;The Lead model

A(t) is the amount of lead in the blood at time t
B(t) is the amount of lead in the bones at time t
J is the amount of lead going into the body from the environment (assume constant)

[ > eql :

= diff(A(t),t) = J -k1*A(t) - kK3*A(t) + k2*B(t);
eq2 := diff(B(t),t) = kK1*A(t) - k2*B(t);
eq1:=% (t) = J— kI A(t) — k3 A(t) + k2 B(0)
eql:= % B(t) = k1 A(t) — k2 B(t) (1)
=> Equilibrium := { rhs(eql) = 0, rhs(eq2) = 0 };
i Equilibrium := {k1 A(t) — k2 B(t) =0, J— k1 A(t) — k3 A(t) + k2 B(t) =0} (2)
[ > solve( Equilibrium, {A(t),B(t)} );
_J _ k1]
{Am_ k3 P = ks 3

:> sol := dsolve( {eql1l,A(0)=0,eq2,B(0)=0}, {A(t),B(t)} ):
L UGLY FORMULA note shown

>J = 1;
kl:=0.1;
k2 := 0.02;
k3 :=0.1;
J=1
kl1:=0.1
k2:=0.02
i k3:=0.1 (4)
> sol;
{A(t) = -5.497518582 ¢ 00095012438t _ 4 502481402 ¢ 0-21049875621 4 1000000000, (5)
| +50.00000000}
> map( rhs, sol );
{-5.497518582 ¢ 0-00950124381_ 4 502481402 ¢ 021049875621 1 11.00000000, (6)

-52.36352270 ¢ 0095012438001 4 5 363555759 021049875621 4 50 00000000}
> plot( map(rhs,sol), t=0..200 );
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> solve( Equilibrium, {A(t),B(t)} );
{A(t) =10, B(t) =50.}

| > with(DEtools):

> DEplot( {eql,eq2}, {A(t),B(t)}, t=0..300,
{[A(0)=0,B(0)=0],[A(0)=10,B(0)=0],[A(0)=10,B(0)=80]},
linecolor=blue, numpoints=200 );
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:> restart;
. The House heating model

We have a house with two rooms A and B and B has a furnace F in it
A(t) is the temperature in room A and

B(t) is the temperature in room B and

Am is the outside air temperature.

> del := diff(A(t),t) = +Kk1*(B(1)-A(t))-k2*(A(t)-Am):

del = % A(D) = kI (B(1) — A(1)) — k2 (A() — Am)

(7)

(8)



> de2 := diff(B(t),t) = -k1*(B(t)-A(t))-k3*(B(t)-Am)+F:

de2:= % B(t) = -k1 (B(t) —A(t)) — k3 (B(t) —Am) + F

> TempEquil := solve( map( rhs, {del,de2} ), {A(t).B(1)} ):
s kI k3Am+ kI F+ k3 k2 Am + kI k2 Am
TempEquil:= {A( 0= k3 k1 + k3 k2 + k1 k2 , BUY

_ k1 k3Am+ Kkl F+ k3 k2Am+ ki k2Am+k2F}

i k3 k1 + k3 k2 + k1 k2

> collect( TempEquil, F);

{A(t) _ k1l F n k1 k3 Am+ k3 k2 Am+ k1 k2 Am
k3 k1 + k3 k2 + k1 k2 k3 k1 + k3 k2 + k1 k2

_ (k1 +k2) F k1 k3 Am+ k3 k2 Am+ ki kZAm}
i k3 kI + k3 k2 + Kkl k2 k3 kI + k3 k2 + Kkl k2
[> collect( TempEquil, F, simplify );

B k1 F B (k1 +k2) F
{Am k3 kl+k3k2+KkI k2 +Am, B(t) = k3 k1 + k3 k2 + kI k2

:> dsolve( {del,de2,A(0)=Am,B(0)=Am}, {A(t),B(t)} );

L Ugly

> Am
k2 :
k1l :

, B(1)

0;
k3;
2*k2;

Am:=0
k2:=k3
i k1:=2k3
> dsolve( {del,de2,A(0)=Am,B(0)=Am}, {A(t),B(t)} );

_Ee-tk3F+1 Stk3p L o | D otk 1

+Am}
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— € — €
2 2 ,B(t)=% 2 2

_ 1
AlD) =~ K3 K3

F:=5
] k3:=0.1
[> sol := dsolve( {del,de2,A(0)=Am B(0)=Am}, {A(t),B(1)});

st -t t - =t
i SOI:z{A(t)zSe * —25¢ ' 4+20,B(t)=-5¢ * —25e¢ 'O 430
> plot( map(rhs,sol), t=0..50 );
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DEplot( {del,de2}, {A(t),B(t)}, t=0..40, A=0..50,B=0..50,

[[A(0)=0,B(0)=0],[A(0)

> with(DEtools):
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