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Communication Systems
A key problem in the design of any communication system is matching characteristics of the signal to those
of the channel medium. Much of the current research in communications focuses on modifying signals to
better accommodate constraints imposed by the channel medium. In lecture, we looked at simple channel-
medium-matching strategies based on modulation. Modulation underlies virtually all matching schemes.

Modulation Property (Frequency Shift Property)

Multiplying a signal x(t) by a time-varying complex exponential shifts the transform X(ω) in frequency.

x(t)e jωct ⇐⇒ 1
2π

(
X(ω) ∗ 2πδ(ω − ωc)

)
= X(ω − ωc)

Just as convolution in time corresponds to multiplication in frequency, multiplication in time corresponds
to convolution in frequency.

Amplitude Modulation

Transmission

To transmit a real-valued message signal x(t) at some carrier frequency, multiply x(t) by the sinusoidal
carrier signal c(t) and transmit the modulated signal y(t) = x(t)c(t).

Reception

We can recover the real-valued message signal x(t) from the modulated signal y(t) by multiplying y(t) by
the sinusoidal carrier signal c(t) and then low-pass filtering.

c(t) = cos(ωct) = 1
2e

jωct + 1
2e

−jωct

y(t) = x(t) c(t) ⇐⇒ Y (ω) = 1
2π (X ∗ C)(ω)

Y (ω) = 1
2X(ω − ωc) + 1

2X(ω + ωc)︸ ︷︷ ︸
copies of X(ω) shifted outward by ωc

Sinusoidal Modulation
We examined amplitude modulation (AM) in class. Perhaps you’ve heard of frequency modulation (FM)
or phase modulation (PM) — but you don’t need to know these for this class, per se.

y(t) = A cos(ωt+ φ)

• amplitude modulation (AM) time-varying amplitude A = A(t)
• frequency modulation (FM) time-varying frequency ω = ω(t)
• phase modulation (PM) time-varying phase φ = φ(t)




