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1. For signal x(#) depicted below, sketch and label carefully each of the following signals.

(@) x(i - 2) 2%) x0
2 l 1

(b) evensignal of x(1) (3%) t

-4 -2 0 2 4
2. Consider an LTI system with input and output related through the equation y(r) = J.iwe‘“'”x(r -Ndr
Find the impulse response A(7) for this system.  (5%)
3. Consider the LTI system initially at rest and described by the difference equation
y[n]+ 2y[n —1] = x[n]+ 2x[n —2]
Find the response of this system to the input x[n] = 6[n+2]+ 25[11 +1]+36]n] + 26[n—1]+ 25[n-2] (5%)

. 25—
4. X(s)= f ! , determine
§7—8

@ x1) (5%) RS
(b) the initial and final values of x(#}. (5%)

s+2 «

5. Consider a feedback system shown below, where H(s) = ————
s +2s+4

o
(a) Find the smallest positive value of K for which the i : f
o

closed-loop impulse response doesn’t exhibit any oscillatory v ‘ H(s)
behavior. (5%) )
K

(b) Find the value of K for which the phase margin is % (5%)

(¢) Find the value of K for which the closed-loop damping factor is— \/5 (5%)

6. Consider the following system.

. iz _
xia| » [ O 13

i)

1-2z-1
() Let H(z) = - ‘iz_l and x[n] = (%)"u[n], where u[n] is the unit step function with unity gain for
-=z
3

n = 0. If Region of Convergence (ROC) of y[n] is a ring, determine the output y[n]. (5%)

= 2)/__2 - and x[n] = %[sin[)on]u[n] for 0, = %. If ROC of y[n] exists, determine the
_Z'_
3

(b) Let H(z) =

output y[n]? (10%)
7. Let x(t) = cos(4nfot)e/?™1t and f, > f; > 0.
(a) What is the criterion for sampling frequency f; (Nyquist frequency)? (3%)
(b) If y(&) = (x (t))z, what is the criterion for sampling frequency f; (Nyquist frequency)? (3%)
(© If y,(®)=y®p(t) and p(t) = XFZ - 8(t — fz)’ please depict the spectrum Yy, (w) of y,(t) with

y-axis indicating the magnitude of |Y,(w)|. (5%)
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(d) If an ideal low-pass filter with cutoff frequency w, is used to interpolate y,,(t) for reconstructing

y(t), what is the requirement for w, without generating the aliasing effect? (4%)

8.  Suppose that a continuous-time periodic signal x(t) is the input to an LT1 system. The signal has a Fourier

oD
. . k .
series representation: x(f) = Mg where o is a real number and 0 < o < 1, and the frequency

response of the system is o
HOjw) = {1, \w\ < W.
0, [w>w
(a) The fundamental period of x(t) = . (2%)
(b) The average energy per period of x(t) = . (3%) (express the average energy per period in
terms of o)

(c) For the output of the system to have at least 90% of the average energy per period of x(t), the frequency
Y

W= . (5%) (express W in terms of o)

You need to write doww your. answers only. No partial scores for your computation procedures.

9. Consider a continuous-time system with frequency response H(jw) shown below.

(a) The energy of the impulse response h(t) of the system = . (3%) 1 | HGw

(b) When the input of the system is given by x(t) = 2(cos2t)(sin7t), the output

y(®) = - (3%)

(¢) When the input is an impulse train given by x(¢) = 25 (t—k —1), the output y(t) computed by first

k=—o0

finding out Y (jw)=H(jw)X(jw) then obtaining y(t) from Y(jw) = (%) "

(Note: Direct convolution of x(2) and h(t) to obtain y() will get no credit.)

You need to write down your answers only: No partial scores for your computation procedures.

10. When the impulse train x[#n] = 25 [n—4k—1] isthe input to a particular LTI system with frequency

k=—c0

response H(e™), the output of the system is found to be y[n] =cosCEn+%).

(2) The value of H(¢"”) = . (3%)
(b)y D H(e'*)= - (7%)
k=0

You need to write down your answers only. No partial scores for your computation procedures.




