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Genomic organization of human foamy virus. Vertical bars, stop codons in the three reading 
frames. Scale in base pairs. (From ref. 4, courtesy of R. Flugel.) 

that Homo sapiens and Pan troglodytes 
harbour closely related foamy viruses. 
Now that gene probes are available, it is 
opportune to compare the simian and 
human viruses molecularly, to devise 
more specific serological tests, and to 
examine human infection more closely. 

There is scant evidence that foamy 
viruses are pathogenic in man or animals. 
SFV has caused transient immune sup
pression in rabbits20

• Perhaps most inter
esting has been the repeated isolation of 
foamy viruses from a cluster of patients in 
Slovakia suffering from de Quervain 
subacute thyroiditis". The agent was not 
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at the time recognized as a foamy virus, 
although this later became apparent". 
Even if the relationship between thyroid
itis and HFV holds up (and there have 
been no subsequent reports), caution 
must be used in exploring whether the 
presence of the virus is cause or effect 
(activation of latency). The claim" that 
patients seroconverted to produce neu
tralizing antibodies to their unidentified 
virus suggests that an aetiological role for 
HFV is worth pursuing. 0 

Robin A. Weiss is at the Institute of Cancer 
Research, Chester Beatty Laboratories, Fulham 
Road, London SW3 6JB, UK. 

Complex or just complicated? 
!tamar Procaccia 

THE dynamical behaviour of the wind in 
the atmosphere is much simpler than any
thing that could be anticipated, according 
to Tsonis and Elsner on page 545 of this 
issue'. They conclude that one can accu
rately model the wind dynamics using 
just eight coupled ordinary differential 
equations. Such a set of equations can be 
integrated on a home computer. This 
conclusion is contrary to common wisdom; 
one expects the dynamics of the atmos
phere to be governed by the field equa
tions of fluid mechanics (partial differen
tial equations) whose solution defies the 
biggest supercomputers available. Tsonis 
and Elsner's suggestion, if correct, would 
lead to a conceptual breakthrough of fun
damental importance, changing the way 
that we predict the weather. Their con
clusions are in agreement with previous 
suggestions of two other groups2

•
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• Never
theless, the evidence is not clear-cut, 
and further tests must be conducted to 
substantiate the conclusions. 

Certain systems, with dynamics 
governed by partial differential equations, 
exhibit complexity that is no worse than 
that of a few coupled nonlinear ordinary 
differential equations. These systems 
have been studied extensively as part of 
the effort to understand the onset of chaos 
in dynamical systems (see the News and 
Views article by S. Wiggins in last week's 
issue•). In dynamics, chaos means that the 
solutions of dynamical systems depend 
extremely sensitively upon the initial 

conditions; nearby trajectories diverge 
exponentially, and thus long-range 
predictability is lost. The fact that complex 
behaviour of this type (termed determinis
tically complex) is possible in 'simple' 
systems of nonlinear ordinary differential 
equations is important. It means that 
dynamical complexity does not necessarily 
stem from the involvement of many 
dynamical variables. (Of course, complex 
behaviour can appear in a highly compli
cated system with many degrees of 
freedom.) It thus becomes essential to 
understand why some systems exhibit 
deterministically complex behaviour and 
when they are just complicated. 

In principle, any fluid requires an infi
nite number of variables to describe its 
dynamics. A fluid has space- and time
dependent velocity, temperature and 
pressure fields. These fields can be ex
panded in a complete set of functions, and 
then the amplitudes of these functions 
obey an infinite set of ordinary differential 
equations6

• It can happen, not too far from 
equilibrium, that a fluid is in a stable 
stationary state, meaning that small per
turbations about that state eventually 
decay to zero. It can also happen that 
upon displacing the fluid further from 
equilibrium, only a few of these modes 
become unstable and develop interesting 
nonlinear dynamics on 'slow' macroscopic 
timescales (seconds or minutes). All the 
other modes are dynamically irrelevant 
and are enslaved by the few relevant 

modes. This is the regime in which a few 
ordinary differential equations can 
accurately describe the dynamics, al
though the dynamics are chaotic. 

It has been found experimentally' and 
understood theoretically"·• that to observe 
this regime, the system's physical size 
should be small, and the departure from 
equilibrium, as measured by, say, the 
Reynolds number, should be small as 
well. As the physical extent of the system 
increases, the separation of timescales 
between 'slow' relevant modes and 'fast', 
irrelevant modes disappears. Also, a large 
system cannot respond coherently; defects 
and grain boundaries become significant, 
and the possibility of description with a 
few ordinary differential equations is lost. 
The number of relevant modes increases 
rapidly with the Reynolds number and at 
atmospheric conditions there should be 
nothing left of the low-dimensional 
chaotic behaviour. 

Yet Tsonis and Elsner' describe in this 
issue an analysis indicating that even the 
atmosphere has only about eight impor
tant modes that govern its dynamics. This 
can stem from one of two reasons. Either 
there is something fundamental in atmos
pheric behaviour that we do not under
stand, which leads to an unexpected sim
plification of its dynamical behaviour; or 
Tsonis and Elsner's method of analysis 
does not apply or is outside its range of 
validity. The technique of Tsonis and 
Elsner was devised by Grassberger and 
me to estimate the dimension of 'attrac
tors' of deterministically complex sys
tems10. 

The idea is that in such systems, the orbit 
is confined to a subset of phase space, 
called a strange attractor. This attractor 
has a dimension D that is usually fractal. 
Moreover, this object can be embedded in 
an abstract space of dimension d> D. 
(Rigorously, d has to be at least 2D+l.) 
There is a way to manipulate the data such 
that it yields the coordinates of points on 
the object in the d-dimensional embed
ding space. By counting how many pairs of 
points C(l) there are whose distance is 
smaller or equal to l, one finds that this 
number scales as ln. (Think about a line 

100 years ago 
We are glad to see that the Government Bill for 
the Promotion of Technical Instruction is down 
for second reading as first order of the day on 
June 14. It is an enabling Bill, giving powers to 
localities, if they think fit, to apply local rates to 
the purpose of promoting technical instruction. 

In Clause 6, "technical instruction" is defined 
to mean "instruction in the principles of science 
and art applicable to industries, and in the 
application of special branches of science and 
art to specific industries or employments." This 
definintion appears good, so far as it goes, but 
in our opinion it does not go far enough, for it 
does not specifically include the commercial 
subjects and modern languages. 
From Nature 38, 121; 7 June 1888. 
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