Model E(C)

Hl=.5 p2=.;

T=.; t=.; t=.;

V=.; En=.; cl=.; cdl =.; c2=.;
ki=.; k2 = .;

-ul (t+ T+v) e-uz (T-t-t-Vv)

W = e

(En - (c1t + cdlt + clt + k1 (2k2 + ) / (k2+T) + c2(T -1t - 1T)))

k1l (2k2+ 1)
e*#Z(*‘UT—V—I)*Hl (t+v+T) (En—clt—Cdlt—CZ (-t+T-t1)-clr- 7}
k2 +t
delwbydelt = D[w, t]
(-cl+c2-cdl) et B TvE ud (Tver)
kl (2k2+1T)
e*u2(7t+T—v—t)*u1(t+v+t) (—/J1+/J2) En—clt-cdlt-c2 (ct+T-1)-clr- )
k2 +t

delwbydelt = D[w, t]
k1 k1l (2k2+ 1)

+ +

k2 +t (k2 +1)2

e H2 (B Tov=r il (tvet) 1 0y [En-clt-cdlt-c2 (~t+T-7) —clt-

k2 + T

k1 (2k2+t))
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sols = Solve[{delwbydelt == @, delwbydelt == @0}, {t, t}]

. Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solution

information. >

1clvkl vk2 p1  i1c2vkl Vvk2 ul
+ +

Ht» cl-c2+cdl+Enpul-klul-
cdl cdl

iclvkl Vvk2 p2

cdl

1+/cdl +/ k1 k2 pl+clk2pul-c2k2pul -c2Tpul-Enpu2 +k1 u2+

ic2vkl vk2 p2
-ia/cdl Akl \/k2 p2-clk2pu2+c2k2pu2+c2Tpu2

cdl
i Vkl Vk2 -+/cdl k2
(clul-c2pul+cdlpyl-clu2+c2u2-cdlu2), © - },
cd1l
1cl1Vkl Vvk2 ul i1c2vVkl vk2 pl
{te cl-c2+cdl+Enpl-klpul+ - -
cdl cdl

iclvkl vk2 p2
¥

i+/cdl A/k1l A/k2 pul+clk2pul-c2k2pl-c2Tpul-Enp2+k1pu2-

cdl
ic2vVkl Vk2 p2
+i+/cdl Akl k2 p2-clk2pu2+c2k2pu2+c2Tpu2 /
cdl
-1vkl vVk2 -+cdl k2
(clpl-c2ul+cdlpyl-clu2+c2u2-cdiu2), t- }}
cdl
No real general solution : must look on boundaries
Boundary | : t=0
wl = Simplify[w /. t -» 0]
k1l (2k2+ 1)
e VHITTHRV R T2 T [En —clr- —————+C2 (-T+1) J
k2 +t
delwlbydelv = D[wl, V]
k1 (2k2+ 1)
e VHTHawvpa T2t (1 42y |[En-clT - ——————— + €2 (-T+ 1) ]
k2 +tT

vcritl = Simplify[Solve[delwlbydelv == 0, v]]
{}

No solutions whent =0

Boundary2: =0

w2 = Simplify[w /. T - 0]

@ THIVHL 2 TU2VIZ By D k] - clt+c2t-cdlt-c2T)
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delw2bydelt = D[w2, t]

(*Cl L c2 - Cdl) ef‘t ul-v pl+t p2-T p2+v pu2 N

@ THLTVHITTUZTTUZVIZ (En _ 2 K1 -clt+c2t-cdlt-c2T) (-pl+u2)

tcrit2 = Solve[delw2bydelt == 0, t]

{({t->(cl-c2+cdl+Enpul -2kl 1l -c2Tul-Enpu2+2Kk1pu2+c2Tu2) /
((cl-c2+cdl) (ul-u2))}}

tcrit2 /. {En-> 50, c1l - 0.1, cdl - 0.2, c2 » 0.2,
d-» 0.3, ki - 0.1, ul -» 0.3, u2 - 0.4, T - 20, v » 16 - t}

({t—448.})

tcrit2 /. {En-> 50, c1l » 0.1, cdl - 0.05, c2 - 0.2,
d » 0.3, ki - 23.5, ul » 0.3, u2 - 0.4, T » 20, v » 16 - t}

{{t->10.}}

w2 /. {En-> 50, c1 » 0.1, cdl - 0.05, c2 -» 0.2, d » 0.3,
ki -» 23.5, uy1 - 0.3, uy2 - 0.4, T - 20, v->16 -t} /. t - 10

-0.000830779

Internal solutions possible when 1 = 0, but these not of interest, since w2 is at a minimum not a
maximum, rapid development being expensive.

Boundary 3: v=0

w3 = Simplify[w /. v > 0]
1

k2 + ¢
e (D2 (T (B (k2 4 7) —k1 (2k2+T) - (k2+T) (cdlt+cl (t+tT) -2 (t-T+1)))

delw3bydelt = D[w3, t]
_ (Cl ~c2+ Cdl) e—ul (t+T)+p2 (t-T+1) N ; e—ul (t+T)+p2 (t-T+1) (—ul . UZ)
k2 +t

(En (k2 +T) -kl (2k2+ ) - (k2+ 1) (cdlt+cl (t+t) -2 (t-T+1)))

tcrit3 = Simplify[Solve[delw3bydelt == 0, t]]
. Inverse functions are being used by Solve, so some solutions may not be found; use Reduce for complete solution

information. >

{{t-> (cdlk2+Enk2pul-2klk2ul-Enk2u2+2klk2pu2+cdlc+Enpulc-klpulc-Enpu2c+
kip2t-cl (k2+t) (-1+plc-p2c)+c2 (k2+t) (-1-Tpd+Tp2+pulc-p2c)) /
((cl-c2+cdl) (ul-p2) (k2+7T))})

w3dv = w3 /. {t » 16 -t}
1

16 + k2 -t
e H+ (16T w2 En (16 +k2-1t) -kl (16 +2k2-1t) - (16+k2-1) (16cl+cdlt-c2 (16-T)))
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tcrit3v = tcrit3 /. {t - 16 -t}

{{t-
(cd1k2+cdl (16 -t) +Enk2pul -2k1 k2l +En (16 - t) pl -kl (16 -t) ul - Enk2 2 + 2 k1 k2
U2 -En (16 -t) 2+ k1 (16 -t) u2-cl (16 +k2-t) (-1+ (16 -t) pl- (16 -t) u2) +
€2 (16 +k2-t) (-1+ (16-t) pul-Tpul- (16 -t) u2+Tp2)) /
((cl-c2+cdl) (16 +k2-t) (ul-u2))}}

t3 =t /. terit3v[[1]]
(cd1k2+cdl (16 -t) + Enk2 ul -2k1 k2 ul +En (16 -t) pul-k1 (16 -t) ul - Enk2 2 +
2k1k2p2 -En (16 -t) p2+kl (16 -t) u2-cl (16 +k2-t) (-1+ (16 -t) pul- (16 -t) p2) +
2 (16+k2-t) (-1+ (16-t) pul-Tpul- (16-1t) u2+Tu2)) /
((cl-c2+cdl) (16+k2-t) (ul-p2))

solt = Solve[t == t3, t]

{{t»(cl—c2+cdl—16c1u1+16c2u1+16cd1u1+Enul—k1u1+cd1k2u1—
c2Tpl+16clp2-16c2p2-16cdl 2 -Enpu2 + k1 p2 -cdl k2 2 +¢c2Tp2 -
J((~cl+c2-cdl+16clpl -16c2u1-16cdlpd —Enpl+ klpl - cdlk2 pl+c2 Tyl -

16c1u2+16c2u2+16cd1u2+Enu2—k1u2+cd1k2u2—c2Tu2)2—

4 (cdlpl-cdlpu2) (16cl-16c2+16cdl+clk2-c2k2+cdl k2 -256clul +
256 ¢c2 11 +16Enpl - 16 k1l - 16 c1 k2 il +16 c2k2 il + Enk2 pl -
2kl1k2u1-16c2Tul-c2k2Tpul+256¢cl1 2 -256c2 2 -16Enpu2 +16 k1 2 +

16c1k2u2—16c2k2u2—Enk2u2+2k1k2u2+16c2Tu2+c2k2Tu2)))/

(2 (cdlul—cd1u2))}, {t» (cl—c2+cd1—16c1u1+16c2u1+16cd1u1+
Enpl -klpul+cdlk2pul -c2Tpul+16clpu2-16c2u2 -
16 cdl u2 -Enp2 + k1 pu2 - cdl k2 2 +c2T p2 +
\/((—cl+c2—cd1+16c1u1—16c2u1—16cd1u1—Enu1+k1u1—cd1k2u1+c2Tu1—

16c1u2+16c2u2+16cd1u2+EnuZ—k1u2+Cd1k2u2—c2Tu2)2—

4 (cdlpl-cdlp2) (16cl-16c2+16cdl +clk2 - c2k2+cdl k2 - 256 c1 ul +
2562 1+ 16 Enpul - 16 k1l - 16 c1k2 ul+16 c2k2 ul + Enk2 ul - 2 k1 k2 pl - 16
c2Tpul-c2k2Tpul+256¢c1u2-256¢c2u2-16Enp2+16k1 2 +16c1k2p2-16c2

k2u2—Enk2u2+2k1k2u2+16c2Tu2+c2k2Tu2)))/ (2 (cdlul—cdl;JZ))}}

solt /. {En-> 50, c1 » 0.1, cdl - 0.15, c2 - 0.2,
d-» 0.3, ul - 0.3, u2 - 0.4, T » 20, ki1 - 0.2, k2 » 0.2}

{{t—>312.668}, {t > 16.1991}}

solt /. {En-» 50, c1 - 0.1, cdl - 0.15, c2 - 0.2,
d-» 0.3, ul - 0.3, u2 - 0.4, T » 20, k1l - 2, k2 » 2}

{{t>300.761}, {t > 17.9057}}

solt /. {En-> 50, c1 - 0.1, cdl - 0.15, c2 - 0.2,
d > 0.3, ul > 0.3, u2 > 0.4, T » 20, k1 » 2, k2 » 20}

{{t >301.67}, {t > 34.99631}

solt /. {En-> 50, c1 - 0.1, cdl - 0.15, c2 - 0.2,
d-> 0.3, ul > 0.3, u2 » 0.4, T » 20, k1 > 20, k2 > 20}

({t > 197.208}, {t > 19.4583}}



solt /. {En-» 50, c1 - 0.1, cdl - 0.15, c2 - 0.2,
d-»0.3, ul - 0.3, u2 - 0.4, T » 20, k1 - 20, k2 » 2}

{{t > 182.29}, {t > 16.37691}

solt /. {En-» 50, c1 - 0.1, cdl - 0.05, c2 - 0.2,
d-> 0.3, ul » 0.3, u2 » 0.4, T » 20, ki1 » 0.2, k2 » 0.2}

{{t > 958.001}, {t > 16.1992}}

solt /. {En-> 50, c1 - 0.1, cdl - 0.25, c2 - 0.2,
d-> 0.3, ul » 0.3, u2 » 0.4, T »> 20, ki1 » 0.2, k2 » 0.2}

{{t - 183.601}, {t > 16.199}}

But t <= 16, so none of these solutions work either
Need to look in the corners, too
weo = Simplify[w /. {t - 0, t - 0}]
@ VHLTHZVI2 (En 2kl -c2T)
weo /. {En- 50, c1 » 0.1, c2 -» 0.2,
d-» 0.3, ul - 0.3, u2 - 0.4, v-»16, T » 20, k1 » 1}
0.0731085

woT = Simplify[w /. {t » 0, v - 0}]

ki (2k2+ 1)
En-clt-—— " 4c2(-T+1)
k2 + T

e—T u2-pl t+p2 T

woT /. {En-> 50, cl » 0.1, c2 - 0.2, d » 0.3,
ul - 0.3, u2 - 0.4, t » 16, T » 20, k1 - 1, k2 -» 1}

0.0773308
woT /. {En-> 50, cl » 0.1, c2 » 0.2, d » 0.3,

ul - 0.3, u2 - 0.4, t » 16, T » 20, k1 - 1, k2 -» 1}
0.0773308
woT /. {En-> 50, cl » 0.1, c2 » 0.2, d » 0.3,

ul - 0.3, u2 - 0.4, t » 16, T » 20, ki1 - 20, k2 » 20}
0.0273972

wT@ = Simplify[w /. {v -» 0, T > 0}]

e tHrtu-Tu2 (En 2 Kkl-clt+c2t-cdlt-c2T)

wio /. {En-> 50, cl1 » 0.1, cdl » 0.15, c2 -» 0.2,
d-» 0.3, yul - 0.3, u2 - 0.4, t - 16, T - 20, ki1 » 1}

0.0717793

Maximize [

SWPG Model E(C).nb | 5

{w /. {En-> 50, c1 - 0.1, cdl -» 0.15, c2 - 0.2, d » 0.3, ul -» 0.3, u2 - 0.4,

T>20, v>16 -t -7, k1 > 1, k2 > 1}, @ <t, @ <, t

{0.0773308, {t - 3.39025 x 10°°, t > 16.}}

<16-t}, {t, t}]
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Maximize[
{w /. {En-> 50, c1 » 0.1, cdl » 0.15, c2 » 0.2, d » 0.3, ul - 0.3, u2 - 0.4,
T>20, v>16-t-1, ki > 2, k2 »2}, 0<t, 0<ct, ts16-t}, {t, t}]

{0.0753978, {t > 6.91589x10°, > 16.}}
Maximize [

{w /. {En-> 50, c1 - 0.1, cdl -» 0.15, c2 -» 0.2, d
T>20, vo>16 -t -1, ki > 20, k2 > 0.2}, ©

0.3, ul - 0.3, u2 -» 0.4,
t, @ <t, t<16-t}, {t, t}]

{

IA

{0.0454487, {t - 5.64628 x 107, t > 16.}}

Maximize [
{w /. {En-> 50, c1 - 0.1, cdl -» 0.15,c2 - 0.2, d » 0.3, ul - 0.3, u2 - 0.4,
T->20, v->16 -t -t, ki - 0.2, k2 - 20}, @ < t, @ < t, t<16-t}, {t, t}]

{0.0785732, {t - 3.23792 x 10°°, t > 16.}}

w /. {En-> 50, cl » 0.1, cdl1 » 0.15, c2 » 0.2, d » 0.3,
ul - 0.3, u2 - 0.4, T>20, v>90, t->8, t->28, ki-»>1, k2 » 1}

0.0752501

w /. {En-> 50, cl1 » 0.1, cdl -» 0.15, c2 » 0.2, d -» 0.3,
ul - 0.3, u2 - 0.4, T>20, v>90, t->3,t-> 13, k1 » 1, k2 » 1}

0.0765622

Maximum appears to be when {t » 0, v -» 0}

Maximize [
{w /. {En> 50, c1 - 0.1, cdl - 0.5, ¢c2 - 0.2, d » 0.3, ul -» 0.3, u2 - 0.4,
T520, vs16-t-1t, k1 5 0.2, k2 > 20}, @ <t, @ < t, t<16-t}, {t, t}]

{0.0785732, {t 50., ¢ >16.})



