ELEG-636 Homework #1, Spring 2008

. Let f,(t) be symmetric about 0. Prove that p is the expected value of a sample distributed ac-
cording to f—,(t).

. The complimentary cumulative distribution function is defined as Q. (z) = 1 — Fj(x), or more
explicitly in the zero mean, unit variance Gaussian distribution case as

0= [ e (b)ar

Qz(x) ~ F:Cexp(l )dt.

Hint: use integration by parts on Q,(z) = [ ﬁt exp (5752) dt. Also explain why the approx-
imation improves x as increases.

Show that

. The probability density function for a two dimensional random vector is defined by

fu(x) = Am%xg 21,29 > 0and 21 + 22 < 1
XA 0 otherwise

(a) Determine Fx(x) and the value of A.
(b) Determine the marginal density f;,(x).
(c) Are fy, (z) and fy,(x) independent? Show why or why not.

. Consider the two independent marginal distributions

pi={} tans!

0 otherwise
) 2z 0<22<1
Jza () = { 0 otherwise
Let A be the event 1 < z9.
(a) Find and sketch fx(x).
(b) Determine Pr{A}.

(c) Determine fy 4(x|A). Are the components independent, i.e., are f, | a(z|A) and f,,4(z]A)
independent?

. The entropy H for a random vector is defined as —E{In fx(x)}. Show that for the complex
Gaussian case
H=N1+1Inm)+1In|C,|.

Determine the corresponding expression when the vector is real.

. Let

r = 3u—4v

y = 2u+tv

where u and v are unit mean, unit variance, uncorrelated Gaussian random variables.
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(a) Determine the means and variances of x and y.
(b) Determine the joint density of x and y.

(c) Determine the conditional density of y given x.

. Consider the orthogonal transformation of the correlated zero mean random variables x1 and x5

yi | cosf sind T

y2 | | —sinf cosf To
Note E{z?} = 02, E{23} = 02, and E{x122} = poi0. Determine the angle # such that y;
and yo are uncorrelated.

. The covariance matrix and mean vector for a real Gaussian density are

1 05
Cz_l0.5 1]

.

(a) Determine the eigenvalues and eigenvectors.

(b) Generate a mesh plot of the distribution using MATLAB.

and

(c) Change the off-diagonal values to —0.5 and repeat (a) and (b).

. Let {zx(n)}X_, be i.i.d. zero mean, unit variance uniformly distributed random variables and set

K
y(n) =Y ax(n).
k=1

(a) Determine and plot the pdf of yx (n) for K = 2,3, 4.
(b) Compare the pdf’s to the Gaussian density.

(c) Perform the comparison experimentally using MATLAB. That is, generate K sequences of
n = 1,2,..., N uniformly distributed samples. Add the sequences and plot the resulting
distribution (histogram). Fit the results to a Gaussian distribution for various K and V.



