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j denotes v/—1. N(,0%) denotes Gaussian distribution with mean p and variance o?. Unif(A)
denotes uniform distribution over the set A. "% means independent and identically distributed”
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I. (12%) Let

A, n=>0
z[n] = { B(1/2), 1<n<7

be a periodic signal with period 8 and Fourier series coefficients a,. Please determine whether
each the following statements is (A) true, (B) false, or (C) uncertain (insufficient information
to determine).

1. If A=2, B =1, then a is real. (3%)
2. Il A=2, B= —1, then a; is odd. (3%)
3. H A=2, B =j, then a; is real. (3%)
4. If A= 2, B = —}, then a is even. ‘ T ‘ T (3%)

II. (10%) Let x(t) be a signal with Nyquist rate of wy. Determine whether each of the following
signals can undergo impulse-train sampling without aliasing given the stated sampling period
((A) true, (B) false or (C) uncertain).

5. z(t) + 2 with sampling period T' < 27 /w. (2%)
6. z*(t) — z(¢) with sampling period T' < /wp. : - (2%)
7. dz(t)/dt with sampling period T < 2 /wg. _ (2%)
8. z*(t) with sampling period T° < 27 /wp. (2%)
9. z(t) sinwet with sampling period T' < 7/2wy. (2%)

III. (12%) Suppose we have the input signal
™ . (TN
z[n} = cos (F) + 3sin (?)

to the LTI systems with the following impulse responses. Please determine whether each
the following statements is (A) true, (B) false, or (C) uncertain {insufficient information to

determine).
10. yfn] = sin(™) if hln] = LD (3%)
11. y[n] = cos(Z2) + 3sin(T2) if hfn] = Salre/2) (3%)
12. y[n] = 2cos(%}) + 3sin(Z2) if hln} = si"(:::/ O "]i“(:::! 2, (3%)
13. yn] = 1/4 cos(EE) + sin(7R) if hln] = Sulwn/)shlm/2) (3%)
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IV. (16%) Given a stable and causal system with a real impulse response h(¢) and system function
H(s) satisfying the following properties:

o H(s) is rational.
» Oune of its poles is at —1 +j.
» There is exactly one zero at infinity and no zero at the origin.

Please determine whether each the following statements is (A) true, (B) false, or (C) uncertain
(insufficient information to determine).

14. h(t) has finite duration. (2%)
15. ROC of H(s) is Re{s} > —1. (2%)
16. limy, 0o H(s) = 3. (2%)
17. H{s) = H(—s). (2%)
18. H({s) has more than 3 poles. (2%)
19. H{jw) = 0 for at least one finite w. (2%)
20. h(t)e™* is absolutely integrable. (2%)
21. % h{tydt =2 (2%)
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22. (15%) A digital passband communication system employs QAM modulation with a constel-
lation set to communicate through an additive white Gaussian noise (AWGN) channel. The
noise power spectral density is Ng/2 and the average energy per symbol is F,. Hence, the
equivalent complex baseband chaunel model is

Y=X+2, Z =2+, Z,Z 5 N(0,%R).

The complex symbol X is chosen uniformly at random from the constellation set. Let d.,
denote the minimum distance between constellation points of the constellation set. Let SNR
denote E,/N;. Choose the correct statement(s) from the following,.

(A) If the constellation set is 4PSK, then d,, = v2E..
(B) If the constellation set is 4PSK, the optimal average symbol error probability P, satisfies

_ 1 1
s, {_SNR logﬁ(P")} P}
(C) If the constellation set is 4PAM, then dy;, = 5 F,.
(D) If the constellation set is 4PAM, the optimal average symbol error probability P, satisfies

. 1 1
S {‘ml"ge('*)} =3

(E) To achieve the same level of error probability, 4PAM requires less energy than 4PSK.
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23. (15%) Consider a wireless passband communication system. The center frequency is 2GHz and
the total available bandwidth is 10MHz. QAM modulation is used, and the pulse shaper at
the transmitter and the matched filter at the receiver are chosen to the root raised cosine pulse
with roll-off factor 8. Let p(t) and ¢(t) denote the pulse shaper and impulse response of the
matched filter respectively. Let g(t) = (p % ¢)(t), the convolution of p(t) and ¢(t}). Choose the
correct statement(s) from the following,.

(A) p(t) = ¢*(t).

(B) If § = 0.25, the number of real-valued symbols that can be sent per second is 8 x 10°.
(C) If B = 0, the number of real-valued symbols that can be sent per second is 2 x 10°.
(D) If 8 = 0.25, lim,_,, tg(t) = 0.

(E) If 8 =0, limy 00 tg(t) = 0.
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24. (20%) Consider the binary detection problem of a real-valued symbol U ~ Unif({ap, a,}) given
three observations Vi, V5, and Vi, where

Vi=U+2%, Va=2y+ 22, Vs =2s+ 23, Zn,24,23 R N(0,0%).
(i) Find the optimal detector and derive the optimal probability of error. Use the Q function
(complementary CDF of a standard Gaussian) to express your answer. (8%)

(ii) Suppose there is an average energy coustraint F, that is, E[JU]?] < E,. Find the best
(ag, @) such that the optimal probability of error is minimized. (6%)

(iii) In this detection problem, is (V;, V) a sufficient statistic to detect U? If so, prove it.
If not, find the additional energy needed to aclieve the same probability of error as the
optimal detector in Part (i) using the optimal constellation set in Part (ii). (6%)
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