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Instructions:

• No calculators, mobile phones, tables of formulas, lecture notes, books, etc.
• Duration: 120 minutes.
• All problems in each section have the same value.
• Please do not forget to write your name clearly on every sheet that you want to

submit.

Section A: Theoretical questions (28 points)

A1. Explain the meaning of the symbol

∫∫
D

f(x, y) dx dy.

A2. Explain indefinite integration by parts.

A3. Describe the method of Lagrange multipliers.

A4. Give the definition of basis of a vector space.

Section B: True or false (8 points)

Decide whether the following statements are true or false. If the statement is false, give a
counterexample.

B1. An ODE is called linear when it only involves the variable x and the functions y, y′.

B2. If

∫ b

a

f(x) dx = 0 then f = 0.



Section C: Does or does not exist (12 points)

Decide whether the following objects do or do not exist. If the object exists, give an
example, if it does not, explain shortly why.

C1. A linear map f : R2 → R3 with f(1, 0) = (2, 3, 4) and f(2, 0) = (4, 6, 8).

C2. A matrix A ∈ Rn×n, n ≥ 2 that is not the zero matrix and such that AA = A.

C3. A function f(x, y) with no critical points.

Section D: Calculus (52 points)

D1. Calculate these indefinite integrals:

(a)

∫
lnx dx (b)

∫
tanx dx

D2. Calculate the matrix associated to the linear map f : R2 → R3 defined by f(1, 1) =
(4, 1, 1) and f(−1, 1) = (0, 4, 3). Use the matrix to calculate f(2, 3). Is f invertible?

D3. (a) Find a second-order linear homogeneous ODE whose general solution is y =
c1e

x + c2e
2x.

(b) Solve the ODE y′′ + 4y = 2 cos x.

D4. A plane circular wire is situated in such a way that it covers the unit circle exactly
once, and its density function is m(x, y) = 3 + x + y. Calculate its mass.


