
Math 1502, Practice Problem Set for the Final Exam

1. What’s up with the test?

The final exam will take place in the same room where the lectures were held from
8:00am to 10:50am on Thursday December 13. The test will include 14 prob-
lems of which you have to solve 12 problems. (You will be asked to cross out the
problems you don’t want to be graded, the highest two scores will be dropped if you fail
to do so.)

The exam will cover

• the entire linear algebra material covered in the course and

• the following calculus topics:

– L’Hôpital’s rule

– convergence of series (convergence tests, absolute/conditional convergence)

– power series (radius of convergence, Taylor series, but no Lagrange remain-
ders)

– linear ordinary differential equations with constant coefficients

In preparation for the final it is recommended to go over the problems in

• practice sets for the midterm exams

• midterm exams (with solutions)

• quizzes and homework

The first two items are posted at the course website along with several old midterms.

In addition, below you will find a list of practice problems for

• the most recent linear algebra material (not covered by other practice sets)

• additional problems on the calculus portion of the final

2. Find the spectral decomposition of the symmetric matrix

2 0 1
0 5 0
1 0 2

.

3. Consider a quadratic form Q(x) = ax2
1 + x2

2 + ax2
3 + 2x1x3.

(a) Find a change of coordinates x = Py such that the resulting form Q′(y) =
Q(Py) has no cross-products.

(b) Find all values of a such that the quadratic form Q is positive-(negative-, in-)
definite.



4. Starting with the basis of a three-dimensional subspace W of R4 spanned by the
columns of

U = [x1 x2 x3] =


0 0 1
1 1 0
0 1 1
1 0 0


use Gram-Schmidt method to find an orthonormal basis of W .

5. Consider the equation Ax = b with A = [a1 a2] =

1 2
2 2
2 1

 and b =

 1
−3
3

.

(a) Does this equation have a solution? If yes, find all solutions; if not, explain.

(b) Find the least squares solution x̃ of the above equation.

(c) Find an orthogonal basis of the column space of A.

(d) Find the projection c = projWb of b onto W = Col(A).

(e) Find the coordinates [c]B relative to basis B = {a1, a2}.
(f) Are the answers for (b) and (e) the same?

6. Find the general solution y = y(x) of the linear differential equation. Thinking of the
set

B = {ex, ex cosx, xex, ex sinx, e−3x}

as a basis of a subspace Span(B) in the space of functions, find the coordinate vector
[y]B of the general solution.

(a) y′′ − 2y′ + y = 0

(b) y′′ + 2y′ + 2y = 0

(c) y′′ + 2y′ − 3y = 0

7. Find the Taylor polynomial P3(x) and Taylor series expansion for the function about
the given point as well as its radius of convergence:

(a) e−3x expanded about the point x = 1

(b) cos x
2

expanded about the point x = π
2

(c) 1√
x+1

expanded about the point x = 0

8. Find the following limits.

(a) limt→∞ t(e3/t − 1)

(b) limx→∞(cos 1
x
)x

(c) limx→0
ex

x
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