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Euler’s Polygonal Method:

Let tO e R.

Let b € R with to < b.
Let M be a open subset of R with M # .
Let £ : M’x[to,b} — R be a mapping.

Let n e M.
Let h G]R+.

Take a look at the “Initial Value Problem”:
y’ = f(Yrt)
v (tg) =

With the following recursion you get an approximation for this
IVP

Yig1 =75 ¥ Af(vyety)
ti+1 = ti + h

This recursion is called “Euler’s Polygonal Method”. It is
well known and can be found in “Stoer, Bulirsch: Numerische
Mathematik 2, Springer-Lehrbuch”.

For the number n e NO of steps in this method we have:



Modification:

Take a look at the following example f : R x[to,b}—» R with
b —>1 b<l:

Yt e[}o,b} Vy € R f(yyt):z sin(1 ltj

In this example you must adapt h € R%_ for £ to get reasonable

results. My suggestion is:

h

\/1 + (f (yi,ti ))2
Hegg — 1) £ vy t)

The number of steps in this method depends on b, tO’ h and f.

iy Tt F

Yig1 = Y5

Cave: Check for endless loop!

Explanation:

The suggestion is the result of trying to run through the re-
cursion with arc length = 1. For any ea,f € R with ¢ < f and

any continuously differentiable mapping g :[a, f] > R you
have:

t
Ve, t, € [a Bl ArcLength (g ‘[tl’ t, }) _ j2 1+ (9 (f))Z dr
21

This can be found in “Bronstein, Semendjajew: Taschenbuch der
Mathematik, Verlag Harri Deutsch, Thun und Frankfurt (Main)”.



Discussion:

The example f : R x[to,b] — R has an important property:

Vt e [to,b} Vy e R (f(y,t) =0 = (t is irrational»

So, if you get f(y,t) =0 on your computer, you made a roun-
ding error! This means especially:

Jl - (f (yi’ti))2

The new method is more accurate than Euler’s Polygonal Method.

< h (in the new polygonal method for f£)




