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Modeling of Airplane Movement in Tornado and Time
Optimal Trajectories

B. Bidabad ; F. Ahangari
ABSTRACT

Tornado phenomenon is a natural disaster that can be studied by using a special plane, called Tornado
plane and a weather reconnaissance device called dropsonde. Finding the optimal time trajectories for the
airplane, in order to exit the tornado region as soon as possible is indispensable. In this paper, it is
considered the problem of airplane movement in tornado at point of view the Finsler geometric and a
mathematical model for the time optimal trajectories of airplane in tornado is presented. It has shown that
the geometry of airplane movement in tornado is of Randers type. Therefore, the time optimal trajectories
of this problem will be the geodesics of this Randers metric. Finally, an example of a plane entering into a
tornado is shown and the graph of time optimal trajectories has been sketched.

KEYWORDS
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> restart:

> with(plots): with(plottools}):
with (DEtools) :

>n = 3;

> F = (y[1]*x[2]-y[2]*x[1])/ {1~
x[1]1"2-x[2]"2)+({sqrt((-
yIi1l*x[2]+y[2]*x[1]) "2+ {(1-x[1]1"2~
x[2]72) *(y[1]1*2+y[2]1"2+y[3]1"2))/ (1~
x[1]"2-x[2]72));

> for i from 1 to n do

Efi] := diff(subs(['x[j] = x[3](t)"
$3=1..n, 'y[3] = y[3l(t})' § 7 =
1..n], dif€(F, yl[il)), &) -
subs ([ 'x[3] = x[jI(t)' $ 3 = 1..n,
'v[31 = y[31(8)" § 3 = 1..n], diff(F,

x[i])):

end do:

> sys := {'E[j] =0' $ 3 =1..n,
'diff (x[31(E), &) = yI[3lI(B)' §$ 3 =
1..n}:

> inite = [x[1](0) = 0.1, x[2](0) =

0.1, x[3](0) = 0.1, y[1](0) = 0.1,
yvI[21(0) = 0.1, y[3]1(0) = 0.1];

> DEplot3d(sys, [x[3j1(t}) $§ 3 = 1..n,
yI[31(t) $ 3 =1..n], £t = 0..1,
[inite], scene = [x[1](t), x[2](t),
x[31 () 1) '
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i Maple

2 Tommado Pilots

3 Dropsonde

4 National Center for Atmospheric Research (NCAR)
5 General Positioning System (GPS)
6 Indicatrix

7 Shifting

8 Shifted Set

9 Zermelo Navigation Problem

10E. Zermelo

11 Spray

12 Geodesic
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