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Directions-Please Read Carefully! You have tr,vo hours to take tiris
miclterm. N{ake srtrc to use correct mathematical notation. Any answer in decrmal
fortn tnust bc acctrrate to three decirnal places. unless otherr,vise specifiecl. Pace

l.ourself b-v keeping track of hou' man1, problerns you have left to go and ]rorv much
time retnaius. Ytiu do uot have to ans\,rer the problems in any particular order, so
tlove to auothel probletn if you iittd you are stuck or spending too rnucli tirne orr
a single problem. To receive full credit on a probleln, --vor-r u'i1l neecl to justify your
answers carefully unsubstantiated ansr",ers wiil receive little or no credit (except
if the directions for that question specifically sav no justification is necessarv. suclr
as a True/False section). Please be sure to r,vrite rreatly itlegible ansrvers rvili
receive little or uo credit. If rnore space is neecled. use the back of the previous
page to continue 1'our lr'ork. Be sure to rnake a note of this on the problem page
so that the grader kuorvs u.ltere to find your answers. You may use a calculator
on this exarn. but no other aids are allou'ed. Good Luck!!!



l .  (8 points) tr ight diffelential equations and foLrr.krpe f ields are giverr
irclou-. Deterrnine the ec1-ration that correspc)ncl: to each slope ficlrl
\ u  o . r l r l ; r t r r r t  i o t t  i s  l t e c e : - a l r ' .
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2. (8 points) Consider the follon'ing differentiai equation lbr the func-
t ion s( f ) :

*  :  , , '  - :371 -  70.
(1,7

(a) \\ihat a,re the erluiliirriunr points?

(b) \\'hich equriibrir-rnr points are stablc?

(c) I f  : i i  (0) : '1.  wh:rt  l tappens as I  gets verv large/

(d) If g(0) : 6. r,vhat happens as f gets ver5' large?



J . (5 points) The rhinoceros is nor,v extrerneh' rare. Suppose that
enottgh game preser\re lancl is set aside so that there is sr-rfficient roorrl
for tneurv rtrole r'hinoceros territolies tlian thele are rhinoceros. Con-
secluetrtlr', tht't 't ' l ' i l l irer no clanger of ovelclor,cling. HoneveL. if the
population is too snrnil. fertrlc aclults h:rr.e clifficultr' fincling oach othcl
nhorr it is tiure to mate. \\irite a rlifferential equatiorr tli:rt nroderls the
rhirrocelos popul:ition based on these assumptions. \Vritc a brief e:r-
pLona,t'ion to support vour moderl. (Note that therc is rnole than one
reasonable moclerl that fits tirese assumotions).



4. Compute each of the following partial denvatives: (8 poiuts)
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5. (6 poirrts) Consider the following two predator-prey svstems of dif,
felential equations. where / represents the population of the prey and
y represetlts tlie population of the predatols.
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(zr) In ll 'hich system does the pre\r repfoduce norc quicklv w.hen there
are rro predators'/

(b) In wliich systenr ale the predators most successful at catcliing
prel'? In other u'ords. if the number of predators arrd pre)' are
equal in both systems. in rvhich systern do the predators havc a
greater effect on the rate of change of the prel'?

(c) \\rhich system requires ntore pre)' for tlie predators to achieve
a given gror,vth rate. assurning identical nurnbers of predators in
both cases'/



6. (8 points) Consider the syslgn of differential equations
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(a) Drar',' ancl labe1 the r arnd t7 null clines.

(b) Decidc i f  (0.0) is a stable equi l i l r l iurn 1-roint.  Just i f \ 'vor lr  ans\\ 'er

(c) On the drarving in part (a). label the regions l'herc drldt > 0 and
n'herer d,rf dt ( 0. Do the sarne for d'uf dt.

(d) For the init ial condit ion:r(0) :2 ancl y(0) : 1. sketcl i  the tr: i . jec-
to rv  i r r  t he  phase  p la r r c .



7. (10 points) Consider the s1'stem of differential equatiorrs
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(a) Drarv nnd label the :z' and g mrll clines.

(b) Find the equiliblirtttt points ancl label thcrn on \,'olrr clrar,ving from
par t  (a ) .
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D e c i d e  i f  t h e  e r r r r i l i b r i u n r

:  r ( 5 - 2 r - 3 y )

:  u 0 - r - ' y )

po in t  s  a le  s t  a l l le .  J r ts l  i [ r '  r ' , r r r l  a l rs \ \ 'o l  .



8. (6 points) Suppose that you wish to noclel a populatiorr with a
differential equation of thc form dPf dt: .f (P), lr'here P(l) is tlie pop-
ulatiott:rt  t i tne l .  Experiments ha'ne beerr perforrned on the population
that. gir.er thc follolr.ing infbrrnation:

o The onl1'ecltrililrrium points in tirc population alet P : 0. P : 10.
a n d  P :  5 0 .

o If the population is 100, the population is decreasiug.

o If tlie population is 25, the popul:rtiori is increasing.

Ansrver eacli of thc follorving questions.

(a) Sketch the possible phase lines for this svstern for P > 0. (Therc
arc trvo. )

(b) Give a rough skctch
of yonr phasc lines.

f  / p \-  \ -  /

of the corresponding functions ./(P) for each
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formula for the function
lvith the rough sketches

/(P) whose graph agrees (qualita-
in part (b) for each of your phase
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9. (8 points) The following systems are nrodels of the populations of
a pail of species that either compete for resoulccs (trn increase in orret
spec i r .s  dec te i rs "s  t l re  g ro t ' t l r  ra le  o f  t l re  o t l re r  s l l r . c ios )  o r  cooper0 l r  (an
increase iu ot ie species incleases t l ie grorvth rate of the other species).
For each s.vstenr. identifv thc valiables (independcnt ancl clcpcndcnt)
and the pa,rtrmeters (calll irrg capacitl.. rncasrlr'€.s of irrter:rctiorr betu,een
specics, etc.) For each sr-stern say whethel tlic species cornpete or
cooperate. You mav assume that all pararneters ale positive.
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