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Comparison between Discrete & Analog Devices:

DSP:


 for High order filter, it is simpler, more accuracy, no aging


 more apps like adaptive filters( Varactors ) due to wireless ch. (motion)


 high flexibility ( Software Defined Radio ): can switch from FM to CDMA 
by switch; because it's a program.



Limitation:


 Complexity: high sampling rate


 Cost, size.



Analog:


 good for simple filters.

But:


 limited by 60 dB at cut off freq. 
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Some basic signals:-

1) unit sample sequence
 2) unit step signal
 
3) unit ramp signal













Classification of signals:-

Energy signal: 

 
 
 
 Power signal:







Periodic / Aperiodic signals:

x(n) is periodic with period = N if x(n + N) = x(n)

N: smallest integer satisfying condition.



If there is no N-value satisfying condition, x(n) is Aperiodic.



EXA: 



Solution
 
 
 
 
 
 
 EXA: determine periodicity





















EXA:
 
 
 
 
 
 
 
 EXA: 

EXA:



Find periodicity:



























Symmetric (even) and Antisymmetric (odd):

x(n) is even (symmetric) if  x(-n) = x(n) 
 even



x(n) is odd (Antisymmetric) if  x(-n) = -x(n) 
 odd

































Manipulation in time:

Shift in time:-

x(n - k) is a delay of x(n) by k-units ( shift to the right by k-units )



x(n+k) is a shift left by k-units.



Reflection (folding):-







Reflection + Shift

1- fold x(n).

2- shift right by 2.



Discrete-time System:

Is a device or algorithm that operates on a discrete-time input signal to 
produce an output discrete-time signal according to mathematical expression 
or any rate.



EXA:











EXA:





















Elements of discrete-time system:
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EXA:





Solution 









Classification of discrete-time systems:

Static / dynamic system

A system is static or memoryless if y(n) depends on input samples at time (n) 
only. Like:-













A system is dynamic ( with memory) if y(n) depends on previous or future 
x(n). Like:-









Time-invariant, time-varying:

A system is time-invariant if 

given 

implies



Test of invariance of a system:



EXA: determine invariance of

Solution 











EXA: 

Solution











EXA: 

solution













EXA: 

Solution









Linear / Non-linear systems:

a system is linear if



Test:-













EXA: investigate linearity

Solution



EXA: 

Solution



















EXA: 

solution

















Causal / Anticausal systems:

A system is causal if output at time = n depends on input at present and 
previous time ( x(n), x(n-1) ---) and not on future samples ( x(n+1), x(n+2)---)



EXA:
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EXA:







Response of LTI systems to arbitrary inputs (convolution sum):































EXA: find the output of the LTI system whose 

For the input



Solution























Properties of convolution:

1) commutative law:-









2) associative law:-




3) Distributive law:-









LTI systems described by different equations:

Structures (block diagrams):-







1st order system:-







































EXA: 



Solution
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EXA:



Solution















EXA:





Solution







EXA:





solution









EXA:















Solution













Correlation of discrete - time signals:




EXA:
 
 
 
 
 Solution



























Relation to convolution:













Input - output correlation:



















Radar detect:-



         Chapter 

                The 

     Z - Transform































Z vs S - plane:-



















Region of convergence:-

Is the set of z-values for which x(z) has a finite value.
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EXA: find Z-transform & ROC (region of convergence)





Solution

































EXA:



Solution















Region of convergence:




Causal + Anticausal:-



















EXA:



Solution 











EXA:



Solution 

























Properties of Z - transform:

1) Linearity:-















EXA:



Solution



EXA:











EXA:









EXA:
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EXA:





Solution



























If the linear combination of several signals gives a finite-length sequence, 
then ROC is determined by the finite duration nature of the resulting 
sequence.









Time - Shift property:























EXA:







Scaling in the Z-domain:

















EXA:



Solution











EXA:



Solution















Time reversal property:















EXA:



Solution









EXA:



Solution



Differentiation in the z-domain:



















EXA:



Solution 



























EXA: find inverse transform of 





Solution























Convolution property:




EXA:











Solution 

















The system fn. for LTI systems:



Monday 
 3/4/13
 
 8:02 AM





















Poles and zeros:

Zeros of H(z) are values of z for which x(z) = 0

Poles of H(z) are values of z for which x(z) = 



Stability:

-An LTI system is BIBO stable iff the ROC of the system fn. includes the unit 
circle.

-A causal LTI system is stable if all poles of H(z) are inside the unit circle.







EXA: find the convolution of





Solution 





















EXA: det. The system fn. H(z) and the impulse response h(n) of the system 
described by:-





Solution 



EXA: find the z-transform of:-





Solution



















EXA: find z-transform & ROC of:-





Solution 









EXA: 



Solution



























EXA: 





Solution 



EXA: find z-transform of:-





Solution























Inversion of z-transform:

1) contour integration:-











2) long division.

3) Partial fraction and table look-up.



Long division:







EXA: find the inverse transform for:-









Solution






















Integration over a closed path that 
encloses the origin and lies within 
ROC of X(z).



b) 
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EXA: find PF expansion of:-







Solution 



EXA: find PFE of:-







Solution

























Case-II: Repeated poles

EXA:



Solution 



Inversion step:

- Distinct poles:-





















- Multiple poles:-











EXA: find inverse tr. of:-





Solution 

















EXA: find the causal signal inversal tr. of:-







Solution 













- Complex conjugate poles:-



Suggested problems:-



Ch. 2

7-16-17-22-23-27-30-31-33-34-46-47-48-49-51-53-57-58



Ch. 3

1-2-4-8-11-14-15-16-19-25-26-38-40-41-43-51-55-56
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Solution of difference equations with zero-initial conditions:

1) take z-tr. of difference eqn. :-



2) take z-tr. of 



3) obtain 



4) 



EXA: find the unit step response of the system described by:-



Solution 

































EXA: find the convolution of :-







Solution 























EXA: a causal LTI system with I/O 







Find: a) h(n)
 b) the difference eqn. 
 c) direct-form II realization 

d) Is the system stable?



Solution



EXA: find the causal signal of x(z):-







Solution 



























Inverse transform using contour integration:













C: closed path (circle) enclosing the origin and within ROC of X(z).



Cauchy residues Theorem:

1) sample poles 





2) multiple poles







EXA: find inverse tr. of:-



Solution 
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EXA: find causal signal x(n) having Z-tr.







Solution



EXA: find causal signal x(n) having Z-tr.

















Solution 



Correlation of 2 sequences:













EXA: find the autocorrelation of:-





Solution 
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One-sided z-transform:















Time - delay property:-





















Time advance property:-









EXA: find the unit step response of the system





With initial conditions



Solution 



EXA: solve 





With initial conditions



Solution 




                Chapter 

     Frequency Analysis 

                      Of 

  Discrete - time Signals



For continuous time signals, freq. range (                     )

For discrete time signals, freq. range (                     ) periodic.



















Periodic Signals:



























Derivation of Fourier coefficients:-

Multiply both sides by



EXA: find Fourier coefficients for the signals:-
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EXA: 



Solution 

EXA:



find Fourier coefficients.



Solution

Magnitude spectrum

Phase spectrum:-











EXA: find Fourier coefficients.







Solution 

Power spectral density (periodic signals):

Parseval's eqn.

Fourier Transform for Aperiodic signals:



Derivation of F.T.:

Convergence of F.T.:

1) if x(n) is absolutely summable
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1st exam-Q3)





















2- if x(n) is square summable:



























3- if x(n) has a pole on the unit circle.











EXA: find x(n) for X(w)







Solution 

Mean-squared convergence



Periodicity in one domain <---> discretization in the other domain



Like:-

















Relation of Fourier transform to z-transform:











Energy density spectrum [Sxx(w)]:













For real x(n):-











EXA: find F.T. of 



Solution 






If ROC of X(z) includes the unit circle.



EXA: Find F.T. of 









Solution 



Wednesday 
 4/3/13
 
 8:06 AM



EXA: find F.T. Of x(n)



Solution 



















EXA: find F.T. of x(n)





Solution 



















Symmetry properties of F.T.:

Real & even x(n) <---> Real & even X(w)







































Properties of F.T.:

1) Linearity:-









2) Time shift:-







3) Time reversal:-













4) Convolution Theorem:-









EXA: find the convolution of



Solution 



5) The correlation Theorem:-









For real x(n)











6) Freq. shift:-













7) Modulation Theorem:-







8) Parseval's Theorem:-













R.H.S. = 
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Response of LTI systems to sinusoids:







































EXA: find the output of 









Solution























Steady state and transient response to Sinusoidal inputs:

Let 

Effect of | H(wo) |:-

Steady stateTransient response























EXA: an LTI system with









Solution 

























System response to periodic signals:































An LTI system modifies the shape of an input periodic signal by modifying it's 
harmonics.

Find the output energy spectral density.



Given periodic x(n)















Solution
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EXA: a digital filter described by









Solution 





















Design of simple digital filters by pole-zero placement:

Freq. response (graphical):-





















Pole-zero placement principle:-

1- place poles near points (frequencies) to be emphasized.

2- place zeros at frequencies to be de-emphasized.

3- all poles are placed inside the unit circle (for the filter to be stable.)

4- Zeros are placed anywhere in z-plane, mostly on the unit circle (for exact 
zero.)

5- all complex zeros & poles must occur in complex conjugate pairs.







EXA: design a LPF to have one pole to satisfy



Solution 

!ّ#$%

To be 
emphasized

































EXA: same as the previous one , but with a zero:-



Solution 







































EXA: design a two-pole (identical) LPF to have 



Solution
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Notch Filter:


Disadvantage: it has a big delay ( impulse response:p^n needs more time 
until it reaches the steady state.)

Suggested problems:

Chp. 4:-

4,5,6,7,9,10,12,22.

Chp. 5:- 

3,4,6,7,8,10,16,17,19,21,22,24,30,32,52,54,62,68




2nd Exam
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Chapter 7

The discrete 
Fourier 
Transform 
(DFT)



Applications:

Power spectrum estimation.

Filtering.

Correlation. 

Freq. estimation. 





Freq. Domain Sampling and reconstruction of time domain signals:




Chapter 7

The discrete 
Fourier 
Transform 
(DFT)



Applications:

Power spectrum estimation.

Filtering.

Correlation. 

Freq. estimation. 





Freq. Domain Sampling and reconstruction of time domain signals:
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Reconstruction of x(n):

x(n) has a finite duration of  0 < n < L-1

N: no. of samples on X(w).

1- if N >= L







2- if L >= N









Expressing X(w) in terms of X(2pie*k/N) {k = 0,1,---,N-1}:

Assume N >= L

































EXA: let

The spectrum X(w) is sampled at 

Determine the reconstructed time signal & the reconstructed spectrum.



Solution 

Reconstructed from the samples:























The DFT:

















EXA: let x(n) = 









Solution 

(Zero pending)
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Conjugate even:



Conjugate odd:































Circular convolution:











EXA: Find the Circular convolution of:-









Solution 





















Time reversal









Circular time shift



Circular freq. - shift











Circular correlation 











Multiplication of two sequences









Parseval's Theorem

(N in time may be less than in freq. or the opposite ---> 
so we can calculate the energy with the less symbols.)
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EXA: Given 

is an 8-point DFT of real valued x(n).

Find the remaining points 



Solution 















EXA: Complete the energy if the N- point signal





Solution























EXA: find the circular auto correlation of 





Solution 



EXA: Given 8- point DFT of





Find the DFT of







In terms of DFT of x(n)



Solution



















EXA: Given 



a) Find the sequence s(n) whose 6- point DFT is





b) Find y(n) whose 6- point DFT is







Solution
































EXA: find the DFT of  S(n)



Solution 















EXA: Given x(n)

If we sample X(z) at





Find the sample the IDFT of







Solution
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EXA: Use symmetry properties to calculate DFT of 2-real even & 2-real odd 
simultaneously using one N-DFT only.



Solution 















The Fast Fourier Transform (FFT):

Radix_2 FFT.

EXA: 8-point FFT:-



Suggested problems:-

7.1, 4, 7, 8, 9, 11, 14, 19, 20, 25
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