
Lesson 2



Discrete Time Signals



Sampling Period



Discrete Time Signals
 DTS are often depicted as: 



Shifted sequences



Impulse



Sequence representation



Unit Step Sequence



Unit Step relation with impulse



Exponential Sequencies



Sinusoidal sequence



Sinusoidal sequences



Sinusoidal Sequencies



Differences with continuous signals



Continuous vs. discrete sinusoidals



Continuous vs. discrete sinusoidals
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Discrete Time Systems



Normalized frequencies
 Given the sampling period T the sampling frequency is

 A sampled sinusoid can be written as:

 is the normalized frequency: If the sampling 
theorem is honoured then 
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Example: Ideal delay



Example: Moving average



Memoryless system



Linear Systems



Linear Systems, Additivity and 
Scaling



Time invariant Systems



Causality



Stability



Linear Time Invariant Systems



The convolution operation for LTI



Convolution



Convolution



Convolution



Convolution



Convolution example



Convolution example



Convolution example



Properties of LTI Systems



Properties of LTI Systems



Properties of LTI Systems



FIR and IIR



Geometric series
 The general formula for converging geometric series is:

 For infinite series the convergence request is: |q|<1



Causality



Causality by a delay



Inverse system example



Linear Constant Coefficient
Difference Equations



Recursive Representation



Difference equation for moving
average



Difference equation for moving
average



Difference Equations



Difference equations



Frequency domain Representation
for DTS

The Fourier Transform of the impulse response is called the frequency 
response:  



Frequency response for delay



Delay: amplitude and phase



Delay: amplitude and phase



Ideal filters for discrete signals



Ideal filters for discrete signals



Ideal filters for discrete signals



Frequency response of a moving
average system



Continued
 Since
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Frequency response of a moving
average system



Discrete Time Fourier Transform
(DTFT)



Discrete Time Fourier Transform
(DTFT)



Discrete Time Fourier Transform
(DTFT)



Symmetry properties



example
 x=[ 1, 2, ‐3, 1 ]
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Symmetry properties



Symmetry properties



Symmetry properties



Properties of the Fourier transform



Useful transform pairs


