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The talk is based on material from the new book [2] to appear in the Fall 2006. A preliminary version of
the book can be downloaded from www.fenics.org [8] or www.bodysoulmath.org [7].

We present resolutions of the following three mysteries, which have haunted scientists over centuries:

1. d’Alembert’s Mystery: Zero drag of inviscid flow.

2. Loschmidt’s Mystery: Time reversibility in Hamiltonian systems.

3. Sommerfeld’s Mystery: Stability of Couette flow.

All these mysteries reflect paradoxes, where phenomena predicted by mathematics are not at all observed
in reality. Since science is supposed to be rational and based on mathematics, paradoxes are catastrophical
for the credibility of science, and thus have to be resolved (or covered up), in one way or the other, at
any price [4].

1. d’Alembert’s Mystery

In d’Alembert’s Mystery formulated in 1752 [1], mathematics predicts that a body may move through a
fluid with zero (very small) viscosity, like air and water, with zero (very small) resistance or drag. But
everbody knows that this is impossible; the drag increases roughly quadratically with the velocity and
becomes very substantial for higher velocities.
The cover up of d’Alembert’s Mystery is to blame the assumption of zero viscosity for the erronous
prediction: In reality there is always some possibly very very small viscosity (of some nature), which
changes everything (in some mysterious way).

2. Loschmidt’s Mystery

In Loschmidt’s Mystery formulated in 1876 [3], mathematics of systems with zero viscosity predicts that
time reversal and a perpetum mobile is possible. But everybody knows that time is always moving
forward and that a perpetum mobile is impossible.
The cover up of Loschmidt’s Mystery is to introduce statistical mechanics based on microscopic games
of roulette.

3. Sommerfeld’s Mystery

In Sommerfeld’s Mystery from 1908 [6], mathematics predicts that the simplest of all flows, Couette flow
with a stationary linear velocity profile, is stable and thus should exist. But nobody has ever observed
this flow in a fluid with small viscosity.
The cover up of Sommerfeld’s Mystery is to say that a linear velocity profile is too simple for the
mathematical theory to apply [5].

4. Mystery Resolution

We will resolve all three mysteries by showing computationally that stable turbulent approximate solu-
tions to the the inviscid incompressible Euler equations do exist, while stable exact laminar solutions do
not exist.
d’Alembert’s Mystery will thus be resolved by observing that d’Alembert’s zero drag exact potential
solution is unstable and instead a turbulent approximate solution develops with substantial drag.
Loschmidt’s Mystery will be resolved by observing that the existing turbulent approximate solutions
to the inviscid Euler equations are not reversible, because of substantial turbulent dissipation on all
computational meshes, while exact solutions to the Euler equations would have been reversible had they
only existed, but they don’t.
Sommerfeld’s Mystery will be resolved by computationally observing that Couette flow is unstable and
by understanding that a mathematical stability analysis based on the eigenvalues of a non-normal matrix
may be incorrect.
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