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Question 1

a) Find the inverse Laplace transform of the following function: : [8]

s+4
s(52+55+6)

b) Determine whether the following signals are energy signals or power signals and
calculate their energy or power.

B . 1 n
i) x[n] = [E] u[n] [3]
ii)
x(1) 4
1
> [
-5 -4 0
[5]
¢) Find the Fourier series coefficients of the signal: ’ [5]
x(t) = sin’ (371
d) State whether each of the following statements are TRUE or FALSE.
i) Ifasignal f(¢) is odd then —f(—t) is an even signal. S ‘ [1]
ii) A time-invariant system must be also linear. [1]
iif) The signal x(r) = cos(v27t)+ sin(zﬁm) is periodic. - [1]
iv) Periodic signals are always finite energy signals. [1]



Question 2

a) Find and sketch the first derivative of the following signal:

1, t>0
-1, <0

x(r) = sgn(t) = {

b) Find the transfer function of the system determined by the input/ output relationship

2
d—g’-+7@+12y=ﬁ+2x
- dt dt

and determine its impulse response.

¢) Find the initial and final values of y(¢) if Y(s) is given by:

1025 +3)

Y(s)= s(s2 +2s5+ 5)

d) From the given signal x(¢) as shown in Fig. 2(d), plot x(l - é—]
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Fig. 2(d)

é) Find and sketch the region of convergence (ROC) for the sigx;al in Fig. 2(e).
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Fig. 2(e)
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Question 3

a) Find and sketch the Fourier Series coefficients of the signal in Fig. 3(a).
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Fig. 3(a)

" b) Find the fundamental period (in seconds) of the sum signal:

x(f) = 3sin (-’ff) + 5cos(ffj +7sin (i’)
3 5 7

¢) For x[n]=8[n]+25[n—1]-8[n-3] and Hn]=28[n+1]+28[n~1], compute
yln}=x{n]* A[n].

d) Find the even and odd components of the following:
t
1)=cos?| Z-
() =oo5’ (2
e) Determine the overall impulse response of the following LTI system:
() — (1)

x(f)— = (D) —y (1)

v

h 4

k4

hy(1)

f) For the following signal, determine the location of the poles

x(1) = [e"‘ +3te” +¢” sin (6t)] u(t)

(8]

[3]

[3]

[4]

[2]

[5]



Question 4

a)

b)

d)

Using the graphical method, compute, y(f) =x(¢) *h(t) for x(t) =u(t -3)—u(t-5) and
h(®) =e ™ u(t). [6]

Derive the differential equation in terms of x(¢) and y(¢) that relates all the circuit
components in the circuit below: [10]

W
X)) =V,0) RS YO=V,0

o}
+

o

Determine if each of the following systems is invertible. If it is, find the associated
inverse systems.

1) y(t)=x(r-4) [2]
_ii) yin] = x[2n] 2]
State the three Dirichlet conditions. . [3]
What are Walsh functions? . [2]



Question 5

a) Determine the forced response of the system:
5% +10y(t) =2x(1)

for the input x(¢) = 2u(z) , assume zero initial conditions. [10]
N. B. Use the Standard Table of Forced Response or Particular Solutions to solve this.

b) Draw a block diagram representation for the causal LTI system described by the
following difference equation: [3]

y[n]=%y[n-—1]+x[n—1]

¢) Is the following pair of signals orthogonal over the interval (0,4)? Prove your answer.

[4]
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d) For the following signal find an expression for its first derivative: [2]

x(f) = 2a(f)=3r(t = 1) ~ du(t - 3)

e) Differentiate between a deterministic and a probabilistic signals and give examples of
each. [4]

f) Define what a signal is. [2]



Table of Laplace Transforms

delta function 5t <= 1
shifted delta function t-a) <E= e
unit step o) <= 1L
Tamp tu(t) £t %
L
parabola fut) < X
n-th power P SN s_,:t;:f
. - £
. exponential decay e == 5
two-sided exponential decay ekl L ;Tsf—sg'
- L
te—% = 7 _}_15)2
- L .
(1 - a:t)e ot S ‘(84—_8&)5
- - L,
exponential approach 1—eo — ,(,:_,,)
sine sin (wt) P N p e
. A N s
cosine cos(wt) = a
hyperbolic sine sinh (wt) LN Ty
hyperbolic cosine cosh (wt) ¢ £, P B
exponentially decaying sine e~ gin (wt) *‘L G +a")"'2 o
 exponentially decaying cosine &~ cos (wt) £ C +z§§1@
frequency differentiation tf(t) & P {s)
frequency n-th differentiation ) = (-1)PFO(s)
time differentiation ity = % f(t) s sF(s) - 1(0)
time 2nd differentiation =550 <= 2P -sf(0) -0
time n-th differentiation £ ) = 22 £(t) £ mFE) - 0) - ... — FnD(0)
time integration Prodr=@sf)) <= 1F()
frequency integration % ft) AN [ Fu)du
- * . _1 .
time inverse ) <= F(s):f
-1 -2 — T
time differentiation ) s B, 00, 0




Properties of Laplace Transforms
i) Time-shift (delay):  f(r 1)« F(s)e™, £,>0
ii)  Time differentiation: _c_i_,g_t) o sF(s)- f(0)

i) Timeintegration: | £t i)
s 5
iv)  Linearity: af (t) + bg(t) «~— aF(s) + bF (s)

V) Convolution Integral: x(¢)* h(r) «——> X (s)H(s)
vi)  Frequency-shift: e f(He«t> F(s—a)

vii)  Multiplying by #: ;f(:)m-dgs)
vili)  Scaling; f(a:)mlF(i), 2>0
a a

ix)  Initial Value Theorem: lim {sF(s)} = f(0)
x)  Final Value Theorem: ling{sF (8)} = f()

Standard Table of Forced Response or Particular Solutions

Input Particular Solution
cx™ (1) a, +ax(t)+...+a,x"(t)
2| ex"(f)e™ (a0 +ax@)+...+a, x" (t))e“"(')

3| ex"(t)cos(bx(1) | (@, +a(t)+...+ a,x" () cos(bx(r)) +(c, + . x() +...+ ¢, x" (1)) sin{bx(r))

41 ex"(0)sin (bx(9)) | (@ +ax(t)+...+a,x"(@))sin(Bx(0)) +(c, +x(t) +...+ ¢, x"(t) ) cos (bx(r))

where c,a,,4,,4,,,¢,,c,,¢, are constants.




