Department of Electrical Engineering, IIT Madras
EE3005: Communication Systems

Tutorial #4

1. From the enclosed scanned problem sheets below( Courtesy: taken from the book “Probability, RVs,
and Stochastic Processes™, by A. Papoulis, 2"Ed., Chapter 3, pp-60-61,) do the following problems:

Problems 3.1 to 3.6, 3.7*, 3.9 t0 3.11, 3.13*, and 3.14*.

* these questions have a higher order of difficulty







2. Let X and Y be independent, identically distributed (i.i.d) RVs with a uniform PDF between -1 and +1
(i.e., U(-1,+1)). Given Z=2Y+1, find the probability P(Z>X).

3. Consider an RV X with finite support PDF given by fy(x) = e ™*(U(x) —U(x —3)) + a-8(x — 1)
where U(x) is the unit step function and 8(x) is the Dirac delta function. For what value of a > 0 will this
be a valid PDF? Make a rough plot of fy (x).

4. A two-sided exponential PDF is given by fy(x) = ye~*I. For what value of y > 0 will this be a valid
PDF? Now, if we use this in turn to define a PDF with finite support given by the expression fyx(x) =
ye W (U(x +2) — U(x — 2)) + B - 8(x), define Bappropriately so that this becomes a valid PDF.

5. Let X be an RV with a two-sided exponential (infinite support) as in Pbm.4. Give a new RV Y=2X+3:
(@) Make a rough plot of f, (y).
(b) What is P(Y<2) ?

6. The wattage across a Ro=1000 ohm resistor is given by W = — Where the voltage V is a RV which is
uniform between 5V and 10V; i.e., U(5V,10V). Find and plot the PDF fw (w).

7. The conductance Y is related to the resistance X as Y=1/X. If the PDF of X is U(90ohm, 110ohm), find
the PDF of the conductance Y.

8.Ifthe RV Y = a Sin(X + b), a > 0, and b is a constant, then show that
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and for the case where X is uniform RV with U(-w,+x), show that only two roots exist and get the
expression for the corresponding fy ().
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9. Given that RV X has a uniform PDF U(-1,+1), find and plot the PDF of Y for each of the below
transformations:

@ Y =X U(x)

(b) Y =sgn(X) (where sgn is the “signum” function)

10. Given Y = ¢X, find the PDF of Y for each of the choices below for the PDF of X:
(@) fx(x) is U(0,1)
(b) fx(x) = e™*U(x)

11. In a digital communication system, the samples after the matched filter are given by Y = X + N where
fx(x) = 0.58(x — A) + 0.55(x + A) and fy(n) = 0.5e~I"l. Here the signal RV X and the noise RV N
are statistically independent. Then, answer the following:

(@) For A=1, make a rough sketch of f; (y).

(b) If the probability of bit error Pg is defined by the expression P(Y<0 | +A sent), what is Pg for A=1?

(c) For what value of A will Pg be equal to 0.0001? Explain.
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