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Examples of Simple LTI Systems

1. Continuous-Time, Second-Order Lowpass Filter

This circuit is governed by the differential equation:

.

We can transform the differential equation into a standard form by defining thenatural frequency
and thedamping constant :

.

The system exhibits three regimes of behavior:

Underdamped

Critically damped

Overdamped

Impulse Response

Overdamped: if , characteristic equation has two distinct,real roots, and:

.

Underdamped: if , characteristic equation has two distinct, complex conjugate roots, and:

.

Critically Damped: if , characteristic equation has one real root of multiplicity two, and:

.
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Frequency Response

As long as , the frequency response exists and is given by:

.
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2. Continuous-Time, Second-Order Bandpass Filter

This circuit is governed by the differential equation:

.

Defining and :

.

The frequency response is given by:

.

(In circuit analysis, it is customary to define thequality factor: ).
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3. Causal, FIR Approximation to Discrete-Time, Ideal Lowpass Filter

Ideal Lowpass Filter

Frequency Response: , where , and .

Impulse Response (noncausal, IIR): .

Causal, FIR Approximation

Truncated Impulse Response (noncausal, FIR): .

Shifted, Truncated Impulse Response (causal, FIR):

.

Frequency Response: .
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.

.

4. Simple Discrete-Time, Second-Order System

Difference Equation: , , .

Impulse Response(IIR):

Critically damped:

For , characteristic equation has one real root of multiplicity two, and:

Underdamped:

For , there are two distinct, complex conjugate roots, and:

For , there is one real root of multiplicity two, and: .

Frequency Response:

For , exists and is given by: .
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