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In this project we modeled the fox and rabbit populations in a wildlife
conservation preserve according to the system of differential equations:
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where p and ¢ are the largest digits (with p < ¢) and « and & are the
smallest nonzero digits (with ¢ < 1) in my student 1D number. Here 7 s
measured in months, and we say that January, 2007 is 7 = 0.

My student 1D number is 0075213, and so my corresponding differen-
tial equation 1s:
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e use Maple to graph the solution to this differential equation in the
RF, t1, and tF planes. We take as our initial values F{0) = 400 and
RIOT = 100

The Maple code for creating these gra phs, along with the graphs them-
selves, are attached. Judging from these graphs we estimate that:



The period of oscillation for both the rabbits and the foxes is
approximately 115 months, or 9 years and 7 months.

The maximum value of the rabbit population is approximately 860
rabbits and first occurs after approximately 75 months, which would be
April, 2013,

The minimum value of the rabbit population is a pproximately 100
rabbits, and first occurs at the initial value, which would be January, 2007.

The maximum value of the fox population is approximately 1400 foxes,
and first occurs after approximately 83 months, which would be
December, 2013,

The minimum value of the fox population is approximately 100 foxes,
and first occurs after approximately 40 months, which would be May,
2010

We see that the fox population tends to lag behind the rabbit popu-
lation, having its maximas and minimas a bit after the respecitve rabbit
maximas and minimas. This is to be expected, as the foxes feed on the
rabbits. On the other hand, the fox population tends to have greater max-
imums than the rabbit population, which probably wouldn’t happen in
real life.



with{ DEtools),
[ AreSimilar, DEnormal, DEplot, DEplot3d, DEplot_polygon. DFactor. DFactorl CLM, (1)

DFactorsols, Dehangevar, FunctionDecomposition, GCRD, Gosper. Heunsols.
Hemomorphisms, IsHyperexponential, LCLM. MeijerGsols, Muliplicative Decomposition.
ODEvariants. PDEchangecoords. PolvnomialNormall'orm, Kai fomal Canonical Form.
ReduceHyperesp. RiemannPsols. Xchange. Xeonumutator, Xgauge, Zeilberger. abelsol,
adjoing, antonomous. bernoullisol. buildsol, buildsvin, canoni, caseplon casesplit. checkrank,
chinisol, claivautsol. consteoeffsols. convertAlg, converisys, delemberisol, deoeffs. de2diffop.
dfieldplos diff table, diffop2de, dperiodic_sols, dpalyform. dsubs. eigenring.

endomorphism_charpoly. equiny, eta k. enlersols, exacisol. expsols. exterior_power. firind,

firtest, formal_sol, gen_exp, generate_ic, genhiomosol, gensys. hamilton_eys. Irvpergeomsols.

hvperode, indicialeq. infgen. initiatdata. infegrate_sols, imfactor. invariains, kovaciesols.
letrdivision, liesol, line_int. tinearsol, matrixDE, matrix_riccati, maxdimsysiens.

moser reduce, muchange, mult. murest. newton_polygon, normal(G2. ode ini_voode _vJ.
odeadyisor. odepde. parametricsol. particularsol, phaseporirait. poincare, palvsols.
porver_eguivalent, rational _equi vatent. ratsols, redode. reduceOrder. reduce order.
regular_parts, regularsp. remove RooitOf riceati_sysiem, riccatisol. rifread. rifsionp.
righidivision, rtavlor, separablesol, singularities. solve_group, super_reduce. symgen.
sypunetric_power. SYRmenic_product, symiest. [rans, translate, mtranshaie, varparam.

oo |

Rab = diff (R{r). 1) = (0.05)-R(1) - (0.0001}-R(7) Fit):

d RN =005 R — 00000 R{7} £(1) (2

dr ’

Fox = diff (F{1), 1) = - (0.07)-F(r) + (0.0002}-R(1) ()

% F(1) = -0.07 F(r) +0.0002 R(7) F1) (3)
¢

DEplot([Rab, Foxl, [R(1). F(1) 1= 0..120. [[R{0) =100, F(0) =400]). scene = [ R{1). F{1) ] arrows

= mediwm);



1400+

1200~

1000

SU S .

%
L]

%

.,

i,

S
¥

A,

%

L wm wm
e . W SRS k-
= S B “
- » I
e - L VN 2 .
A el = o Tl .
s % * kS %
e e 5, . E 2
#
. .
- - = y %
- e kA S 4
9 . * (S i
S i E &2 b ® ¥ % oy
B i ~ N S
; L ow ow B %
K o . L% \K\ ¥ B 2 =
s % % 5.
7 e B 5 0 £y B
g # N 3
; X s % &,
/ S I 2, ¥ = % =
i [ . 5 " Y
F g | Y
: : 5 N 5 kY 3 3 #
A Fo
3 K w 4 4 4 4 2 &
3 % iy ?
& kS . ; ;
‘
. ro4 #FF g
- S = = -~
E N

K yome am a
. SRS ;
> . S

Rt

% [T
., - N,
e £ ®
4 W,
S 3
ey . !
i 3
“
S % IS
* B *
B ko
by &
N -, .

5 &,
B E,
s
‘ 4
o 4
b 7

T
100

DEplot([Rab, Fox], [R{1). (1} ], 1=0 1200 [TR{0) = 100, F{0) =400 ], scene = [1. R(1} |, arrow:

= medinm);
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DEplot{ [Rab, Fox], [R{U). F{1) 1 1=0.120, [[R{0) = 100, FEO) =40011. scene = [2. F{1) 1. arrows
= medium);
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