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> rastart . with(plots) - with (Enalg) : with( DynanmucSystems) :

I will begin with the equations t1, tp and t3. We do this in preperation to take the Jacobian matrix.
Additionally, we will need a 3x3 identity matrix...

Zh= (A X-pXM);
= (BXM—pn ),
o= (ru V-, M—pX M),

Identity '= Matix([11,0,0, [0,1,0% [0,0,171L3,3);
T:= K;cfor([fl,tz, f3},3];

vars = Vector (X, V. M1 3),

!l:=l—uxX—5XM
f2:=BXM—uy}’
i3:=ru)Y—uMM—5XM

Identty =010

T=|  BEM-wY
ru}}’—uMM—ﬁXM
X

vars = | ¥ (D)
M
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Create the Jacobian with reference to our independent variables...

> ] = jacoklian(T,vars ),

-u\x—BM 0 -p X
J=| BM  -n  BX )
-p M T, -um—BX

Please note... The above matrix differs from what Ivana gave me, but only in the third row, first
element. I'm not sure if she goofed or I did. But Maple returns a result that looks more symetrical, and
Ivana's value of J ended up producing an intractible polynomial. Going forward, I will use Maple's
version unless told that I am full of fail.

In our effort to find the Eigen values for the Jacobian, we must first take its determinant...

> deferminant; 1= det(J — Identty*d),

Yacodian

dg!erm’nanfﬁxdg.‘y’uobia): = _u‘xu}u‘m_uxuyﬁx_uwu)l_uxlum_uxlﬁx_u‘xl2+uxgxru)
—B M, —B ML A~ M, — M A —A BX -t -2y, 2 p a2 ®3)
+lBXru)|

In order to proceed, we need to know the fixed point. This is a point in 3-space (because we have 3
independent variables) towards which the system will converge if the initial conditions and static
parameters allow it. I looked at Ivana's algebra, and looked at the output of solve() for M, and chose
Ivana's conclusion. For the sake of clarity in the following digression, I have reproduced the
conclusion of her algebra below...

L (rpa-pa)—n,|=0

J

| W, + B

Not knowing anything about the parameters, Maple gives a general solution for the M-component of
the fixed point, and not only is it awful looking, but it unnecessarilly complicates the model. The only
way for M to equal zero is for M to equal zero (haha). The static parameters of the model will not
allow this component of the fixed point to be zero any other way. So we do the needful and assign the
M-component of the fixed point to equal zero....
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> K= soive(f1=U,X);Y== soIve(t2=D, Y);M== 0;

Y
B M
(i + B3,
M=0 (4)

Next we set the independent variables equal the fixed points and show that we indeed have a third-
degree polynomial in A....

> deterninanti,, ai o

2

2 2 Awp 2,2
'“w”yum_”wﬁl_”x“)l_“wl”m_l E)—ux?. +67.ru)—?.u),um— n —u)_l, —lun
3 )}Br (5)
_ﬁ_)}_*—u}
Hy Hy

Now that we've verified that, we solve for A, thereby executing Dr. Nagy's choice. Our results for the
Eigen values will be given in terms of the constant parameters in the model....

> results = so!ve(de?erm‘mnf_wﬁm =

0,2);

1
P+u

result :=-u*,é— :-u),B—u}u,—umu,+Bru),

r 2.2 2 2.2 2 2 2 2 2 2
'*'.‘_IJ).B +2|J)‘Bu¥—2u)‘6umux—2p.y$r+u)’uw—2|.5‘uxum—2u)‘u.xﬁr+umux (6)

L2 /
=2 b+ 8w - 541,5 Wy Bty iy — Bruy
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+:U;BQ+2u;6u.x—2u)5umH—Qu;ﬁzr+u§ui—2u)u.zum—Qu;uwBrﬁ-uiu.i
22 Q\I'rg\l

—2umux6ru.y+6 b3 u.y}l

So we have two values for A. Both are negative, assuming that all the parameters are positive.

Let us verify this, and execute Michael's request by resolving the values of A into *actual numbers* by
specifying the parameters that we have heretofore left indeterminant.

> K, = 1-10'6;;1), = 1.?28~1l'.|'5;um 1= 1y r 0= 28 evalf (results[11); evalf (resulis[2]);

- 1
¥~ 1000000

W= 0.00001728000000
My = 1
r=28
-0.000001000000000

1 LU.SDUUUUOUUO 1\0.0004665600000 p — 0.000001000017280
f -+ 0.000001000000000 (7)

+/ 2176782336 107 B - 1.002256124 10° B + 9.999654403 10 ) )

So there exist two Eigen values, both of which are negative.

One of these results doesn't include {3. For the result that does, we can solve for it...

> solve(results[21,B);

-9.99999943 1077 (8)
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So {3 is equal (down to the limits of our precision in the parameters) to the first result. Both Eigen
values appear to be essentially equal.

Just in case we need it, I will also ask Maple for the Jacobian determinant again. Now that the model's
static parameters have been given concrete values, we will get a nice(r) quadratic...

> 0= deferminant;,, »;,

= -1.722000000 107" + 0.0004665600000 B A — 0.00001222001728 A + 465.5600000 2° p — 1.000018280 22 )
— 1000000 2%  —2°

Thank you to everyone on the team whose hard work made it possible for me to do all this number-
crunching during the free time in my freakish schedule.

---lan
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