Spencer et al. Model B

ul=_.; pu2=_.;T=.; t=.; t=.;Vv=.; En=.; cl=.; d=.; c2=.;

W= eHl(trzev) gu2(T-t-z-V) (Fn _(clt +clt +d+c2(T-t-1)))

e 2 ((BTv-m)ul (Lvet) (_d L En-clt-c2 (-t+T-t) -clt)

delwbydelt = D[w, t]
(‘Cl + CZ) @7“2 (~€+T-v-1) -ul (t+v+r) "

e 2 (e TV ul (vet) (i1 4 1u2) (-d+En-clt-c2 (-t+T-t) -clr)
delwbydelt = D[w, t]

(—Cl N C2) efu2 (-t+T-v-t) -ul (t+v+1) i
e M2 ((teT-ver)—ud (tever) (9 4 2) (-d+En-clt-c2 (-t+T-t) -clt)

sols = Solve[{delwbydelt == 0, delwbydelz == 0}, {t, t}]

Solve:zifun : Inverse functions are being used by Solve, so

some solutions may not be found; use Reduce for complete solution information. >

Solve:svars : Equations may not give solutions for all "solve" variables. >

-cl+c2+dul-Enpl+c2Tpul-dpu2+Enpu2-¢c2T pu2
{{zo-t- })
(cl-c2) (pl-p2)

No general solution : must look on boundaries

Boundary | : t=0

wl = Simplify[w /. t » 0]

e VKl Tr2evi2opl ezt (d _En+c2T+clt-c2 1)

delwlbydelt = D[wl, t]

_ (Cl—CZ) e*V/Jl*THZ‘FVHz*Ml T+U2 T _ erulfTu2+Vu27ul T+U2 T (—/J1+/J2) (d _En+c2T+clt-c2 t)

zcritl = Solve[delwlbydelz == 0, t]
{{t>(cl-c2-dul+Enpul-c2Tul+du2-Enp2+¢c2Tu2) / ((cl-c2) (ul-u2))}}

wlv = wl /. {v » 16 -t}

7e—Tu2—ul (16-t) +p2 (16-t)-pul t+u2 ¢ (d _En+c2T+clzt-c2 t)

wmaxl = Simplify[wlv /. zcritl[[1]]]

(Cl _ C2) e—lGul—(—16+T) u2

—ul + 2

wmaxl /. {En- 50, cl -» 0.1, c2 - 0.2, d » 0.3, pul » 0.3, u2 » 0.4, T » 20}
-0.00166156
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Boundary2: 7=0

w2 = Simplify[w /. t » 0]

—e BV e (tTov) 12 (d _En+clt-c2t+c2T)

delw2bydelt = D[w2, t]

- (cl-c2) e (TV) il (BTov) 12 o= (GV) ple (TV) 12 (d _En+clt-c2t+C2T) (-ul+pu2)
terit2 = Solve[delw2bydelt == 0O, t]
({t->(cl-c2-dul+Enpul-c2Tpul+du2-Enpu2+c2Tu2) / ((cl-c2) (ul-pu2))1}
Exactly the same as Solution for r whent =10

w2v = w2 /. {v » 16 -t}

e 161+ (16-T) 12 (d _En+clt-c2t+c2T)

wmax2 = Simplify[w2v /. tcrit2[[1]1]]

(*Cl + C2) eflﬁ ul-(-16+T) u2

ul — 2

wmax2 /. {En-» 50,cl - 0.1, c2 - 0.2, d - 0.3, pul - 0.3, u2 - 0.4, T -» 20}
-0.00166156

Boundary 3: v=0

w3 = Simplify[w /. v » 0]

—el (B2 (ET+T) (d _Ent+clt-c2t+c2T+clt-c21)

delw3bydelt = D[w3, t]
~(Cl-c2) et (BD)#u2 (t-Ter) _
e Hl (B0) w2 (6Ter) (9 . 2y (d-Ens+clt-c2t+c2T+clc-c2r)

terit3 = Simplify[Solve[delw3bydelt == 0, t]]

{({€t-> (-(d-En) (u1-p2) +c2 (-1-Tpdl+Tp2+pulc-p2ct)+cl (l-plc+u2zc))/
((el-c2) (u1-u2))1}

w3v = w3 /. {t » 16 -t}

e 161+ (16T 2 (d _En+cl (16-t) -c2 (16-t) +clt-c2t+c2T)

wmax3 = Simplify[w3v /. tcrit3[[1]]]

—e16K1- (16T 2 (16cl1+d-En+c2 (-16+T))

wmax3 /. {En- 50, cl -» 0.1, c2 - 0.2, d » 0.3, pul » 0.3, u2 » 0.4, T » 20}
0.0785917

Need to look in the corners, too
w00 = Simplify[w /. {t - 0, t -» 0}]

—e Vil TH2VI2 (4 _En s c2T)
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w00 /. {En-» 50, cl » 0.1, c2 » 0.2,
d-» 0.3, ul - 0.3, u2 - 0.4, v » 16, T -» 20}

0.0759332

wOT = Simplify[w /. {t - 0, v » 0}]

—e TH2ulTh2T (d _En+c2T+clt-c2t)

wOoT /.
{En -» 50, cl » 0.1, c2 - 0.2, d » 0.3, ul - 0.3, pu2 - 0.4, = » 16, T » 20}

0.0785917

wTO = Simplify[w /. {v » 0, t » 0}]

e tHl 2 T2 (g _Entclt-c2t+c2T)

wTO /.
{En-> 50, cl1 » 0.1, c2 - 0.2, d » 0.3, ul - 0.3, u2 - 0.4, t » 16, T » 20}

0.0785917

{rcritl[[1]], terit2[[1]]1} /-
{En-» 50, cl » 0.1, c2 - 0.2, d » 0.3, ul - 0.3, u2 » 0.4, T » 20}

{{t—>-467_.}, {t-> -467.}}

Not biological solutions
{wmaxl, wmax2, w00, wOT, wTO} /.
{En - 50, cl » 0.1, c2 - 0.2, d » 0.3, ul - 0.3, u2 » 0.4, T » 20}

{-0.00166156, -0.00166156, 45.7 e & 0-1V,
~e8-0-1r (_45.7-0.11), -e®01t (_45.7-0.11) |

Maximize[{w /. {En-» 50, cl -» 0.1, c2 - 0.2, d » 0.3, ul » 0.3,
w2 » 0.4, T->20, v>16-t-t}, 0<t, O <z, t=<16-1t}, {t, t}]

{0.0785917, {t->16., t >0.}}

{wmaxl, wmax2, w00, wOT, wliO} /. {L » 0.9,cl » 0.01,
c2 - 0.2, cd »0.3,ul - 0.3, p2 - 0.2, ud » 0.25, T » 20}

{0.00702594, 0.00702594, e *- -1V (4. +d-En),
e 01t (4. +d-En-0.191), ~e* %1t (4. +d-En-0.191) |}

{wmaxl, wmax2, wOO, wOT, wiO} /. {L » 0.9,cl » 0.01,
c2 - 0.2, cd »0.21,u1 » 0.3, pu2 » 0.2, ud » 0.29, T » 20}

{0.00702594, 0.00702594, e *- -V (4. +d-En),
e 01t (4. +d-En-0.191), ~e* %1t (4. +d-En-0.191) |}

w /. {En-» 50,cl » 0.1, c2 » 0.2, d » 0.3,
ul - 0.3, u2 0.4, T>20, v->0, t-»>8, t » 8}

0.0785917

w /. {En-» 50,cl » 0.1, c2 » 0.2, d » 0.3,
ul - 0.3, u2 0.4, T>20, v->0, t->3, t-» 13}

0.0785917



