
Prerequisites for the MS in Financial Engineering

Department of IE&OR at Columbia University

Students entering the MS in Financial Engineering program should have an appropriate
mathematical background in probability, calculus and linear algebra. Those students who
have this background should be able to do most of the questions below. However it may
be necessary for some people to first review some of their undergraduate material. This
is particularly true of prospective students who have been working in industry and are
not applying directly from an undergraduate program.

Probability

1. Suppose we have a coin that when tossed results in heads with probability p, and
tails with probability 1 − p. Let X be the number of times that we need to toss
the coin until r heads are obtained.

(a) What is P(X = n)?

(b) Compute E[X].

(c) Compute Var(X).

(d) What is P(X = n|1st head occurs on the 5thtoss)?

2. Suppose the continuous random variable X has the probability density function

f(x) =

{
c(4x2 + 6x), x ∈ [0, 2]
0, otherwise

for some constant c.

(a) What is E[X]?

(b) Calculate P(X > 1.5).

3. Suppose the continuous random vector (X,Y ) has the joint probability distribution

f(x, y) =

{
c(4x2y + y2), x ∈ [0, 1], y ∈ [0, 1]
0, otherwise

for some constant c.

(a) Calculate P(X + Y > 1.5).

(b) Calculate E[Y ].

(c) What is Cov(X,Y )?

(d) What is f(x|y), the conditional probability density function of x given y?

(e) Compute E[X|Y = .5].
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Represent these equation as a single matrix-vector equation of the form Ax = b

where x =




x1

x2

x3


. Solve the system of equations (you need not use the matrix

version of the system).

12. Compute all solutions of the following system of equations

[
2 3 7
4 1 3

] 


x1

x2

x3


 =

[
2
3

]

13. Solve the following system of equations




2 4
3 1
7 3




[
x1

x2

]
=




10
5
13




Will this system of equations have a solution for all values of the right hand side
vector? If not, produce a vector for which this system has no solution? How is the
solution of this problem related to the solution of the previous problem?
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