


























Properties	of	Continuous	Time	Systems	

Systems with memory (Dynamic system) 

Systems whose output y(t0) at time t0 depends on values of the input other than just x(t0) 
have memory. Otherwise, the system is MEMORYLESS (Static system). 

Inverse of a System 

A system is invertible if you can determine the input uniquely from the output, i.e. there 
is a one-to-one relationship between the input and output. In this case, we would write 
that the inverse of the system S is SI: 

 

A resistor is invertible because you can recover the current from the voltage: x(t) = i(t) , 
y(t) = v(t), x(t) = y(t)/R. 

 

y(t) = x5(t) is an invertible system since it is one-to-one. 

Examples of some systems that are not invertible: 

y(t) = x(t)u(t) → zeros out much of the input  
y(t) = x2(t) → don't know sign  
y(t) = cos[x(t)] → add 2π to x(t) 

Causality 

Output y(t) depends only on past and present inputs and not on the future. 

All physical real-time systems are causal because we can not anticipate the future. 

If a system is memoryless, it is also causal. However, being causal does not necessarily imply that 
a system is memoryless 

 



Stability 

We will consider Bounded Input - Bounded Output (BIBO) Stability 

We say that a system is BIBO stable if an input x(t) that is bounded (finite) for all 
time produces an output y(t) that is also bounded or finite for all time. 

Mathematically, we write if |x(t)| B1 → |y(t)| B2, where B1 and B2 are finite 
constants and y(t) is the output. 

Time-Invariance 

Given a system that is time-invariant, if the input signal is shifted in time, all that will 
happen is the output signal will be shifted by the same amount in time. 

Linearity 

For a system to be linear, it must satisfy both the additivity and homogeneity properties:  

1. Additivity  

 

If S[x1(t)] = y1(t) and S[x2(t)] = y2(t) → S[x1(t) + x2(t)] = y1(t) + y2(t) means that a system 
satisfies the additivity property.  

2. Homogeneity or Scaling  

 

S[x(t)] = y(t) → S[ax(t)] = ay(t) means that a system satisfies the scaling or 
homogeneity property. 

Combine Additivity and Homogeneity to get the SUPERPOSITION CONDITION: 

If S[x1(t)] = y1(t) and S[x2(t)] = y2(t)  
then S[ax1(t) + bx2(t)] = ay1(t) + by2(t) 

Example : Determine the properties of the following system sin 2 . 

Memoryless, not-invertible, causal, stable, time varying, linear  (test for linearity) 


