
enturies of evolution have given mankind plenty of time
to learn how to walk. Walking is a reasonably efficient way

of getting around, although not nearly as efficient as riding a
bicycle. A few obvious features help us to walk efficiently: we
move our arms and legs in antiphase, thus keeping the total an-
gular momentum more or less zero. And we swing our legs at al-
most the natural pendulum frequency, which is around 1 Hz
for adults. Indeed, traditional military marches proceed at 120
steps per minute: exactly 1 Hz. Given a standard step length of
83 cm, the corresponding marching speed is almost exactly 100
m per minute. Beautiful! This fact does not serve to illustrate
the superiority of the metric system, but it sure is handy to know
when hiking.

Energetically speaking, walking on a horizontal surface is a
special case. We have no external force to overcome, in contrast
to climbing the stairs, for example, where we have to fight grav-
ity to increase potential energy; or to rowing and cycling, where
we have to overcome drag from water or air. Walking is differ-
ent: even aerodynamic drag is negligible (remember that it is
proportional to the square of the speed). All energy that we pro-
duce is dissipated by our own body. 

One may wonder why walking costs any energy at all. In fact,
experiments show that the metabolic cost of walking, derived
from oxygen consumption and carbon dioxide production, is
about 2,5 W per kg of body mass. This is roughly 200 W for an
adult. Why is that still so much? It is because human walking is
mechanically complex. It involves the activity of numerous mus-
cles, and various theories are being developed to arrive at a com-
prehensive description.

As innocent physicists we may offer an obvious clue: the ef-
fective displacement may be horizontal, but our centre of mass

must be raised by some 4 cm at each
step. Could that account for the high
metabolic cost? This simple expla-
nation, tempting though it may
be, is not supported by the evi-
dence. Experiments by Arthur D.
Kuo at the University of Michigan
have shown that a walking pattern
that reduces the displacement of
the centre of mass, does not re-
duce metabolic cost. In
fact, it makes the meta-
bolic cost go up. Also
when the step
length is varied be-
yond our natural
step length, the cost goes up. In
other words: the way we normally walk
is also the most efficient one.

The conclusion seems to be in-
evitable. If we really want to walk
more efficiently, we should not try
to improve on our steps by thinking
physics. We shouldn’t even think at
all, just walk. And if we are
still not satisfied with
the result, there is
only one alterna-
tive: go home
and pick up our
bicycle… �

the tunnelling probability of an atom from one site to the
next decreases. Therefore the system is periodic and at the
same time it can be superfluid. This however is not a true su-
persolid state because the periodicity is just the one imposed
by the external field, for instance by a standing light beam.
Theoretically there is strong evidence that bosons in a lattice
can have a supersolid state [9]. Under certain conditions (Fig.
4) the spatial order of the atoms is not the simple one corre-
sponding to that of the external potential but a more com-
plex one resulting from the interplay between interatomic
potential and external potential. Such complex spatial order
can coexist with superfluidity so we can say now that super-
solid order is present. At the moment this is a theoretical find-
ing but we look forward to its experimental implementation
with cold atoms. �
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