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ni]= (* First set up the linear system of
equations for m and the coefficients c[n] =*)

n2- tab[la_, L_, e_, Pout_, max_] :=
Join[{c[0] /2-1la (1+mL/2+c[0]L"2/12+L"2Sum[c[n] /n"2/Pi"2, {n, 1, max}] -
c[0] /2Log[l/e]), 1+mL+c[0]L"2/4+
L*2Sum[c[n] (1-(-1)"n)/n"2/Pi"2, {n, 1, max}] - Pout},
Table[c[n] -1la (2mL (-1+ (-1) "n) /n"2 /Pi"2+
c[0]L"2 (-1)*n/n"2/Pi*2-L"2¢[n] /n"2/Pi"2-
BesselK[0, nPie/L] c[n] / (nPie/L) /BesselK[l, nPie/L]), {n, 1, max}]]

n3l= (* Solve the system and evaluate the tube pressure P(z) and flux Q(z) =*)

n4:-= sol[la_, L_, e_, Pout_, max_] := (ss = Solve[
Evaluate[tab[la, L, e, Pout, max] == 0], Join[{m}, Table[c[n], {n, 0, max}]]];
Q0=c[0] /2+Sum[c[n] Cos[nPiz /L], {n, 1, max}] /. ss[[1]];
P=1+mz+c[0]z"2/4+
L*2 Sum[c[n]/n‘Z/Pi‘Z (1—Cos[nPiz/L]), {n, 1, max}] /. ss[[l]];)

ns- sol[1l, 1, 0.1, 0.1, 50]; P50 = P; 050 = Q;
me- sol[1l, 1, 0.1, 0.1, 100]; P100 = P; 0100 = Q;

n7= (* Now plot P(z) and Q(z) for some particular paremeter values.
Here we test the effect truncating the system at n=50 and n=100 %)

ng= Plot[{P50, P100}, {z, O, 1}, AxesLabel -» {z, "P"}]
P

1.0k
0.8
06}
out[g]=
04}

0.2+

02 0.4 06 0.8 10 °

no:= Plot[{Q@50, 0100}, {z, O, 1}, AxesLabel -» {z, "Q0"}]
Q

0.3

out[9]=

0.2 0.4 0.6 0.8 1.0

nfo)= (# The differences are negligible so the scheme has converged well =)
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1= (* Next compute the net flux q =*)

2= qsol[la_, L_, e_, Pout_, max_] :=
c[0] /2 /. Solve[Evaluate[tab[la, L, e, Pout, max] == 0],
Join[{m}, Table[c[n], {n, O, max}]]]1[[1]]

nis= (* Test the effect on q of varying e *)

4~ Table[{1/ (Log[2] -k Log[10]), gsol[1, 1, 10"k, 0.1, 100]}, {k, -20, -1, 0.1}];

5= qpl = ListPlot[%, Joined -» True, AxesLabel -» {1 /Log[2 /€], q}];

iniel= qp2 = Plot[0.55z, {z, 0, 0.1}, PlotStyle -» Dashed];

7= Show[qpl, qp2]

0.08

Out[17]=

0.02 -

1

0.05 0.10 0.15

nig= (* This shows that the solutions agrees with the asymptotic behaviour

- (1+Pou¢)
q 3 Tog(2/0) as € » 0.

*)
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ni}= (* This is going to solve the
discretised integral equation for Exercise 3.8 )

n2i= (* First set up and solve the linear system x)

ng= A[n_, m_, d_, e_] :=ArcSinh[d (m-n+1/2) /e/S[(n+1/2)d]]-
ArcSinh[d (m-n-1/2) /e/S[(n+1/2)d]]

n4:= prob[e_, max_] := Table[
f[n] - Sum[A[n, m, 1/ max, e] £[m], {m, -max, max-1}] == 4Pi, {n, -max, max - 1}]

ns- sol[e_, max_] := Table[{(n+1/2) /max, £[n]}, {n, -max, max-1}] /.
Evaluate[Solve[prob[e, max], Table[f[n], {n, -max, max-1}]][[1]]]

nel= (* Print solution and compare with leading-order approximation

4Pi
£(z) -~ " 2log(2/€)-1 *)

n7= printsol[e_, max_] :=
Show|[Plot[-4Pi/ (2Log[2/e] -1), {z, -1, 1}, PlotStyle - Darker[Red],
PlotRange - Full] , ListPlot [Evaluate[sol[e, max]]],
Plot[-4Pi/(2Log[2/e] -1), {z, -1, 1}, PlotStyle - Darker[Red]],
AxesLabel - {z, £[z]}]

nel= (* First example: ellipsoid #)
nel= S[z_] :=Sqrt[l-2z"2]

info)= printsol[0.02, 50]

-1.0 -0.5 0.5 1.0

out[10]=

-3.0

nf1]= (* Pretty good. Approximation should be exact in this case %)
n12}= (* Another example =*)

3= S[z_] := Cos[Piz /2]
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inf4]= printsol[0.02, 50]

f(z)
. . . o,
-1.0 -0.5 0.5 1.0

-0.5F

[ ] [ ]

. ~10f °

Out[14]= > ,‘-_ﬂ"'

20}
-25F
-3.0F

nis= (* Approximation not so close but still gives right order of magnitude %)
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