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1. Introduction 

 

• One of the primary reasons LTI systems are important to analysis is 

the superposition property  

• If we can represent the input to an LTI system in terms of a linear 

combination of a set of basic signals, we can then use superposition 

to compute the output of the system in terms of its responses to 

these basic signals. 

• The unit impulse, both in discrete time and in continuous time, is 

that very general signals can be represented as linear combinations 

of delayed impulses.  

• Together with the properties of superposition and time invariance, 

will allow us to develop a complete characterization of any LTI 

system in terms of its response to a unit impulse.  

• Such a representation, referred to as the convolution sum in the 

discrete-time case, and the convolution integral in continuous time. 

 

2. Discrete Time LTI Systems – The Convolution Sum 

 

In Fig 2.1a, we have five time-shifted, scaled unit impulse sequences, 

where the scaling on each impulse equals the value of x[n] at the 

particular instant the unit sample occurs. For example, 

 

Therefore, the sum of the five-sequences in the figure equals x[ n] for 

- 2 :s n :s 2. More generally, by including additional shifted, scaled 

impulses, we can write 

 

 

Or in a compact form:  
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For k> 0, eq. (2.2) becomes:      

 

Equation (2.2) is called the sifting property of the discrete-time unit impulse.  For 

input x[n] to a linear system expressed in the form of eq. (2.2), the output y[n] can be 

expressed as: 

 

 
 

 

Let us look at some examples…. (next page) 
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Example 2.1: 
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Example 2.2 

 

Consider Fig. 2.4a. Find out the values of y[n] for 0,1,2,3,4 

 

 

 
 

 

 

Therefore, the output y[n] is…….    
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Example 2.3 
Consider an input x[n] and a unit impulse response h[n] given by: 

x[n] = αn u[n], 

h[n] = u[n],   with 0 < α< 1. 
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Example 2.4 
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3. Continuous Time LTI Systems: The Convolution Integral 

 

In analogy with the results derived and discussed in the 

preceding section, the goal of this section is to obtain a complete 

characterization of a continuous-time LTI system in terms of its 

unit impulse response. 

 

Representation of analogue signals by staircase waveform 

We begin by considering a pulse or "staircase" approximation, 

x(t), to a continuous-time signal x(t), as illustrated in Figure 

2.12(a).  In Figure 2.12 (a) –(e): 
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since u( τ) = 0 for τ< 0 and u( τ) = 1 for τ > 0. 
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The convolution of 2 signals is: 

 

 

Example 2.6 

 

Let x(t) be the input to an LTI system with unit impulse response 

h(t), where: 

 

     and  

 

Solution: For t > 0, 
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Example 2.7 

 

Consider the convolution of the following two signals: 

 

 

Solution: for these three intervals, the integration can be carried out 

graphically, with the result that 
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Example 2.8 

 

Let y(t) denote the convolution of the following two signals: 
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We see that these signals have regions of nonzero overlap, regardless 
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Glossary – English/Chinese Translation 

 

English Chinese 

Linear Time Invariant System 

Convolution Sum 

Superposition Sum 

Convolution Integral 

Discrete time 

Continuous Time 

Superposition Property 

Time Shifted 

Scaled Unit  

Impulse Sequence 

Unit Impulse Response 

Geometric Sum Formula 

Analogue Signals 

Staircase Waveform 

线性时不变系统 

卷积和 

叠加总和 

卷积积分 

离散时间 

连续时间 

叠加属性 

时移 

缩放单位 

脉冲序列 

单元脉冲响应 

几何求和公式 

模拟信号 

楼梯波形 

 

 

 

 


