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Problem 1

“Double”-Gaussian Channel

a) Consider a discrete-time memoryless Gaussian channel with average-power constraint Es = 1.
Sketch the capacity of this channel as a function of the noise variance N.
b) You are given two parallel independent Gaussian channels with noise variances N1 and N2 ,
respectively. You are allocated a total power of Es to use between these two channels. The
sum of the noise variances in the two channels is 2N, but you will be able to choose from the
two schemes below as to how the noise is distributed (∆ and N are fixed).
Scheme A: N1 = N2 = N,
Scheme B: N1 = N + ∆, N2 = N − ∆,

0 < ∆ < N.

i) If you must put half of your power allocation in each channel, which scheme would you
prefer?
ii) If you are allowed to arbitrarily divide your power allocation between the two channels,
which scheme would you prefer?

Problem 2

Bandlimited Gaussian Channel

Consider the bandlimited Gaussian channel with noise power spectral density N0 /2 and power P.
The capacity of this channel is


P
W log 1 +
bits per second,
N0 W
where W is the bandwidth of the channel. What would you rather have, twice the bandwidth or
twice the power?

Problem 3

Exponential Noise Channel

Consider the channel
Yk = Xk + Zk ,
where the inputs {Xk } are nonnegative and where {Zk } are IID exponentially distributed with
mean µ. Assume that the inputs satisfy the mean constraint
E[Xk ] ≤ λ,

k = 0, 1, . . .

Show that the capacity of this channel is


λ
.
C = log 1 +
µ
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