Problem 3.11
(@) Multiplying the signal by the local oscillator gives:
5 = A,m(r)cos(;’nj;ncos[h(f, +ant]
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Low pass filtering leaves:
; Al’,‘
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Thus the output signal 1s the message signal modulated by a sinusoid of frequency 4f.
(b) If m(t) = cos(2nf,, 0.

4
then s5,(t) = T‘cos(anmr)cosqlmfr‘»

Problem 3.12
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Therefore. the spectrum of the multiplier output is
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where M(f) = Flm(f)].



(b) Atf=2f we have

) Al =
YQf) = 5[ MGOMQS,-2)dn
L. )

A2
_‘[; M(h)M(- Man-! mnm-@f,am]

Since M{-1) = M*(3.). we may write

A2 =
ref) = f—f_wM(). IM(2f -3)dh.

Alr = 2, .
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With m(f) linuted to - 17" = f<Wandf, ~

I¥. we find that the first and thurd integrals reduce to zero, and
50 we may smplify Eq. (1) as follows
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Iy
where E is the signal energy (by Rayleigh's energy theorem) Similarly. we find that
2

4
Y2 = fE

The band-pass filter output, in the frequency domamn. is therefore defined by
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