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Picosecond Electronics and Optoelectronics. Eds. G. A.
Mourou, D. M. Bloom and C. H. Lee. Springer-Verlag, Ber-
lin; Heidelberg; New York; Tokyo, 1985, pp. 258 (Springer
Series in Electrophysics, V. 21).

The book being reviewed is the 21st volume of "Spring-
er Series in Electrophysics." The book is based on the mate-
rial of a conference of the American Optical Society which
took place at Lake Tahoe, Nevada in March 1985. The book
includes both review and original articles, a total of approxi-
mately 50, the content of which reflects the present-day state
in a number of divisions of picosecond optics, optoelectron-
ics and semiconductor electronics. The whole material of the
book is divided into six sections. We shall quote the titles of
the sections indicating in parentheses the number of articles
contained in each of them: 1. Ultrafast optics and electronics
(13). 2. Highspeed phenomena in bulk semiconductors (6).
3. Quantum structures and applications (9). 4. Picosecond
diode lasers (4). 5. Optoelectronics and switching of photo-
conductivity (14). 6. Cryoelectronics (5).

The majority of the articles of the first and second sec-
tions of the book are devoted to the investigation of phyical
processes occurring in semiconductors and specific semi-
conducting devices—transport of charge carriers, electron-
phonon and exciton-exciton interaction, photoconductivity.
The emphasis is placed on optical methods of investigation,
utilizing for diagnostics sequences of ultrashort, picosecond

and subpicosecond light pulses. The point is that the time
resolution of optical methods is higher by several orders of
magnitude than that of all others. Dye lasers can generate
continuous sequences of pulses whose duration after com-
pression at present attains values of 8 femtoseconds.

Great advances in the technology of preparing crystal-
line semiconductors have been achieved during the last 10
years. This is primarily associated with the development of
the technique of heteroepitaxy due to which an entire class of
new fast-acting electronic and optical devices based on
GaAs has appeared. The latest achievements of the new
methods of heteroepitaxy such as metalorganical chemical
gas-phase deposition, epitaxy by molecular beams, are re-
flected in the articles of the third section of the collection.

Optics is represented in the book not only as a method
of measurement. A number of articles discuss the possibility
of controlling the work of electronic circuits by laser radi-
ation, and sections 4 and 5 are entirely devoted respectively
to semiconducting lasers with mode locking, and electro-
optical switches and photoreceivers operating in the pico-
second range. The explanation for this is the important role
which they play in systems of fiber optics communication.

The last sixth section of the book includes articles refer-
ring to the field of cryogenic electronics where interesting
results have been obtained in rapid analysis of signals.

Aerogels
B. M. Smirnov
Usp. Fiz. Nauk 151, 733-734 (April 1987)

Aerogels. Ed. J. Fricke, Springer-Verlag, Berlin; Hei-
delberg; New York; Tokyo, 1986, pp. 205 (Springer Pro-
ceedings in Physics, V. 6)

Sols are individual particles in a liquid or gaseous phase,
gels are systems of coupled sols. Aerogels are light structures
formed of individual particles. The reality of the existence of
such structures has been understood in recent years, and the
present book is a collection of the proceedings of the First
International Symposium on Aerogels which took place in
September 1985 in the Federal Republic of Germany.

The interest in aerogels is along two directions. First,
they are unique physical objects with specific properties.
The principal part of the articles of the book is devoted to the
properties of aerogels. Secondly, the special properties of
aerogels enable finding a number of possibilities of utilizing

them for applied purposes. A significant part of the articles
in the book is devoted to the applied aspects of the problem.

The aerogels under discussion are in their chemical
composition SiO, with a number of water molecules. The
molecules of silicon dioxide can be replaced in an aerogel by
other oxides A12O3, ZrO2, MgO, MoO2, Fe3O4, TiO2, Li2O,
B2O3, etc. However, silicagel—an aerogel based on silicon
dioxide—constitutes the principal part of the investigations.
The size of the particles in an aerogel varies approximately
from 3 to 60 nm depending on the conditions under which it
was obtained. The aerogel itself has the structure of a fractal
cluster [cf: Usp. Fiz. Nauk 149, 177 (1986); Sov. Phys.
Usp. 29, 481 (1986)], i.e., the particles are joined in it ac-
cording to random law, and the density of matter in such a
cluster is the lower the greater is its size. Formation of an
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aerogel takes place in the liquid phase, and then the liquid
phase is evaporated. In addition to water methol and ethyl
alcohols, carbon dioxide gas, xenon and other fillers are used
as liquids. They are chosen in such a manner that the evapo-
ration of the liquid contained within the pores of the aerogel
would take place at not very high temperatures and would
not destroy the structure of the aerogel.

In spite of the simplicity in principle of obtaining an
aerogel the mastering and reduction in cost of the technolo-
gy of its production will play an important role in future
investigations of aerogels. Present-day technology enables
one to obtain aerogels in large quantities. As an example we
shall point to the production of 1700 liters of silicon arogel
accomplished several years ago for the Cherenkov detector
TASSO at the DESY accelerator in Hamburg. The cost of
the aerogel within the framework of present-day technology
is relatively high.

The special property of an aerogel as a fractal cluster is
related to its high porosity. In actual samples of a silicon
aerogel the volume of the pores occupies up to 99% of the
volume of the sample, so that the internal surface of the sam-
ple amounts up to 1,000 mVg. Therefore aerogels can be
utilized for storing oxidizers, rocket fuel and different chem-
ical compounds. In this connection they are characterized
by high capacity. For example, 40 g of antisymmetric di-
methylhydrazine can be stored in 1 g of silicon aerogel.

The high specific surface of aerogels promises that they
will be widely used as catalyzers. Some examples of this type
have been found.

An important property of silicon aerogel is associated
with its transparency. As the density of the aerogel is de-
creased the coefficient of retraction of light in it n also de-
creases and actually lies within the range between 1.007 and
1.24. Materials which it is convenient to utilize as detectors
of high energy particles have coefficients of refraction which
do not lie in this range. Therefore silicon aerogels are utilized
in Cherenkov detectors for recording fast particles—pions,
kaons, protons.

As a result of the low density of matter in aerogels
which in actual fact amounts to tens and hundreds of grams
per liter aerogels have a low thermal conductivity. The ther-
mal conductivity of real aerogels is comparable with the
thermal conductivity of gases. Therefore methods are being

developed to utilize silicon aerogels as insulators in different
instruments placed in the atmosphere, and also as insulation
materials in construction. In this conection the high trans-
parency of silicon aerogel provides the possibility of utilizing
it as an insulating material between window panes.

As a result of their structure aerogels have unique
acoustical properties. The low speed of propagation of sound
in aerogels (down to 100 m/s) enables one to use it in differ-
ent applications: for the preparation of sound-impenetrable
partitions, sound delay lines, different acoustical systems,
including systems with directed propagation of sound. It is
clear that the scale of these and earlier mentioned applica-
tions of aerogels is determined to a large extent by their
availability and cost.

The problems enumerated above associated with the
properties and applications of aerogels constitute the con-
tent of the book under review.

The book consists of 5 parts: 1) Introduction. 2) Pro-
duction and general aspects. 3) Storage of energy and ther-
mal properties. 4) Structure of aerogels. 5) Applications. It
includes 25 articles, which in length are greater and in con-
tent are somewhat broader than the usual original communi-
cations at conferences.

An aerogel is a physical object with unusual properties.
It can be of interest for specialists in solid state physics, in
atmospheric physics, in physics and chemistry of surfaces,
and in synergetics, for whom the physical and chemical
properties of this object are essential. For specialists in ener-
gy production, in thermal physics, in high energy physics,
and in chemical synthesis aerogels are interesting in a purely
applied aspect. In this connection it is essential to note that
scientists are at an early stage of investigating aerogels when
it has become clear that this object is formed both in nature
and under laboratory conditions, but the investigation of its
properties and possible applications are far from having been
exhausted. It is all the more important to achieve a timely
understanding of the place which this object can occupy in
science and technology. The book under review can give a
good picture of this.

Translated by G. M. Volkoff
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