Chapters 6,7,9 Review Math 2250 December 15, 2008

Name:

1. Consider a predator-prey population consisting of foxes and rabbits living in a certain
forest. Initially there are Fy foxes and R, rabbits; after k months there are [ foxes and
R, rabbits. Assume that the transition from each month to the next is described by the
equations:

Fooy = AF, ~ 3R,
Rk’-ﬁ-i = —?Fk*}"lsz

The population vector satisfies Tpiy = ATy, implying 7y = AFTy where T, = [FyR]7.
a.) Describe what each of the terms on the right hand side of these two equations

repz‘esentfs.

b.) Find the characteristic equation of the transition matrix and sclve the eigenvalues.



¢.) If r=.5. what is the long term behavior of the system?

d.) If r=.4, what is the long term hehavior of the system?



2. Apply the eigenvalue method to find a general solution of the following system:

{
2y = Dup = Yy
xh, = 2w — X



3. Consider the following configuration of a mass and spring system, with positive displace-

brinm measured to the RIGHT, as indicated:

By Ky
e i i

% Xt} >yt

a.) Derive the system of second order differential equations w

ments from equili

hich corresponds to the

above figure.

b.) Assume that in appropriate units my = 2, mg = 2, k=4, ky=6. Show that in this

case the system above reduces to:
= —2x+ 2y

y" = 20 -5y



c.) Find the general solution to this unforced system. and indicate the parts of the
solution that contribute to the separate modes of frequency.

d.) Assuming that w 1s not one of the natural frequencies for the problem in part ¢}, find

a particular solution to the forced system

= =20+ 2y -+ cos{wt)

y" = 2w - By — cos(wt)

ot



4. Consider the following 2 tank configuration. In tank one, there is a uniformly mixed
volume of V1 gallons, and pounds of solute x{t). In tank two there is a mixed volume of V2
gallons and pounds of solute y(t). Water is pumped into tank one at a rate constant of rl
gallons/minute from an outside source, and this water has a constant solute concentration
of el Ibs. /gal. Water is pumped from T1 to T2 at a constant rate of 12 gal/min, from T2 to
T1 at a constant rate r3 gal/min. and out of the tank system at a constant rate r4 gal/min.
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a) What conditions on the rates r1, 12, 13, r4 are necessary to guarantee that the volumes
V1 and V2 remain constant in time?

b} Write down, but do not solve. the system of first order differential equations which
governs the process described above.



5. Go over your homework.
the review and you will have

[DEAS

Go over examples we have done in class. The test is longer than

one hour to complete it.

- Charackristic egoatons
- z ‘f'gg? Lo ELLorS

- Dwgonalization / Similer Vatrices

- Transition Hpirices
- Stoshastic Hlatrices

- Frintiple of Soperposition

-

sslvtions of hovmegentous S rom e 109En €03

solvtions of +he form X = AX

solvtions of +he Lorm Y% = fi}?

applications of these systems

MRS SPring SyYstems [ aatvral modes of osesl|ediog
- Aatvral] fregvencies
FConstruehing a Systim of DES

critical peint behavier in the phase plane

- stability of critical points
- linear systems and lnearrzation of almot nen, 3ystems

- Togabion

P
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Wonlinenr methamical Systems
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Chubby bunny.
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