ELG3175
Introduction to Communication
Systems

Instructor: Dr. S. Loyka

Solutions

Assignment #5
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Problem 58 2

The following figure shows the modulated signals for 4 Land fu = 10, As it is ahserved
hush siguals have the sqme envelope bur there is a phase reversal at ¢ = 1 for the second sigual
Amna(t) cos(2x fyt) | plot). This discontinuity is shown clearly in the next Goure where we

plotted Ama(t)cos{27 fot) with £ 3.
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Problem @l S
1) The Hilbert transform of cos (27 1000¢) is sin{

is = cos(271000¢). Thus

2} The expression for the LSSB AM signal is

in the previous, we obtain

r—_—»L—--—-—_
oo+ zae- [-%“ltl&&w‘t 3

3) Taking the Fourier transform of the

+

+
&
e

271000t), whereas the Hilbert transform ofsin 271000¢)

m{t) = sin(271000¢) — 2 cos(271000¢)

w(t} = Acm{t) cos(2mfot) - Acn(t) sin(2n f.1)

Substituting 4. = 100, m(t) = cos(271000¢)+2 sin(271000¢) and mft) = sin(271000¢) =2 cos{271000¢

100 jcos(271000¢) + 2sin(271000¢)] cos(2n f.£)

100 [sin(271000¢) - 2 cos(271000¢)] sin{ 27 f,1)

100 fcos(271000t) cos(2n fet) + sin(2w1000t) sin(2x fet)]
200 [cos(2x fct) sin{271000¢) — sin(2m fot) cos(2r1000t)]
'P100 cos(2a( £, — 1000)¢) — 200sin(2x(f. — 1000)¢) -

BT Sentent

= " Acetfon + P) :
previous expression we obtain

50(3(f = fe +1000) + 8(f + f. — 1000))

+ 1007 (8(f ~ £ +1000) - 8(f + f. - 1000))

Hence, the magnitude spectrum is given by
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Jrees et

(50 + 1005)d(f - f, + 1000) + {50 — 1007)a(f + f.—1000) =

V502 + 1002 (8(f — £, + 1000} + 6(f + f. ~ 1000))
10V125 (8(f - f. + 1000) + &(f + £, - 1000))
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Problem 3@ 5
The mixed signal yit} is given by

Wity w(t) - rp(t) = Ami(t) cos(27 fut) cos( 27 ft + 8)

gm(r} eus{272fct + 0] + cos(R)]

The lowpass fileer will cut-off the frequencies above 117, where W is the bandwidth of the message
signal m(?). Thus. the ourpur of the lowpass filter is

=)= ::;-m(r] cos(f)

If the power of m{} is Py, then the power of the output signal 2(t) is 7, = 17'“:‘-_};(-0.‘:2{ ). The
power of the modulated siznal u{t) = Am(t)cos(25ft) is Py = %P,\ - Henee,

% 1
Tlt. §c052(8}
A plot of -’;eﬁl- for 0 < ¢ < = is given in the next fizure.
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Problem @& 6
If we e

{438 [ ir
(1) = —11 (-—T—L)-}-H( T ')
B 5

then using the resulrs of Problem 2,23, we obtuin

o) = mit)s(t) = m(1) Z x(t ~ nT,)
= m(?)-}— E X -—]r"h%'

Pp=ax

where

Yt - gt nft=%

Hence, the Fowrier transform of »(t) is

. lse D G it
VS = = Z srnt'(g)(-—ir)mu(w;)ﬂf{f—- T_}

n=—ng = = P

The bandpass fileay will eut-off all the frecquencies exeept the anes centered at 7’; thatis for p = +1.
Thus. the outpue spectrum js

CUY s M ) sined UM + L)

P

‘u

I . L. |
'""'?FJMU' - '1'";) + :_:'J“U(f'l‘ T;}

4 1 i It 3|
:_:_-JU{I)* [Zd(_f‘ - j._:) Eﬁu‘.;_ "]T,)J

"l’ﬂkiug the inverse Fourjer transtorm of the Previons expression, we obtain

ﬂ{:‘) im(r} sin{ﬂ#,i,ﬂ
7 I

which has the forw of o DSB-SC A\ sirial, with e(t) j,'-sin(?mf-,‘-t} being the cuyrier simnal,
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Problem Sk 7

1) The spectrun of the maodulated sigun]l Am(7) cos(27 f-1) is
VI IO = S+ MU+ )
The spectrun of 1he sigual at the vutput of the Liglpass filter is
G SIMU + uest] = )+ MU = Fducaif = 1)
Multiplving the vutput of the HPF with 4 cos{27( f. < 1)) results in the signal = (1) with speetrum
ZU) = S+ Lacri=f ~ f) + M (S = fusif = Jo]

*:;_{ﬁ(f (fe+ ) +d(f + fo + W)

= %(-‘U’(J{‘ +he—fe=-Wh_(—f+f+W - £

FM(f + fe—fe4+ Wl (F + o+ W - £2)
+M(f = 2fe — Wiea(f = 2f. —= W)
SM{f+2fc+ ﬁ-"}u_l(_f Z9F = W)

2
-‘%(M (f = Whuoa{—f + W) 4 M{f 4+ W)u1(f + W)
+M(f = 2fc - Whuoi(f — 2f. — W) + M(f + 2fe + W)y (- f — 2 = W)

The LPF will cut-off the double frequency components, leaving the spectrum

2 ,
V) = oMU~ Wy (= £+ W) MU+ Wiy (] + W)

The next figure depicts Y'(f) for A/(f) as shown in Fig. P-5.12.
Yif)

W W

2) As it is observed from the spectrum Y(f). the system shifts the positive frequency components
to the negative frequency axis and the negative frequency components to the positive frequency
axis. If we transmit the signal y(t) through the system, then we will get a scaled vetsion of the
original spectrum Af(f).

: : netiow |
L is aunit step fune
Uy (k) = ﬁe’ x Lo
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Problem JBL 8

The input to the upper LPF is
wy(t) = cos(2x ft) cos(2x f31)
= 51008 = fn)t) + cos(2m(s 4 fin)t)
whereas the input to the lower LPF is
w(t) = cos(2m fint) sin (2w fi1)
= 3BTy~ fu}t) +50@n (s + f)t)
If we select f; such that [fi = fn] < W and fi + f,, > W, then the two lowpass filters will cut-off

the frequency components outside the interval [, W], so that the output of the upper and lower
LPF is

Yu(t) C()S(g?r(.fl = fm)t)
u(t) = sin{27(f; - fm)t)

The output of the Weaver's modulator is

wt) = cos(2m(f1 = fm)t) cos(2r fat) — Sin(2r(f; — fon )t) sin(2n ft)

which has the form of a SSB signal since sin(2w(f1 — fu)?) is the Hilbert transform of cos(2n(f —
Fm)t). I we write u(t) as

u(t) = cos(27(f] + fa— fm)z)

then with f)+ fa— f,;, = f.+f,, we obtain an USSE signal centered at f,, whereas with fi+fr fm =
fe — fo, we obtain the LSSB signal. In both cases the choice of f. and f1 uniquely determine fo.




