EE-301: Signals and Systems Midterm Exam 2
Electrical Engineering Department, College of Engineering, King Saud University (Winters 322)

Srada FRAY llal) o3 Qldalf anl

Instructions: 1hours 30 mins allowed, answer all questions

QL. (20marks, 20 mins short answer questions)
(a) The step response of an LTI system is given by Y(t) = e > 'u(t) . Calculate its impulse response h(t).
(b) The impulse response of discrete-time (DT) LTI system is h(n) = 6(n) — 0.56(n —1), find its step response.
(c) Find the frequency response for an LTI system described by the difference equation: y(n) = x(n) + x(n —1) . State
whether the impulse response of the system is finite or infinite.
(d) Calculate the autocorrelation of the signal X(t) =e~'u(t).

-0.5t

Ans:
@ h(t) = % =e 5 (t) - 0.5 % u(t)

() s(n) =u(n)*h(n)=u(n)*[o(n)—0.56(n -1)] =u(n) —0.5u(n —1)
(c) Applying DTFT and the shifting property: Y (e!”) = X () + e X (e!?) , i.e,
_ _ _ _ jo _
Y(e')=X(e')1+e '] = H(e') :—Y(e . ) =[1+e7 '],
X(e'”)
Note that h(n) = 6(n) — d(n —1), hence it is an FIR system.

(d) Ry (t)= Tx(r —t)x(r)dr

® -t

Fort>0: Ry () = [ (7)™ )dr = ¢! [edz = 67
t t

t

Fort<0: Ry (1) = [ (€ V) (e ")z =e' [e¥dr = %
0 0

Thus Ry, (t) = %e"t'

]
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Q2. (40 marks)

(a). [30] Consider a periodic CT signal x(t) shown in the figure below.
(i) Compute the general formula for Fourier series coefficients, ay for the periodic signal x(t).

(ii) Using part (i), write down the general formula for Fourier series coefficients, a, for signal

dx(t)
dt

(iii) Using part (i), write down the general formula for Fourier series coefficients, a, for signal x(-t)
(iv) Using part (i) , sketch the Fourier series coefficients for K € [-3, 3]
(v) Using (i) and (iv) write down the Fourier series representation for kK € [—3, 3], and then using this determine

the continuous-time Fourier transform (CTFT) for x(t).

. 27 V4
(b). [10] Compute the discrete-time Fourier series (DTFS) a, for the signal X[n]=1+ sm(?n +Z), sketch the

amplitude of coefficients for k € [-14,14].

(i)

(iii)

(L)
a~ A

I I I IR

“Tol4 o To/d To

[ 1

-To

< i 2
Let x(t) = Zakejk‘”"t ; @, :_I_— {F.S. expansion }
k=—00 0

1 % , 1 oo _ A ~ JkaxTy ikexTo
Then we have a, :—I x(t)e dt :—'H Ae *dt=————|e ¢ -e *
Ty Toy

- jka)oTO
AT P Asin(k—”j, k#0
jk27z kz 2
To
For k=0, we have &, = iJ.TO x(t)dt = ij.‘.‘r Adt = A
Ty To -2 2

A & A (ko)
Hence we obtain X(t) = —+ ¥ —sin| — [g X!
® 2 Zkﬂ' ( 2 )

k=—o0

k=0

dx(t) F.S.

Using properties, F.S. coefficient of T a, - JKm, , where ayis as obtained in part (i)

Using properties, F.S. coefficient of X(—t) PRNLIEEEEN a_, , where ayis as obtained in part (i)

A . (—kﬂj A . (kﬂj
———sin| —= | =—sin| — |, k=0
—kz 2 kz 2

2 k=0
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(iv) Jp=—,=a,=—,a,=a,=0a,=a,=—

2 V4 3r
3 ikaont 2
(v) For the range k € [-3, 3], x(t) = Zake‘ 5w, =T
k=3 0

3
Thenthe F.T.is givenby X (jo) = ZZ;zaké(a)— ka,), with a,, a,,, a,,, a,,given in part (iv)

k=3
. 27 Vs L . 27
(b) x(n)= 1+S|n(Fn +Z) Note that x(n) is periodic with fundamental period N=6, and @, = 5
_ 1| % 2 % E i T T
Using the Euler’s formula: x(n)=1+? efet—-e b =1+? elle 4 el 4|,
J J
1 2
_J2j 1
Hence a, =1, a, = 1 . Thus |al| =|a_1| =5 and  |a,.\ Ha
-—e * k=-1
2]

e ——
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Q3. (40 marks)

(a) (i) Determine the frequency response H ( j) for an LTI system with impulse response h(t) = e >*'u(t) .
(ii) Sketch the magnitude and phase spectrum of the system.

(b) (i) Determine and sketch the FT Y ( jw) for the signal y(t) = X(t)sin 2xt, given X ( j®) as shown below.

/Aw))

N A

2 |w|<5

ii) Determine the continuous-time signal X(t) having the FT X (jw) = .
(ii) gnal X(t) having (jo) {0 otherwise

(©) (i) Find the FT for the DT signal Xx(n) = (1/2)"*u(n-1).
(ii) Determine the discrete-time signal X(n) having the FT X (e'”) =1+ 3e 1 + 2e71%*.

(d) Given the Fourier Transform pairs X(t) =e™ «— X(jw) =

1+a?’

(i) Use appropriate Fourier transform properties to find the Fourier transform of y (t) = te -

A
(1+t?)*
[Hint: if a signal g(t) has F.T. G(jw), then for another time-domain signal G(t) same in nature to G(jw), its own F.T. can be
obtained as F.T.{G(t)}=2n g(jo)].

(i) Using the result in part (i), and along with the duality property, determine the Fourier transform of y(t) =

Ans:
(@)
(i) Note that h(t) = e " « T H(jo)=———
05+ jo
i 2 2
Thus | H(jo) | 22— 1@ _VOSTH O g g(w) = — tan(20),
05°+w° (0.5 +w°)
(i) Magnitude and Phase spectra sketches:

0(w)

o IX(jo)l

NFEE

(b)

(i) Using the multiplication (in time) property,

Y (jw) =%X(a))*[zijZﬂ5(a)—a)O)—2ijZﬂ5(a)+ )] =2in(a)—a)O)—2in(a)+ @,); W, =21
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(d)

Y(jo)
2

- w, 0]

_[a)0+AVa)O—A](') [, — Al Ia)o [a)0+A]'
A
2

]

5
(ii) Using inverse F.T., X(t) = =N I 2e1dw = —[e 18t _ e’jSt]: isin(St)
27 7, t

() Note that x(n) = (1/2)"u(n) «F—> X (&)=~
1-0.5e”
, o
Using DTFT property, X(n) = (1/2)" u(n-1) «—— X (') = l((a)ﬁ
—U.o€

(ii) Note that 5(n) «—— 1, S(n—1) «—— e, §(n—2) «— e /2?, Thus using the linearity
property of F.T., X(n) =0(n) +35(n—-1) + 26(n - 2)

(i) Note that x(t) =e 1« X (jo)= 2 S
1+w

Using the freq differentiation property, tx(t) «——— | dd_a)[x (jo)]

_ . . d 2 —-dijw
Hence y(t) =te i T sy = j— =
y(®) (jo) Jda)[l 2] (1+a)2)2

(ii) Using duality property,
g) <« G(jo), G() <« 27g(jow)
Hence,

o e _—4)o
1+ w?)?*’
—4jt e

—leol

> 27we

at VRN j27ra)e""‘"
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