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Final Examination

7:00pm to 10:00pm, June 16, 2023 \’U\ = S X (’l,ﬂ'\l,'t'l3 i\ 7

Problems for Solution:
— \
1. (10%) The random process Y (t) is defined as St Xt’_‘
Yt)=X¢t)+X(t-T)

where X(t) is a wide-sense stationary random process with autocorrelation function

Rx(7) and power spectral density Sx(f).
\/ (a) (5%) Show that the autocorrelation function of Y (t) is given by
Ry (7) = 2Rx(7) + Rx(7 + )it BT D)2
\/ (b) (5%) Show that the power spectral density of )’_(le given by T-+
S:Y_(_D/: 4Sx(f) cos"’(;fT).
2. (25%) An Wtor is characterized by thw

Aot) dKX

i) = ——/ X(a) da
¢ WWIR Gowsoian 1noise
where X(t) is the input and Y'(¢) is the output. Suppose X (t) is a statlonary Gaussian
process with mean /J,’x__and autocorrelation function Ry (7' (No/2)é(7) Y
\J (a) (5%) Find the impulse response is i or. Rz = z 5L
\/ (b) (5%) Find th€ mean)of Y (t).
\/ (c) (5%) Find the power spectral density of Y (t). ~_ % 2
\/ (d) (5%) Find the autocorrelation function of Y (t). 5 A C S2Uf) L@ |
\/ (e) (5%) Suppose Y is the value of Y (t) sampled at time Find the probability
density function of Y., s
> 3. (25%) Consider the SSB modulated signal

where m(t) is
spectral densi
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(a) (5%) Find the average power of s(t) and the channel signal-to-noise ratio.

V' (b) (5%) Let z(t) = s(t) + n(t) and n(t) = ns(t) cos(2m fot) — ng(t) sin(27 f.t). Plot
the power spectral density’of n;(t)) " — — ~— " ~—

\/ (c) (5%) Give an expression for thélgemodulator outpu@ 2! |
\/(d) (5%) Find the output signal-t snoise) Yatio and the figure of merit(\a)r this system.
/ (e) (5%) Could the threshold effect happen in this receiver? Why? RO VLA

fc=1ov K
4. \/(a) (5%) Find the Nyquist rate for the signal 9(t) = sinc(200t) + sinc?(200¢).
carrie

\/(b) (5%) A narr, and signal has a bandwidth of 10 kHz centered on Q
frequency dt 100 kHz. It is prc%@!mrmg%nal in discrete-time-form
by sampling 1¥8 in-phase and adragiie components individually. What is the
minimum sampling rate that can be used for this representation?

5. (10%) Consider the data stream {a,}!%, = 1111011110.

V (a) (6%) Sketch the waveform for {a,}12, with each of the following line codes: %
lar nonreturn-to-zero, unipolar return-to-zero, bipolar return-to-zero.
i At Y DU 05

\/ (b) (4%) If differential encoding is used: :

%9 \bo| 00 1y,
bn=,n_lea,,, fornz‘l_i‘,

where @ is the XOR op
each of the following lin

6. (20%) An analog signal is sampl
The number of (quantizatio
transmitted over a baseba
PAM system with raised-cos

(b) (10%) Find the rate a
bandwidth of the an
(c) (5%) If the PCM
with raised-cosine




A.1 Properties of the Fourier transform

Property

Mathematical Description

1. Linearity

2. Time scaling

3. Duality

4. Time shifting

5. Frequency shifting

6. Area under g(1)

7. Area under G(f)

8. Differentiation in the time domain
9. Integration in the time domain

10. Conjugate functions

L1. Multiplication in the time domain

12. Convolution in the time domain

13. Rayleigh’s energy theorem

ag (1) + bga(1) = aG,(f) + bGy(f)
where a and b are constants

glar) = |_;—|G (ﬁ)

where a is a constant

If o8l =2 GLf);

then G(1) =g(~f)
8(t = o) = G(f) exp(—j2nfty)
exp(j2nfct)g(t) = G(f - f)

J: §(1) dt = G(0)

0= ca
“6() = 2/ G ()
G(0)

|| ste= =L a0y + Dy

Ir g)=G(),
then g*(1) = G*(—f)

g1(r)ga(r) = Lo Gi(2)Ga(f = 7) di
J‘“’m 81(1)g2(r - t)dr = G, (f)Ga(f)

|” tewra= " iatnrar
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A.2 Fourier-transform pairs

Time Function Fourier Transform =
t Tsinc(fT)
sa(8
. 1 ji
S 2Wi — = -
AIRELEWD 2w <2w)

\
a+j2nf

i
2a
—alt]), >0 Lot el
ARl a + (2nf)’
exp(—nr) exp(—n f?)
1 - m i <T

r Tsinc?(fT)

sgn(r) -]_

exp(—anu(t), a>0

0, =T
3(r) 1
1 o(f)
At — 1p) exp(—j2nfto)
exp(j2nf.r) of—1o)

cosaf) 30U =4+ 8/ +1)]
Sin2rf) lela(f —f) =6 +£)]




A.3 Trigonometric identities

exp(£;0) = cosf + jsin0

o8/ = %[exp(jO) + exp(=79)]

Sl 2ij[exp(je) — exp(—3j0)]

cos(26) = cos? 0 — sin 6

sin(26) = 2sinfcosf

sin(a + ) = sina cos # + cosasin
cos(a + ) = cosacos f F sinasin
sinasin § = 5[cos(a — f) = cos(a+ )]
cosacos B = %[cos(a — B) + cos(a + B)]
sinacos f = %[sin(a + B) +sin(a — B)]
e —21-[sin(a 4+ B) —sin(a — B)]
sina + sin f = 2sin (a;ﬂ> cos (a;ﬁ)
sin @ — sin 8 = 2 cos (‘”ﬂ) sin (a;ﬂ)
cosa + cos B = 2cos (a;ﬂ) cos (a_ﬂ)

2
cosa — cosff = —2sin (a;’ﬂ) 5T (a "/3)







