
LECTURE BLOCK 2A:

LINEAR TIME INVARIANT (LTI) 

SYSTEMS

ECEN220: Signals & Systems

Dr. Yau Hee Kho

yauhee.kho@vuw.ac.nz



Aims of the Lecture

Learn to:

 Describe the properties of LTI systems.

 Determine the impulse and step responses of LTI 

systems.

 Perform convolution of two functions.

 Determine causality and stability of LTI systems.



What is a system?

 A system accepts a signal x(t) and produces an output 
signal y(t). 

 t is a function of time; x(t) means signal x at time t.

 LTI system is very common, eg many circuits and 
mechanical systems.

 The system is LTI if it is linear and time invariant.

 A system is linear if it has the scaling + additivity
properties.



About LTI systems

 By using an impulse as x(t), and then observing y(t), the 
response (input-output behavior) of a LTI system can be 
completely characterized. (this is known as the impulse 
response of the LTI system)

 Once this is known, the system’s response to any other 
input can be computed using convolution.

 An LTI can change the amplitude and phase (but not 
frequency) of an input sinusoid or complex exponential 
signal. We use this to design a filter.

 From a desired response, we can work backward to 
design the system we want.



What we will learn

 Scaling, additivity and time-invariance properties 

of LTI systems

 Discuss impulse responses – physically and 

mathematically – how to compute it.

 Convolution – derivation, properties and 

computation.

 Causality and stability of LTI.

 Response to sinusoid or complex exponential signal.



Scaling Property (homogeneity or scalability property)  



Scaling Property (cont.)

 Example 1: System described by a 2nd Diff. Eq.



Scaling Property (cont.)

 Example 2: System described by Diff. Eq.

Because of the constant term on the far right-hand side 

of the equation, this system is NOT scalable, 

and therefore NOT linear.



Additivity Property



Additivity property (cont.)



Significance of linearity property



Significance of linearity property



Significance of linearity property

 Even though the 2nd option involves solving 

differential equations N times, the overall system 

may prove significantly more tractable than the 1st

option.

 This leads to the principle of Superposition.

 Eg, used in circuit analysis… 



Significance of linearity property



Superposition Example



Time-Invariant Systems



Examples of Time-Invariant Systems



More Examples

 Time-Invariant Not Time-Invariant

Note1: Systems b and c are

time-invariant,  but not linear.

Note2: Systems d to f are linear, 

but not time-invariant.

Note3: Systems e and f are not 

time-invariant although they pass 

the rules of thumb earlier.



Impulse & Step Responses

 Once we know h(t), can compute the response of any other 
input x(t) using convolution.

 We also want to know how the system ‘track’ a input step 
response.



Static and Dynamic Systems

 Static System ( Memoryless)

 Dynamic System

Output y(t) depends on past (or future) as well as 
present values of input x(t).



 Capacitor is initially uncharged, so y(0-) = 0.

 Using Kirchoff’s voltage law, we have

 For C, current is related to voltage by

 Combining the two equations, we have



Impulse Response

Eq (1.27)



Impulse Response of RC



Step Response of RC



Impulse & Step Responses



Measuring Impulse 

Response for 

Circuit with RC=2s
Peak value is 1/RC = ½ = 0.5V.

(a) Input pulse is 5s, longer than 

RC, so circuit charges and 

discharges.

(b) Pulse is 0.05s, shorter than 

RC, and Vpeak of 20V. 

(c) Pulse is 0.01s, with Vpeak

=100V

* We need unit area impulse at 

input with duration much shorter 

than RC.



Impulse Response From Step Response

Example:



Ramp Response From Step Response



RC Circuit Example


