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—. (20%) For an analog modulation system with an output bandpass signal expressed by

x,(t)=s,(t)-cos(27 ft) =5, (t)-sin(27 £) and a message signal m(t) having the characteristics of

M,, 200Hz<|f|<4000 Hz

0, otherwise ,find 5, (r) and s,(r) (with

) 320 () -[ (0] ={

minimum bandwidth B

min

)in terms of m(t) and the minimum bandwidth B_, when

(—) (7%) x.(t) is an AM signal with 70% modulation;

(=) (6%) x,(t) isa Single Sideband signal;

() (7%) x,(t) is an FM signal with a maximum frequency deviation £, =8x10* Hz.

(Hint: The spectrum of x(r) is located at f -B,, ~f +B,, when s, () and s,(r) have the minimum

bandwidth B

min ?

3 { } : Fourier transform, the FM bandwidth approximated with Carson’s rule)

=. (20%) Consider a set of eight energy signals

s ()=

. 3
0 otherwise

V2 (cos(2rt) + sin2zt)) if0<t<1 5 ()= V2 (3cos(2t) + sin(27r)) if0<r<I
0 otherwise

0 otherwise ~

V2 (cos(2rt) - sin(2zt)) if0<r<1 V2 (3cos(271) - sin(27r)) if0<r<1
5 = . s 5=
0 otherwise

ands, () =—s,_4(t),i =4,---,7. The eight signals are equally likely to be transmitted.
(—) (7%) Please draw the constellation points for the above signals s, (f) fori=0,---,7, if the basis functions are

and g,(1) =

0 otherwise

V2cos(2nf) 0<t<1 V2sin(2nf) 0<t<1
0 otherwise

¢1(t)={

(=) (5%) Please calculate the average energy.

(=) (8%) Please draw block diagrams of the correlation receiver and the equivalent matched filter receiver for the
optimum demodulation of the signals in an AWGN channel. Specify the impulse responses of the matched
filters and the output sampling time.
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Z=.(20%) Consider the following 8-ary modulation scheme, and x(#) and y(?) are orthonormal functions. Note that all four
quadrants are symmetrical and Gray coding is used.

)

x(2)

(—) (5%) What is the spectral efficiency of this modulation scheme (bits/symbol)?

(=) (10%) Assume that the optimum coherent receiver is used. Determine the approximate bit error rate (BER) in an
AWGN channel in terms of E, / N, (assume that all symbols are equally likely, and all answers should be
presented as Q-function), given 6 =7/3 and 8,=47/9.

(=) (5%) If we wanted to minimize BER, what would be the optimal values of 6, and 6,7

(Hint:

1 2
B Formally, the Q-function is defined as Q(x) = | ——e "?du.
0= 7=

T 27 3z
W Law of Cosines: ¢> =a’+b>—2abcosC . COS; =0.94, 008—9— =0.77, 008—9— =0.50,

COS4—7[
5 =017)
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(—) (6%) Consider a signal set which contains eight signals s,(f) = a, cos(27 f .1 +;x [l 3 j —) 0<r<T, for

v, ifiisodd

. (r, >1,), | x] denotes the integer part of x, and 7, denotes the
r, ifiiseven

i=1,2,...,8, where g, ={
symbol interval. Please determine the value of r = % which maximizes the minimum Euclidean distance
rO
under the constraint 7} +r, =2.
(=) (6%) To increase bandwidth efficiency, additional eight signals s,(t) =# cos(2zft +¢,),0<t <T, for i=9,10,...,

T (i-9)+tan” ~ ifiisodd
16, are added into the signal set, where 7, <r <r, and ¢ = 4 3
I(i—8) _tan L ifiiseven
4 3
Please determine the value of # which maximizes the minimum Euclidean distance under the constraint
:—2=3 and 7} +7’+7) =3.
0

(=) (8%) Consider another signal set which contains sixteen signals

x,(t)=p, \g cosRr ft)+g, \/% sin(2z £,1),0 <t <7, fori=1,2,...,16. At the transmitter, four equally-likely

data bits #,,,,u,,u, determine the values of p, and g; accordingto p, =-3+u x4+u,x2 and
q, =—3+u, x4 +u,x2. The received signal is x,(f)+n(f) where n(f) is the zero-mean white Gaussian
noise with two-sided power spectral density N, /2. Assume that the optimum coherent receiver is used.

Please find the bit error probability expressed in terms of the Q function defined as O(x) = er/%_—e'"z/zdu .
* 27

(Hint: Consider the in-phase channel and the quadrature channel independently.)

%. (20%) Consider a discrete memoryless source whose source output is modeled as a discrete random variable X , which
takes on symbols from a fixed finite alphabet {a;,a,---,a;,;} Wwith probabilities P(X =a;)=p;,j=01..,J~1.
(—) (10%) Please show that the entropy H(p) of such a source is bounded as follows:
0< H(p)<log,J where H(p) a-jg P, 108, p; -

(=) (10%) Please show that the entropy H(p) is a concave function, i.e., for any two probability distribution
functions p' and p", the entropy satisfies
Hp'+Ap") 2 AH(p')+ AH(p") with 2=1-4, 0<A<]1.
(Hint: Note that Ap'+Ap" is another probability distribution function.)




