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▪ Digital Signal Processing Introduction

▪ Mathematical modeling

▪ Continuous Time Signals

▪ Discrete Time Signals

▪ Analyzing Continuous-Time Systems in the Time Domain
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2.1 Intro to System

Consider a microphone that senses the variations in air pressure created by the

voice of a singer and produces a small electrical signal in the form of a time-varying

voltage. The microphone acts as a system that facilitates the conversion of an

acoustic signal to an electrical signal.

Next, consider an amplifier that is connected to the output terminals of the

microphone. It takes the small-amplitude electrical signal from the microphone and

produces a larger-scale replica of it suitable for use with a loudspeaker.

Finally, a loudspeaker that is connected to the output terminals of the amplifier

converts the electrical signal to sound.

We can view each of the physical entities, namely the microphone, the amplifier

and the loudspeaker, as individual systems.

Alternatively, we can look at the combination of all three components as one

system that consists of three subsystems working together.
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additivity rule

Homogeneity rule

Linearity and Time Invariance



2.2 Linearity and Time Invariance

A continuous-time system is linear if it satisfies the superposition principle
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2.2 Linearity and Time Invariance

A system is said to be time-invariant if its behavior characteristics do not 

change in time.
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2.2 Linearity and Time Invariance

For simplicity, we will use the acronym CTLTI to refer to continuous-time linear 

and time-invariant systems.
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The order of a differential equation is determined by the highest-

order derivative that appears in it.
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2.3 Differential Equations for Continuous-Time Systems

In general, CTLTI systems can be modeled with ordinary differential

equations that have constant coefficients. The differential equation that

represents a CTLTI system contains the input signal x (t), the output

signal y (t) as well as simple time derivatives of the two, namely
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2.4 Constant-Coefficient Ordinary Differential Equations

As an example, the differential equation given by Example 2.4 fits the standard 
form of Equation with N = 1, M = 0, a1 = 1, a0 = 1/RC, and b0 = 1/RC. 



2.4 Constant-Coefficient Ordinary Differential Equations

another example, the differential equation given by Example 2.6 fits the standard 
form of Equation with N = 2, M = 0, a2 = 1, a1 = R/L, a0 = 1/LC and b0 = 1/LC.


