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Baseband Signals
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Passband Signals
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Sampling Theorem

Theorem
If a signal s(t) is bandlimited to B,

S(f)y=0, |f|>B

then a sufficient condition for exact reconstructability is a
uniform sampling rate fs where

fs > 2B.

Baseband Signals B= W
Passband Signals B = f; + W (Can we do better?)

/19



Fourier Transform for Real Signals

Im[s(t)] =0 = S(f) = S*(-f) (Conjugate Symmetry)
= [S(Al = IS(=1)I, arg(S(f)) = —arg(S(—f))

Re(S(f)) Im(S(f))
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Fourier Transform of a Real Passband Signal

Re(Sp(f)

Im(Sp(f))
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Positive Spectrum of a Real Passband Signal

Re(S5 (M)

Im(S5 ()

Sp (f) = Sp(f)u(f)
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Complex Envelope of a Real Passband Signal

Im(S(1))

S(f) = V2S5 (f + f;) = V2Sp(f + fo)u(f + f)
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Complex Envelope in Time Domain
Frequency Domain Representation
S(f) = V2S5 (f + f;) = V2Sp(f + fo)u(f + f)
Time Domain Representation of Positive Spectrum
Sp(f) = Sp(fu(f)
sp(t) = sp(t)xF ' [u(f)]
Time Domain Representation of Frequency Domain Unit Step
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Complex Envelope in Time Domain

Time Domain Representation of Positive Spectrum
SE(t) = sy(f)x | So(t)+
p P 2 2rt

= Jlsp(0) +j8(0)

Time Domain Representation of Complex Envelope
1

V2S,(fu(f) = —=[sp(t) +j8u(t

p(Nu(f) = [85(t) +3(0)]

\@Sp(f +fRu(f+1f) = \% [sp(t) + j35(1)] g /2t
S(f) = é [Sp(t) + j8p(t)] 727t

s(t) = é [Sp(t) + j8p(t)] /2!
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Passband Signal in terms of Complex Envelope
Complex Envelope
s(t) = se(t) + jss(t)

sc¢(t) In-phase component
ss(t) Quadrature component
Time Domain Relationship

so(t) = Re [\@s(t)dszcf}
— Re [\Fz{sc(t) + jss(t)}e/’é‘“fcf}
= V2s(t)cos 2nf,t — V/254(t) sin2nf,t
Frequency Domain Relationship

S(f — f5) + S*(=F — f,)
V2

So(f) =
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Upconversion

sp(t) = V2s¢(t) cos 2rfst — V254(t) sin 2715t

se() @

V2 cos 2rf,t

—V2sin2xf.t

e
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Downconversion

V2s,(t)cos2nfot = 2s4(t)cos? 2rfst — 2s5(t) sin 2715t cos 27 fst
= S¢(t) + sc(t) cosdrnfst — ss(t) sindrfst

>@ ) LPF » Sc(t)

V2 cos 2rf,t

—V/2sin2rf.t
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Inner Product and Energy
Let s(t) and r(t) be signals.
Definition (Inner Product)

Definition (Energy)

Es=|sl?=(s.5)= [ Is(0) o

—00
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I and Q Channels of a Passband Signal

sp(t) = V2s(t) cos 2rfst — V254(t) sin 271t

| Component Q Component

xo(t) = V2s4(t)cos2rfst
xs(t) = V2ss(t)sin2nf,t

I and Q Channels of a Passband Signal are Orthogonal

<XC7 Xs> = O
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Passband and Baseband Inner Products

(Up, Vp) = (Uc, Vc) + (Us, Vs) = Re ((u, v))

Energy of Complex Envelope = Energy of Passband Signal

2 2
181" = lispll
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Complex Baseband Equivalent of Passband Filtering

Sp(t) Passband signal
hp(t) Impulse response of passband filter
Yp(t) Filter output

Yo(t) = sp(t) x hp(t)
Yo(f) = Sp(f)Hp(f)

) = Sp(Hu(f)
) = Hp(fu(f)
) = Yo(Hu(f)
) = Si(HH(f)

Y(f) = V2Y(f + ;) = V28, (f + f)He (f + ) = — S(F)H(F)

s
V2
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Complex Baseband Equivalent of Passband Filtering

y(t) = ks(t)*h(t)

1
= —(scxh;—8Ssxh
Ye \@(c c s * hs)

1
= Ssx hes+Scxh
Ys \@(s c ¢ * hs)
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Thanks for your attention
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