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Question 1 [25] 

a) Find the Bode log magnitude plot for the transfer function: [6] 
T F == --:-2_0_0_C5_+_2_0)_ 

5(25 + 1)(5 + 40) 

b) Determine the fundamental frequency of the following signal, and plot its 
sinusoidal spectra (both magnitude and phase) and it exponential spectra. 

. [10] 

x(t) = 2 + 3 cosCO. 2t) + cos (0. 25t + ;) + 4cos(0. 3t - n) 

c) A 1.5 MHz carrier is amplitude modulated by 2 sinusoidal signals of 
frequency: 500Hz and 800Hz. What are the frequencies in the AM spectrum? 

" [2] 

d) A transmitter puts out a total power of 25 Watts of30% AM signal: 

,
,-.,; 	 i) How much power is contained in the carrier? [4] 

ii) How much power is contained in each of the sideband? [3] 
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Question 2 [25] . 

a) Draw the block diagram of the discrete-time system represented by the 
recurrence equation: [3] 

i) yen) =x(n - 1) - 4y(n - 1) + 'yen - 2) + 3y(n - 3) 

b) Find the z-transform of the following sequence: [3] 
i) x(n) =10 sin(O. 251m) u(n) 

c) A digital signal processing (DSP) system is described by the following 
differential equation with zero initial condition: 

yen) +O.ly(n - 1) - O. 2y(n - 2) =x(n) +x(n - 1) 
i) Determine system response yen) due to the unit step function 

excitation, where u(n) = 1 for n > O. '" [12] 

d) Consider the analog signal 
x(t) = 3 cos(2000trt) + 5 sin(6000trt) + 10cos(12000trt) 

i) What is the Nyquist rate for this signal? [1] 
\'': ii) Suppose that the signal is sampled at the rate of Is = 5000 samples 

per second, what is the discrete-time signal obtained after sampling? 
[3] 

iii) What is the analog signal we can reconstruct from the samples? 
[3] 
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Question 3 [25] 

a) If the input voltage, ein(t), of the following system (jigure3.1j is a unit step, 
and eout(t), is the output voltage 

eI"" 
· 

!G _ 
L-__----------------~L~--------_Q 

; 
"'; 

i) Find the transfer function ofthe system. The transfer function should be in 
terms of R1, R2 , and C. [6] 

ii) Find the unit step response. [6] 
iii) Given that R1 , = R2 = lKn and C = lJlF, find eout(t) [2] 

b) The closed - loop transfer function, T( s), is given by: 

C(s) 5000 


T(s) = R(s) = 5(5 + 75) + 5000 
i) Calculate the damping ratio, (. [4] 
ii) Calculate the undamped natural frequency,.wn [3] 
iii) Calculate the maximum overshoot percentage [2] 
iv) Calculate 5% setting time [2] 
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Question 4 [25] 

a) Determine if the following systems are time-invariant, linear, causal and/or 
memoryless? [6] 

i) ~ +6y(t) = 4x(t) 

ii) y[n] + 2y[n - 1] =x[n + 1] 

b) Solve the following differential equation using the Laplace Transform 
method: [5] 

i) dy +4y(t) = 3x(t): x(t) = sin(2t) I yeO) =1
dt 

c) Compute the inverse Laplace Transform of the following functions: [3] 
') X( ) 2s+100 

1 S = (s+1)(S+8)(S+10) 


d) Find the inverse Z-transforms of the following signal: [4] 
i) X(z) = (z-1)(z+0.8) 

(Z-O.S)(Z+O.S) 

.'': 

e) Determine the stability of the following systems: [2] 
.) H( ) s+2 
1 S = (s+3)(s+2) 

f) Sketch the response of the system below to a step input. [5] 

i) H(s) =~ 
s+2 
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Table ofLaplace Transforms 

delta function . 6(t) ~ 1 
6-&1shifted delta fuootion 6(t- a) ~ 
1unit IMp net) ~ •Iramp tu(t) ~ If 

pambola t'u(t) ~ 2 
II 

n-th power t'l1 ~ m 
;ti.Ff 

a-d ...!....exponential decay ~ Ita 
2atwo-sided exponential decay e-llltJ ~ a;.r:::ac 

fe-at ~ 1 
(.ata.)' 

(l-at)e-at ~ .. 
(01+4)' 

exponential appro.a.cb l-e-tlt ~~ II 

B(~+a) 

sine sin (wt) ~ w 

~ 
cooiDe oos{wt) ~ Jf 

~ 
hyperbolic sine sinh(wt) ~ w 

~ 
, 
.'';' ~oosine cosh (wt) ~ •

8 2_..,1 

exponentially decaying sine 

exponentially decaying cosine 

e-at Bin. {wt} 

e-Ilt coa (wt} 

~ 
<::&. 

w 
(~)'t1fIJ 

..+4 
( .I+4)'-koI!I 

frequency differentiation tf(t) ~ -F'(s) 

freqtIency n-th d.i.fferentiation Ln. J(t) ~ (_l)flF(n)(s) 

time differentiation r(t) = ;/(t} ~ sF(I)  /(0) 

time 2nd differentiation tlt!t) : ~ f(t) ~ 82F(,)  sl(O)  f'{O) 

time n-th differentiation. .t<n}(t) :: :;.J(t} ~ B'I1F(s)  ".~1/(0) - ..• - [Cn-l)(o) 

tUne integratioo to J{'T)d:r == {« *J)(t} ~ tF(s) 
frequency int;ecration tf(t) ~ J: F{u)dtt. 

nll}-r1 
time hrverae f-1(t) ~ .. 

time differentiation f-"(t) ~ !}:l+~+t;J~} +...+r:{O) 
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Time-shift (delay): f(t-to)~F(s)e-", to >0 

Time differentiation: df1)~sF(s)-1(0) 

Time integration: j f(t)dt ~ F(s) 
4) S 

Linearity: af(t) +bg(t) ~aF(s)+bF(s) 

Convolution Integm1: x(t). h(t)~X(s)H(s) 

Frequency-shift: earl(t)~F(s-Cl) 

Multiplying by t: tf(J)~- dF(s) 
ds 

Scaling: I(at)~~F(?} 0>0 

Initial Value Theorem: lim {sF(s)} =1(0)s__ 

Final Value Theorem: lim-0 {sF(s)} = lim/(t)t__ 



Table ofZ-Transfonns 

~ No. ~.), na() 

1 =-<a> 

2 8(,,) 

1 ..en) 

4. 1fU(1I). 
s ,p,.) 

6 d'lI(n) 

1 C"'\(JI) 

g __1(.) 

9 ein{_)I(Il) 

10 ms~.) 

11 rI' air.t{llpt)u{b) 

12 if oos{bn}f(.) 

13 r-1Jia (lm)l(.) 

14 ,....COJ~Pf) 

Pro.perties of Z-Transforms 

Linearity: .al1[k]+bxl [k] <=> aXt(z)+bX2(z) 
TimeReversal: x[-k]~X(l/z) 

i %X(z)
Summation: L x[n] <=>_ z-1 

Initial Value: x[O]:: limX(z) 
z-+«> 

Final Value: x[w]=lim(z-l)X(z) 
~ 

Convolution: %[1].h[k] <=> X(z)H(z) 


Differencing: x[1]- x[k-l] ¢::) (1- Z-I)X{Z) 


Differen1:iation: -kx[k] ¢:> z!X(z) 


Tune Shifting: x[n-n ]<=> z-n.X(z),n/l ~O
o 

z.-Trans.f«:an J:tz) 
<tiel 

~*)r' 
1 

ttz 
z=T 

J 

(¥- r; 
%(:r+ 1) 
(z_l)l 

z. 
:r:-I'I 

:!: 

(r-ra) 
az 

,.(.::-;j 
zcin(a) 

zJ. -lz()CA$(.)+ 1 


zfz - QO$ (Q)] 

~ - 2%COi(tI}+ 1 


[4sin(~ 
r - [2a oo.(6):F +4' 


%if -ams(b}) 

zZ - lliJcol(b»)E +,...-2 


[cc.r tiD{l)]r 
r - (2!-4ros{b»)z+?"' 

*-rcas(6)] 
%2 - LAr.....*(&»+ ,,2<1 

fs1 >0 
tz"1>t 

FI>l 

M>IaJ 


Itl,.. 1 


1z1> 1 


x[n +n.J ¢> .... (X(Z)-~x[ml'~ )'n. :!! 0 
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