happens to information in RAM when the
computer is turned off?

Read-Only Memory Some information that is needed to
enable the computer to operate is stored in its permanent mem-
ory. The computer can read this memory, but it cannot be
changed. Memory that can’t be changed and is permanently
stored inside the computer is called read-only memory or
ROM. ROM is not lost when the computer is turned off.
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Research Visit the 
Glencoe Science Web site at
science.glencoe.com for
more information about 
types of computer programs.
Choose an application of one
program and explain why 
it is useful. Create a simple
chart summarizing what the
program does.

Figure 11
Computer memory is
made of integrated 
circuits like this one.
This integrated circuit
can contain millions of
microscopic circuits,
shown here under high
magnification.

http://science.glencoe.com


Computer Programs 
It’s your mother’s birthday and you decide to surprise her by

baking a chocolate cake. You find a recipe for chocolate cake in a
cookbook and follow the directions in the order the recipe tells
you to. However, if the person who wrote the recipe left out any
steps or put them in the wrong order, the cake probably will not
turn out the way you expected. A computer program is like a
recipe. A program is a series of instructions that tell the com-
puter how to do a job. Unlike the recipe for a cake, some com-
puter programs contain millions of instructions that tell the
computer how to do many different jobs.

All the functions of a computer, such as displaying an image
on the computer monitor or doing a math calculation, are con-
trolled by programs. These instructions tell the computer how
to add two numbers, how to display a word, or how to change
an image on the monitor when you move a joystick. Many dif-
ferent programs can be stored in a computer’s memory.

Computer Software When you type a report, play a video
game, draw a picture, or look through an encyclopedia on 
a computer, you are using computer software. Computer
software is any list of instructions for the computer. The
instructions that are part of the software tell the computer what
to display on the monitor. If you respond to what you see, for
example by moving the mouse, the software instructions tell the
computer how to respond to your action.

Computer Programming
The process of writing computer soft-

ware is called computer programming. To
write a computer program, you must
decide what you want the computer to do,
plan the best way to organize the instruc-
tions, write the instructions, and test the
program to be sure it works. A person
who writes computer programs is called a
computer programmer. Computer pro-
grammers write software in computer
languages such as Basic, C++, and Java.
Figure 12 shows part of a computer pro-
gram. After the program is written, it is
converted into binary digits in order to be
stored in the computer’s memory. Then
the computer can carry out the program’s
instructions.
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Figure 12
This is part of a computer pro-
gram that directs the operation
of a computer.

Observing Memory
Procedure
1. Write a different five-digit

number on six 3 � 5 cards.
2. Show a card to a partner for 

3 s. Turn the card over and
ask your partner to repeat
the number. Repeat with
two other cards.

3. Repeat this procedure with
the last three cards, but wait
20 s before asking your part-
ner to repeat each number.

Analysis
1. Is your partner’s memory of

the five-digit numbers more
like computer RAM or ROM?
Explain.



Computer Hardware
When you press a key on a computer’s keyboard, a letter

appears on the screen. This seems to occur all at once, but actu-
ally three steps are involved. In the first step, the computer
receives information from an input device, such as a keyboard
or mouse. For example, when you press a key on the keyboard,
the computer receives and stores an electronic signal from the
keyboard.

The next step is to process the input signal from the key-
board. This means to change the input signal into an electronic
signal that can be understood by the computer monitor. The
computer does this by following instructions contained in the
programs stored in the computer’s memory. The third step is to
send the processed signal to the monitor.

All three steps can be carried out with a combination of
hardware and software components. Computer hardware con-
sists of input devices, output devices, storage devices, and inte-
grated circuits for storing information. A keyboard and a mouse
are examples of input devices, while a monitor, a printer, and
loudspeakers are examples of output devices. Storage devices,
such as floppy disks, hard disks, and CDs, are used to store
information outside of the computer memory. A computer also
contains a microprocessor that controls the computer hardware.
Examples of computer hardware are shown in Figure 13.

Technology is changing so
rapidly that computers are
often replaced after only a
few years. What happens
to old computers? Many
computer parts contain
lead, mercury, and other
toxic substances. Working
with a partner, contact
your local landfill or recycle
center to find out more
about this issue. Create a
poster demonstrating how
computers can be disposed
of without releasing haz-
ardous materials into the
environment.

Scanner

Keyboard

Modem

Diskette

Mouse
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Figure 13
Computer hardware includes
input devices, output devices,
and storage devices.



The Microprocessor Modern computers
contain a microprocessor, like the one shown
in Figure 14, that serves as the brain of the
computer. A microprocessor, which is also
called the central processing unit, or CPU, is
an integrated circuit that controls the flow of
information between different parts of the
computer. A microprocessor can contain mil-
lions of interconnected transistors and other
components. The microprocessor receives
electronic signals from various parts of the
computer, processes these signals, and sends
electronic signals to other parts of the com-
puter. For example, the microprocessor might
tell the hard-disk drive to write data to the hard disk or the
monitor to change the image on the screen. The microprocessor
does this by carrying out instructions that are contained in
computer programs stored in the computer’s memory.

The microprocessor was developed in the late 1970s as the
result of a process that made it possible to fit thousands of elec-
tronic components on a silicon chip. In the 1980s, the number
of components on a silicon chip increased to hundreds of thou-
sands. In the 1990s, microprocessors were developed that con-
tained several million components on a single chip.

Monitor

Compact Disc

Speakers

Printer

Figure 14
A microprocessor is an integrated
circuit that carries out the
instructions contained in com-
puter programs. It can contain
millions of transistors and other
solid-state components.
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Storing Information 
You have decided to type your homework assignment on a

computer. The resulting paper is quite long and you make many
changes to it each time you read it. How does the computer
make it possible for you to store your information and make
changes to it?

Both RAM and ROM are integrated circuits inside the com-
puter. You might wonder, then, why other types of information
storage are needed. Information stored in RAM is lost when the
computer is turned off, and information stored in ROM can
only be read—it can’t be changed. If you want to store informa-
tion that can be changed but isn’t lost when the computer is off,
you must store that information on a storage device, such as a
disk. Several different types of disks are available.

Hard Disks A hard disk is a device that stores computer
information magnetically. A hard disk is usually located inside a
computer. Figure 15 shows the inside of a hard disk, and 
Figure 16 shows how a hard disk stores data. The hard disk con-
tains one or more metal disks that have magnetic particles on
one surface. When you save information on a hard disk, a device
called a read/write head inside the disk drive changes the orien-
tation of the magnetic particles on the disk’s surface. Orienta-
tion in one direction represents 0 and orientation in the
opposite direction represents 1. When a magnetized disk is read,
the read/write head converts the digital information on the disk
to pulses of electric current.

Information stored magnetically cannot be read by the com-
puter as quickly as information stored on RAM and ROM.
However, because the information on a hard disk is stored mag-
netically rather than with electronic switches like RAM, the
information isn’t lost when the computer is turned off.
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Collect Data Visit the 
Glencoe Science Web site 
at science.glencoe.com
for more information about 
different types of computer
disks. Find out how the
amount of information that
can be stored varies from 
one type of disk to the next.
Prepare a small poster show-
ing what you find along with
a sentence or two describing
the characteristics of each
disk.

Figure 15
A hard disk contains a disk or
platter that is coated with mag-
netic particles. A read/write 
head moves over the surface of
the disk.

http://science.glencoe.com


Computers are useful because they can
process large amounts of information
quickly. Almost all desktop computers

use a hard disk to store information. A hard
disk is an electronic filing cabinet that can
store enormous amounts of  information 
and retrieve them quickly.

Figure  16

Read/Write head

Platters

To write informa-
tion on the disk, a
magnetic field is cre-
ated around the head
by an electric current.
As the platter rotates
past the head, this
magnetic field causes
the magnetic parti-
cles on the platter to
line up in bands. One
direction of the bands
corresponds to the
digital bit 0, the other
to the digital bit 1.

B

To read information on the disk, no current
is sent to the heads. Instead, the magnetized
bands create a changing current in the head 
as it passes over the platter. This current is the
electronic signal that represents the needed
information.

C

A hard-disk drive is made of a stack of aluminum
disks, called platters, that are coated with a thin
layer that contains magnetic particles. Like tiny com-
passes, these particles will line up along magnetic
field lines. The hard disk also contains read/write
heads that contain electromagnets. When the hard
disk is turned on, the platters spin under the heads.

Hard disk 
unit

Read/Write head

Magnetic 
particles

N

S

S

N

A

VISUALIZING A HARD DISK
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Floppy Disks Storing information on a hard disk is conven-
ient, but sometimes you might want to store information that
you can carry with you. The original storage device of this type
was the floppy disk. A floppy disk is a thin, flexible, plastic disk.
You might be confused by the term floppy if you have heard it
used to describe disks that seem quite rigid. That is because you
don’t actually hold the floppy disk. Instead, you hold the harder
plastic case in which the floppy disk is encased. Just as for a hard
disk, the floppy disk is coated with a magnetic material that is
magnetized and read by a read/write head. Floppy disks have
lower storage capacity than hard disks. Also, compared to hard
disks, information is read from and written to floppy disks
much more slowly.

Optical Disks An optical storage disk, such as a CD, is a thin,
plastic disk that has information digitally stored on it. The disk
contains a series of microscopic pits and flat spots as shown in
Figure 17A. A tiny laser beam shines on the surface of the disk.
The information on the disk is read by measuring the intensity
of the laser light reflected from the surface of the disk. This
intensity will depend on whether the laser beam strikes a pit or a
flat spot. The original optical storage disks, laser discs, CD-
ROMs, and DVD-ROMs, were read-only. Several of these are
shown in Figure 17B. However, CD-RW disks can be erased and
rewritten many times. Information is written by a CD burner
that causes a metal alloy in the disk to change form when heated
by a laser. When the disk is read, the intensity of reflected laser
light depends on which form of the alloy the beam strikes.
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Figure 17
An optical storage disk stores
information that is read by a
laser. Information is stored 
on an optical disk by a series of
pits and flat spots, representing 
a binary 1 or 0. CDs, laser 
disks, and DVDs are all examples
of optical storage disks.

Research Visit the 
Glencoe Science Web site at
science.glencoe.com for
more information about
lasers and how they are used
to create and read optical
disks. Write a brief essay
describing what you’ve
learned.

http://science.glencoe.com


Computer Networks
Your class is about to start a new project.

You will communicate with a class in a school
in another state using a computer. People can
communicate using a computer if it is part of
a computer network. A computer network is
two or more computers that are connected to
share files or other information. The comput-
ers might be linked by cables, telephone lines,
or radio signals.

The Internet is a collection of linked com-
puter networks from all over the world. For
example, a university in one city might have all
of its computers networked. A large company
with offices in several cities can do the same. The Internet is
thousands of these smaller networks linked together by cable or
satellite. The Internet itself has no information. No documents
or files exist on the Internet, but you can use the Internet to
access a tremendous amount of information by linking to other
computers.

The World Wide Web is part of the Internet. The World
Wide Web is the ever-changing collection of information (text,
graphics, audio, and video) on computers all over the world.
The computers that store these documents are called servers.
When you connect with a server through the Internet, you can
view any of the Web documents that are stored there, like the
web page shown in Figure 18. A particular collection of infor-
mation that is stored in one place is known as a Web site.
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Section Assessment

1. What is the binary system and why is it
useful for storing information? 

2. What are RAM and ROM?

3. How is computer software different from
computer hardware?

4. List and describe at least three different
types of information storage devices.

5. Think Critically How is the World Wide
Web related to the Internet?  How can the
Internet and the World Wide Web change
the way in which a business operates?

6. Comparing and Contrasting Compare and
contrast floppy disks, optical disks, and hard
disks. For more help, refer to the Science Skill 
Handbook.

7. Concept Mapping Develop a spider map with
“Computers” in the center box. Include the fol-
lowing terms: keyboard, monitor, microproces-
sor, programs, RAM, ROM, floppy disk, hard
disk, CD, and Internet. For more help, refer to
the Science Skill Handbook.

Figure 18
When you connect to the Inter-
net, you can be linked with other
computers that are part of the
World Wide Web. Then you can
have access to the information
stored at millions of Web sites.



The Internet has provided many ways to share information and become connected
with people near and far. People can communicate ideas and information quickly

and easily. Unfortunately, some people use computers and the Internet as an oppor-
tunity to create and spread computer viruses. Many new viruses are created each year
that can damage information and programs on a computer. Viruses create problems
for computers in homes and schools. Computer problems caused by viruses can be
costly for business and government computers, as well. Find out what you can do to
protect your computer from viruses.

Recognize the Problem
How can acquiring and transmitting computer viruses be prevented?

Form a Hypothesis
People share information and ideas by exchanging electronic files with one other.
Perhaps you send email to your friends and family. Many people send word process-
ing or spreadsheet files to friends and associates. What happens if a computer file is
infected with a virus?  How is that virus spread among different users?  How can you
protect your computer and your information from being attacked by a virus? 

Goals
■ Understand what a computer virus is.
■ Identify different types of computer

viruses.
■ Describe how a computer virus is spread.
■ Create a plan for protecting electronic

files and computers from computer
viruses.

Data Source
Go to the Glencoe Science

Web site at science.glencoe.com to get
more information about computer viruses
and for data collected by other students.

Does your computer 
have a virus?
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Test Your Hypothesis

Analyze Your Data

Draw Conclusions

3. Discover how you
can protect yourself
from viruses that
attack your com-
puter. Make a list of
steps to follow to
avoid infection.

Do
1. Make sure your

teacher approves
your plan before you start.

2. Go to the Glencoe Science Web site
at science.glencoe.com to post
your data.

Plan
1. Do research to find out what a com-

puter virus is and the difference
between various types of viruses.
Also research the ways that a com-
puter virus can damage computer
files and programs.

2. After you know what a computer
virus is, make a list of different
types of viruses and how they are
passed from computer to computer.
For example, some viruses can be
passed through attachments to
email. Others can be passed by
sharing spreadsheet files. Be spe-
cific about how a virus is passed.

What steps should you take to 
make sure you do not spread viruses
to people you share information
with?

4. Describe the different ways com-
puter viruses can damage computer
files and programs.

1. How are computer viruses trans-
ferred from one computer to
another?

2. How can you prevent your computer
from becoming infected by a virus?

3. How can you prevent other people
from getting computer viruses?

1. Create a list of five to eight steps a
computer user should follow to pre-
vent getting a computer virus or
passing a virus to someone else.

2. Discuss how anti-virus software can
keep viruses from spreading.Could
anti-virus software always prevent
you from getting a computer virus?
Why or why not?
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Find this  Use the Internet activity on 
the Glencoe Science Web site at 

science.glencoe.com. Post your data in the table that
is provided. Compare your data on types of viruses and
how they infect computers with that of other students.
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SCIENCE 
ISSUES 

THAT AFFECT
YOU!

SCIENCEANDSociety

In recent years, people have been using 

their computers to order books from online

bookstores. That’s no big deal. What might

become a big deal is the ordering of electronic

books—books that you download to your own

computer and read on the screen or print out to

read later. Some famous authors are 

writing books just for that purpose. Some of 

the books are published only online—you can’t

find them anywhere else.

Many other Web sites, however, are selling

any book anybody wishes to write—including

students like you. In fact, you could start your

own online bookstore with your own stories

and reports. This is a big change from the

recent past, when publishers controlled what

got published. Now you can have that control. 

It will be up to readers to pick and choose

what’s good from the huge number of e-books

that will be on the Web.

Curling Up with a Good Disk
Downloading books to your home com-

puter is just one way to get an e-book. You can

also buy versions of books to read on hand-held

devices that are about the size of a paperback

book. With one device, the books come on 

CD-ROM disks. With another, the books down-

load to the device over a modem.

The e-book devices currently are expen-

sive, heavy, and awkward and the number 

of books you can get for them is small. But if

improvements come quickly, it might not be

long before you check out of the library with a

pocketful of disks instead of a heavy armload of

books!

Here’s a look at how computers 
and the Internet are changing 
what—and how—you read



Will Traditional Books 
Disappear?

Most people think that the traditional

printed book will never disappear. Publishers

will still be printing books on paper with soft

and hard covers. But publishers also pre-

dict there will be more and more kinds 

of formats for books. E-books, for

example, might be best for

interactive works that

blend video,

sound, and words

the way many

Web sites already

do. For example, an

e-book biography

might allow the reader 

to click on photos and

videos of the subject, and

even provide links to other

sources of information. Still,

as writer Anne Glusker says,

“There will be times when

nothing but the feel, smell, and

look of a beautifully printed and

bound book will satisfy.”

E-books have come a long way 
since this early printed book.

CONNECTIONS Interview Talk to a bookstore employee to find out
how book publishing and selling has changed in the last five years. Can he 
or she predict how people will read books in the future? Report to the class.
Then brainstorm how writing you’ve done could be uploaded to a Web site.

For more information, visit
science.glencoe.com.

All of these stacked
books can fit into
one e-book.

http://science.glencoe.com
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Section 2 Computers
1. The binary system consists of two digits,

0 and 1. Switches within electronic devices
such as computers can store information 
by turning on (1) and off (0).

2. Electronic memory within a computer can
be random-access (RAM) or read-only
(ROM).

3. Computer hardware consists of the physical
parts of a computer. Computer software is a
list of instructions for a computer.

4. A microprocessor is a complex, integrated
circuit that stores information, makes com-
putations, and directs the actions of the
computer.

5. Floppy disks,
hard disks, and
optical disks are
types of com-
puter informa-
tion storage
devices. How is
information
stored differently
on DVDs, such as the one shown here, than
on a hard disk?

6. The Internet is a collection of linked com-
puter networks from all over the world.

Section 1 Electronics
1. A changing electric current used to carry

information is an electronic signal. Elec-
tronic signals can be either analog or 
digital. Which of these disks contains digital
information?

2. Semiconductor elements, such as silicon
and germanium, conduct electricity better
than nonmetals but not as well as metals. If
a small amount of some impurities is added
to a semiconductor, its conductivity can be
controlled.

3. Diodes and transistors are solid-state com-
ponents. Diodes allow current to flow in
one direction only. Transistors are used as
switches or amplifiers. What are two ways in
which the transistor shown below is different
from a vacuum tube?

Study GuideChapter 33

Write what you learned
under the tab of your 
Foldable. Using what you

learned, explain why information is stored in
computers as binary numbers.

After You Read
FOLDABLES
Reading & Study
Skills

FOLDABLES
Reading & Study 
Skills



use

to

Software

Instruct the
operations of
the computer

Output data

Store and
process 

information
Input data

use

to

Hardware

Computers
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Vocabulary Words
a. binary system h. random-access
b. computer software memory (RAM)
c. digital signal i. read-only
d. diode memory (ROM)
e. electronic signal j. semiconductor
f. integrated circuit k. transistor
g. microprocessor

Using Vocabulary
Each of the following sentences is false. Make

the sentence true by replacing the underlined
word(s) with the correct vocabulary words.

1. RAM is a base-2 number system.

2. A transistor changes AC to DC.

3. An electronic signal contains thousands of
electronic components.

4. A microprocessor is not a good conductor
or insulator of current.

5. The information in ROM changes each
time a computer is used.

6. A diode is an electronic device that can be
used as a switch or to amplify signals.

7. A CPU is another name for a transistor.

Study GuideChapter 33

Sit with a study partner and read aloud to each
other from a chapter. Then discuss what you’ve
been reading with each other. Ask your teacher
if you have any questions.

Study Tip

Complete the following concept map on computers.



AssessmentChapter 33

Choose the word or phrase that best answers
the question.

1. How is a digital signal different from an
analog signal?
A) It uses electric current.
B) It changes continuously.
C) It changes in steps.
D) It is limited to computers.

2. What type of elements are semiconductors? 
A) metals C) metalloids
B) nonmetals D) gases

3. Which type of semiconductor device can be
used as an amplifier?
A) diode C) capacitor
B) transistor D) LED

4. Which type of electronic device is made up
of one n-type and one p-type semiconduc-
tor joined together?
A) capacitor C) integrated circuit
B) transistor D) diode

5. What is the name of the number system
used by computers for storing and transfer-
ring information?
A) ROM C) digital
B) decimal D) binary

6. Which type of computer memory is used by
a computer to run a program?
A) ROM C) DVD
B) RAM D) hard disk

7. Which type of computer memory is used
when the computer is first turned on?
A) ROM C) DVD
B) RAM D) hard disk

8. What part of a computer carries out the
instructions contained in programs?
A) RAM C) LED
B) ROM D) microprocessor

9. Which of the following uses magnetic
materials to store digital information?
A) compact disk C) RAM
B) hard disk D) ROM

10. Which of the following best describes inte-
grated circuits?
A) They use vacuum tubes.
B) They do not contain transistors.
C) They store analog signals.
D) They can be small and contain many

solid-state components.

11. List and describe an analog device and a
digital device.

12. Copy and complete the table describing
solid-state components.

13. Describe why the invention of integrated
circuits was so important for making small,
fast computers.

14. How is the binary system different from the
number system you use every day? Why is
the binary system used to store information
in computers?

15. Describe and classify the different types of
internal and external computer memory.

16. Comparing and Contrasting How are 
analog and digital signals similar and how
are they different? 

90 ◆ N CHAPTER ASSESSMENT

Component Description Use

Diode

Transistor

Integrated circuit

Solid-State Components
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17. Recognizing Cause and Effect How did the
development of solid-state components
affect electronic devices?

18. Developing Multimedia Presentations
Create a multimedia presentation showing
the history of computers.

19. Concept Mapping Complete the 
following events chain showing the
sequence of events when a computer 
mouse is moved.

20. Make a Poster Microprocessors continue 
to become smaller and more complex.
Go to the Glencoe Science Web site at 
science.glencoe.com for more information
about different microprocessors. Make a
poster that explains what you learned.

Students at Martin Luther King, Jr.
middle school were studying different
computer hard disks and their storage
capacities. Their information is shown in
the table below.

Study the table and answer the following
questions.

1. According to this table, the storage
capacity of the largest hard disk is
about how many times larger than that
of the smallest hard disk?
A) 3
B) 4
C) 6
D) 8

2. If a megabyte (Mb) equals 1,024 kilo-
bytes, which hard disk has a storage
capacity of about 13 million kilobytes? 
F) R
G) S
H) T
J) U

AssessmentChapter 33

Go to the Glencoe Science Web site at 
science.glencoe.com or use the 
Glencoe Science CD-ROM for 
additional chapter assessment.

TECHNOLOGY

Mouse is moved by computer user.

Signal is sent to microprocessor.

Microprocessor processes signal.

Microprocessor sends signal to monitor.

Mouse pointer moves on screen.

Hard Disk Storage Capacity
(Mb)

Storage Capacity

   5,120

20,480

32,768

13,312

R

S

T

U

Test Practice
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