Lecture 6
To be transmitted, information must be transformed into electromagnetic signals. There are two forms of signal

1. Analog

2. Digital

Analog refers to something that is continuous-A set of specific points of data and all possible points between. And digital refers to something that is discrete-A set of specific points of data with no other points in between. 

Analog signals can have an infinite number of values in a range; digital signals can have only a limited number of values.

Data can also be analog and digital. An example of analog data is the human voice. An example of digital data is data stored in the memory of computer in the form of 0s and 1s. 
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Periodic signal

A signal is periodic signal if it completes a pattern within a measurable time frame, called a period and repeats that pattern over identical subsequent periods. The completion of one full pattern is called as cycle. A period is defined as the amount of time (expressed in seconds) required to complete one full cycle. The duration of period is represented by T.
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Aperiodic signal

An aperiodic, or non periodic, signal changes constantly without exhibiting a pattern or cycle that repeats over time.

In data communication, we commonly use periodic analog signals and aperiodic digital signals
There are three attributes of analog signals or three properties:

1. Amplitude

2. Frequency

3. Phase

Amplitude of a signal is the value of the signal at any point on the wave. It is equal to the vertical distance from a given point on the wave form to the horizontal axis. In other words amplitude refers to the height of the signal. 
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Frequency of a signal is the number of cycles per second. T=1/f.  Frequency is denoted by f and its units are Hz or KHz.
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Frequency and period are inverses of each other.

Frequency is the rate of change with respect to time. Change in a short span of time means high frequency. Change over a long span of time means low frequency.
If a signal does not change at all, its frequency is zero. If a signal changes instantaneously, its frequency is infinite.

Phase of a signal describes the position of the waveform relative to time zero. If we think of the wave that can be shifted backward or forward along the time axis, phase describes the amount of that shift.
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Frequency Domain Plot and Time Domain Plot


A sine wave is comprehensively defined by its amplitude, frequency and phase. We have been showing a sine wave using a frequency domain plot. The time domain plot shows changes in signal amplitude with respect to time (it is amplitude versus time plot). Phase and frequency are not explicitly measured on a time domain plot.
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A single-frequency sine wave is not useful in data communications; we need to change one or more of its characteristics to make it useful. Why? Answer to this will be discussed later on.
When we change one or more characteristics of a single-frequency signal, it becomes a composite signal made of many frequencies.

According to Fourier analysis, any composite signal can be represented as a combination of simple sine waves with different frequencies, phases, and amplitudes.
The waveform below represents a composite signal consisting of three frequencies, each frequency being represented with a different color.
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Bandwidth: The bandwidth of a signal is the width of the frequency spectrum. In other words, bandwidth can be calculated by subtracting the lowest frequency from the highest frequency. 
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Q) If a periodic signal is decomposed into five sine waves with frequencies of 100, 300, 500, 700, and 900 Hz, what is the bandwidth? Draw the spectrum, assuming all components have maximum amplitude of 10 V.

Answer: B = fh – fl = 900 - 100 = 800 Hz

The spectrum has only five spikes, at 100, 300, 500, 700, and 900 
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Q) A signal has a bandwidth of 20 Hz. The highest frequency is 60 Hz. What is the lowest frequency? Draw the spectrum if the signal contains all integral frequencies of the same amplitude.

Answer: 

B = fh – fl 
20 = 60 - fl 

 fl = 60 - 20 = 40 Hz
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Q) A signal has a spectrum with frequencies between 1000 and 2000 Hz (bandwidth of 1000 Hz). A medium can pass frequencies from 3000 to 4000 Hz (a bandwidth of 1000 Hz). Can this signal faithfully pass through this medium? 

Answer: The answer is definitely no. Although the signal can have the same bandwidth (1000 Hz), the range does not overlap. The medium can only pass the frequencies between 3000 and 4000 Hz; the signal is totally lost.
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