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University of Oslo / Department of Economics (English only)

ECON3120/4120 Mathematics 2
There are 2 pages of problems to be solved.

All printed and written material may be used, as well as pocket calculators.
Grades given run from A (best) to E for passes, and F for fail.

• You are required to state reasons for all your answers.

• You are permitted to use any information stated in an earlier letter-enumerated
item (e.g. “(a)”) to solve a later one (e.g. “(c)”), regardless of whether you managed
to answer the former. A later item does not necessarily require answers from or
information given in a previous one.

Problem 1 In this problem, let p be an arbitrary constant and define

Ap =

3p+ 6 −2 3p+ 4
−12 p+ 4 p− 8
1 0 3

 , and bp =

 p
p

2014

 .

(a) Is there any number k such that A−2 (i.e. Ap with p = −2) has inverse equal to

k

 −3 −3 −12
−13 −1 −12
1 1 12

 ?

(b) Find q such that Ap has determinant equal to q · p(p+ 6).

(c) Consider the equation system Apx = bp (where x is the unknown vector).
For each value of the constant p, decide whether the equation system has solution or
not, and if it has, the number of degrees of freedom.

Problem 2 Consider the function g(x, y) = x5 + xy2 − xy.
In the following, you are only expected to apply the tools of the course – if these fail to
conclude, you can answer «no conclusion» for that part of the question.

(a) (0, 1) and (−20−1/4, 1/2) are stationary points. Classify them.

(b) Find and classify the remaining stationary point(s).
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Problem 3 Let F (w) = (1 − lnw) · w e−2w. Observe that F ′(w) =
2w(lnw − 1)− lnw

e2w
.

Consider the differential equation

ẋ =
2t(ln t− 1)− ln t

2x(lnx− 1)− lnx
e2x−2t (D)

valid on a suitable domain in the (t, x) plane.

(a) (i) Show that x(t) = t is a particular solution of (D).

(ii) Show that the general solution satisfies F (x(t)) = F (t) + C.

(b) One particular solution of (D) passes through the point where (t, x) = (e, 1). Find the
equation for the tangent line at that point.

Problem 4 A problem assigned for last December’s exam, led to an equation of the form
h(x∗) = 0, where h(x) is defined as 2r(x+ 2r)e−2rx + 1 and where r > 0 is a constant.

(a) Show that the equation h(x∗) = 0 has precisely one solution.

(b) Let k(r) =
∫ r

0

h(x)

r
dx. Calculate k(r) and lim

r→0+
k(r).

For part (c), take for granted without proof that

• the sum of concave functions is concave, and the sum of convex functions is convex,
and

• if x∗ is the zero of h from part (a) and y∗ = (r−x∗)/2, then the point (x∗, y∗) satisfies
the Lagrange conditions associated to the problems

max /min e2y+(1−2r)x−r − ln(x+ y + r/2) subject to x+ 2y = r

(c) (i) Does (x∗, y∗) solve the minimization problem or the maximization problem or
neither?

(ii) Do both the problems (i.e. the max and the min) have a solution?
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