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Math 2250-1
Quiz 3 Solutions
September 9, 2011

1) Consider the following differential equation:

dx _ o
at - x2+5x 4 .

1a) Find the equilibrium solutions. Hint: rewrite the right hand side{ #&— 5-x + 4) and factor.

(4 points)
Solution: We factor:

%:_(xZ—S-x+4) = (x—1)-(x—4)

Thus the equilibrium solutions (constant solutions) arex=1and x=4 .

1b) Draw a phase diagram, and from this diagram deduce whether your equilibrium solutions are stable
or unstable. For stable equilibrium solutions, determine if they are asymptotically stable.

(6 points)
. dx _ L
Solution: a (x—1)-(x—4) satisifies
dx L e e . odx o dx
ot < Oforx > 4 (negative times positive times positive is negative); ot >0forl <x <4 ot <0

forx < 1.

Thus the phase diagramis:
e — ] > e ——

Therefore x=1 is an unstable equilibrium solution and x=4 is an asymptotically stable equilibrium
solution.

(Note — could you find the solutions to this DE? You should be able to, even though there isn’t time on
this quiz for me to ask that question.)

Not graded, but here’s how:

Separate:
separate:(x_l)q)ix_4) =-dt
partial fractions: % (x%él — lel ) -dx=-dt
= (le4 . Xfll)-dx:—S- dt

integrate:



X—4|_ 4
|n‘x_1 = -314+C

-3t+C
L Ix—=4_ 1
exponentlate. ‘X 1 =e

= (i:i) =C-e?'= (g]-e_at.

multiply both sides byx—1) =
x—4=Ce >t (x—1)
collect terms=> x(1 —Ce %) =4 —C-

-3t
_C.a 3t —4
:>x=—4 Ce WithCZ(—_ ]

1—ce3t’ 1

=2



