MATEMATISKA INSTITUTIONEN Facit solutions for the written

STOCKHOLMS UNIVERSITET exam in
Avd. Matematik Ordinary differential equations,
Examinator: Annemarie Luger May 23, 2024

OBS: This is a facit with comments!
As a solution at the exam it would not give full points as parts are missing!!!

1. Determine the solution(s) of the differential equation

rvx’ =t(z? +1)
satisfying the initial condition:
(a) z(0) =1
(b) z(0) = -1
(c) z(0) = 0.
Comment on your result with respect to the ezistence and uniqueness theorem! (4p)

| !
Xx'=d i) = X
Yl—i-/,

-t @ x]- e

T
C—:\ XZ—: BQ/{-/I (=) X(J—):i_ D'{;{:L——/l

De

0 y . B B WO(A%/Q M&w(uﬁar)\'u
I DD vy {Ta | o

Gumd Mwlmm Heor o | an

‘fil{,x)—-#) is ¢t @ Loug
’L)’> X(O>:_/’ :> = Yu-):—lze"'l__/r W xto,

Mou - wwnigue
Q) X(O)?O => QL) Mo

2 xly= gt (e s

Lovun an i le\S(.)?(DIO)
e M wnttions ang anol

O&S: lu FV{“C/EW& e oo %L@w&/ c}{ﬂﬂd(w% Sahisfigal !
W sellctvon, 0 i) uucdtio b !

wt W °
XA\/V\ € 1-0 ‘ - +1€4 +
\l/\ = \/\/\ = WA - ’—_L—’: — 4
ot A - 0 h— ot e W0 A



2. Is there an ordinary linear homogeneous second order differential equation with constant
coefficients for which the functions z1(t) = cos2t and xo(t) = t2e~ 7" are solutions? If yes,
give an example. If no, explain why! (2p)
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3. Use Laplace transform to solve the initial value problem (4p)

m// _ 2.’El — _262t7 with (E(O) = ]_7 {El<0) =—1.
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4. (a) Determine a fundamental matrix for the homogeneous system (2p)

- (=1 3\ .
=1y 1%
(b) Give the general solution of the inhomogeneous system (4p)
(-1 3\, [0
(3 Y ()
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5. Consider the following boundary value problem (BVP)
—x" =\

2(0) = /(0)
x(1) = 2/(1).

(a) For which values of A € R does the BVP have a non-trivial solution? Determine also
these solutions. (3p)

(b) Are there values of A € C\ R for which the BVP has a non-trivial solution? Motivate

your answer! (1p)
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6. Consider the system
& = —y+x cos(z? + y?)

¥ =1z +y cos(z? + y?).

Find all equilibrium points (i.e. stationary points). Sketch the phase portrait and describe
it also briefly by word. What can be said about the stability of the equilibrium point(s)?

It might be helpful to use polar coordinates! (4p)
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