
 

 

 
 

UNIT 3: 

Time-domain representations for LTI systems – 2 
 

 

3.1 Properties  of  impulse response representation: 
 

Impulse Response 

Def. Linear system: system that satisfies superposition theorem. 

 
 

For any system, we can define its impulse response as: 
 

h(t) y(t) whenx(t)   (t) 
 

For linear time invariant system, the output can be modeled as the convolution of the impulse 

response of the system with the input. 

y(t) x(t)* h(t) 



 x( )h(t   )d


For casual system, it can be modeled as convolution integral. 



y(t)   x( )h(t   )d
0 

3.2 Differential equation representation: 
 

General form of differential equation is 
 

 

where ak and bk are coefficients, x(.) is input and y(.) is output and order of differential or 

difference equation is (M,N). 
 

Example of Differential equation 
•  Consider the RLC circuit as shown in figure below. Let x(t) be the input voltage source and 
y(t) be the output current. Then summing up the voltage drops around the loop gives 
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3.3 Solving differential equation: 
 

A wide variety of continuous time systems are described the linear differential equations: 
 

 Just as before, in order to solve the equation for y(t), we need the ICs. In this case, the ICs are 

given by specifying the value of y and its derivatives 1 through N −1 at t = 0− 
 Note: the ICs are given at t = 0− to allow for impulses and other discontinuities at t = 0. 

 Systems described in this way are 

 linear time-invariant (LTI): easy to verify by inspection 

 Causal: the value of the output at time t depends only on the output and the input at times 0 ≤ 
t ≤ t 

 As in the case of discrete-time system, the solution y(t) can be decomposed into y(t) = 

yh(t)+yp(t) , where homogeneous solution or zero-input response (ZIR), yh(t) satisfies 

the equation 
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3.4 Difference equation representation: 
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Initial Conditions 
Initial Conditions summarise all the information about the systems past that is needed to 

determine the future outputs. 
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3.5 Block Diagram representation: 
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Recommended Questions 
 

1.  Show that 

 
 

2.  Evaluate y (t) = x (t) * h(t), where x (t) and h (t) are shown in Fig. 2-6 (a) by analytical 

technique, and (b) by a graphical method. 

 
 

3.  Consider a continuous-time LTI system described by 
 

 

4. 
a. Find and sketch the impulse response h(t) of the system. 
b. Is this system causal? 

 

5. Let y (t) be the output of a continuous-time LTI system with input x(t) . Find the output of 
the system if the input is xl(t) , where xl (t) is the first derivative of x(t) . 

 

6. Verify the BIBO stability condition for continuous-time LTI systems. 
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7. Consider a stable continuous-time LTI system with impulse response h ( t ) that is real and even. 

Show that Cos wt and sin wt are Eigen functions of this system with the same real Eigen value. 

 

8. The continuous-time system shown in Fig. 2-19 consists of two integrators and two scalar 

multipliers. Write a differential equation that relates the output y(t) and the input x( t ). 
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