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Question 1 [25] 

a) 	 Define the following terms: [5] 
i) Transient response 
ii) Rise time 
iii) Asymptotic stability 
iv) Steady - state error 
v) High pass filter 

b) Find the Bode log magnitude and phase angle plot for the transfer function: [12] 

TF = 200(s + 20) 
s(2s + 1)(s + 40) 

c) Given: [8] 

x(t) = 30 cos (21l" 10' t - ;) + Bcos(21l" 10' t + qJ) + 60sin(21l" 10- t +:) 
,. 


And 


1l' 
x(t) =50cos(21l" 10' t + 4) 

= Be jrp •Find XB 
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Question 2 [25] 

a) 	 If the input voltage, ein(t), of the following system (figure 2.1) is a unit step, and 
eout(t), is the output voltage 

-.. 


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

ii) Find the unit step response. [6] 
iii) Given that Rv =Rz = lKfl and C =lfJ.F, find eout(t) [2] 

b) 	 The closed -loop transfer function, T(s), is given by: 
C(s) 5000 

T(s) = R(s) =s(s +75) + 5000 
i) Calculate the damping ratio, S. [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 3 [25] 


a) Detennine 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 cos(0. 2t) + cos (O. 25t +;) + 4cos(0. 3t - 71') 

b) Usingfigure 3.1, find an expression for x(t) and plot the spectrum. [6] 
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figure 3.1 

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

d) 	 A transmitter puts out a total power of25 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 4 [25] 

a) Calculate the inverse Fourier transform of the following signals: 
i 

XUw) = -; [8(w ­ 1) - 8(w + 1)] + 3[8(w ­ 21l) + 8(w + 21l)]
J 

[12] 

b) Obtain the z-transform ofthe transfer function F(z): 

i) Fe) z+l 
Z = z2+0.2z+0.1 

ii) Fe) z+l 
Z = z2+0.3z+0.02 

[13] 
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Question 5 [25] 

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

i) yen) = x(n - 1) - 4y(n - 1) + 7y(n - 2) + 3y(n - 3) [3] 

b) Find the z-transform of the following sequence: 
i) x(n) =10 sin(O. 25n:n) u(n) [3] 

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

yen) + O. 1y(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(2000n:t) + 5 sin(6000n:t) + 10cos(12000n:t) 

i) What is the Nyquist rate for this signal? [1] 
ii) Suppose that the signal is sampled at the rate ofIs = 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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prqperties ofLaplace Transforms 

Time*shift (delay): f(t -to)~F(s)e-lIo. to> 0 

Time differentiation: df(t) ~sF(s)- f(O) 
dt 

Time integration: jf(t)dt~ F(s) 
o s 

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

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

Frequency-shift: eatf(t)~F(s-a) 

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

Scaling: f(at)~ ~F(?). a>O 

Initial Value Theorem: lim{sF(s)} = f(O)....... 

Final Value Theorem: lim{sF(s)} =limf(t)

.-+0 , ...... 

(l) 
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Table ofZ-Transforms 

LiDo No.lI(a), riI'!4 

1 ~.) 

2 8(,,) 
lIZ

3 -ell) 
:-1 

4 ~,,) 	
.z 

• 	 (z-lY. 
*+1)5 "'Iff!I) 
(Z'-li 

z
6 tf.) 

%-11 
z:

7 e--":II) 
(z-e-) 

8 ,....1(11) 	 a& 

(r-~
:r:sio(II) ,.9 u(_)(.) 

z2 - 2zOCJJ(.) .... 1 
z[z - COl (a)J

10 ms~.) 
~ - 22'ClO8(lr)+ 1 

( • .m(.!t)Ia
11 cP siD(6It)r.{II) z:t - (1aCN(b)~+ IJ5 

z(.z -lZCOS(6)]
12 d' ClO${fut):(a) 

~ - {laco.(bt]z+ 4-2 

[c'" :sio(1lII=13 ""'_(lm)r(a) r - (2Ir"'CQI.(b)Jz + eO$ 

l(%-rcot(b)]
14 ,.--cos,(hn)l(II) 

Prqperties ofZ-Transforms 

Linearity: iZXi[k] + bx2 [k] <:) aX1(z)+bX2(z) 

Time Reversal: x[-k] <:) X(ll z) 
I zJr(z)

Summation: 	L x[n] <:)-­
II_ z-1 

Initial Value: x[O] =limX(z) 
:r-+<D 

Final Value: x[co] =lim(z-l)X(z) 
. Jt-+l 

Convolution: x[k].h[k] <:) X(z)H(z) 

Differencing: x[k]-x[k-1] <:) (l-Z-l)X(Z) 

Differentiation: -h[k] <:) z~X(z)
dz 

Time Shifting: x[n-n,,]<:) z-...X(z),n" ~ 0 

x[n+no]<:) z... (X(Z)-~x[m]z-"}nlJ ~O 

(;;) 

jzl>O 

Izi >1 

1z1> 1 

FI>1 

1:1> lal 

FI>1a1 

1z:1>1 

FI>! 

FI>I«I 

1=1> !at 

FI> ..... 



Table ofL!PJace Tragsforms 

delta function 6(t) ~ 	1 
a-ashifted delta f\ulction 6(t- a.) ~ 

UDit step vet) ~ ! 
& 

ramp tu(t) ~ 'if 
I 

pa.rabol& tlu(t) ~ 2 
-;s­

tn IIIn.-th power 	 ~ 
• 	 ~ 

ta:pOI1eDtial decay a-at ~ 	-L
.teI 

2atwo-sided a:ponent.iaJ. decay e-Itl ~ 	ai_aa 

fe-at ~ I 

(l-at)e-at t. 
<===> 

. 
(-tG)2 

•
(lteI)' 

ta:pOI1eDtial approa.ch 1- Ie'" ~ "i(.;..) 

simi sin(wt) ~ .. t.I 

~ 
a::JSine OOS(Cdt) ~ • 

~ 
b;yperbolicaine sinh(wt) ~ t.I-;c::;:r 
lJypemolic oosine oosh(wt) ~ • 

~ 

exponentially deca.ying sioe a-cat sin (Cdt) ~ t.I 

(-tG)!I+w1l 

exponentially decayiog COline e-at cos (Cdt) ~ ("fG~"+w!J 
frequeocy differentia.tioo Vet) ~ -F(s) 

frequency n.-th differentiation tn/(t) ~ (_l)nF(n)(.) 

time differentiation 1'(t) =;/(t) ~ ,F(,) ­ f(O) 

time 2nd differentiation I'(t) = ~/(t) ~ s2F(.) -'1(0)- f(O) 

time n-th differentiation tcn)(t) =~ I(t) ~ ,"'F(,) ­ ,n-1/(0) ­ ... - f(,,-1)(0) 

time integration to f(T)dr =(u. f)(t) ~ :F(s) 
!reqW!iDCY integration tr(t) ~ 1:'F(u)du 

p(.)-r1 
time iImmIe 	 I-I(t) ~ a 

time d.ifh:entiation 	 r-n(t) ~ ~c.:} +r;I>-+l:"~~) +... +~ 
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