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History is not a linear progression of events.
The history of science and technology is
packed with unexpected basic advances that
are not recognized until they have reached a
critical mass and then surged forward to
change the way we live, work and understand
the world around us.

We live in an age when the foundations of
the global economy — energy, transport and
information systems — are being trans-
formed. In the United States Jack Smith,
chairman of General Motors, and Bill Ford,
chairman of the Ford Motor Company, agree
that no car manufacturer will go far in the
new century with the internal-combustion
engine (ICE). It is hardly necessary to survey
the serious societal problems underlying
these opinions. They are emphasized by the
current global oil crisis, with its profound
consequences for the world economy. 

The transport system based on the ICE is
undergoing a transition to the use of electric,
hybrid and fuel-cell vehicles. The depen-
dence of these vehicles on hydrogen — in
metal-hydride batteries for electric and
hybrid vehicles, or as the fuel for fuel cells —
is initiating a new age: the age of the hydro-
gen economy.

How can we understand the emerging
electric-vehicle industry? The simplest
approach might appear to be to study the
events of 100 years ago, when electric vehi-
cles were overtaken by the incredible growth
of the automotive industry, as the success of
the ICE with an electric starter-motor made
cars practical and affordable.

However, what if such a history turned
out not to be truly relevant to what is unfold-
ing now? David Kirsch’s book is an informa-
tive history, full of excellent case studies of 
the various attempts to build a transport 
system based on battery-driven vehicles. Its
strength lies in the fact that it takes a systems
approach, combining social, environmental
and business perspectives to provide a 
well-researched analysis of the early battle
between the ICE and battery-powered 
vehicles. As history, it is an excellent, insight-
ful book. 

However, as the book reaches modern
times, it lacks both technological depth and
political understanding. Kirsch does not
appear to be up to date with California’s
struggle to enforce the mandate set by its 
Air Resources Board that, by 2003, 10% of

vehicles sold in the state should produce no
emissions — despite heated opposition from
various groups. The mandate will be
enforced by the Air Resources Board from
2003. It is expected that car companies will
comply rather than face possibly severe
monetary penalties.

The problem now is not, as Kirsch
believes, whether a breakthrough in battery
technology has provided a dramatic increase
in range, nor whether there is a market for
electric vehicles, nor whether costs can com-
pete with those of internal-combustion vehi-
cles. The crucial hearings of the California
Air Resources Board this September
answered all of these in the affirmative so
definitively as to result in a unanimous vote
to continue the mandate. 

Past is not prelude. Just as many generals
fight the previous war, so it is a mistake to
think that the present situation reflects the
sociological dynamics of the turn of the last
century. Heraclitus was right: it is not possi-
ble to step twice into the same river. 

What is involved is the task of changing a
huge, powerful, entrenched global industry,
with enormous resources as well as financial
and psychological investments, from a petrol-
engine base to an electric one. It is a dynamic
process of competing strategies and, for the
automotive industry, a very traumatic event
in a vital historical drama. The industry’s atti-
tude can be likened to that of St Augustine:
“Make me chaste, Lord, but not yet.”

A recent report from the US Department
of Energy provides data showing that 
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Technology’s tortoise and hare
The sociological dynamics are now right for the electric car to eclipse its rival.

Far from being the encumbrance and sign of
retribution portrayed in Samuel Coleridge’s
Rime of the Ancient Mariner, an albatross is a
welcome and impressive sight — and one that
Coleridge himself never experienced. The so-
called shy albatross shown above belongs to this
diverse grouping of seabirds, which inhabits the
Antarctic and Pacific oceans. Albatrosses by W.
L. N. Tickell (Yale University Press, $60), from

which the picture is taken, is a comprehensive
account of the 13 groups of albatrosses, and
compares their natural history, breeding, flight
and ecology. Measures to reduce the numbers
that in the past have been inadvertent victims of
the fishing industry are also described. The
book’s final chapter looks at some poems in
which these birds have figured; it is called 
“The Mariner syndrome”. 
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electric vehicles propelled by nickel metal-
hydride batteries based on new scientific
principles can achieve a range of well over
200 miles, answering the question of viabili-
ty of pure electric vehicles and hybrids. The
electric vehicle’s superiority in city driving
was demonstrated in 1998 during a mileage
comparison test between two Geo Metro
vehicles, one converted to run on nickel
metal-hydride batteries, the other a conven-
tional petrol version. In heavy New York city
driving conditions, the electric version
demonstrated a projected range of 362 kilo-
metres, as against 192 kilometres for its ICE
counterpart.

The Institute of Electrical and Electronics
Engineers monitored a 347-kilometre  trip
from Boston to New York city by a four-pas-
senger Solectria using similar batteries. It
completed the journey on a single charge,
with 15% energy remaining — having used
the energy equivalent of less than one gallon
of petrol.

Impressive as these results are, they are
not the whole story. For, as the recurring
problems of availability and affordability of
petrol have shown, a city must still function.
Global pollution and climate change have
made the electric vehicle a necessity as a
delivery vehicle, taxi or bus. In addition,
hybrids, which can do 100 kilometres on 3.5
litres or less (80 miles or more to the gallon),
using a small petrol-based engine and simi-
lar nickel metal hydride batteries, are becom-
ing part of the accepted vehicle mix so neces-
sary in establishing an automotive industry.
Even now, the ICE automobile needs greater
battery power to fuel the increasing number
of electrical components it contains. 

The question of affordability has been
answered by Robert Stempel, former head of
General Motors, the world’s largest corpora-
tion. Stempel, a pioneer whom many consid-
er to be the best automotive engineer in the
industry, is the father of the first commercial
electric vehicle, EV1. He gave testimony to
the California Air Resources Board that an
electric vehicle made in the same numbers as
conventional cars today would be cheaper to
produce than its petrol-based counterpart.
Until such volumes are achieved, the indus-
try should use the time-honoured mecha-
nism of ‘forward pricing’ — introducing a
new product at an affordable price so that it
can achieve sufficient volume to become
profitable.

It is clear that events have overtaken acad-
emic history in this field. The new electric
vehicle does not carry the burden of history.
On the contrary, in its various manifesta-
tions it is spurring new scientific, technolog-
ical and social inventions and is the vehicle
for the kind of change that is desperately
needed in the new millennium. n

Stanford Ovshinsky is at Energy Conversion
Devices, 1675 West Maple Road, Troy, Michigan
48084, USA. 
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The arrival of high-quality machine-read-
able data sets nearly 40 years ago trans-
formed finance into the most quantitative
social science. Since then, finance has seen a
steady influx of talented researchers from the
natural sciences and applied mathematics.
The field of econophysics marks a key dis-
tinction from these previous incursions, as it
is trying to establish an entirely new field,
separate from that of financial economics.

The book by Rosario Mantegna and
Eugene Stanley is an attempt to define this
field by two of its earliest proponents. It is
also an introductory tutorial for physical 
scientists who are just becoming interested
in finance. In this second role, it is a very 
useful overview. 

Its more formidable problem is in defin-
ing the bounds of econophysics as a field, and
introducing its tools. The book reflects the
authors’ research on new empirical tech-
niques. Using recently available high-fre-
quency financial data — data obtained by
monitoring changes in share prices at very
short intervals — the authors put series of
minute-by-minute share-price movements
for several companies under a physics-ori-
ented microscope. Some of these series con-
tain nearly half a million data points sampled
at one-minute intervals. 

The authors show that many series of
financial share-price movements are close to
a ‘random walk’ — in agreement with tradi-
tional financial wisdom that markets are dif-
ficult to forecast. They also confirm that,
when sampled at short intervals, the incre-
ments to the random walk are irregular, with
sharp peaks and fat tails. This means that
there are too many large and small changes in
share price for the movements to be coming
from a normal distribution. Finally, the
authors show that the magnitude of these
price changes is very persistent, that is, that
large changes in share price, either up or
down, are followed by further large changes.
These three features are well known for share
prices monitored at longer time intervals,
and can be traced back to the 1960s work of
Eugene Fama and Benoit Mandelbrot. 

What distinguishes this empirical work
from traditional finance is its emphasis on
scaling relationships in the data. The
authors’ scaling results show that a compari-
son of high- and lower-frequency financial
data reveals some interesting similarities. In
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Financial pressures: econophysicists have not yet
eased the unpredictability of the stock market.
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