Lecture 5

Baseband & Bandpass Signals

« Baseband (lowpass) signal: spectrum is (possibly) nonzero
around the origin (f=0) and zero (negligible) elsewhere:

Sx(f) =0, ‘f‘ > fmax

« Bandpass (narrowband) signal: spectrum is (possibly) nonzero
around the carrier frequency f. and zero (negligible) elsewhere:

Sx(f):Oa ‘f_fc‘>B
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Lecture 5

Complex Envelope Representation

* Any narrowband (bandpass) signal can presented as

x(f) = Re {C(r)ef‘”cf} = A(t)cos (0.1 + (1))

where C(r) = A(r)ej‘P(’) IS complex envelope (phasor),

A(t) =|C(r)| is amplitude, and o(1) = £C(?) is phase.

* Amplitude and phase vary in time, but much slower than
the carrier. This is a generalization of the harmonic signal.

* Equivalent form (in-phase (l) & quadrature (Q)):

x(t) = ay(t)cos(w.t) —ap(t)sin(o.1)

where a;(t)=Re{C(1)} = A(t)cos(o(1)),
ap (1) =Im{C(1)} = A(t)sin (¢(1))
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Lecture 5

Complex Envelope Representation

= C(0), A@), p(1),a;(t),ap(?) - are baseband signals.

* Proof of the complex envelope representation —
multiplication property of FT.

= Some additional relations:

CO)=a; (D) + Jag(D)] | A =Jai? () +ag> (1)

» Very useful for analysis & simulation of modulated
signals
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Lecture 5

Geometric Viewpoint of Narrowband Signals

Complex envelope
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= A(?)is rotating at do(¢)/dr (rad/s)
= z(¢)is rotating at 2nf. (rad/s) w.r.t. A(?)
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Lecture 5

Distortionless Transmission

* When a signal is not distorted by a filter?
= Qutput is a shifted and scaled copy of the input:

yv(t) =L [x(t)] =a-x(f—1ty)

* |n the frequency domain:

S,(f)=a-e*Ths (f)

» Filter frequency response:

H(f)=a-e /™
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‘H(f)‘ = const
0(f) = -2nfl,

ty =—9(/)/(2nf)
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Distortionless Transmission: Narrowband Signals

= Qutput is a shifted and scaled copy of the input +
constant phase shift of the carrier is permitted:

x(t) = A(t)cos (.t + (1)) = N
Y(6) = a- At —tg) cos (0, (1= 1) + 0t — 1) +6p) a ‘H:(f)‘
I
* |n the frequency domain: Aoy T -
(—27ft,+06 ""#,
S;(f):a.ej( fty+ O)S;(f) o,
"'v, f

= Filter frequency response || |H(f)|=const £

(over the signal bandwidth): 0(f) =-2mrfty + 0,

1 do
group time delay: { ty = —%%
t

carrier time delay: |, - —o,/(2nf.)
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Lecture 5

Summary

» Baseband (lowpass) & narrowband (bandpass) signals & systems

= Complex envelope representation. Time-varying amplitude & phase.
» Geometric representation of narrowband signals.

= Distortionless transmission.

« Homework: Couch, 4.1-4.6. Study carefully all the examples and make
sure you understand them. Attempt some end-of-chapter problems (there
are answers to selected problems at the end!).
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