
 

 

 

 

Tikrit University 

Computer Science Dept. 

Third Class 

Lecture 3 

 

Asst.Prof.Dr.Eng.Zaidoon.T.AL-Qaysi 

 



                     Asst.Prof.Dr.Eng.Zaidoon.T.AL-Qaysi                       Digital Signal Processing                                                                  

1 
Lecture 3 

  3.1 Discrete Time Signal Representation 

 

 

 

Figure 1 Representation of a Sampled Signal. 

 



                     Asst.Prof.Dr.Eng.Zaidoon.T.AL-Qaysi                       Digital Signal Processing                                                                  

2 
Lecture 3 

3.2 Basic Operations on Signals 

When we process a sequence, this sequence may undergo several manipulations involving 

the independent variable or the amplitude of the signal. The basic operations on sequences 

are as follows:  

1. Time shifting  

2. Time reversal 

 3. Time scaling  

4. Amplitude scaling 

 5. Signal addition 

 6. Signal multiplication  

The first three operations correspond to transformation in independent variable n of a 

signal. The last three operations correspond to transformation on amplitude of a signal. 

 

3. 2. 1 Time Shifting  

The time shifting of a signal may result in time delay or time advance. The time shifting 

operation of a discrete- time signal x(n) can be represented by y(n) = x(n – k). This shows 

that the signal y(n) can be obtained by time shifting the signal x(n) by k units. If k is 

positive, it is delay and the shift is to the right, and if k is negative, it is advance and the 

shift is to the left. An arbitrary signal x(n) is shown in Figure 2(a). x(n – 3) which is 

obtained by shifting x(n) to the right by 3 units (i.e. delay x(n) by 3 units) is shown in 

Figure 2(b). x(n + 2) which is obtained by shifting x(n) to the left by 2 units (i.e. advancing 

x(n) by 2 units) is shown in Figure 2(c). 
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3.2.2 Time Reversal 

The time reversal also called time folding of a discrete-time signal x(n) can be obtained by 

folding the sequence about n = 0. The time reversed signal is the reflection of the original 

signal. It is obtained by replacing the independent variable n by –n. Figure 3(a) shows an 

arbitrary discrete-time signal x(n), and its time reversed version x(–n) is shown in Figure 

3(b). Figure 3 [(c) and (d)] shows the delayed and advanced versions of reversed signal  

x(–n). The signal x(–n + 3) is obtained by delaying (shifting to the right) the time reversed 

signal x(–n) by 3 units of time. The signal x(–n – 3) is obtained by advancing (shifting to 

the left) the time reversed signal x(–n) by 3 units of time. Figure 4 shows other examples 

for time reversal of signals. 
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3.2.3 Amplitude Scaling 

 

 

 

 

3.2.4 Time Scaling 
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3.2.5 Signal Addition 
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3.2.6 Signal Multiplication 
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