
UNIVERSITY OF OSLO
Faculty of mathematics and natural sciences

Exam in: MAT1110 –– Calculus and linear algebra

Day of examination: Friday June 8th 2018

Examination hours: 09.00 – 13.00.

This problem set consists of 2 pages.

Appendices: Formula sheet

Permitted aids: Approved calculator

Please make sure that your copy of the problem set is
complete before you attempt to answer anything.

The exam contains 10 problems counting 6 points each. You must give
reasons for your answers, and you must include enough calulations for making
it easy to follow your arguments.

Problem 1. Let R > 0 be a real number.

a) Find the double integral∫ ∫
D
x2e−x

3
sin y dxdy

where D is the region in R2 consisting of all points (x, y) such that
0 ≤ x ≤ R and 0 ≤ y ≤ π.

b) Let KR be the region in R3 consisting of all points (x, y, z) such that√
x2 + y2 + z2 ≤ R.

Find the triple integral

IKR
=

∫ ∫ ∫
KR

e−(x
2+y2+z2)3/2dxdydz,

and find
lim

R→∞
IKR

.

Problem 2. Let f : R2 → R be the scalar function defined by

f(x, y) = 4x2 + y2 − 24x− 10y + 61

a) Find stationary points for f and decide if they are local minima, local
maxima or saddle points.

(Continued on page 2.)



Exam in MAT1110, Friday June 8th 2018 Page 2

b) Sketch the curve

4x2 − 24x+ 9y2 − 90y + 225 = 0,

and let D be the closed region in R2 bounded by this curve. Explain
why f has a global maximum point and a global minimum point on
the region D.

c) Find the maximum value and the minimum value of f on D.

Problem 3.

a) Decide for which real numbers x the series

∞∑
n=1

en(n+ 5)!

n!
(x− 2)n

converges.

b) Prove that
∞∑
n=0

(−1)nπ2n+3

42n+3(2n+ 1)!
=
π2
√
2

32
.

Problem 4. Let A be the matrix given by

A =

(
3/10 1/10
6/10 2/10

)
.

a) Find the eigenvalues and eigenvectors of A.

b) Let x0 =

(
13
1

)
, and

xn = Anx0 for n = 1, 2, 3, . . .

Find xn for n ≥ 0, and show that

lim
n→∞

xn = 0.

c) Prove that the mapping F : R2 → R2 defined by F(x) = Ax is a
contraction.

The end


