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zt & Laplace Transforms in the Analysis of LTI SYStemsﬁ

» Analyzing Linear Time-Invariant (LTI) systems in the s-
domain.
» Useful for studying system dynamics, solving

differential equations, and evaluating system behavior

» Laplace Transform Overview
X(s) = / .w(t}e_”‘ dt
0
» The inverse Laplace transtorm converts the signal back

into the time domain:

z(t) = L {X(s)}
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Laplace Transform of LTI Systems
» Gives the system's transfer function H(s).
» Crucial in analyzing how the system processes

inputs and how it behaves under different

conditions.

» The transfer function is defined as:

H(s) = L{h(t)} = /l; " h(t)e " dt
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System Response Using Laplace Transform TGS

» For an LTI system, the output y(t) in response to
an input x(t) can be expressed as the convolution of

the input signal with the system's impulse

response:

y(t) = (z = h)(t)
» Convolution in the time domain corresponds to
multiplication in the frequency domain.
» The Laplace transform of the output signal

Y(s)is given by: Y (s) = X(s)H(s)
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Transfer Function

» The transfer function H(s) represents the system's

dynamics.
» Key tool in the analysis of LTI systems.

» The transfer function is obtained by taking the
Laplace transform of the system's differential

equation.

» First-order LTI system

dy(t)
dt

T + y(t) = x(t)
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Taking the Laplace transform of both sides (assuming

zero initial conditions) gives:

75Y (s) + Y (s) = X (s)
Solving for the transfer function H(s)=Y(s)/X(s),

1
H(s) = Ts + 1
Poles and Zeros
o= 53
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The poles of the system determine the stability and

dynamic behavior of the system

» Stable systems
» Marginally stable systems

» Unstable systems
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Initial and Final Value Theorems

» Useful properties of the Laplace transform that help

determine the behavior of a system at t=0 and as t—oo.

» Initial Value Theorem

lim z(t) = lim sX (s)

f—0" F—00
» Final Value Theorem

lim z(t) = lim s X (s)

—00 5—)
» The final value theorem is especially useful for

determining the steady-state response of a system.
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Stability Analysis Using Laplace Transform

» Poles in the left half-plane: Stable system.

» Poles on the imaginary axis: Marginally stable

(oscillatory behavior).

» Poles in the right half-plane: Unstable system

(output grows exponentially).
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Application of Laplace Transform in LTI System

Analysis

» System Design and Control

» Transient and Steady-State Analysis
» Feedback Systems

» Filter Design

SIGNALS AND SYSTEMS/23ECT201/ Dr. A. Vaniprabha /Laplace Transforms in the Analysis of LTI Systems



A

>

TUTIONS

Advantages of Using Laplace Transform
» Simplifies Differential Equations

> Initial and Final Conditions

» Generalized for Complex Frequencies
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