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1. An angle-modulated signal with carrier frequency , =27x10° is described by the
equation
(11399 {r) =10 cos{wct + 5sin 3000 + IUSinZO{}U;w)

(a) Find the power of the modulated signat. (3%
(b) Find the frequency deviation Af . ﬂ?‘?;-} B T ‘
(¢) Find the deviation ratio f.(3%) | =

(d) Find the phase deviation Aé. (3%) —F

(¢) Estimate the basdwidth of ¢y, (W (3%) -

. Consider the binary digital communication system in which the transmitied signals
corresponding to the two hypotheses (R7%&) H, and M. are +1 and =1, respectively.
We thus have Z=Y+V, where ¥V _Lr:msm]tted raud(:-m variable, Z is a received
random variable, and V is zero mean Gaussian with variance o .

(a) We are required to estimate the willue (;f i-hi: signal y corresponding to ¥ based on a
single signal observation = coricj__sgnnding”tb z. What is the MAP (maximum a
posteriori) estimate ¥, for v if we assume the prior probabilities for the two
hypotheses to be the same? (10%)

(b) If we have multiple independent observations, Z;.i = L....N ., What is the MAP

estimate Yy basedon z.i=1... N 2(53%])

3, Frequency shift keying (FSK) is an impnnﬁmi class of orthogonal medulation where
different information symbol is keyed on differept frequency. The simplest case is binary

FSK where two frequencies are used to transmit 0 or 1. The signal constellation for binary
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FSK is shown in the following figure.
L
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Fig.1 BFSK signal constellation.
Assume that s, =[v= 0] and s, =[D'§1' an‘_:Eua{ly likely symbols, If the received

| signal r=[r, r] isdefined as —— —

| = - !

axs, +[n n),if s is sent— |
r= | —
axs,+[n n,].if s, 1§ sent-

‘ where n, and », are independent Gaussian random variables with variance V,/2 and

ZEro-mean.
| (a) The probability of error in AWGN channels can be viewed as a conditional error
probability, where the condition-is that a is fixed. What is the probability of error

for the optimal receiver . —AWGN “channels if a=1 7 (Note
—— I

l i al
A)= A ;
| o(4) szze a0%)

| e | L
(b) For a fading channel. « is a random variable./ Assume that a 1s distributed as

ki {a') =20 ,a 20, What is the probability of error for the optimal receiver in

this fading channel? (10%)
4. Consider a baseband transmission system as shown in Fig.2. Where by is a binary
random sequence; A Bipolar encoder is used as the baseband modulator. Suppose the

channel's impulse response A¢t = 8(t) + 0.28(1-T), where T is the symbeol time.
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Fig.2 A binary ﬂigjfﬁ].'trafismi:;r,sian sysiem

(a) Please sketch (¥ i) the encndcd.mavbfd.rlmﬁ{r} if by={1001000110111101
0}. (Hint: The Bipolar encoder sends out p(;iliwz rectangular pulse or negative
rectangular pulse for binary 1, and sends out zero signal for binary 0. Bipolar code is
also called as Alternate Mark Inversion (AMI) code.) (5%)

(b) Please sketch the “Eye pattern”™ of waveform r{r). Then, explain why we need 1o se¢
the eye patiern in a digital transmission systent. (10%)

(c) Please design a three-1ap zem—fm’_tﬁng_egjmlagr [6r ithc system. ( 10%)

(d) Explain what is ‘intersymbol interference (ISD)”, and why need an equalizer in a
digital transmission system, (Hint: you sedl can answer this question even you fail ©
find the solution of (c)) (5% | : -

(¢) Please determine the threshold level A of the decision circuit shown in Fig.2. (Hint:

You first need to know the amplitude levels of 5(1))(5%)

5. A wideband frequency modulation (WBFM) generation circuit is shown in Fig.3. Please

find the modulation index. frequency Geviation. and possible carrier frequency of the

WBFM signal. (15%) .
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Fig.3 Armstrong WBFM Generation @ = 1l




