7Examp|e 8.11 Diffusion in a Slab with Nonhomogeneous Flux Boundary Condtions during the
Charging of a Battery
| Equation (8.1.27) is solved in Maple and the results are given below:

> restart:with(inttrans):with(plots):
> eq:=diFF(U(X,t),t)=diFFU(X, 1) ,x$2);

eq:= % u(x, t) :% u(x, t)

> u(x,0):=0;
u(x,0):=0
> bcl:=diff(u(x,t),x)=0;

0
bcl := x u(x, t) =0

> bc2:=diff(u(x,t),x)=delta;
0
bc2 := X u(x,t) =0

i
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egs:=laplace(eq,t,s):
egs:=subs(laplace(u(x,t),t,s)=U(x),eqs);
¢
eqs:=sU(x) =—= U(x)
| dx®
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bcl:=laplace(bcl,t,s):

bcl:=subs(laplace(u(x,t),t,s)=U(x),bcl);
—d _
bcl = I U(x) =0

Vv

[> bc2:=laplace(bc2,t,s):
> bc2:=subs(laplace(u(x,t),t,s)=U(x),bc2);
d )

bc2 := ™~ U(x) :;

> dsolve(eqgs,U(X));
U(x)= Cle®*+ coe V¥
> U(X):=c[1]*cosh(s™(1/2)*x)+c[2]*sinh(s™(1/2)*X);
U (x) := ¢, cosh(ys x) +c,sinh(s x)
[> eqO0:=eval (subs(x=0,bcl)):
[> eql:=eval (subs(x=1,bc2)):

[> con:=solve({eq0,eql},{c[1].cl2]}):
> U(X):=subs(con,U(x));
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U(x) :=Factor(combine(simplify(U(x))));
. = cosh(y/'s x)
" sinh(ys) $¥2

P(s) :=numer(U(x));
P(s) :=&cosh(ys x)

Q(s) :=denom(U(x));
Q(s) :=sinh({s) &
solve(Q(s),s);
0
_EnvAllSolutions := true;
_EnvAllSolutions := true
solve(Q(s).s);
7 71-% 0
0,0,-n"2*Pi"N2;
0,0, -n’n
mu0:=0;
10:=0
b[2] :=(s-mu0)"2*P(s)/Q(s);
b = J's 8cosh(s x)
2 sinh(Vs)
B[2]:=limit(b[2],s=0);
B,:=0

b[1]:=diff(b[2].,s):
B[1]:=limit(b[1],s=0);
Bl::%ﬁxz—%é‘)

A(s) :=P(s)/difF(Q(s),s):
A[n]:=simplify(subs(s=mu,A(s))):;

A = 2 SCOSh<\/E x)

" cosh(\/E) u+3sinh<\/E> \/E

A[n]:=simplify(subs(mu™(1/2)=1*n*Pi,mu=-n"2*Pi™2,A[Nn])):

vars:={cos(n*Pi)=(-1)"n,sin(n*Pi)=0};

vars := {cos(nm) = (-1)", sin(n )

A[n]:=simplify(subs(vars,A[n])):
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A[n]:=simplify(subs(vars,expand(A[n])));
2 (-1)* ""8cos(nmx)

2
n21'C

Aﬁz

bls:=B[1]*subs(mu0=0,1/(s-mu0));

1ce2 1
> O X 5 o

bls:=

blt:=1nvlaplace(bls,s,t);
blt::%8(3x2—1)

b2s:=B[2]*subs(mu0=0,1/(s-mu0)"2);

)

b2s:= —
g

b2t:=1nvlaplace(b2s,s,t);
b2t := ot

uns:=A[n]/(s-mu);
2 (-1)' "8 cos(nmx)

nzng(s——u)

uns ;=

unt:=invlaplace(uns,s,t);
2 (-1)"8cos(nmx) e

2
n21'C

unt:= -

unt:=subs(mu=-n"2*Pi~2,unt);

-n2 2t

2 (-1) "8cos(nmx) e

unt := -
’r
U:z=blt+b2t+Sum(unt,n=1._1in finity)
« n2 't
1-8(3x2—].-+6t 2: Mdcos(nmx) e
6 n=1 i

u:=piecewise(t=0,0,t>0,subs(infinity=20,U)):
plot3d(subs(delta=1,u),x=0..1,t=0..0.5,axes=boxed, title="Figure
Exp. 8.20.", labels=[x,t,"u"],orientation=[-135,60]);
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Figure Exp. 8.20.




