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Problem ‘ ;

1)
u(ty = Heos(18007t} + 20 cos(200071) + 5 cas(220071)

= 2001+ %ms(?ﬂﬂ:rt)) cos(200071)

The wodulating signal is m{t) = cos(27 100) whereas the cavvier sigual is ¢(t) = 20 cos(27 1000t).

-

2) Since —1 € cos(271001) < 1, we immediately have that the modulation index is a =

3) The pawer of the earrior component is Poggior = A .. 200, whereas the power in the sidebands

)

is [’ii(iri).\tlils - l(%‘u"' = ). Henee. s
Pitobsasuin . o0 - l
Pt‘urx'irl‘ 200 1
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Problem i
The modulated signal is

u(t) = m(t)e(t) = Am(t) cos(2m4 x 10%)
200 . 250, 4
= A2 cos(21th) + 4sm(27r—1r-t + 3) cos(2m4 x 10°t)

= Acos(2m(4 x 10° + -Z%O-)t) + Acos(2m (4 x 10° - 2%);:)
+2Asin(2m(4 x 10% + 2%0):‘, + %) — 2Asin(2r(4 x 10° - ?)t _ g)

Taking the Fourier transform of the previous relation, we obtain

200 200 2 250 2 _: 250
U = AfB(r - 2048+ 20 + 2ke(r - 20 - Zeitar 4 20|
*%[S(f — 4 10°) + 6(F +4 x 10%)]
= -‘g-{&(f-4x 103—27rﬂ)+6(f—4x 103'*'2;(:_0')

+2e~7E§(F — 4 x 10° — 27rio) +267F5(f =4 x 10% + 2%0)

200 200
+6(f+4><103-7)+6(f+4 ><103+—7r—)

: | 2 .
+2e77E6(f +4 x 10° - %) +26785(f +4 x 10° + ?)]

The next figure depicts the magnitude and the phase of the spectrum O AR OV spca'(‘n
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To find the power content of the modulated signal we write u3(t) as

ua(t) = A’cos (271’(4 x 10° B %Q)t) + A2 0052(27‘,(4 % 108 - gg'i)t)

+4 A% sin?(2r (4 x 10% + g"5-r£)t + %) +4A%sin®(2r(d x 10° ~

-+terms of cosine and sine functions in the first power

250 m
T3

Hence, -
T g Al AT 447 4A?
P=lim [ wl(t)dt="+F+ o+ =54
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Problem “ 6

1) The speetrin of u(t) is

U = T~ 50+ 1)
%{«i(f- foo = 1500) 4 8(f = f. + 1500)
+0(f + [ = 1500) + (S + £, -+ 1500)]
-~l¥ [0(f = fo— 3000) + o(f — f.+ 3000)
+0(f -+ fo = 3000) 4 8(f + f. -+ 3000)]

The next figure depiets the speetrum of u(t).
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2) The square of the modulated signal is

WAty = 400 cosP (2 fut) + cos*(2x(f — 1500)) + cos2 (27 (f. + 1500)¢)
+25 cos” (27 ( f,. — 3000)t) + 25 cos?(27( [ + 3000))
+ termns that are multiples of cosines
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*6 T

I we integrate w(1) from - to L. normalize the integral hy 7'1 aned take the i as 77— =,

then all the terins nvolving cosines tewd (o zero, whereas the squares of the cosines give a value of
3. Heuee, the power content at the frequency fo = 107 Hz is Py, = 2% = 200, the power content
at the frequency Py sgn is the same ax the power content at the tu'qnvn() Pfcwl 00 atd equal to
I
3

9%

whereas Pj(+,||nxv o Pf,,w.umu 7'

3)

u{ty = (20 4+ 2cos(271500¢) + 10 cos{273000t)) cos(2x fqt)

L

1
2001 + m(us{ 15001) + -J-(ns{)a. w30001)) cos(27 f.1)

This is rhe fori of a conventional AN signal witli message sigual 1 {

" - -2,
m{l) == llol-ns(?r-'lr')()ﬂl) -l—(us(’) 3000t) v [M[\F)l i arlo '
ox [m(E)l==+5= 5 |

= (!)‘v'(-n 15001) + L(*ux{_;. L5001) —~-l- =2 x[' ) 3 o &

mn
&= (*
The minimun of g{z) = 2% + ,'uw - % is achieved for z = ,U and it is min(y(z)) = ~ 3 Since

w il
. 2 s
3 = =g is in the range of cos(271500t). we conclude that the minimum value of m(t) is —33. & L
Hence, the modulation index is

m% mEpr Wiy Bt e d
2 20 T2

u(t) = 2000827 fot) + cos(2a(f. — 1500)1) + cos(2x{ f,. — 1500})
o 5eos(2m(f, — B000)1) + 5 eos(2m( £, + 3000)1)

The power in the sidebands is

4)

I L 25 25 :
[Jhllll baneds = 5 <t ‘5 =5t —.-)_' + 'TZ- = 20

The toral power is Bt = Pearrier + Paidebamds = 200426 = 226, The ratio of the sidebands power
to the rotal power is i
Diidobands 206 N o
nolni 22l i ‘°
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Problem B # 5

y(t) = .r(l)+é.r'-’(z)

it

m(t) + cos(2w fut) + -% (mg(t) + cos®(2m ft) + 21):(!.)(‘(15(27.‘&!))
= m(t) + cos(2rx fot) + éma(t) + il + i cos(272 fot) + m(t) cos(27 fot)
Taking rhe Fonvier transform of the previeus. we obrain
. L
VU) = M)+ 5MU) M) + 3 I = )+ M+ )
Lo 1. o
70U 450U = 1)+ 8 + ) + 5 (50 = 26 +5(f +2£)

The next figure depicts the spectrum Y(f)
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Problem S8 2

The lollowing figure shows the modulated signals for A = 1 and fy =
both signals have the sgane envelope but there is a phase reversal at ¢ =

10.
L for the second signal

As it is observed

Ama(t) cos(27 fot) ( plot). This discontinnity is shown clearly in the next figure where we

plotted Ama(t) cos(27 fut) with fo = 3.
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walem-* ;

The mixed sigual g(t) is given by

gty = a(t)-wp(t) = Am(t)cos(2x fut) cos(27 ful + 0)
A

= ?m ) [os(2R2fct + 8) + cus(f))]

The lowpass filter will cut-off the frequencies above 1, wheve 1 is the bandwidth of the message
signal m(t). Thus, the output of the lowpass filter is

If the power of m(t) is Py, then the power of the owtpur signal (1) is Py, = PM-#(-«).\-Q(()). The
power of the modulated signal u(t) = Am(t) cos(27 fut) is Py = ’—,531’,\1. Hence.

A plot of —T-W- flor 0 <0<
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