
ECE 729: HOMEWORK 9, DUE NOV 30.
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(a) Find the eigenvalues and eigenvectors of K.
(b) Show that K is positive definite.
(c) Suppose that K is the covariance matrix of a random vector X = (X1, X2, X3)T .

Find an uncorrelated random vector Y = (Y1, Y2, Y3)T such that X is a linear trans-
formation of Y. What is the covariance matrix of Y?

(d) Suppose we have a system of Gaussian channels with noise vector Z ∼
N (0,K) and power constraint equal to 3. Determine the capacity of the system.

2. A speaker of German, Spanish, and French wants to communicate simulta-
neously to three people: G, S, and F. G knows only German but can distinguish
when a Spanish word is being spoken as opposed to a French word; similarly for
the other two, who know only Spanish and French respectively, but can distinguish
when a foreign word is spoken and which language is being spoken. Suppose that
there are M words in German, M words in Spanish, and M words in French and
that the speaker speaks at the rate of 1 word per second in any language.

(a) Speaking just to G, how many bits per second of information in that language
can the speaker transmit?

(b) What is the maximum rate at which the speaker can speak to G?
(c) If the speaker speaks to G at the maximum rate, what is the maximum rate

at which she can speak simultaneously to S?
(d) If she is speaking to G and S at the joint rate in (b), can she also speak to

F at some positive rate? If so, what is it?
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