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Teacher Resource 2.1
Presentation Notes: Analog and Digital Signals
Before you show this presentation, use the text accompanying each slide to develop presentation notes. Writing the notes yourself enables you to approach the subject matter in a way that is comfortable to you and engaging for your students. Make this presentation as interactive as possible by stopping frequently to ask questions and encourage class discussion.  
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This presentation describes the physical qualities of analog and digital signals and how those signals are used in communications networks.

	Presentation Notes
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Do you know which is the analog and which is the digital signal?
Here’s a clue to help you think about the differences between the two types of signals: an analog signal is continuous; a digital signal is either on or off.
 

	Presentation Notes
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This graph shows the square waveforms used by digital networks. The ups and downs in the waveform show changes in amplitude. Can you see how the spacing between the high and low spots is different as the wave travels from left to right? This shows how the amplitude (which is usually a change in the amount of electrical current) changes over time and how this might be interpreted into binary: one or zero, on or off. 
Computer systems use binary code to communicate. Ones and zeros are strung together to form instructions to the computer. Computer networks use electric pulses across wire to communicate. The pulses travel with less static and interference than analog signals, which tend to degrade more across longer distances. 
In and of itself, a digital signal means nothing, but we can assign different meanings to it. We just need to make sure that the computers reading the signal know how to interpret it properly. 

	Presentation Notes
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The sound of the human voice is an example of an analog signal. So, what makes it different from a digital signal?
An analog signal is a wave pattern that is continuously variable. The variability is in the spacing between the peaks and valleys of the waveform, and the height. The distance between two peaks (or valleys) is the frequency at the point of the waveform. For the human ear, this provides the pitch of the sound (more compact waves are higher in pitch). Higher pitch is higher frequency, although humans can only hear information within a limited range of frequencies.
In the world around us, all sounds are analog sounds. Everything we perceive has a gradual change over time. Examples of analog signals include sound and light waves. Audio tape cassettes are analog; CDs and DVDs are digital. 
The landlines that make up our telephone network used to transmit sound in analog form. Early cell phone systems used analog radio waves to transmit voice signals, so they were analog.
Many of our landlines have been replaced to support digital information just as second-generation (2G) and later cell phones are now digital. They use the same radio technology as the early analog cell phones, but the digital signal is compressed in a way that analog signals cannot be. Digital cell phones compress your voice into binary information. Because they can be compressed, digital signals allow more channels to fit in a given bandwidth.  

	Presentation Notes
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Modems are used to connect computers to the Internet via analog phone lines. The word modem is short for MOdulate and DEModulate, because this is what a modem must do in order to connect the digital to an analog signal.  
When a user connects to the Internet on a telephone wire, the binary code of the computer is modulated and transformed to an analog one via a modem; it is then demodulated—or translated back to binary—at the other end. 
ASCII is the system we use to translate the alphabets we type on a computer into the computer’s native binary language. Our full, rich alphabets of 26 letters, 10 digits, and all the other symbols we use (such as punctuation) are unknown to the computer, since the computer uses only electric pulses to communicate. So, ASCII is a code used to translate the symbols into something the computer can understand within its binary structure.

	Presentation Notes
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Early computer communication often used the telephone network, which relied on analog signals. Since computers spoke in binary but the phone lines used only analog signals, a computer was connected to a modem, which translated the message into an analog signal. On the other end, the analog signal coming from the telephone line was converted back to a digital one so that the other computer could read it.
Today, most people communicate to other computers over the Internet. They use cable or DSL—digital lines—to connect to the Internet, which is a purely digital network. DSL service uses a DSL modem to connect your computer to your public telephone service. Cable service uses the cable TV infrastructure to bring an Internet connection to your home, school, or office. Cable companies that provide Internet service require you to use a cable modem to connect your computer to the Internet. 
Fiber-optic cables are becoming more and more common in homes. When you connect to your Internet Service Provider (ISP) with your modem via a fiber-optic cable, the device no longer needs to modulate the signal. The fiber-optic cable permits digital communication by transmitting pulses of light rather than a waveform.
Some ISPs offer voice over Internet Protocol (VoIP) technology, which uses a modem that separates voice information from data. With VoIP, you don’t need a land line. Some telephone companies do not offer DSL service without telephone line service, although more companies are beginning to unbundle their DSL and phone services. Currently, VoIP is more popular with cable modem users. Apart from consumer use of VoIP, businesses large and small have adopted VoIP solutions. Examples of VoIP include FaceTime, Whatsapp and Zoom.

	Presentation Notes
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As you learn more about computer networks, you will build on everything that you have learned about analog and digital signals.

	Presentation Notes


Teacher Resource 2.2
Quiz: Introduction to Networking
Student Name:_______________________________________________________ Date:___________
What are the differences between analog and digital signals? Draw a waveform that represents each.




Explain how a packet-switched network transmits data.





Draw an illustration of how TCP/IP packets travel across a network. 



Teacher Resource 2.3
Answer Key: Introduction to Networking Quiz
1. What are the differences between analog and digital signals? Draw a waveform that represents each. 
Analog signals are continuous wavelength signals such as a sine wave. Analog signals occur naturally; digital signals represent alphabetic and other types of symbols that make up our messages. Digital signals use a binary system, forming a square wave.

Explain how a packet-switched network transmits data.
A packet-switched network breaks data into packets. Each packet has a header with information about how many packets of data there are and the correct order for assembling the packets. Each packet also has an originating address and a destination address. Each packet is routed along the most direct or fastest path to the destination, but the packets do not necessarily travel together or along the same route. When the packets get to the destination, the data is reassembled. 

Draw an illustration of how TCP/IP packets travel across a network.
Illustrations will vary. They should show the originating computer and the receiving computer, the routers along the path, and a packet with header information and data (payload). Illustrations should show data reassembled in order at the receiving computer. IP should be creating the packets; TCP should be controlling that everything is working correctly.

Teacher Resource 2.4
Key Vocabulary: Introduction to Networking
	Term
	Definition

	analog
	A continuous signal or wave that varies by frequency (length of a wave), amplitude (height of a wave), or phase (a combination of frequency and amplitude). The amplitude of an analog signal sent over a network should not vary, but the frequency will change to encode the data being transmitted.

	digital
	A binary signal or wave that has only two values: high and low. The binary signal is represented by a square waveform and encodes the data being transmitted over a network by using some form of representation.

	discrete
	Separate or distinct. Used to describe digital signals, which have two distinct states (on and off), as compared with the continuous sine waves that form an analog signal.

	Internet Protocol (IP)
	A communications standard for computers connected to a network, especially the Internet; it specifies the format for addresses and packets of transmitted data.

	modem
	A device for transmitting digital data over telephone wires by modulating the data into an audio signal to send it and demodulating the audio signal into data to receive it. 

	packet switching
	A way of transmitting data digitally by breaking a message into smaller units, or packets, which are sent separately on the network and then reassembled at the destination. 

	packets
	Short blocks of data transmitted in a packet-switching network.

	protocols
	The standards or rules by which we interact with others. We often refer to a means of communication as a protocol. Computers communicate over a network using one or several different protocols.

	telegraph
	The first large-scale communications network; used Morse code.

	transmission
	The act of sending data; causing data to be sent.
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Analog is a continuous wave pattern

» Sound waves, light waves, and human speech are
analog signals.

e Early cell phone systems used analog radio waves to
transmit voice signals.

e Digital cell phones compress your voice into binary
information.

What are some devices that you think use analog
signals? How about digital signals?
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Modems convert digital signals to analog signals
and vice versa
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DSL modems and cable modems connect

computers to the Internet
I

e A DSL modem connects a
computer to the public
telephone service.

e A cable modem connects
a computer with the ISP,
and then connects to the
Internet.
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Computer networks use digital signals;

analog signals are converted using a modem
B

Analog signals

Continuous sounds, such as the
sound of the human voice

Digital signals The binary 1s and Os that
computers can understand
Modem A device that translates analog

signals to digital and vice versa
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We use two kinds of signals to communicate
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Do you know which signal is analog and which is digital?

Sine Wave Square Wave
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Digital data has a square wave format

The wave changes amplitude





