
Math 431 – Spring 2014

Homework 1

Due: January 19th at the beginning of class

Please read the instructions/suggestions on the course webpage.

Hand in the following problems:

1. Use MATLAB to investigate what the command ‘rand’ does. Let X be a random variable with
realizations generated by ‘rand’.

(a) use ‘rand(1000,1)’ to create a vector of 1000 random numbers generated by rand. Use
‘hist’ to make a histogram of it.

(b) Is this plot using histogram a probability density, mass, or distribution function of X?
What is the state space of this random variable X? That is, what possible values

(c) Create a plot of the cumulative distribution function P (X > x).

(d) Let X be the random variable created using ‘rand’. How do you use X to define a random
variable Y which is uniformly distributed on [a, b]? Create plots of the probability density
function and distribution function of Y where a = −2 and b = 10.

2. Use MATLAB to investigate what the command ‘randn’ does. Let Z be a random variable
with realizations generated by ‘randn’.

(a) use ‘randn(1000,1)’ to create a vector of 1000 random numbers generated by rand. Use
‘hist’ to make a histogram of it.

(b) Is this plot using histogram a probability density, mass, or distribution function of Z?
What is the state space of this random variable Z? That is, what possible values

(c) Create a plot of the cumulative distribution function P (Z > x).

(d) Let Z be the random variable created using ‘randn’. How do you use Z to define a random
variable Y which is normally distributed with mean µ and standard deviation σ? Create
plots of the probability density function and distribution function of Y where µ = −1 and
σ = 2.

3. Define the random variable X with realizations in MATLAB with the code,

uniform_RN = rand(1,1);

if uniform_RN>0.5

X = 1;

else

X=0;

end

(a) Use a ‘for’ loop to generate 1000 realizations of the random variable X. Make a histogram.

(b) Is this plot using histogram a probability density, mass, or distribution function of X?
What is the state space of this random variable X? That is, what possible values



(c) Create a plot of the cumulative distribution function P (X > x).

(d) X could be used to simulate a fair coin 1 =heads and 0 =tails. What do you change to
make this an unfair coin?

(e) Use the ideas above to create MATLAB code to simulate a fair 6 sided dice. Plot the
cumulative distribution function for 1000 trials.

4. Monty Hall Problem: “Suppose you’re on a game show, and you’re given the choice of three
doors: Behind one door is a car; behind the others, goats. You pick a door, say No. 1, and the
host, who knows what’s behind the doors, opens another door, say No. 3, which has a goat.
He then says to you, ”Do you want to pick door No. 2?” Is it to your advantage to switch your
choice?”

(a) Write code to conduct a realization of this game where the strategy is stay.

(b) Write a code to conduct a realization of this game where the strategy is switch. This will
involve having to “open” one of the doors. You will need ‘if’ statements.

(c) Create a count for how many times you win out of 1000 trials and plot, as a bar graph,
the outcomes of the different strategies.

(d) In my experience, having to code this reveals why the strategy to switch is correct. Explain
in words why this is.

(e) Use condition probabilities and Bayes theorem to calculate the exact probabilities for
staying and switching (you should not use MATLAB for this).

5. The following questions do not need MATLAB, but you may use it to help if you are stuck.

(a) We roll a fair (six-sided) die twice. Let A be the event that the sum of the rolls is 6. Give
an appropriate sample space ω, and an appropriate probability measure P to model this
situation. Find the probability that event A occurs.

(b) 10 women and 5 men are meeting in a conference room. Four people will be chosen at
random (from the 15) to form a committee. What is the probability that the committee
will consist of 2 men and 2 women?

(c) We choose one of the words in the following sentence uniformly at random and then choose
one of the letters of that word (again uniformly at random):

THE QUICK BROWN FOX JUMPED OVER THE GATE

i. Find the probability that the chosen letter is O.

ii. Let X denote the length of the chosen word. Determine the probability mass function
of X.

(d) Urn A contains 2 red and 4 white balls, and urn B contains 1 red and 1 white ball. A
ball is randomly chosen from urn A and put into urn B, and a ball is then chosen from
urn B. What is the conditional probability that the transferred ball was white given that
a white ball is selected from urn B?

(e) Three dice are rolled. What is the conditional probability that at least one lands on a 4
given that all three land on different numbers?

(f) Choose a point uniformly at random in a unit square (square of side length 1). Let X be
the distance from the point chosen to the nearest edge of the square.

i. Find the cumulative distribution function of X.

ii. Find the probability density function of X.


