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Summary

This article outlines certain important properties of dynamic systems, which happen to
be the basis of their classification and characterization. The distinction between
dynamic and static or steady-state behavior is explained. Properties such as time
variance and time invariance, linearity and non-linearity, lumped and distributed
parameters, continuous and discrete-time action, stability and instability etc. are
discussed.

1. Mathematical Models

The mathematical equations used to describe the behavior of a system, based either on
physical considerations or on measured phenomena, represent the mathematical model
of the system. Mathematical models of dynamical systems are usually in the form of
differential or difference equations together with algebraic or logical equations.
Differential equations describe the system behavior in continuous time, whereas
difference equations model dynamical systems in discrete time. The particular form
depends on the actual nature of the system. Some important kinds of systems are
schematically shown in Figure 1. There exist general approaches to modeling dynamical
systems (see Elements of Control Systems)
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Usually, mathematical models describe the input-output relations, which are useful in
the analysis or synthesis of a control system as well as in the simulation studies. The
simulation of a system may be made in analog, digital or hybrid computers to enable us
to understand the performance of the system under different situations, while runs on
actual systems may either be not feasible or may happen to be very expensive or risky to
perform. System modeling, simulation and identification methods are useful in
developing the knowledge that is prerequisite to control (see Mathematical Models).
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Figure 1. Several aspects of description of the properties of control systems
2. Dynamic and Static Behavior of Systems

The dynamic behavior or the time behavior of a system is exhibited by the system
output x.(t) for a specified input function x;(t). This relationship between the input and
output variables is generally expressed in terms of an operator T, i.e., for every real xi(t),
there exists a real Xo(t) such that

Xo(t) = T[xi(t)]. 1)

Consider the response Xo(t) of a system for a “step input’, an input that is switched from
zero to a unit value at t=0, as shown in Figure 2. Here x,(t) describes the time variation

from the initial state at t < 0 to a steady final state X, (c0). Varying the input step height
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Xis = constant, and noting the corresponding X,s = X, (o0), the static characteristic Xo,s

= f(xis) that describes the steady state behavior of the system in a given region of
operation, is obtained as shown in Figure 3.
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Figure 2. Dynamic behavior of a system

Figure 3. System behavior: (a) dynamic (b) static or steady-state
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