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ECE 3530 MIDTERM 2
Show your work.

Four questions each worth 25 points.
Closed book, limited notes (2 regular size sheets front&back). No laptops.

1. (a) Let X be the outcome of rolling a fair six-sided dice. The possible outcomes for X
are 1,2,3,4,5 and 6 and all are equally likely. What is the cumulative distribution
function F (x)?

(b) X and Y are independent random variables. What is the covariance of X and Y ?

(c) A continuous random variable X has the probability density function

f(x) =


0, x < 0
2/5, 0 ≤ x ≤ k
4/5, k ≤ x ≤ 2
0, x > 2

which can be graphed as

Find the value of k which makes f(x) a valid probability density function.



2. X and Y are continuous random variables with the joint density function

f(x, y) =


x+y+1

5 , −1 ≤ x ≤ 1 and 1 ≤ y ≤ 2
0, otherwise

(a) Compute the probability P (Y ≤ 1.5|X = 0).

(b) Compute the probability that the absolute value of X is larger than 0.5 and Y is
in the range 1 ≤ Y ≤ 2. In other words, compute P (|X| > 0.5, 1 ≤ Y ≤ 2).



3. A factory manufactures 100 Ohm electrical resistors. Due to imperfections in the pro-
duction, the resistors are not exactly 100 Ohms, but have to be treated as a random
variable which we will call X. The probability density function for X is a normal
(Gaussian) density with mean 100 and variance 4.

(a) Find the probability that X is less than or equal to 105 Ohms.

(b) Now lets consider a second factory which also produces 100 Ohm resistors. Again,
due to imperfections in the production, the resistors are not exactly 100 Ohms,
but have to be treated as a random variable which we will call Y . The probability
density function for Y is an uniform distribution on the interval 97 to 103 Ohms.

You have two resistors X and Y , one from each factory. Let Z be the average of
these two resistors. Find the mean and variance for Z.



4. An element has two electrons. Each of the electrons can occupy one of the four orbits
of this element. Let the random variables X and Y denote the orbit number occupied
by these two electrons. The joint probability distribution is given as:

f(x,y) x=1 x=2 x=3 x=4

y=1 0 1/16 1/16 0

y=2 1/16 1/8 1/8 1/16

y=3 1/16 1/8 1/8 1/16

y=4 0 1/16 1/16 0

(a) Are these random variables independent? Prove your answer.

(b) You have a vacuum chamber containing 6 atoms of this element type. If the sum
of the orbit numbers for any atom is greater than 5, there is a 80% probability that
this atom will release a photon. If the sum of the orbit numbers for any atom is
less than or equal to 5, no photon will be released. What is the probability that
exactly 3 photons will be released from the atoms in the vacuum chamber?
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