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Solutions 13 (Ordinary Differential Equations Il / lll)
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1. From the script we get that the estimation of the error is equal to e, = Ehk (k, —k;) and the step-

size adaptation is ruled by the formula %, =5,
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and £ =107 +107"|y,].
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The next plots show the coordinates of the solution and the evolution of total (200) and pro-
ceeded (119) step-sizes.
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2, We apply the "midpoint method" to the Dahlquist equation y'= Ay y(0)=1 (4€C). This
implies the r.h.s. formula f(x,y)= Ay and
Yo = 1
1 1 2
Vin =Y, +h| Ay, + 4 EhAyk = 1+hA+§(hA) Vi
Function F (hA)=F(z)
2
Therefore the A-stability polynomialis F'(z)=1+z +% (z = hA) .This is the same polyno-
mial as in Example 1.11 (Heun method) and from there we get (-2,0) for the A-stability interval
on the negative real axis.
3. The A-stability polynomial is
F(z)=1+bk/(z)+b)k,(z) + bk;(z) + 0k,(2)
whereas
k(z)=z
k,(z)=z l+lk (2) |=z 1+lz
? 2 2
1
ky(z) = z(1+ =1k, (2) + 2k, (2)) = Z(l —z+ 22(1 + EZ)J =z+z2 +2
Therefore F(z)=1+ lk (z2)+ gk (z2)+ lk (z)=14z+ lz2 + l23
6 37 6" 27 6
Cf. Example 1.13 (script).
4, The A-stability polynomial is the same as in Problem 2 ("midpoint method"):

2

F(z)=1+z+% (z = hA).

The A-stability interval on the negative real axis therefore is (-2, 0). Substituting 4 with the par-
_ 2%
2Jx*+y°
the A-stability constraint —2< Ah <0< -2 < fyh <0< -2<-h<0, and this is fulfilled for
h = 1. It can be concluded that the stiffness test is negative (no stiffness detected).

tial derivative fy =— yielding the value -1 at (0,4) ... the stiffness test reduces to



