
University of Illinois Fall 2012

ECE 313: Problem Set 7
Continuous type random variables and Poission processes

Due: Wednesday October 17 at 4 p.m.
Reading: 313 Course Notes Sections 3.2–3.5

1. [Marathon completion time]
The time it takes a runner to finish a marathon in hours is a random variable X with pdf

fX(u) =

{
c(u− 3)(4− u) if 3 < u < 4
0 otherwise

(a) Find c.

(b) Find the CDF FX(x).

(c) Find the probability that a runner will complete the marathon by 3 hours and 15 mins.

(d) Find the mean time taken to complete the marathon, i.e., find E[X].

2. [Uniform random variables]

(a) Explain the following “paradox”: A young man cannot make up his mind between two girl-
friends (Anna and Beth) who live on opposite sides of the town from him, and so he decides
to use probability to make his choice. At a bus stop near his apartment, there are buses going
in both directions (some towards Anna’s and the others towards Beth’s apartments) and the
buses arrive with inter-arrival times of exactly 1 hour in each of the directions, at the same times
every day. So the man decides to arrive at the bus stop at some random time that is uniformly
distributed between 5 PM and 7 PM every day, and simply take the first bus that arrives at the
stop. Interestingly he finds that he is visiting Anna five times as often as Beth, even though the
buses have the same frequency in both directions.

(b) Suppose X is a uniform random variable with mean 5 and variance 12. Find the pdf of X.

(c) If X is uniformly distributed on the interval [−2, 2], find E[X4], E[X5] and E[eX ].

3. [Handoff in Cellular Phone Systems]
A handoff in a cellular phone system is the process by which a cellular phone is switched from one
cell tower (base station) to another as the user moves during a call. Suppose Alice is driving along
a highway at 60 miles/hour, along which there are cell towers placed every 3 miles. Further suppose
that Alice’s call duration can be modeled by an exponential random variable with an average duration
of 10 minutes. Assume that handoffs take place at the midpoint between cell towers, and that Alice
starts a call immediately after her phone is handed off to a new cell tower.

(a) What is the probability that Alice’s phone will experience at least 3 handoffs during the call?

(b) What is the probability that Alice’s phone will experience at most 4 handoffs during the call?

(c) Given that Alice’s phone has experienced 4 handoffs, what is the probability that it will experience
at least 7 handoffs?

(d) Find the pmf of the number of handoffs experienced by Alice’s phone.

4. [Fishing in a Poisson river]
A fisherman catches fish in a river according to a Poisson process with rate equal to 2 per hour. He
starts fishing at 6 AM.

(a) Find the probability that he will catch exactly one fish between 6 AM and 6:30 AM.



(b) Find the probability that he will catch exactly one fish between 6 AM and 6:30 AM, and a total
of exactly 4 fish by 9 AM?

(c) The fisherman needs to catch at least five fish to feed his family. If he fishes from 6 AM until
noon, what is the probability that he will be successful in feeding his family.

5. [Radioactive decay]
A radioactive substance emits β-particles at a Poisson rate of 2 per second. With time measured in
seconds, let A denote the event that exactly 4 particles are emitted in the time interval [0, 1]. Also let
Y denote the time in seconds (starting at time 0) that it takes until the 10th particle is emitted.

(a) Find P(A).

(b) Find P{Y ≥ 5}.
(c) What is the pdf of Y ?

(d) Find P (Y ≥ 5|A).

6. [Simulating a negative binomial pmf]
Recall from Section 2.6 of the notes that the cumulative number of Bernoulli (p) trials required to
produce r ones is a random variable Sr that has the negative binomial pmf:

p(n) =
(

n− 1
r − 1

)
pr(1− p)n−r for n ≥ r

In this exercise, you will produce the empirical pmf of S3 by simulating sequences of Bernoulli(0.6)
random variables (i.e, r = 3 and p = 0.6). One way to generate a Bernoulli(0.6) random variable in
Matlab is to use “binornd(1,0.6)”.

You will simulate a total of 1000 sequences. In each sequence (for loop) you stop as soon as you see
3 ones, and record the stopping time in a vector of size 1000. You may limit the run length to 100 in
each sequence, i.e., if you don’t see 3 ones after 100 Bernouilli(0.6) trials, then simply set the stopping
time as 100 for that sequence.

(a) Using the integers from 1 through 20 for the bin centers in the “hist” function of Matlab, create a
histogram of the simulation outcomes. Plot the empirical pmf (which is the histogram normalized
by 1000) using the “bar” plotting function in Matlab.

(b) Now create a separate plot of the empirical pmf and the exact pmf (on the same figure) for n
ranging from 3 to 20, using the “plot” function in Matlab.
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