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Exam Final exam in GRA 6035 Mathematics
Date November 27th, 2018 at 0900 - 1200

This exam consists of 1241 problems (one additional problem is for extra credits, and can be skipped).
Each problem has a maximal score of 6p, and 72p (12 solved problems) is marked as 100% score.

You must give reasons for your answers. Precision and clarity will be emphasized when
evaluating your answers.

QUESTION 1.
We consider the matrix A given by
1 0 -1 0
0 2 0 8
as -10 1 0
0 8 0 -2

(a) (6p) Compute the rank of A. How many free variables does A - x = 0 have?
(b) (6p) Find Null(A4), and determine its dimension.
(c) (6p) Determine the definiteness of A.

QUESTION 2.

(a) (6p) Find the general solution of the differential equation y” — 12y’ + 20y = 3e~*.
(b) (6p) Find the general solution of the following system of differential equations:

v = 3+ 4y

Yo = 4y — 3y
(c) (6p) Find the equilibrium states of the autonomous differential equation ¥’ = 0.15y(1 —y/200)
and determine their stability. Are any of the equilibrium states globally asymptotically stable?

QUESTION 3.

We consider the function f(z,y,z) = 16 — 2* — 222 — 3y? + 62z — 622 + 102.

(a) (6p) Find all stationary points of f with z = 1.
(b) (6p) Show that f has a global maximum point, and find the maximal value of f.
(c) (6p) Use the envelope theorem to estimate max (16 — z* — 222 — 3y 4 62z — 622 4 112).

QUESTION 4.

We consider the Kuhn-Tucker problem
max f(z,y,z) = 3x% — y? — 22% subject to 2z* + 2% + 2* < 18

(a) (6p) Write down the Kuhn-Tucker conditions for this problem.

(b) (6p) Find all points (z,y, 2; \) that satisfy the Kuhn-Tucker conditions.

(c) (6p) Show that the best candidate points from (b) are the maximum points, and use this to
determine the maximum value.

QUESTION 5.

Extra credit (6p) Solve the logistic differential equation ' = 0.15y(1 — y/200), and determine the
time it takes for the system to reach 90% of the carrying capacity when yg = 50.
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Statistics
Grade A-B 41.4%
Grade F 9.6%

Average score  69.9% (C)

Comments

The results on the final exam were very good. A
summary of average score per problem is shown
below. In Question 1(b), the scores were a bit
lower than expected, as many did not use the
correct definition of a nullspace, and quite few
knew the correct definition of dimension of the
nullspace. Otherwise, the scores were very good.
As expected, the scores were higher for the (a)
problems, and lower for the (c) problems.
Especially for Question 2(c), 3(bc) and 4(c),
which do not require difficult computations, tlie
score depends more on clear, concise arguments
with reference to relevant theory, and less on
correct answers,

Average score per problem
e Question 1: a) 92% b) 45% c) 65%
e Question 2: a) 89% b) 72% c¢) 63%
e Question 3: a) 91% b) 56% c) 66%
e Question 4: ) 95% b) 53% c) 43%

o Question 5: 11% (extra credit) 4
\

Detailed solutions to the exam problems can be
found at www.dr-eriksen.no.

EXAM RESULT
GRA60353 Mathematics, 27/11/2018
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