INTRODUCTION
IS THIS SCENE familiar to you? You are sitting at the computer with multiple instant messaging windows open. You are simultaneously texting on your cell phone and listening to your iPod. This human imperative to communicate is not new. It can probably be traced back to the time of cave paintings, at least. Your generation, however, is unique in its capacity to communicate. Whether it is communicating with your friends, your parents, or your teachers, you engage in some sort of communication on an almost constant basis.
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Communications is as old as humankind and is a critical aspect of what makes us who we are. Suppose we go through a typical day and determine how many of your interactions can be classified as communications. We can begin with the morning ritual of hearing the alarm clock, hitting the snooze button, and repeating the cycle until we get out of bed. This type of communication is one-way, machine-to-human, yet it is communication nonetheless. You may have had a parent stick his or her head in your room and try to wake you up, and you may have tried to do the same with a younger brother or sister—all oral communications. As you’re getting ready, you might listen to the radio or watch television, which are examples of one-way broadcast communications—intended either to entertain us or inform us. As an alternative, you may be listening to your favorite morning playlist on your iPod. During this time, you may have checked your cell phone for text messages from your friends, texted them, used a laptop or desktop computer to send or check e-mail, or had a quick instant messaging (IM) session with a friend (see Figure 11.1). E-mail, text messaging, and instant messaging are all two-way electronic communications that have quickly become primary ways we communicate.

[[Insert Figure 11.1 here]]

Notice that in our scenario, it is still morning. We haven’t had breakfast, gone to school, or done any of the other activities that make up a typical school day. That’s a lot of early morning communication—even for your generation. What about “older” forms of communication? (see Figure 11.2 for an example of really old forms of communication!) On a typical day, what’s the likelihood that you would listen to the radio or watch television? What about reading a newspaper? Your household probably subscribes to a newspaper, but how often do you use it to communicate? We’ll end our illustration here, before you go to school, but you can see that if we followed you for a whole day, your communication would probably be nonstop. You might be surprised by how much your life is centered on communication—which we’ll leave for an end-of-chapter exercise.

[[Insert Figure 11.2 here]]

SECTION 1: Understanding Communication Systems

[[Start KEY IDEAS Box here]]

KEY IDEAS >
· Information and communication technologies include the inputs, processes, and outputs associated with sending and receiving information.

· Information and communication systems allow information to be transferred from human to human, human to machine, machine to human, and machine to machine.

· Communication systems are made up of a source, encoder, transmitter, receiver, decoder, storage, retrieval, and destination.

· At the source, a modem modulates an analog carrier signal to encode digital information. At the destination or receiver, a modem demodulates the signal to decode the transmitted information and receive the message.

[[End KEY IDEAS Box here]]

[[Insert Figure 11.3 here]]

We can represent any communication system with some basic building blocks, as shown in Figure 11.3. For instance, consider an instant messaging (IM) application. You sit at your computer and type or input your message into an IM client. Your computer is connected to a network, so your message can be transmitted to your friend across town or even across the world. This portion of the communication system is the process; when your friend receives the message, it is displayed or output on his or her computer. If your friends do not understand the message, they could respond with a question or a request to repeat the message. Here your friends are providing feedback. Any of the information and communication technologies we use include the inputs, processes, and outputs associated with sending and receiving information.
Although our block diagram is simplistic, it is useful: It can be applied to almost any type of communication. Let’s consider an example. If you have musical talent, you’ve probably taken piano lessons. Consider what happens when you play the piano (see Figure 11.4). You may be reading the sheet music for the song you’re trying to learn. This sheet music is your input. The process involves reading the notes, mentally mapping those notes to the correct keys on the piano, and then striking the proper keys. As you become a better musician, the process becomes less about memory and hand-eye coordination and becomes more automatic. The output from the process is the sound of the piano. The feedback here is your response—or your teacher’s response—to the notes (the output). If your output is correct—that is, if it matches the input (the sheet music)—the feedback is likely positive. If your output has errors, the feedback communicates that to you and requires you to alter your process—hopefully to improve your output. The scenario we’ve described is a human-to-human exchange of information; however, information and communication systems also allow information to be transferred from human to machine, from machine to human, and from machine to machine.

[[Insert Figure 11.4 here]]
Let’s look at the middle portion—the communication process—in a little more detail. We can break this process—or any process, for that matter—into five elements: a source, an encoder, a channel, a decoder, and a receiver. You, your computer, and your IM client are the source of a message. Your computer is connected to some sort of modem—short for modulator/demodulator. The modem is responsible for converting the message from your computer into a form that can easily be transmitted—in this case, converting the computer’s binary message (ones and zeroes) into an analog signal ready for transmission. Here the modem is acting as an encoder. The message travels over phone lines, copper cables, and fiber-optic cabling, bouncing from router to router until it reaches its destination network. This element of the communication process—the communication channel—could be simple or very complex, depending on the path the message must take and the variety of networks that have to be traversed. A modem at the receiving end—at least the demodulator part of the modem—decodes the message into a form the computer can understand. In this case, the message is converted from an analog signal to a binary signal and your friends’ modem is acting as a decoder. Finally, your friend—the receiver—reads the message on his or her computer using an IM client. Similar processes can be identified for other forms of communication, including e-mail and written and spoken communications. If we combine the elements of our communications process with the receiver and transmitter and the ability to store and retrieve information, we can further generalize communication systems as consisting of a source, encoder, transmitter, receiver, decoder, storage, retrieval, and destination (see Figure 11.5).

[[Insert Figure 11.5 here]]

[[Insert Figure 11.6 here]]

At the source, a modem modulates an analog carrier signal to encode digital information; at the destination or receiver, this process is reversed. There the modem demodulates the carrier signal to decode the transmitted information and receive the message (see Figure 11.6).

[[Start SECTION ONE FEEDBACK here]]

SECTION ONE FEEDBACK >
1.
Sketch a block diagram of the communication system that makes up an instant message with a friend. Sketch a similar diagram for the preceding example of the piano.

2.
Create and label a block diagram for the communication process—the middle portion of our system—for the preceding piano example.

3.
What is a channel? Give three examples.

4.
Explain the purpose of an encoder and decoder in a communications system.

5.
What does a modem do?

[[End SECTION ONE FEEDBACK > here]]

SECTION 2: Identifying Types of Communications

[[Start KEY IDEAS Box here]]

KEY IDEAS >
· Information and communication systems can be used to inform, persuade, entertain, control, manage, and educate.

· There are many ways to communicate information, such as graphic and electronic means.

· Technological knowledge and processes are communicated using symbols, measurements, conventions, icons, graphic images, and languages that incorporate a variety of visual, auditory, and tactile stimuli.

· Graphical analysis and presentation can be divided into two general types: information that is qualitative in nature, and information that is quantitative.

· Oral presentations to bosses, teachers, customers, or colleagues at meetings or conferences can be used to share information, or sell an idea, a product, or even yourself (for example, a job interview).

[[End KEY IDEAS Box here]]
We communicate for a number of reasons. Communication, regardless of what form it takes, can be used to inform, persuade, educate, and entertain. Some communications are generic and can be used for any of these purposes; others have been developed to achieve one or more of these objectives. We can classify communications into two distinct categories: graphic and electronic. Take a look at each.
In graphic communications, we use words and pictures to convey our message. Graphic communications that use images or icons are a particularly powerful means of engaging an audience and sharing information. For example, consider the iconic examples of the Apple and Windows logos. Apple and Microsoft have spent a lot of money on these logos to make sure that we recognize them. Graphic communication is particularly useful for presenting technological knowledge and processes, which are communicated using symbols, measurements, conventions, icons, graphic images, and languages that incorporate a variety of visual, auditory, and tactile stimuli.
In electronic communications, we use electrical signals, pulses of light, or radio waves to carry our messages. Computers use any of these electronic techniques (electricity, light, radio waves) to send and receive messages. As devices become increasingly more powerful, we find that cell phones, smart phones, and personal digital assistants (PDAs) can send and receive electronic messages and display them as text and graphics. As networks get faster and provide greater capacity, these devices access even greater amounts of information. Many of these handheld devices can be used for receiving and watching video, and a select few can send and receive live video. Consider the tremendous impact that devices such as the Apple iPhone, Amazon Kindle e-book reader, and Nokia’s N95 cellular phone have on how, when, and where we access data (see Figure 11.7).
How we communicate our message depends on the communication medium. In electronic communications, the medium is copper wire, glass fiber, or radio waves through air. The medium can also be considered the container of the message. In graphic communications, these containers could include books, magazines, newspapers, and other written communication. Media for electronic communication include Web pages, radio, television, e-mail, instant messaging, and texting, just to name a few. Of these communications outlets, the ones with large audiences are often called mass media, and communications with smaller audiences are called micromedia.

[[Insert Figure 11.7 here]]
Graphical Communication

You probably don’t give much thought to the old saying, “A picture is worth a thousand words.” However, that old adage really comes to life when you consider the explosion in popularity of digital cameras, camcorders, and cell phones that can take pictures and even record video, as well as video and image sharing sites such as YouTube and Flickr. These devices and sites are a testament to the power of graphical communication. In fact, we borrowed language from the world of infectious diseases to describe an incredibly popular video as a “viral” video. Try searching YouTube for the terms “Mentos” and “Diet Coke” and you’ll see examples of “viral” videos. Graphic communication is not limited to pure entertainment—there’s even a YouTube-like site for education called TeacherTube, and Apple’s popular iTunes music store is also host to iTunes University, which provides video access to classroom content from colleges and universities.
When we use graphic communication in engineering and technology, we often refer to it as technical communication—implying that we are sharing technical information through graphs, graphics, and other visual tools. In technical communication, we use graphs to display a trend or a relationship between variables that is not apparent from looking at numerical data. In many cases, it is more important to show this general trend than to focus on the actual data. Graphic communication, when appropriate, is supplemented with written and oral communications. The result of combining graphic, written, and oral communications is typically more effective than any of the three alone. Graphics need not be artistic masterpieces or high-end, computer-generated images and animations. Although these have their time and place, a quick hand-drawn sketch is often sufficient to communicate your point. Graphics and imagery are not only important for communicating ideas to others, they also assist you in formulating and refining your own ideas and complement your verbal description. One of the most common drawings you will encounter in engineering and technology is the blueprint (see Figure 11.8). Although they are not actually “blue” anymore, these technical drawings, created by skilled draftspeople using Computer-Aided Design (CAD) systems, are an important way of communicating and sharing technical information. You may never actually draw and create a set of blueprints, but you may be responsible for reading and approving these drawings, so you must be able to read and understand them.

[[Insert Figure 11.8 here]]

In graphical communication, you must consider not only the type of information that you are presenting, but also your intended audience. A very technical audience may expect to see detailed numerical or quantitative information, whereas a nontechnical audience may not be as interested in the actual data, but instead in data trends and their implications. With this in mind, we can divide graphical analysis and presentation into two general types: one in which the information is qualitative in nature, using drawings, bar graphs, and pie charts; and one in which the information is quantitative, using tables and line graphs. For some presentations, it may be appropriate to provide your audience with a general understanding of the magnitude of the terms, without presenting specific numerical data.

ENGINEERING IN THE REAL WORLD
Have you ever sat through a presentation, or even given one, and wondered how many more tables, pie charts, or bar charts you would have to look at? Well, it turns out there’s a whole universe of visualization methods that most of us didn’t even know existed. At www.visual-literacy.org, you’ll find a periodic table of visual-ization methods to help identify and select alternative ways to present your data (see Figure 11.9).

Notice that the figure is color-coded and uses a number of symbols to help differentiate each of the methods. The various colors allow you to quickly determine which method to use, depending on what you are trying to visualize (data, information, concept, strategy, and so on), and the text color identifies methods that are appropriate for either process or structure visualization. The chart is interactive: If you mouse over any of the elements of the table, a small window will appear with a sample of the visualization method. This chart is not only a great resource, it’s also a great example of graphical communication. For example, the periodic table entry for the treemap is shown in Figure 11.10.

According to the periodic table, the treemap is used for information visualization, can be used to provide both an overview and detail, and represents convergent thinking. If you do a little research, you can find examples of treemaps—something you’ve probably never heard of before. For example, www.marumushi.com/apps/ newsmap/newsmap.cfm is a site that presents news aggregated together as a treemap (see Figure 11.11).

[[Insert Figure 11.9 here]]

Take some time to explore the Newsmap site. The different colors represent different types of news (world, national, sports, entertainment, and so on). Different shades of color indicate the age of the news (brighter shades are less than 10 minutes old, while increasingly darker shades represent older news). Finally, the size of each rectangle is related to the number of news stories found for each topic.

[[Insert Figure 11.10 here]]

[[Insert Figure 11.11 here]]
[[Start ENGINEERING QUICK TAKE here]]

ENGINEERING QUICK TAKE
Creating a Treemap

Now look at how your data might become treemaps. Imagine that you are asked to discuss the table of data shown in Figure 11.12.

The table details a number of companies, their market sectors, and market caps—a measure of a company’s size calculated by multiplying the current stock price by the number of outstanding shares. This is a fairly simple example, but it is not hard to get lost in a table, even one this small. Using a spreadsheet program such as Microsoft Excel, we “normalize” the data by dividing by the largest value and use these normalized values to generate rectangles with corresponding areas. We can then create a treemap for the two sectors using different-sized rectangles to indicate the relative market cap of each company. The result might be something similar to the treemap shown in Figure 11.13.

[[Insert Figure 11.12 here]]
[[Insert Figure 11.13 here]]

I think you would agree that this view of the data is a lot more visually appealing and much easier to understand. There’s nothing wrong with tables, but take a look at your data and at some of these techniques. Could you and your communications benefit from a fresh new presentation? Try one.
[[End ENGINEERING QUICK TAKE here]]

Oral Communication

You will frequently need to make oral presentations to bosses, teachers, customers, or colleagues at meetings or conferences. In the presentation, you could be sharing information, or selling an idea, a product, or even yourself. (A job interview is nothing more than a presentation in which you’re selling yourself.) For any oral presentation, it is normal to be a little anxious at first, but you can take steps to improve your oral communication skills. A great first step is to take a speech class or to join a local chapter of an organization such as Toastmasters International. These steps, along with taking every opportunity to speak to a group, will provide you with experience, and build poise and confidence. After a while, the nervousness will disappear after the first minute or two, especially if you are well prepared and you know the topic you are presenting.

Preparation Very few people can easily give an impromptu presentation—standing up and talking about a subject without first preparing what they want to say. Just as in written communication, you must have a clear idea of what you want your message to be. It may be helpful initially to jot down the facts, create an outline, and identify a theme that connects the facts. With this preparation, you can begin to build your oral or written presentation. As mentioned before, it’s important to know your audience and prepare the presentation to suit their background. You should not give too elementary a talk, or one that is too sophisticated; in either case, you will lose contact with the audience. Remember that communication is a two-way street—transmission and reception. In most cases you want to split your presentation into 15- to 20-minute chunks—any longer and you may lose the audience. It should be apparent from your presentation that you are secure and in control of the subject matter. You will be asked questions, which is often the most informative and important part of a presentation. You must be prepared to expand on given topics.
How should you give your talk? You should go over what you want to say many times before actually making the presentation. Once you believe you have all the information needed to make the presentation, prepare note cards from the outline and give a trial talk to yourself. Time it. Remember to speak clearly and not too fast. Once you are satisfied that all the information you want to convey is in your presentation material, try the presentation out on a friend or coworker.
Visual Aids In giving an oral presentation, visual aids can be a tremendous help in making your point or providing complementary details. The most common—and probably unpopular—method of making a presentation is to use Microsoft’s PowerPoint program or Apple’s KeyNote software. Harvard Professor Edward Tufte refers to all of these applications as “slideware,” and cautions against their indiscriminate use. In particular, Tufte worries about a phenomenon many have taken to calling “Death by PowerPoint.” There is nothing wrong with using slideware, but it is important to consider how you are using it. Rather than dumping all of your content into PowerPoint, consider creating a very visual slide deck with a limited amount of text (see Figure 11.14). Remember, you are giving the oral presentation, not the software. You should know your topic well, and the slides should provide visual cues to help guide your presentation. Too often, presenters put the content in the slides, do not prepare adequately, and do not thoroughly understand what they’d like to say, so they end up reading the slides. Your audience can read the slides—they don’t need you to read to them. If you’d like them to read, prepare a more in-depth and detailed paper or manuscript as a companion piece for your presentation.

Here are some key points to remember when using PowerPoint:

1.
Keep it visual—use large text, high-quality images, and pictures that tell a story.

2.
Just because the templates use bullets doesn’t mean you have to.

3.
If you do use text, make it big. Use 24-point type at a minimum. (72 points is about an inch.)

4.
Avoid unnecessary animations and transitions—they don’t really add anything to what you have to say.

5.
Pick a background that is uncluttered and provides a good contrast to your text color.

6.
Preview your slides and familiarize yourself with the location at which you are presenting.

7.
Take your time—don’t rush.

8.
Make eye contact; stay connected with your audience.

9.
Don’t read the slides.

10.
Know your topic.

11.
Buy yourself a “clicker” and get out from behind the podium.

12.
Practice, practice, practice.

[[Insert Figure 11.14 here]]

Also consider props as visual aids. If you have a 3D model, you can hold it up and describe it or pass it around the room. It will help you to connect with the audience and make the content more tangible to them.

Presentation Techniques Just as the appearance of your written report affects how people view its contents, your own appearance affects audience reaction to what you have to say. Not only should you look presentable, neat, and well dressed, you should behave properly. Speak clearly and loudly enough so the audience can hear you; people do not want to strain to understand what you are saying. Speak slowly enough so they can follow. You know what you want to say and what the connections are, but the audience does not, and you must allow time for these connections to occur.
Talking quickly and softly are signs of nervousness that you can be aware of and correct. Avoid saying “uh,” “like,” and “you know.” Often you will have a podium to hold your notes and to grasp initially, but don’t give it a death grip. Maintaining eye contact with the audience throughout your talk is important. Look at people directly, and shift your attention from one person to another. This keeps you involved with the audience, makes you aware that your message is getting through, and lets the audience know that you are engaging individual members constantly.

TECHNOLOGY AND PEOPLE:
Hans Rosling

Hans Rosling is a professor of global health at Sweden’s Karolinska Institute. After becoming a licensed physician in 1976, Rosling served as District Medical Officer in northern Mozambique from 1979 to 1981. In 1981, he discovered an outbreak of a formerly unknown paralytic disease, and the investigations that followed earned him a Ph.D. at Uppsala University in 1986. He spent two decades studying outbreaks of the disease in remote areas across Africa and supervised more than ten Ph.D. students. His research group named the new disease “konzo,” the local designation by the first affected population. As an academic, Rosling has focused on creating and teaching new courses on global health, and he has coauthored a textbook on global health.

Rosling is a dynamic and enthusiastic presenter (see Figure 11.15). You can tell he loves what he teaches; his enthusiasm is infectious. The focus of his work has been global health and poverty trends, and common misconceptions regarding differences between developing countries and the so-called western world. For Rosling, it is not enough to know his topic or to be passionate about it—he is dedicated to changing how data is presented. Rosling makes his case using statistics drawn from United Nations data and illustrated by visualization software he developed through his nonprofit organization, Gapminder. Anyone who has seen Rosling present his work marvels at how the software takes flat data and brings the data to life. It is a great example of how technology, at its best, can help to elucidate rather than obfuscate.

[[Insert Figure 11.15 here]]
Trendalyzer, the software from Gapminder, is free and can be loaded with any data (see Figure 11.16). To take it for a spin and watch Rosling make a presentation, visit www.gapminder.org/world. You can vary the data for both the x and y axes and animate the results over time. So, whether you like to watch great presenters in action, are interested in global issues, or just want to see new technologies for teaching and learning, give this video a look. Not surprisingly, Gapminder was purchased by Google in March 2007. Here’s an excerpt from the announcement:

Gapminder’s Trendalyzer software unveils the beauty of statistics by converting boring numbers into enjoyable interactive animations.…
[[Insert Figure 11.16 here]]
[[Start SECTION TWO FEEDBACK here]]

SECTION TWO FEEDBACK >
1.
What types of communication are there?

2.
What is the difference between communicating qualitative information and quantitative information?

3.
Using the periodic table of visualization methods at www.visual-literacy .org, research and briefly describe two alternative ways to present quantitative information.

4.
Use the Internet to find a video of a well-known presenter, and share a video with your classmates that is either an example of a well-done or poor presentation.

[[End SECTION TWO FEEDBACK here]]

SECTION 3: Defining Telecommunications

[[Start KEY IDEAS Box here]]

KEY IDEAS >
· Telecommunications is a very broad term that implies transmission of messages at a distance. It could include transmission of signals via smoke (smoke signals), sound (drums), flags (semaphore), and even reflected sunlight (heliograph).

· Modern telecommunications involves some combination of an electronic transmitter and receiver.

· Communication technology and the ability to communicate electronically provide a competitive advantage.

· Digitizing voice data allows telecommunications carriers to use a single common digital infrastructure for voice, video, and data.

· A basic communications system consists of three things—a transmitter to send the message, media over which to send the message, and a receiver of the information.

[[End KEY IDEAS Box here]]
When you hear the term telecommunications, you and most others probably focus on the tele prefix and associate the term with telephones and telephony. In fact, telecommunications is a very broad term that implies transmission of messages at a distance. In the broadest of definitions, telecommunications could include transmission of signals via smoke (smoke signals), sound (drums), flags (semaphore), and even reflected sunlight (heliograph). In our discussion of modern telecommunications, we will restrict ourselves to communications that involve some combination of an electronic transmitter and receiver. Examples include two-way communication devices such as telephones and computers and one-way broadcast communications via radio and television.

Society and Telecommunications

Telecommunication, the ability to connect to others with voice, video, and data, has become so commonplace that we perceive it as we do electricity: We expect it to always be there. Telecommunications is not just a critical part of society, it is also an important part of our global and national economy. Some estimates put the global telecommunications market at 3 percent of the gross world product. Just as communications technologies have revolutionized our daily lives, these technologies have dramatically altered the way we work and how we do business. In particular, telecommunications technologies have empowered businesses—small, medium, and large—to operate in a global environment. For that matter, even individuals can leverage technology to become part of the global economy. Amazon.com and Wal-Mart are two retailers that have integrated telecommunications into virtually every aspect of their business. Figures 11.17, 11.18, and 11.19 demonstrate the shift that is occurring away from older media companies and older ways of communicating.

[[Insert Figure 11.17 here]]

[[Insert Figure 11.18 here]]

[[Insert Figure 11.19 here]]

[[Insert Figure 11.20 here]]

Communication technology definitely provides a competitive advantage. Consider working on a homework assignment. If you have access to a computer and a high-speed Internet connection, you will probably use those resources in researching and completing your homework. Imagine the competitive disadvantage faced by classmates who don’t have access to similar resources. This technology gap between the “haves” and the “have nots” is often referred to the digital divide. This disparity is evident in Figure 11.20, which was compiled using data from the International Telecommunication Union (ITU). A striking point in this data is that the United States is not at the top in high-speed or broadband Internet adoption—instead it is in the middle of the pack.
Even more alarming is the gap between the industrial world and developing countries. ITU has compiled a Digital Access Index (www.itu.int/ITU-D/ict/dai/). This data, illustrated in Figures 11.21 and 11.22, shows the developing world lagging behind the rest of the globe in fixed telephony and Internet adoption.

[[Insert Figure 11.21 here]]

[[Insert Figure 11.22 here]]

[[Insert Figure 11.23 here]]

One possible solution in the developing world is the introduction of mobile or cellular communications. Because many developing countries have no communications infrastructure, it is often more cost effective to build a wireless communications infrastructure and skip the wired infrastructure completely (see Figure 11.23).

Telephones

Early telecommunications took the form of telegraphy. Samuel Morse is credited with developing a version of the electrical telegraph and the series of dots and dashes—Morse code—that we associate with the telegraph. Morse’s telegraph was not significantly different from those developed by his contemporaries. His most important contribution was his new code. Telegraphy, the transmission of messages as a series of dots and dashes, was eventually replaced by telephony, or what we’ve come to know as the telephone. In 1876, working independently of each other, Alexander Graham Bell and Elisha Gray almost simultaneously invented the telephone. The invention of the telephone ushered in the era of voice communications, which remains central to our lives.
In the first analog or circuit-switched telephone networks, callers’ lines were physically connected with a wire. As you might remember from pictures of old-fashioned switchboard operators (see Figure 11.24), they would move cabling on a switchboard to establish a physical circuit between callers. As technology advanced, these manual switching systems gave way to mechanical systems and finally to electronic switching. The switches establish a circuit or electrical connection between the two callers. The telephone number dialed determines the circuit’s path. A small microphone in the handset is used to convert voice into an electrical signal suitable for transmission over the circuit. At the receiving end, this electrical signal is converted back to voice by a speaker in the handset. To enable a two-way conversation, we actually create two circuits.
Most residential wired telephones are still analog devices, although the increasing adoption of Voice over Internet Protocol (VoIP) has led to greater use of digital handsets by business and residential customers. The fact that most of our phones are still analog has not stopped telecommunications companies from converting their aging analog equipment to a mostly digital infrastructure. It is unlikely nowadays that a call will travel from source to destination as an analog-only signal. Digitizing our voice data allows telecommunications carriers to use a single common digital infrastructure for voice, video, and data. Mobile or cellular phones have had a significant impact on the telecommunications market. Many consumers have abandoned their traditional landline in favor of a mobile phone. As we saw from the ITU data earlier, much of the developing world is leading the way in mobile phone adoption. The dominant protocol for communication across the Public Switched Telephone Network (PSTN) is Asynchronous Transfer Mode, or ATM. ATM is well suited for voice communications and enables us to simultaneously send voice, video, and data over the same network. Telecommunications companies are already beginning to transition their networks from ATM to newer technologies such as Multiprotocol Label Switching (MPLS).

[[Insert Figure 11.24 here]]
Basic Elements of Communications

When we describe communications, it is convenient to use a “systems” approach in which we consider the entire system that enables us to communicate. As we delve into these systems, we begin to break them down into their basic building blocks or components. To understand communications, it is important to be able to work at both the systems level and the component level. To create a basic communications system, we need three things—a transmitter to send the message, media over which to send the message, and a receiver of the information. All communication systems, regardless of their purpose or complexity, can be modeled with these core components. When you’re traveling in a car and listening to the radio, you are receiving a broadcast signal—a signal intended for many recipients. In this example, the radio station has a very powerful transmitter and antenna or broadcast tower at its facility. The transmission medium in this case is the air around us, and the receiver is the radio in your car or home. When you tune your radio to your favorite station, you are tuning the receiver to the specific frequency of that radio station.

Radio is an example of one-way broadcast communications. Many other forms of communication are two-way, and require both a receiver and transmitter on each end of the conversation. A device that can act as both a transmitter and receiver is often called a transceiver. If you think of the devices you typically use over the course of the day, you realize that there are many transceivers around us. In fact, if you group together a number of transceivers and connect them with some sort of communications media, you have built a network.

Analog versus Digital Signals

Electronic communication can take the form of either an analog signal or a digital signal. To better understand the difference between the two, consider a typical garden hose you might use to wash a car or water the lawn. If you move the hose up and down, you create a wave of water that looks a lot like an analog signal. You’ll notice that you get a continuous stream of water that forms a smooth curve (Figures 11.25 and 11.26). Looking at the wave or waveform, we can identify a few important characteristics. The first is the height of the curve. If we draw a horizontal line through its middle, the distance from the line to the top of the curve is called the amplitude of the waveform—we could use the symbol A. Notice also that the wave repeats itself; the time that it takes to repeat is known as the period of the signal and is usually represented with the symbol T (see Figure 11.27). Finally, how tightly the curve’s peaks are grouped together is related to the frequency (f) of the signal. Using our hose analogy, if we move the hose slowly, the peaks will be far apart—a low frequency (see Figure 11.25). If we move the hose faster, the waves are spaced more closely together, corresponding to a higher frequency (see Figure 11.26). To measure frequency, we count the number of peaks during a given interval of time (see Figure 11.28). We usually measure frequency using the unit of hertz (Hz). If we count ten peaks per second, our frequency is 10 Hz. The frequency (f) can also be calculated from the period T, using the inverse or reciprocal relationship shown in the following equation:

[image: image1.emf]
[[Insert Figure 11.25 here]]
[[Insert Figure 11.26 here]]
Now consider a digital signal. Simply put, a digital signal is a series of ones and zeroes. If we consider our garden hose again, imagine the stream of water you create if you alternately cover and uncover the end of the hose (see Figure 11.29). Unlike the continuous stream we get with an analog signal, here we get short bursts of water—each burst corresponding to a binary one and each period with no water a binary zero. When working with binary numbers, it is useful to consider the concept of a simple toggle switch. A toggle switch varies between two states or values, like the on and off states of a typical light switch in your house (see Figure 11.30).

[[Insert Figure 11.27 here]]
[[Insert Figure 11.28 here]]

[[Insert Figure 11.29 here]]

[[Insert Figure 11.30 here]]
[[Insert Figure 11.31 here]]

While listening to your car radio, you are acutely aware of a key disadvantage of an analog signal: its susceptibility to interference from other signals and to noise (see Figure 11.31).

Channels

If you watch television or listen to the radio, you are already familiar with the concept of a communications channel. In these industries, each network or station broadcasts its own signal in a very specific communications channel—usually associated with a frequency. You “tune” your radio or TV—each of which is a receiver—to watch or listen to the particular channel you’re interested in. The use of channels allows us to have multiple stations, traveling either through the air or through the coaxial cable of your cable-TV service. This technique is known as multiplexing (see Figure 11.32). We slice up the available frequencies, with each “conversation” assigned its own frequency. We bundle or multiplex all the channels together, then send them over a medium and unbundle or demultiplex them at the receiving end. More specifically, this is referred to as frequency division multiplexing (see Figure 11.33). Another technique, typically used when only a limited number of frequency channels are available, is time division multiplexing (see Figure 11.34), in which we “chop” time into slices or slots and assign each conversation its own time slot.

[[Insert Figure 11.32 here]]
[[Insert Figure 11.33 here]]

[[Insert Figure 11.34 here]]

Carrier Waves

We have discussed the concept of communication using either analog or digital signals, but how do we send a message using these techniques? To better understand how a message is sent, we need to introduce two new concepts: a carrier wave and modulation. The analog signal or waveform that we described earlier usually acts as our carrier. It is important to differentiate between our carrier signal and our actual message. As you would expect, the carrier or carrier wave “carries” our message. How? Via a technique called modulation. Radio broadcasts, for instance, are usually modified or modulated using either AM (amplitude modulation, as shown in Figure 11.35) or FM (frequency modulation, as shown in Figure 11.36). If you remember the analog waveform from the garden-hose discussion, for AM we modify the height or amplitude A of our carrier wave. For FM we modify the frequency f of our carrier wave.

[[Insert Figure 11.35 here]]

[[Insert Figure 11.36 here]]
[[Start SECTION THREE FEEDBACK here]]

SECTION THREE FEEDBACK >
1.
How is telecommunications similar to electricity?

2.
Give three examples of how your typical day would be different if you did not have access to telecommunications services.

3.
What is the digital divide?

4.
Explain the difference between a digital signal and an analog signal.

5.
What is a transceiver?

[[End SECTION THREE FEEDBACK here]]

SECTION 4: Learning about Satellite Communications and the Global Positioning System

[[Start KEY IDEAS Box here]]

KEY IDEAS >
· In communications, a satellite is a manmade object positioned in the Earth’s orbit to facilitate communication on the Earth. A satellite usually travels in either a geostationary, elliptical, or low Earth orbit (LEO).

· A satellite constellation is a group of satellites working together.

· The Global Positioning System (GPS) uses a constellation of at least twenty-four medium Earth orbit satellites to transmit microwave signals to a GPS receiver.

· Civilian GPS is only accurate within 15 meters because of a combination of factors: errors due to atmospheric conditions, multipath effects, clock drift in the satellite’s onboard clock, selective availability (intentionally introduced errors), and relativistic errors.

[[End KEY IDEAS Box here]]
In astronomy, a satellite is a celestial body orbiting the Earth or some other planet. In the context of communications, a satellite is a manmade object positioned in the Earth’s orbit to facilitate communication on the Earth. Satellites are usually categorized by their orbits, some of which include geostationary, elliptical, or low Earth orbits (LEO). Satellites have a variety of applications, particularly when traditional wireline communications are impossible or impractical.
On October 4, 1957, the former Soviet Union launched the first satellite, Sputnik I, into space. This dramatic event caught the United States by surprise and ignited the space race between the United States and the Soviet Union. Although few people realized it at the time, launch of Sputnik I also heralded a new era of communications. Sputnik I (see Figure 11.37) was equipped with an onboard, battery-powered radio transmitting at 20.005 and 40.002 MHz, and it traveled at 29,000 kilometers (18,000 miles) per hour. Amateur radio operators from around the world monitored the historic signals for twenty-two days, until the batteries finally ran out. After six months in orbit and nearly 37 million miles traveled, Sputnik I fell out of orbit and burned up while reentering the Earth’s atmosphere.

[[Insert Figure 11.37 here]]
[[Insert Figure 11.38 here]]

In response to Sputnik I, the U.S. Army’s Ballistic Missile Agency (ABMA) and Jet Propulsion Laboratory (JPL) built Explorer I in eighty-four days and launched it into orbit on January 31, 1958. Explorer I was followed by Vanguard I on March 17, 1958. Vanguard I, though small—six inches in diameter—was significant because it was the first solar-powered satellite. Its diminutive size reportedly led Soviet Premier Nikita Khrushchev to refer to Vanguard I as “the grapefruit satellite” (see Figure 11.38). Vanguard’s revenge is that it remains the oldest artificial satellite still in space. Probably the most significant and long-lasting outcomes of the response to Sputnik were the creation, in 1958, of ARPA (the Advanced Research Projects Agency) and NASA (the National Aeronautics and Space Administration), and an increase in spending on scientific research and education.
It did not take long for communications satellites to appear. Courier 1B was the first active repeater satellite, launched in October 1960. Built by the Army’s Fort Monmouth Laboratories in New Jersey, Courier 1B was powered by 19,000 solar cells and nickel cadmium (NiCad) storage batteries (see Figure 11.39). Launched in 1962, AT&T’s Telstar, designed to transmit telephone and high-speed data communications, was the first active communications satellite (see Figure 11.40). Telstar received microwave signals from a ground station, then amplified and rebroadcast the signals.

[[Insert Figure 11.39 here]]

[[Insert Figure 11.40 here]]

Satellite Orbits

As we’ve said, satellites are often characterized by their orbits (see Figure 11.41). Consider a geosynchronous orbit. The key part of this term to remember is synchronous. You can understand how a satellite behaves in geosynchronous orbit by imagining that each day you can go to the same location at the same time and observe the satellite in the same spot in the sky. With a geostationary orbit, the critical thing to remember is stationary. To an Earth-based observer, geostationary satellites appear to be fixed or stationary relative to the Earth. The geostationary orbit is a special case of a geosynchronous orbit, in which the orbit is circular and the satellite passes directly over the equator. Geostationary orbits are particularly useful for communications satellites. Whereas a satellite in geosynchronous orbit requires roughly one day to complete an orbit, a semisynchronous orbit requires only twelve hours to orbit the Earth. Satellites that are part of the Global Positioning System all follow semisynchronous orbits.
A circular orbit at about 250 miles above the Earth’s surface is called a low Earth orbit (LEO). Because of their low altitude, these satellites can complete an orbit in ninety minutes and are only visible from within a radius of roughly 600 miles. The low altitude means that the satellite’s position is changing quickly and each satellite has a relatively small footprint, requiring a large number of satellites to provide appropriate coverage. These satellites do have advantages, however; for example, they are cheaper to launch and require less transmission power. In addition to their orbits, satellites can be characterized by their inclinations, the path relative to the Earth’s equator (see Figure 11.42).

[[Insert Figure 11.41 here]]
[[Insert Figure 11.42 here]]

A satellite constellation is a group of satellites working together (see Figure 11.43). One such constellation is the sixty-six-satellite constellation that supports the Iridium satellite phone (see Figure 11.44).

[[Insert Figure 11.43 here]]

Applications of satellite communications include international telephony, both fixed and mobile, satellite television and radio, amateur radio, satellite broadband access, and the Global Positioning System.

The Global Positioning System

The Global Positioning System (GPS) uses a constellation of at least twenty-four medium Earth orbit satellites to transmit microwave signals to a GPS receiver (see Figure 11.45). GPS enables a user to accurately determine location, speed, direction, and time. The GPS system was developed by the U.S. Department of Defense and is managed by the U.S. Air Force. Prior to 1983, access to the GPS system was restricted primarily to military applications. That year, President Ronald Reagan issued a directive opening the GPS system to free civilian use. The directive was a response to the downing of Korean Air Lines Flight 007 after it strayed into Soviet airspace. Opening GPS to free civilian use led to an incredible explosion in the industry and a wide variety of GPS receivers.
[[Insert Figure 11.44 here]]

[[Insert Figure 11.45 here]]

Simplified Method of Operation Although the actual process is much more complex and involved, this section provides a simplified look at how GPS works. A GPS receiver identifies satellites within range and then calculates its position relative to three or more of these satellites. Locating a point in three-dimensional space requires at least three reference points—in this case, three satellites. Each satellite in the GPS constellation has a highly accurate atomic clock. Each satellite provides continuous transmissions of the exact time, its location, and general system health. The receiver measures the reception time of each message, which allows the receiver to calculate the distance to each satellite. Knowing the distance to at least three satellites, and its own (we are referencing the GPS receiver) positions, the receiver computes its position using trilatertion. Although the original system called for twenty-four satellites, there are thirty-one actively broadcasting satellites in the GPS constellation, each making two complete orbits (semisynchronous) per day. This arrangement provides us with some redundancy and ensures that at any time, at least six satellites are always within the line of sight of any point on the Earth’s surface.
You can purchase dedicated GPS receivers or devices with an integrated GPS receiver. In fact, many cars, phones, and even watches have built-in GPS functionality. At a minimum, a GPS receiver system includes an antenna, a receiver, a processor, and a clock. Stand-alone GPS units often add an LCD screen to view navigation information and a speaker to provide audible directions. Modern GPS receivers typically have twelve to twenty channels, enabling the receiver to monitor multiple satellites simultaneously.

Accuracy and Error Sources GPS receivers are commonplace—often they are installed in your car at the factory. To calculate its position and keep us from getting lost, a GPS receiver needs three pieces of information: the current time, the position of the satellite, and the delay of the signal. The accuracy of the receiver is most dependent on the satellite position and the signal delay. Commercial (nonmilitary) GPS can measure the signal delay within 10 nanoseconds or 10 ( 10(9 seconds—a small number. For signals traveling at the speed of light, this results in an error of about 3 meters—the smallest possible error for commercial or consumer GPS. This is also the minimum error possible using only the GPS C/A (Coarse/Acquisition) signal. When combined with other potential sources of error, civilian GPS is accurate to within 15 meters.
Other sources of error include atmospheric conditions (see Figure 11.46), which can alter the speed of GPS signals passing through the various layers of the Earth’s atmosphere. Atmospheric errors are largest when satellites are near the horizon. Multipath effects, always an issue with wireless signals, also degrade the accuracy of GPS calculations (see Figure 11.47). Multipath is a phenomenon in which wireless signals bounce off obstructions between the source and destination. This results in the receiver getting multiple versions of the same message, which can lead to inaccuracies. The messages are received at different times because they take different paths. Interestingly, these effects are somewhat mitigated by a moving car. It seems that the duplicate or false messages are less likely to reach the destination when it is moving.

[[Insert Figure 11.46 here]]
[[Insert Figure 11.47 here]]

Additional sources of error include drift in the satellite’s onboard clock, selective availability (an error intentionally introduced to reduce the accuracy of civilian GPS systems), and relativistic effects. Selective availability (SA) originated to ensure that military GPS could maintain its performance advantage over civilian products. SA is no longer enabled on civilian GPS systems. Relativistic errors are due to our assumption that we observe satellites from a stationary reference frame, when in fact the Earth is moving. The result is that satellite-based clocks will advance slightly faster than Earth-based clocks. The difference is less than 40 μs, or 40 ( 10(6 seconds per day. The GPS system is also subject to interference and jamming. Potential sources of interference include solar flares and naturally occurring electromagnetic radiation. Other consumer electronic devices can also be unintentional sources of interference.

Applications GPS was originally developed by the military, but because it has both civilian and military applications, it is considered a dual-use technology. Military applications include navigation, fleet management, target tracking, missile and projectile guidance, search and rescue, reconnaissance, and map creation. The primary civilian applications of GPS are surveying and navigation.
[[Start SECTION FOUR FEEDBACK here]]

SECTION FOUR FEEDBACK >
1.
List three satellite orbits and describe their differences.

2.
Use the Internet to research prices and features of GPS receivers. Create a table that documents your research.

3.
Research the multipath error and provide a brief explanation.

4.
When and why was GPS technology made available for civilian use?

5.
Do you encounter GPS technology in a typical day? Explain.

[[End SECTION FOUR FEEDBACK here]]

SECTION 5: Exploring Digital Media

[[Start KEY IDEAS Box here]]

KEY IDEAS >
· The shift from analog to digital information has forever altered the way we view sound, images, and video, and has opened up entirely new methods of communication and connectivity.

· Digital media is made up of ones and zeroes, and is measured in bits, bytes (8 bits), kilobytes (103 or 1,000 bytes), megabytes (106 or 1,000,000 bytes), and gigabytes (109 or 1,000,000,000 bytes or 1,000 megabytes).

· With analog media, we record sound by “scratching” an analog signal—created by your voice or a musical instrument—onto a surface and playing it back by following the grooves we created.

· The MP3 file format uses a compression algorithm to reduce the size of a song while retaining near-CD sound quality, compressing a 32-MB song to 3 MB.

· Digital cameras and camcorders function by focusing light onto a small semiconductor image sensor that filters the light into the three primary colors, records the colors, and combines them to create a full-color image.

[[End KEY IDEAS Box here]]
Your generation, probably more so than any other, is immersed in digital media. Most of the devices you use are built around the same basic process: converting analog information (represented by a smooth wave—remember the garden hose) into digital information (represented by ones and zeroes, or bits). This shift from analog information to digital information has forever altered the way we view sound, images, and video. It has opened up entirely new methods of communication and connected us like never before. Consider photography alone. In the past, we used a very expensive single lens reflex (SLR) camera, a moderately priced camera, or even an inexpensive disposable camera. All of these examples used film as their medium (see Figure 11.48). How did we use these? We first had to load the film—usually in rolls of twenty-four or thirty-six exposures—and then we took our photographs. We had no ability to preview what the pictures would look like, so it was fairly common to take a number of shots of the same scene to make sure we got the picture we wanted. For a brief event, we probably did not finish exposing the roll of film, so we put the camera back on a shelf until our next special event gave us an opportunity to take more pictures. Eventually, we finished the roll of film and took it to the local drug store, where we dropped it off for processing. Processing, which could take anywhere from one hour to a day or a few days, involved having our film developed using a chemical process, and then ordering paper prints to be made from those negatives—another chemical process. With the time required to finish the roll and process the film, it was not unusual to wait several days before you could see the pictures of your special event. Compare that process to today’s method. Today, when we talk about a “camera,” we are usually referring—by default—to a digital camera, or even to a cell phone with a built in camera. Today, we can take as many pictures as our media—such as a memory card—can hold. We can see the pictures immediately, keeping the ones we like and deleting the ones we don’t like. We can share pictures with our friends and relatives by e-mailing them from our computer or even directly from our cell phones. Today, we have an unprecedented ability to capture, modify, and share digital information.

[[Insert Figure 11.48 here]]

We call it digital media because it is made up of ones and zeroes. When we refer to digital media, we refer to bits, bytes (8 bits), kilobytes (103 or 1,000 bytes), megabytes (106 or 1,000,000 bytes), and gigabytes (109 or 1,000,000,000 bytes or 1,000 megabytes). With improving technology and decreasing costs, we have even begun to refer to terabytes—1012 = 1,000,000,000,000 bytes. That’s a lot of data! The decimal number system to which you are accustomed uses the ten digits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9) and powers of 10. For example, the number 18,432 is calculated as follows:

	1
	8
	4
	3
	2

	104
	103
	102
	101
	100

	1 × 10,000
	8 × 1,000
	4 × 100
	3 × 10
	2 × 1

	10,000 + 8,000 + 400 + 30 + 2 = 18,432


This may seem pretty simple, but only because you are so familiar with the base 10 system. Let’s take a look at base 2 or binary numbers, the system we use for digital media and computers. In base 2, each binary digit has two possible values: 0 and 1. Computers use base 2 because it is so easy to represent the two positions 0 and 1 by off and on in electronics. A typical binary number is:

10110101
which is 8 binary digits or bits, or 1 byte. Using the same technique that we use for decimal numbers, we can calculate the decimal equivalent of the binary number as follows:

	1
	0
	1
	1
	0
	1
	0
	1

	27
	26
	25
	24
	23
	22
	21
	20

	1 × 128
	0 × 64
	1 × 32
	1 × 16
	0 × 8
	1 × 4
	0 × 2
	1 × 1

	128 + 0 + 32 + 16 + 0 + 4 + 0 + 1 = 181


These ones and zeroes—binary data—become important when we start talking about digital media: audio, images, and video. First, consider audio. When your parents refer to music, do they talk about vinyl records or albums? Sorry, they can’t help it. That’s what they grew up with. Albums are vinyl disks containing analog recordings of music. CDs, introduced in the early 1980s, heralded the era of digital media and signaled the decline of analog media—the cassette tapes and vinyl records to which your parents grew up listening.
From Thomas Edison’s first analog recordings on tinfoil cylinders to the vinyl recordings that dominated the 1960s and ’70s, analog media had its day. For over 100 years, we recorded sound by “scratching” an analog signal—created by your voice or a musical instrument—onto a surface and playing it back by following the grooves we created. Sound waves are captured by some sort of receiver, converted to vibrations, and “scratched” on our media. Playback reverses the process—the grooves cause a needle to vibrate, the vibrations are converted to sound waves, amplified, and heard through speakers. The problem with analog media is that, unless you invest in a high-quality or high-fidelity audio system, the sound quality can be poor and sometimes noisy. Additionally, because we repeatedly follow the grooves in a record, the album will eventually wear out, further reducing sound quality.
With a digital recording, we attempt to approximate a recording (our analog signal) with a digital signal. If we do it right, we can get a digital recording that is virtually indistinguishable from the original, and because it is made of ones and zeroes, it will never wear out. To accomplish this, we convert the analog wave—your voice or your favorite band—to a series of ones and zeroes and record that sequence. The device we use for this process is called an ADC or an analog-to-digital converter. As you might expect, in order to reverse the process and listen to our recording, we use a DAC or digital-to-analog converter, which gives us back our analog wave. The analog wave produced by the DAC is amplified and fed to the speakers to produce the sound.
How closely our analog wave (produced by the DAC) will approximate the original analog signal depends on a number of factors, particularly the sampling rate of our ADC—the higher the sampling rate is, the better quality our recording will have. We can get a better understanding of sampling rates if we consider our original sound wave. With sampling, we take instantaneous readings of our analog signal. If we take a relatively small number of readings per second, we get a crude representation of our original curve. As we increase our sampling rate, we take more readings per second and get a more accurate representation of our original curve. Another variable that we can control is the sampling precision, which represents how closely we can measure each sample. For example, if our precision is 10, we may take samples of 3, 4, and 5, but with a precision of 20, our samples may be 6, 7, and 9—giving us a more accurate sample. As the sampling rate and sampling precision increase, the output of our DAC more closely matches the source wave (see Figure 11.49).

[[Insert Figure 11.49 here]]
What are typical values for sampling rate and precision? If we consider music CDs, the sampling rate used is 44.1 kilohertz, or 44,100 samples per second; the precision used is 65,536—giving sound quality that is virtually indistinguishable from the original. To get this quality, we have to store a lot of data. Let’s see just how much data. The numbers generated by analog-to-digital conversion are stored as bytes, and our CD precision requires 2 bytes—16 bits or 216 = 65,536. Assume that we are recording music in stereo and that our CD can hold up to 74 minutes of music.

44,100 samples/(track × sec) × 2 bytes/samples × 2 tracks × 74 min × 60 sec/min = 783,216,000 bytes
That is approximately 783 MB of data. Assuming an average 3-minute song:

44,100 samples/(track × sec) × 2 bytes/samples × 2 tracks × 3 min × 60 sec/min = 31,752,000 bytes
That is about 32 MB per song. At that size, if we were storing music on our computers or on a portable player, we would run out of space quickly. One thousand songs would consume an incredible 32 gigabytes of space. The solution to our storage problem comes in the form of the MP3 file format.
The MP3 file format uses a compression algorithm to reduce the size of a song while retaining near-CD sound quality. With this file format, our 32-MB song compresses to 3 MB and our 1,000-song library goes from 32 GB to 3 GB—a tremendous savings in space. How do we compress a song by a magnitude of 10 (32 MB to 3 MB) without a significant loss of quality? The MP3 file format takes advantage of certain characteristics of the human ear to reduce file size. Because the human ear cannot hear certain frequencies, we can eliminate these frequencies without reducing the quality of the song, while retaining other sounds the human ear hears much better than others. Additionally, we can eliminate other sounds because when two sounds are playing simultaneously, humans hear the louder sound but not the softer one.
The MP3 file format has made devices such as the iPod, iPhone, and other small and portable MP3 players not only possible, but wildly popular. These devices connect to your computer’s USB port to transfer music, videos, and other data to the player. A typical MP3 player consists of a microprocessor, storage media (hard drive or flash drive), a liquid crystal display (LCD) screen, and a digital signal processor (DSP). The microprocessor handles all of the device’s input and output, controlling the LCD screen, which displays video and song information, and the DSP, which is responsible for processing the audio and video. To play back our MP3 files, we process with DSP to decompress, then run the resulting binary data (ones and zeroes) through a digital-to-analog converter (DAC) and an amplifier.

[[Insert Figure 11.50 here]]

Digital Cameras and Camcorders

Digital cameras and camcorders (Figure 11.50) both function by focusing light onto a small semiconductor image sensor. Most often, this sensor is a charge-coupled device (CCD). A CCD consists of a 1-cm panel of hundreds of thousands of light-sensitive diodes called photosites. Each photosite measures and records the amount of light at a particular point, and converts this information into an electrical charge. Photosites are only capable of measuring light intensity, resulting in black and white images. To create a color image, we need not only the total light levels, but also the levels of each of the three colors of light: red, green, and blue. Most sensors filter the light into these three primary colors, record the colors, and combine them to create a full-color image.
High-end cameras and camcorders use three sensors, as well as three filters with a beam splitter to direct light to the different sensors. The advantage of this method is that the camera records each of the three colors at each pixel location. Unfortunately, cameras that use this method tend to be bulky and expensive. A cheaper and more practical method places a three-color filter array over each photosite. With this technique, we get enough information near each sensor to interpolate or estimate the true color at that location. This method requires only one sensor and can record all color information (red, green, and blue) simultaneously, resulting in smaller, cheaper cameras.

[[Start SECTION FIVE FEEDBACK here]]

SECTION FIVE FEEDBACK >
1.
Describe how you typically use digital photography.

2.
Use the Internet to research the cost of a typical digital camera memory card, as well as the space, in megabytes, that a print-quality photograph will consume on the card. Using this information and the price of a roll of film, determine the cost savings of digital media.

3.
Chart your typical daily interactions with digital media.

4.
Interview your parents and grandparents regarding the evolution of home movie recorders and players, including their size, media type, costs, and so on.

[[End SECTION FIVE FEEDBACK here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Telecommunications

Telecommunications carriers are expanding their bandwidth by replacing copper wires with fiber-optic cable. Fiber-optic cable, which transmits light signals along glass strands, permits faster, higher-capacity transmissions than traditional copper-wire lines. In some areas, carriers are extending fiber-optic cable to residential customers, enabling carriers to offer cable television, video on demand, high-speed Internet, and conventional telephone communications over a single line. However, the high cost of extending fiber to homes has slowed deployment. In most areas, wired carriers are instead leveraging existing copper lines that connect most residential customers with a central office, to provide digital subscriber line (DSL) Internet service. Technologies in development will further boost the speeds and services available through a DSL connection.

Changes in technology and regulation now allow cable television providers to compete directly with telephone companies. An important change has been the rapid increase in two-way communications capacity. Conventional pay television services provided communications only from the distributor to the customer. These services could not provide effective communications from the customer back to other points in the system due to signal interference and the limited capacity of conventional cable systems. Cable operators are implementing new technologies to reduce signal interference and increase the capacity of their distribution systems by installing fiber-optic cables and improving data compression. This allows some pay television systems to offer two-way telecommunications services, such as video on demand and high-speed Internet access.

Cable companies are increasing their share of the telephone communications market by using high-speed Internet access to provide VoIP (voice over Internet protocol) (see Chapter 12). VoIP is sometimes called Internet telephony because it uses the Internet to transmit phone calls. While conventional phone networks use packet switching to break up a call onto multiple shared lines between central offices, VoIP extends this process to the phone. A VoIP phone breaks a conversation into digital packets and transmits the packets over a high-speed Internet connection. Cable companies use the technology to offer phone services without building a conventional phone network. Wireline providers’ high-speed Internet connections also can be used for VoIP, and cellular phones are being developed that use VoIP to make calls using local wireless Internet connections. All major sectors of the telecommunications industry are using VoIP already or will increasingly use it.

Wireless telecommunications carriers are deploying several new technologies to allow faster data transmission and better Internet access that should make them more competitive with wireline carriers. With faster Internet connection speeds, wireless carriers are selling music, videos, and other exclusive content that can be downloaded and played on cellular phones. Wireless equipment companies are developing the next generation of technologies that will allow even faster data transmission. The replacement of landlines with cellular service should become increasingly common because advances in wireless systems will provide ever faster data transmission speeds.

Significant Points

· Telecommunications includes voice, video, and Internet communications services.

· Employment will grow because technological advances will expand the range of services offered.

· With rapid technological changes in telecommunications, people with up-to-date technical skills will have the best job opportunities.

· Average earnings in telecommunications greatly exceed average earnings throughout private industry.

Nature of the Industry

The telecommunications industry delivers voice communications, data, graphics, television, and video at ever-increasing speeds and in an increasing number of ways. Whereas wireline telephone communication was once the primary service of the industry, wireless communication services, Internet service, and cable and satellite program distribution make up an increasing share of the industry. The largest sector of the telecommunications industry continues to be wired telecommunications carriers. Companies in this sector mainly provide telecommunications services via wires and cables that connect customers’ residences or businesses to central offices maintained by telecommunications companies.

These new services are made possible through the use of digital technologies that provide much more efficient use of the telecommunications networks. The transmission of voice signals requires relatively small amounts of capacity on telecommunications networks. By contrast, the transmission of data, video, and graphics requires much higher capacity. This transmission capacity is referred to as “bandwidth.” As the demand increases for high-capacity transmissions—especially with the rising volume of Internet data—telecommunications companies have been expanding and upgrading their networks to increase the amount of available bandwidth.

Wireless telecommunications carriers, many of which are subsidiaries of the wired carriers, transmit voice, graphics, data, and Internet access through signals over networks of radio towers. The signal is transmitted through an antenna into the wireline network. Increasing numbers of consumers are replacing their home landline phones with wireless phones.

In an increasingly competitive market, traditional telecommunications companies are beginning to offer new services such as cable television, video on demand, and high-speed Internet. These are in addition to their existing telephone communications offerings. To be able to offer these additional services over a single line, these carriers must increase their available bandwidth. To do this, they are replacing their aging copper infrastructures with faster, high-capacity fiber-optic cable, which transmits light signals along glass strands. This new high-speed infrastructure is even finding its way into the homes of residential customers, for example Verizon’s FiOS, or Fiber Optic Service.

Working Conditions

The telecommunications industry offers steady, year-round employment. Workers in this industry are sometimes required to work overtime, especially during emergencies, such as floods or hurricanes, when employees may need to report to work with little notice.

Installation, maintenance, and repair occupations account for one in four telecommunications jobs. One of the most common occupations is telecommunications line installers and repairmen, who work in a variety of places, both indoors and outdoors, and in all kinds of weather. Their work involves lifting, climbing, reaching, stooping, crouching, and crawling. They must work in high places such as rooftops and telephone poles, or below ground with buried lines. Their jobs bring them into proximity with electrical wires and circuits, so they must take precautions to avoid shocks. These workers must wear safety equipment when entering manholes and test for the presence of gas before going underground.

Telecommunications equipment installers and repairmen, except line installers, generally work indoors—most often in a telecommunication company’s central office or a customer’s home or place of business. They may have to stand for long periods, climb ladders, and do some reaching, stooping, and light lifting. Following safety procedures is essential to guard against work injuries such as minor burns and electrical shock.

Most communications equipment operators, such as telephone operators, work at video display terminals in pleasant, well-lighted, air-conditioned surroundings. The rapid pace of the job and close supervision may cause stress. Some workplaces have introduced innovative practices among their operators to reduce job-related stress.

Training and Advancement

Training is a key component in the careers of most workers in the telecommunications industry. Due to the rapid introduction of new technologies and services, the telecommunications industry is among the most rapidly changing in the economy. This means workers must keep their job skills up to date. From managers to communications equipment operators, increased knowledge of both computer hardware and software is of paramount importance. Telecommunications industry employers now look for workers with knowledge and skills in computer programming and software design; voice telephone technology, known as “telephony”; laser and fiber-optic technology; wireless technology; and data compression. Several major companies and the telecommunications unions have created a Web site that provides free training for employees, enabling them to keep their knowledge current and helping them to advance.

The telecommunications industry offers employment in jobs that require a variety of skills and training. Many jobs require at least a high school diploma or an associate degree, in addition to on-the-job training. Other jobs require particular skills that may take several years of experience to learn completely. For some managerial, professional, and maintenance and repair jobs, employers require a college education.

Outlook

Greater demand for an increasing number of telecommunications services will cause overall employment to increase in the telecommunications industry. In addition, many job opportunities will result from the need to replace a large number of workers who are expected to retire in the coming decade. Employment in the telecommunications industry is expected to increase by 5 percent from 2006 to 2016, compared with 11 percent growth for all industries combined. The building of more advanced communications networks, such as fiber-optic lines, faster wireless networks, and advanced switching equipment, will increase employment, particularly in the near term. In the long term, employment gains will be partially offset by the improved reliability of advanced networks, which is expected to reduce maintenance requirements. With a growing number of retirements and the continuing need for skilled workers, good job opportunities will be available for people with up-to-date technical skills. Jobs prospects will be best for those with two- or four-year degrees.

Earnings

Average weekly earnings of nonsupervisory workers in the telecommunications industry were $963 in 2006, significantly higher than average earnings of $579 in private industry. Most full-time workers in the utilities industry receive substantial benefits in addition to their salaries or hourly wages. This is particularly true for workers who are covered by a collective bargaining agreement. Twenty-two percent of employees in the telecommunications industry are union members or are covered by union contracts, compared with about 13 percent for all industries. Most telecommunications employees belong to the Communications Workers of America or the International Brotherhood of Electrical Workers.

[Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2008–09 Edition, 2/2008, http://www.bls.gov/oco/]

Summary >

Information and communication technologies include the inputs, processes, and outputs associated with sending and receiving information. These systems allow information to be transferred from human to human, human to machine, machine to human, and machine to machine. Communication systems are made up of a source, encoder, transmitter, receiver, decoder, storage, retrieval, and destination. At the source, a modem modulates an analog carrier signal to encode digital information. At the destination or receiver, a modem demodulates the signal to decode the transmitted information and receive the message.
Information and communication systems can be used to inform, persuade, entertain, control, manage, and educate. There are many ways to communicate information, such as graphic and electronic means. Technological knowledge and processes are communicated using symbols, measurements, conventions, icons, graphic images, and languages that incorporate a variety of visual, auditory, and tactile stimuli. Graphical analysis and presentation can be divided into two general types: information that is qualitative in nature, and information that is quantitative. Oral presentations to bosses, teachers, customers, or colleagues at meetings or conferences can be used to share information, or sell an idea, a product, or even yourself (a job interview, for example).
Telecommunications is a very broad term that implies transmission of messages at a distance. Telecommunications could include transmission of signals via smoke (smoke signals), sound (drums), flags (semaphore), and even reflected sunlight (heliograph). Modern telecommunications involves some combination of an electronic transmitter and receiver. Communication technology and the ability to communicate electronically provide a competitive advantage. Digitizing voice data allows telecommunications carriers to use a single common digital infrastructure for voice, video, and data. A basic communications system consists of three things—a transmitter to send the message, media over which to send the message, and a receiver of the information.
In communications, a satellite is a manmade object positioned in the Earth’s orbit to facilitate communication on the Earth. A satellite usually travels in either a geostationary, elliptical, or low Earth orbit (LEO). A satellite constellation is a group of satellites working together. The Global Positioning System (GPS) uses a constellation of at least twenty-four medium Earth orbit satellites to transmit microwave signals to a GPS receiver. Civilian GPS is only accurate within fifteen meters because of a combination of factors: errors due to atmospheric conditions, multipath effects, clock drift in the satellite’s onboard clock, selective availability (intentionally introduced error), and relativistic errors.

The shift from analog to digital information has forever altered the way we view sound, images, and video, and it has opened up entirely new methods of communication and connectivity. Digital media is made up of ones and zeroes. It is measured in bits, bytes (8 bits), kilobytes (103 or 1,000 bytes), megabytes (106 or 1,000,000 bytes), and gigabytes (109 or 1,000,000,000 bytes or 1,000 megabytes). With analog media, we record sound by “scratching” an analog signal—created by a voice or a musical instrument—onto a surface and playing it back by following the grooves we created. The MP3 file format uses a compression algorithm to reduce the size of a song while retaining near-CD sound quality, compressing a 32-MB song to 3 MB. Digital cameras and camcorders function by focusing light onto a small semiconductor image sensor that filters the light into the three primary colors, records the colors, and then combines them to create a full-color image.
FEEDBACK
1.
Use the Internet to research cellular telephony and create a block diagram showing how you make a call from your cell phone to a friend’s cell phone.

2.
What role does a modem play in our communications system? Do we always need a modem or similar device?

3.
How are we able to compress digital data and make it so much smaller than its analog equivalent?

4.
When would we use qualitative information instead of quantitative information? Give an example.

5.
Using the periodic table of visualization methods at www.visual-literacy.org, research and briefly describe two alternative ways to present qualitative information.

6.
Using Hans Rosling’s Trendalyzer software (see www.gapminder.org/world ), research statistics in global poverty and health and use the software to make a brief presentation to your classmates.

7.
Research the digital divide. How many Americans are at a competitive disadvantage? Suggest steps we could take to improve the situation.

8.
Create a multimedia presentation for a nontechnical audience that explains the difference between analog and digital signals.

9.
Using a notebook or journal, record every activity in a typical day in your life that could be classified as communication of any kind.

10.
Create a multimedia presentation that details three types of satellite orbits.

11.
Create a multimedia presentation explaining how GPS technology works.

12.
Identify three applications of GPS technology, excluding personal use in travel.

13.
Interview one of your grandparents or another relative about their experiences growing up with photography and film. Either record the audio of your interview or summarize the interview in a multimedia presentation.

14.
Interview your parents to determine what type of audio media they have (CDs, vinyl records, and so on) and how many of each kind.

15.
Gather information from five of your classmates regarding the number of songs they have on their iPods or other MP3 players. Using the average of these numbers, determine how many CDs would be required to hold the same number of songs. Using the volume of a CD case, the number of CDs required and the volume of an MP3 player, create a graphic to compare their relative sizes (for example, 1,000 songs on an iPod shuffle versus 1,000 songs on, say, 100 CDs—assuming 10 songs per CD).
DESIGN CHALLENGE 1:
Securing a Door Electronically

· Problem Situation

Individuals and organizations are becoming increasingly concerned about security, personal safety, and identity theft. To address these growing concerns, many people are implementing electronic access control methods. One such method involves the use of radio frequency identification (RFID) tags that are programmed to provide access to a building. In this activity, you will have the opportunity to install an electronic door strike that is controlled by an RFID reader, as well as set up and program RFID access tags that will unlock the door.

· Your Challenge

Given the necessary materials, you will modify an electronic deadbolt to unlock via RFID, install the modified deadbolt on a door, set up a PC to control the deadbolt, populate a database on the PC to determine access control, and program RFID tags to unlock the door.

· Safety Considerations

1.
Use caution when working with electricity and power tools.

2.
Wear eye protection at all times.

3.
Use insulated tools when working with electric components.

· Materials Needed

1.
Two general-purpose circuit boards

2.
A 5 V reed relay

3.
A 5 V DPST or DPDT relay

4.
An electronic door strike

5.
Phidgets USB RFID reader from Phidgets USA.com

6.
Phidgets RFID kit

7.
Plastic project box

8.
A Kwikset Powerbolt 1000 electronic keypad deadbolt

9.
Soldering iron and solder

10.
Desoldering wick or solder vacuum

11.
Hot glue gun and glue

12.
Drill and drill bits

· Clarify the Design Specifications and Constraints

Your design must be made from off-the-shelf products that you can modify with typical tools found in an electronics shop. The prototype need not be waterproof, but consider how a production model might need to be waterproof.
A PC with a database must be used to determine and control RFID tags—and users—that can or cannot unlock the door. The database should include a means of limiting access during off hours. The database should be clearly defined so that anyone with access to it can easily enable or disable an RFID tag.

· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder I: Safety considerations.

2.
In your guide, complete the Knowledge and Skill Builder II: Understanding RFID.

3.
In your guide, complete the Knowledge and Skill Builder III: Soldering and desoldering.

4.
In your guide, complete the Knowledge and Skill Builder IV: Electronic switches and relays.

5.
In your guide, complete the Knowledge and Skill Builder V: Using databases.

· Generate Alternative Designs

Describe two of the possible alternative approaches to electronically securing a door. Discuss the decisions you made in (a) modifying the deadbolt, (b) connecting the PC, and (c) building the database. Attach printouts, photographs, and drawings if they are helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution

What decisions did you reach about the design of the RFID-enabled deadbolt?

· Display Your Prototypes

Produce your RFID-enabled deadbolt, access tags, and access database. Include descriptions, formulas, photographs, or drawings of these items in your guide.

· Test and Evaluate

Explain whether your designs met the specifications and constraints. What tests did you conduct to verify this?

· Redesign the Solution

What problems did you face that would cause you to redesign the (a) RFID-enabled deadbolt, (b) the PC-to-deadbolt link, and/or (c) the access database? What changes would you recommend in your new designs? What additional trade-offs would you have to make?

· Communicate Your Achievements

Describe the plan you will use to present your solution to your class. (Include a media-based presentation.)

DESIGN CHALLENGE 2:
Viral Marketing Video for YouTube

· Problem Situation

Video has become an important means of communication and sharing information. This is due to the proliferation of low-cost, powerful video cameras, easy-to-use video editing software, and Web-based video sharing Web sites such as YouTube. In this activity, you will research, storyboard, and create a video that focuses on a career in engineering and technology.

· Your Challenge

Given the necessary materials, you will research careers in engineering and technology, develop a plan for a video that describes such a career, create a storyboard, and use appropriate software and hardware to create a video. The goal of the video is to educate younger students about careers in engineering and technology and to encourage more students to pursue these careers.

· Safety Considerations

Take appropriate precautions when sharing information about yourself or your classmates on the Internet.

· Materials Needed

1.
Posterboard or 8 ½ × 11-inch storyboard paper

2.
Markers

3.
PC with video and image editing software (such as Movie Maker or iMovie)

4.
Digital camera capable of recording small video clips

5.
Video camera (optional)

6.
YouTube account (optional)

· Clarify the Design Specifications and Constraints

A PC with movie editing software must be used to create a 1- to 2-minute video that describes and promotes careers in engineering and technology. The video should include still images, brief video clips, and informational slides. The video should include musical accompaniment and narration, if appropriate.

· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.
1.
In your guide, complete the Knowledge and Skill Builder I: Web safety.
2.
In your guide, complete the Knowledge and Skill Builder II: Fair use and copyright.
3.
In your guide, complete the Knowledge and Skill Builder III: Developing a plan.
4.
In your guide, complete the Knowledge and Skill Builder IV: Researching video and video hosting.
5.
In your guide, complete the Knowledge and Skill Builder V: Researching a career.
6.
In your guide, complete the Knowledge and Skill Builder VI: Making a simple storyboard.
7.
In your guide, complete the Knowledge and Skill Builder VII: Practice recording.
8.
In your guide, complete the Knowledge and Skill Builder VIII: Practice editing.
9.
In your guide, complete the Knowledge and Skill Builder IX: Producing a video.
10.
In your guide, complete the Knowledge and Skill Builder X: Uploading a video to YouTube (optional).

· Generate Alternative Designs

Describe two possible alternatives to your video. Discuss the decisions you made in (a) storyboarding, (b) career research, and (c) editing. Attach printouts, photographs, and drawings if helpful and use additional sheets of paper if necessary.

· Choose and Justify the Optimal Solution

What decisions did you reach about your designs of the choice of career, the storyboard, and the video?

· Display Your Prototypes

Produce your video with a supporting storyboard and documentation.

· Test and Evaluate

Explain whether your designs met the specifications and constraints. What tests did you conduct to verify this?

· Redesign the Solution

What problems did you face that would cause you to redesign the (a) career plan, (b) the storyboard, and/or (c) the video? What changes would you recommend in your new designs? What additional trade-offs would you have to make?

· Communicate Your Achievements

Describe the plan you will use to present your solution to your class. (Include a media-based presentation.)

Numbered Figure

Figure 11.1|Two girls share an instant message.

Figure 11.2|Cave painting is an ancient form of communication.

Figure 11.3|A communications block diagram can represent communications in terms of input, output, the communications process, feedback.

Figure 11.4|A child playing the piano is actually a form of communication.

Figure 11.5|Communication process consists of a source, encoder, transmitter, receiver, decoder, storage, retrieval, and destination.

Figure 11.6|On the receiving end, analog waves enter a modem and digital signals are output.

Figure 11.7|Handheld devices such as the iPhone, the Kindle, and the N95 provide instant access to information and communication.

Figure 11.8|A blueprint is one of the most common drawings you will encounter in engineering and technology.

Figure 11.9|The periodic table of visualization methods gives you alternatives for presenting your message.

Figure 11.10|A treemap can be used to visualize information.

Figure 11.11|You can use a newsmap to peruse the headlines in a novel way.

Figure 11.12|This table of stock data might look more appealing as a treemap.

	STOCKS

	Company
	Sub SectorS
	Market Cap
	Performance ID

	Amer.Italian Pasta
	Food Products
	834 USD
	–1.75%

	Campbell Soup
	Food Products
	11359 USD
	–0.99%

	Dean Foods
	Food Products
	1621 USD
	–1.40%

	General Mills
	Food Products
	12282 USD
	0.12%

	Heinz
	Food Products
	14646 USD
	–0.28%

	Hershey Foods
	Food Products
	8686 USD
	–1.14%

	Kellogg
	Food Products
	12114 USD
	–0.06%

	Ralcorp Holdings
	Food Products
	61402 USD
	0.37%

	Ralston Purina
	Food Products
	582 USD
	–0.66%

	Sara Lee
	Food Products
	9448 USD
	0%

	Suiza Foods
	Food Products
	1678 USD
	0.75%

	Coca-Cola
	Soft Drinks
	120708 USD
	–0.22%

	Coca-Cola Ent.
	Soft Drinks
	7616 USD
	–0.44%

	Pepsi Bottling Group
	Soft Drinks
	7040 USD
	–1.86%

	Pepsi Co
	Soft Drinks
	86699 USD
	0.42%


Figure 11.13|In this illustration, the stock data from Figure 11.12 has been converted to a treemap.

Figure 11.14|The Presentation Zen web site provides examples of (a) poorly designed slides, and (b) well-designed slides.

Figure11.15|Hans Rosling helped to develop visualization software through his nonprofit organization, Gapminder.

Figure 11.16|Gapminder’s Trendalyzer software can unveil the beauty of statistics, such as this graph of life expectancy of the female labor force.

Figure 11.17|Modern communication is shifting from old media (such as CNN.com) to new media (such as blogs).

Figure 11.18|The shift away from traditional encyclopedias to a user-created, online encyclopedia has been dramatic.

Figure 11.19|Another dramatic shift is from product reviews and testing written by experts to online user reviews.

Figure 11.20|Surprisingly, the United States is not one of the leading countries in broadband Internet adoption.
Figure 11.21|The developing world lags behind the rest of the world in fixed telephone use.

Figure 11.22|Internet access is also less frequent in the developing world than in other countries.

Figure 11.23|Worldwide cellular phone adoption could help address communication disparities among countries.

Figure 11.24|Manual switchboard operators moved cabling to establish a physical circuit between callers.

Figure 11.25|If you move a garden hose slowly up and down, the water stream shows low-frequency peaks.

Figure 11.26|By moving the hose faster, you create waves of higher frequency.

Figure 11.27|The flow from the hose can be depicted as a waveform that shows amplitude (A) and period (T).

Figure 11.28|Analog signals have varying frequency.

Figure 11.29|You can use the stream from the hose to simulate binary 1s and 0s.

Figure 11.30|A light switch is a simple example of a toggle.

Figure 11.31|The difference between an analog signal and a digital signal is dramatic.

Figure 11.32|Multiplexing enables the simultaneous transmission of several messages along a single communications channel.

Figure 11.33|In frequency division multiplexing (FDM), frequency channels are bundled together, sent over a medium, and unbundled or demultiplexed at the receiving end.

Figure 11.34|In time division multiplexing (TDM), time is “chopped” into slices or slots and each channel receives its own time slot.

Figure 11.35|In amplitude modulation (AM), the height or amplitude of the carrier wave is modified.

Figure 11.36|In frequency modulation (FM), the frequency of the carrier wave is modified.

Figure 11.37|Sputnik I ignited the space race between the old Soviet Union and the United States.

Figure 11.38|One U.S. response to Sputnik was Vanguard I, which Soviet Premier Nikita Khrushchev referred to as “the grapefruit satellite.”

Figure 11.39|Courier 1B was the first active repeater satellite.

Figure 11.40|Telstar was the first active communications satellite.

Figure 11.41|Various types of orbits include geosynchronous, medium earth, and low earth orbits.

Figure 11.42|Satellite orbits can be polar, high incline, or low incline.

Figure 11.43|A constellation of individual satellites works together for a common purpose.

Figure 11.44|A satellite constellation supports satellite phones, such as the one pictured.

Figure 11.45|A constellation of satellites helps to operate the Global Positioning System.

Figure 11.46|Atmospheric effects and errors have the greatest effect on GPS accuracy when satellites are near the horizon.

Figure 11.47|Multipath effects result in the receiver getting multiple versions of the same message.

Figure 11.48|Before digital cameras, you needed a camera and roll film to take photo.

Figure 11.49|Sampling allows you to convert your analog signal to digital. Notice that as you increase the sampling rate (8, 16, and 32) you get a digital signal that more closely matches your original analog signal.

Figure 11.50|Digital cameras and video cameras provide yet another means of communicating and sharing information.
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