


�
��� 

found that larger advance angles also led to
increased variability and eventually to
chaotic functioning that cut efficiency.

At an advance angle of 5¡, which is less
than that generally used for low-speed
operation, compression is wholly repeat-
able and variability is small. At 20¡, some-
what more than the typical angle, instabili-
ties set in and periodically change the peak
pressure by 50% or more. True chaotic
behavior occurs at 30¡, an angle that can be
reached in high-speed operation or acceler-
ation, with peak pressure as much as triple
the average value. Pressure variation at this
point exhibits the strange attractor behav-
iorÑ which lacks regular oscillationÑ that
is characteristic of chaotic systems.

Improving engine efficiency requires
achieving a larger advance angle without
setting off chaotic behavior. ÒThere are a
number of ways of reducing the chaotic
behavior,Ó explains Grzegorz Litak, one of
the researchers. ÒYou can use a higher

spark energy, swirl the incoming air faster,
or use direct gasoline injection. Unfortu-
nately, all of these solutions are expensive.Ó 

Efforts to optimize engine functioning to
avoid the chaotic regime will be particularly
important if hybrid engines, which feed

energy to an electric motor, become popu-
lar. Such engines can operate continuously
at an ideal engine speed, thus allowing
parameters such as the advance angle to
remain at the most efficient levels.

3-D lithography 
�� onventional photolithography lays

down and etches away two-dimension-
al layers of materials. However, there are
considerable advantages to making fully
three-dimensional objects and patterns on
the microscopic levelÑ for example, the pro-
duction of photonic crystals, whose patterns
of holes create desirable optical properties. 

In the past few years, researchers have
accomplished this trick by using two-pho-
ton polymerization with femtosecond
lasers. This approach uses liquid resins that
are transparent to infrared light but poly-
merize and become solids when exposed to
ultraviolet (UV) light. When femtosecond
laser pulses are focused on these resins, the
intensity in the focal point is so high that
molecules can rapidly absorb two photons,
enough to create radicals that set off poly-
merization. No polymerization occurs out-
side the focal point, so one can freely gen-
erate three-dimensional patterns by moving
the laserÕs focal point.

Unfortunately, the commercial resins
used in these experiments do not have the
optical, mechanical, or thermal priorities
desired for many applications, including
photonic crystals, because they are relative-
ly heat-sensitive and not very transparent.

�
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A group of German researchers at Laser
Zentrum Hannover (Germany) and the
Fraunhofer Institut fŸr Silicatforschung
(WŸrzburg, Germany) have overcome this
limitation. They did so by fabricating
three-dimensional submicrometer struc-
tures in an inorganicÐorganic hybrid mate-
rial that can be designed to have many of
the desirable characteristics of glass (Optics
Lett. 2003, 28, 301).

InorganicÐorganic hybrid polymers con-
sist of resins and silicates intermixed at the
molecular level by a solÐgel process. They
have high optical transparency and high
chemical resistance, and they are mechani-
cally and thermally stable in their solid
form. The research team, using a commer-
cial hybrid called Ormocer, inscribed the
three-dimensional pattern with a Ti:sap-
phire laser operating at a wavelength of
780 nm, a pulse length of 50 fs, and an
80-MHz repetition rate.

Normally in photolithography, the small-
est size of a feature is limited by the wave-
length of the light used. However, because
the two-photon process only functions
above a sharp threshold in intensity, it is
possible to create structures with resolu-
tions far smaller than the 780-nm wave-
length of the light. Only a small volume of
material around the peak intensity of the
focal point is polymerized, which enabled
a resolution of about 200 nm. 

As a demonstration, the team created a
micrometer-scale statuette and a photonic
crystal array. To speed the fabrication process,
which took about 5 min, the researchers
polymerized only the outer surface of the
statuette. After that, the surrounding resin
was washed away and the inside polymerized
with a burst of UV light. For practical applica-
tions, fabrication rates can be increased by
orders of magnitude by using more sensitive
polymerization initiators.

ÒThe great advantage of the hybrid mate-
rials is their flexibility, Ò says Boris Chichkov
of the Laser Zentrum team. ÒYou can change
the index of refraction and maximize trans-
parency for telecommunication applica-
tions, or the biocompatibility for medical
applications. In addition, the materials
used are inexpensive, so the range of appli-
cations should be great.Ó

Stock physics

�� he stock market in recent years has acted
to transfer huge sums of wealth from

small investors to certain big investors. Much
of this wealth transfer occurred when the
large investors sold their huge holdings at
high prices long before small investors learned
that a companyÕs books were cooked. The
small investors then sold their stocks at vastly
lower prices.

Why do the big fish (who own
most of the shares) get out safely,
but when the little fish try to flee,
the stock price plummets in their
stampede? A statistical study of
stock trading by Fabrizio Lillo and
Rosario N. Mantegna from the Uni-
versity of Palermo, Italy, and
J. Doyne Farmer from the Santa Fe
Institute (NM) provides a partial
quantitative answer (Nature2003,
421, 129). The team was examining
the more general issue of how a sin-
gle stock trade of a given size affects
the price of that stock. To do so, it
analyzed trading data from 1995 to
1998 for the 1,000 stocks with the
largest market values on the New
York Stock Exchange and found that
the impact of a given trade on the
price of a stock increased more
slowly than linearly with the size of
the trade. This tendency became
more pronounced for the biggest
trades. The largest trades typically
involved 1,000 times as much
money as the smallest trades but
moved the stock price only about 8
to 10 times as far.

This means that across the stock
market, if a huge investor sells
$10 million worth of shares in a
single transaction and causes the
price to fall by 2%, 1,000 investors

each selling only $10,000 in stock can
cause the stock to plummet by 90%, even
though they have withdrawn the same total
cash amount. So it is easy for big investors
to get out of a stock without heavy losses,
but impossible for small investors to do so
if many of them sell at the same time. Simi-
larly, in a rising market, a single large
investor can easily buy in early without
making the stock soar, but small investors
trying to get on board cannot do so at the
bottom because their buying sends the
stock into the stratosphere.

ÒThere is not a one-to-one correspon-
dence of the size of an order and the size of
the transaction because several small orders
can get bundled together,Ó cautions Farmer,
Òbut large orders  tend to have less impact
per share than small ones.Ó�
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