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u(t) - Seos(18007t) + 20 cosi 20005t - b ros{2200x7)

2001 + % cos(200:1) ) cos(20007+
The modulating siznal is mn(t) = cos(27100¢) whereas the carrier siznal is e(t) = 20 cos{271000),

2) Sinee -1 < cos2T1004) < 1. wo inmediarely have that the modulation index is a =
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3) The power of the parrier component is Prrsier = 22 . 900, whereas the power i the sidehands
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Problem@

If r(7) is even then Xi f) is u veal and even hwetion und therefore —isam ()X () bs an imaginay
and odd function. Hence. its inverse Fourier transform r(t) will be odd, If x(t) is odd then X f
Is iaginary and odd and - jsgu{ £)X(F) is veal and even and. thereforo, #{f) is even,
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The modulated signal is T Q_P;%f Al
u(t) = m{t)e(t) = Am(2) cos(2md x 10%)
= A [2 cos{27rz?r—0t) +4sin(21r%—r5-qt + %)] cos(2md x 10%¢)

{
= Acos(2n(d x 10°+ Z0)0) + Acos(an(d x 10° - Py

c»
i

+2Asin(2r(4 x 10° + -Z-?ﬁ + ;—') — 2Asin(2r(d x 10° - -irﬂﬁ = -’3’7)
Taking the Fourier transform of the previous relation, we obiain
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To find the power content of the modulated signal we write u2(t) as

wi(t) = Acos’ (2r(d x 10° + %)ﬁ) + Acos?(2m(4 x 10° - .27(:9.)@
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+4A%sin®(2m (4 x 10% + 2—2-9)a+§) + 4 A% sin?(2r(4 x 10° — =

+ierms of cosine and sine functions in the first power
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ut) = r(?‘}+§r2(ﬂ
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T M) + cos(ox fet) 4 = 7n2§f} L cog® (27 f.1)
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Problem

1) The spectrnm ot uft} is
-I'}
gy = D - L AU+
$2a(F - o - 1500+ 8 {. - 1500)
+8(f + fo= 1500) 4 8(f + fo+ 1500).
By - g 30008 - e 3000)

LA(f + fo - 3000) +0F + Je + 3000)

The next figne depicts the speetrid of u(t).
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2) The square of the modulated signal is

400 cor2 (27 fet) + co? (27 fe
9x( fo — 3000)) + 20

o watltiples of cosines
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Il we integrase @20 Trom - —E it -";: uoermalize the intesral by ‘}r and take the it ax 7 o ac.
then all the tees involving cosines rend to zero, wherens the squares of the cosines give a value of
4. Hence, the power content ar the frequeney fo - 10° Hz is Py = -’“_,ﬂ = 200, the power conremt
at the Frequeney Py, qz0g is the same as the power content at the frequency Py, y5p0 aud equal to

an
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u(t) (20 + 2e0si271500t) - 10 cos{2730001) ) cos (27 fo1)

1
200 + m(‘uh{‘_’h‘lﬁllll!] e % cas(2r30000)) cos( 27 f.7)

This i~ the form of & conventionnl AN signal with message signal 1 ]
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The minimum of g{z) - 22 + 352 - £ is achieved for » = ~g; and it is min(g(z)) = - 0. Since 1
== ﬁ; is in the range of cosi2715001). we conelude that the minimum value of ni(t} is - =“—1; &L= 3.
Hence. the modulation indey is .
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4)
u(t) = 2Weos(2af1) + cos(27L . — 1500)2) + cos{22(], - £500)1)
ofe 5eos(27( [ — J000)) + Sens(2m{ f. + 3000)1)
The powar in the sidebands is
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The rotal power is P4 = Prserier + Pidetand= = 200 + 26 = 296, The vatio of the sidebands power
to the rotal puwer is i
-Pﬁidchm:ds = 26 e ==
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Using Ravleigh's theorem of the Fourier transform we have

= f‘:\xiw(t).:‘d! /‘-\oc Xif)Pdr

nnd

Ee= | Emia‘-(r}!“a‘r -/ :}mz ~ Jsgnl X () df

Nuting the fact that | - jsgu /) = 1 except for £ 0, and the fact that X (f) does unt conrain
any impulses ar the origin we conchude that Er = E;.
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Problem 2.43
We kpow that

x{t) Toft) eos(2m fot) — (1) sin( 27 fot)
(it} = z(t)sin(27fot) + x,(t) cos(2x fol)

We can write these relations in matrix notation as

( 2(t) ) n ( cos(2m fof)  —sin(2x fot) ) ( (1) ) =R ( (1) )
() )\ sin(27fot)  cos(2x fot) gt xs(t)

The rotation manix R is nonsingular (det{R) - 1) and its inverse is

~sin(27 fot) cos(2x fot)

T(1) _p (1) Y [ eos(2xfot)  sin(2r fot) x(t)
Tty SN F(t) )\ —sin(27fot) cos(2w fot) (1)

and the resultl follows.

) ( cos(27 fot) sin[?ﬁfot))

Thus




