











- Sclence

‘In the service

RT and Science are two terms which
A have been set apart by a long his-
tory of opposition. The former was
identified with “’creation’’, the product of
human sensibility; the latter was considered
to lead to the “discovery of the laws of
nature’’.

Twentieth-century man has seen the
growing impact of scientific and
technological development gradually
change the pattern of his daily life. In the
world of the arts, among both students and
artists alike, this phenomenon produced a
defence mechanism and a feeling of ap-
prehension—although the importance of the
sciences as a source of inspiration for
twentieth-century art is undeniable.

However, in the last thirty years, the
world conscience has so often been aroused
by the extent of the destruction of works of
art and by the need to preserve the artistic
and cultural heritage, that a new alliance has
emerged between scientists and those
whose task is to study and conserve the ar-
tistic heritage.

In Europe the close links between science
and art were formed as early as the eigh-
teenth century: in Paris through the ac-
tivities of the Encyclopaedists Fontenelle,
Charles, Diderot and others; then in London
through the work of Humphry Davy. During
the nineteenth century, research was more
sporadic, but both the French chemist and
microbiologist Louis Pasteur and the Ger-
man physicist Wilhelm Roentgen applied
their own scientific methods of analysis to
the study of works of art. On 6 March 1865
Pasteur wrote: "‘There are circumstances in
which | clearly see that the alliance between
science and art is both possible and
desirable, with the chemist and the physicist
sitting at your elbow and informing you...."”
Thirty years later in 1895, Roentgen
discovered X-rays, and, working in Munich,
attempted to take the first X-ray photograph
of a painting.

Half-way through this century the world’s
great museums created their own
laboratories, and universities began to use
their facilities and in some cases to enlist

their research workers to discover the °
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origins of objects and their date, and to
establish the technology with which they
were made. Initially it was thanks to the pro-
perties of electro-magnetic waves that
historians and curators found themselves
equipped with techniques for studving
works of art which vastly increased the
power of the naked eye. Through ultra-
violet rays it was possible to detect' and
photograph those places, hitherto invisible,
where an artist had made changes in his
work or returned to it after an interval. Infra-
red rays and X-rays enable us to penetrate
wood and canvas, go back in time, and
rediscover unsuspected steps in the act of
creation.

These methods have shed some light on
the techniques used in creating a work of
art, but they yield less information in this
field than procedures which have been
developed to analyse the materials used by
artists and craftsmen of former times.
Methods of physical and chemical analysis,
which even a few years ago were seriously
handicapped because they required a sam-
ple of the object to be removed, are now so
highly developed that only a tiny sample (of
the order of a few microgrammes) need be
taken. In the case of the nondestructive
technique of X-ray microfluorescence, no
sample at all is needed. Analytical tech-
niques are now so accurate that they not
only reveal the secrets of materials but pin-
point their origin. In this way the mysterious
invisible power of radiation is enabling us to
chart the trade-routes of ancient metallurgy
(see page 17). )

While spectrometry and nuclear methods
cast light on the unfolding story of objects
and sites, dating procedures permit us to
situate objects in time. A number of dating
systems are currently in use, carbon-14 be-
ing increasingly successful since it now re-
quires the destruction of less and less
organic material. Thermoluminescence has
made it possible to date ceramics, and den-
drochronology the age of wood, while for
questions of prehistory, the dating of bones
and the system of racemizing amino-acids
are yielding important information. -

The dialogue which has now been
established between the exact and the

human sciences in art and archaeology is
akin to that which exists between pure
science and medicine. It is to be hoped that
the various international initiatives in this
field will lead to a standardization of scien-
tific methods which would have beneficial
consequences for the exchange of informa-
tion, the conservation of the artistic heritage
and the campaign against forgers, as well as
providing historians and archaeologists with
new and more accurate criteria for dating
objects and relating them to their environ-
ment.

In the exploration of the past there is
room for two methods of analysis, two ap-
proaches which should lead to the same
goal: the unity and the broadening of the
concept of culture. For there is today a real
danger of a split between scientific culture
and the human sciences. If this hypothesis
of a divided universe became widely ac-
cepted, it would mean the end of “’Culture”.
And so we should do all we can to promote
ever closer co-operation between the exact
and the human sciences. Such an effort is
bound to meet obstacles and it will call for
efforts on every side, but it is the only way,
in our opinion, towards a new humanism. ll

MAGDELEINE HOURS, of Ffrance, is head
curator of her country’s National Museurns, and
has directed the French Museums’ Research
Laboratory since 1946. Madame Hours was Com-
missaire Général of a major exhibition, “‘The
Secrets of the Great Masterpieces— Science in
the Service of Art”, which was held in 1980 at the
Grand Palais in Paris. The exhibition presented a
series of outstanding works of art and also
displayed the spectrum of methods of scientific
examination, analysis and dating which are today
being used in the study and conservation of
works of art. Over 60 laboratorfes and almost a
hundred research workers were involved in the
work of the exhibition, for which a 330-page
catalogue was prepared comprising a description
of the works shown, scientific notes on the
methods used in connexion with them, and an ex-
planatory list of scientific techniques in current
use. On the following pages we present specially
chosen extracts from this catalogue. We express
our thanks to the authors, the Réunion des
Musées Nationaux, and Madame Hours herself,
for authorizing us to publish them.
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Forgeries fall into three main categories.
The first of these, fakes without a model,
is rare. The path to acceptance can be
made easier if the subject chosen has some
connexion to a legend or a fragmentary
documentary reference. The fourteenth cen-
tury provides us with one of the better-
known examples of a fake based on a
legend. Political manceuvres against the
Knights Templars in 1306 included a claim
that they worshipped an idol called
Baphomet. The production of these idols
{small mis-shapen stone figures covered in
meaningless inscriptions) probably dates
from the time when this story was popular,
in the literature of the Gothic revival.

Fakes designed to fit in with genuine
documentary evidence include some
remarkable wholesale inventions of a com-
plete, spurious artistic style, such as that of
the Obotrites {a Slavonic tribe from the
Mecklenberg region later over-run by the
Huns) and of the Moabites who came to
public attention in 1869 with the discovery
of a genuine inscription related to their King,
Mesha.

Archaeological material has been par-
ticularly susceptible to this kind of forgery.
Gustav Wolf, in 1907, announced the
discovery of cremations among Danubian
peoples who first raised cattle and farmed in
the region of Wetterau in the fourth millen-
nium BC. The unearthing of about a hun-
dred of these graves led to the revision of
academic belief that skeleton burial was the
custom of those times. Finely-pierced flint
tools, notched bone implements and
carefully arrayed necklace beads all helped
to compound a funerary assemblage. Wolf,
in his autobiography, gave full credit for the
finds to his co-excavator, Bausch, and died
oblivious of the fact that he had been
deceived by that very man. .

The Old Stone Age and Neolithic cultures
offer great potential to the forger because of
the simplicity of workmanship required and
the ready availability of media (flints, shales,
antler bone and cave-wall rock) all ready for
embellishment in  hitherto unacknow-
ledged ancient styles. Hieroglyphs cry out
for interpretation, our fascination increasing
in direct proportion to our ignorance. New
languages emerge; new cross-linkages are
established between cultures and the situa-
tion becomes more and more confused.

Runic inscriptions have been particularly
prone to forgery. The Ura Linda Chronicle,
with its notion that the Finns and Magyars
are blood relations and its assertion that the
Frisians are a Chosen People, was readily in-
corporated into the early racialistic attitudes
of the Nazi Party in 1933. The Rune Stone of
Minnesota served, for a while, as evidence
of a Viking occupation of America by the
end of the tenth century, long before Col-
umbus set foot there.

Similar unique documents have appeared
intermittently, including the last words of
Moses to the children of Israel written on
leather by an Egyptian scribe, Uanious, and
scripts of a “new’’ Phoenician historian call-
ed Sachuniathon. The Frenchman, Vrain
Lucas, was a specialist in this type of pro-
duction. In the course of a long career he
forged thousands of original manuscripts
purporting to stem from the hands of an il-
lustrious gathering including Julius Caesar,
the Apostle Paul and Joan of Arc.

We find scarcely any examples of fakes
with no such literary associations, possibly
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because forgers realize that they will not fit
into any art historian’s ‘‘data-bank’’ and are
therefore liable to immediate rejection.

Alterations and additions to a work supply
our second category of fakes. We might
mention, as an example, a painting with
figures in the style of the seventeenth-
century Dutch painter Philips Wouwerman
superimposed upon a genuine landscape by
his near contemporary Jan van Goyen. The
presence of both artists’ monograms sug-
gested the work was a joint effort but it now
seems probable that the parts of the paint-
ing attributed to Wouwerman are the work
of one Robert Griffier.

Simple anthropomorphic sketches on
bone and small sculptural reliefs executed
on stone can endow Neanderthal man with
unexpected skills while similar schoolboy
rock-carvings have been known to rise to
the status of national treasures.

The third and most common form of
forgery is that of pastiche, that is to say, an
object that derives its detailed units from a
variety of similar elements in authentic
material. Our illustrations {pages 24 and 25)
show this process for an “’Etruscan’’ paint-
ing on a terra-cotta slab, the authentic form
of which would have decorated a niche of a
tomb. The scene is that of Troilus, son of
Priam, leading his horse to water, accom-
panied by his sister, Polyxena. The fountain
is only shown in part so that we could an-
ticipate the existence of a further plaque, to
be mounted to the left, displaying a
treacherous Achilles waiting to pounce
upon the unsuspecting prince.

This legend is depicted in a fresco from
the “Tomb of Bulls” at Tarquinia in ltaly
which provides the main theme and, in
detail, is the source of the fountain chequer-
ing. Polyxena enters the scene via a frieze of
this ambush that appears on the Corinthian
“Timonidas’’ flask, but she now has the
shawled dress-style of the females on a
plaque excavated at Banditaccia, near
Cerveteri.

The reined horse is derived from a
funerary urn from Tarquinia with many of
the outlines and muscle emphases
reproduced with almost mathematical preci-
sion. The same accuracy of drawing is in
evidence in the lion mouth-piece of the
fountain and the upper border ‘‘tongue’
design that occur together on a Corinthian
clay altar. Fresco details are faithfully copied
with the birds taken from the wrestlers’
scene in the “Tomb of the Augurs” and the
small decanting jug taken from the “Tomb
of the Lionesses’’. Greek vases supply the
water pitcher {from the ‘’Onesimos’’ bowl in
Brussels) and the crouching dog (from the
“Eurytios” krater in the Louvre). Every com-
ponent is readily available in photographs of
books of the past two decades, often
helpfully in colour.

An alternative source of information for
the would-be forger is the showcases of
museums. This is most convenient for single
leaves of illuminated manuscripts; three-
dimensional objects, parts of which are not
visible through the front glass partitions, are
often poorly executed. In the past engrav-
ings and woodcuts proved a valuable in-
spiration both for transfer into easel paint-
ings and extension into an extra dimension
as marble or terra-cotta statuary and stone
reliefs. Similarly, medals supply small-scale
versions of portraiture that translate well in-
to stone reliefs of grander proportions while

offering less risk of anachronism in costume
and hair styling.

Slavish plagiarism is rare. It only appears
at all commonly in the field of drawings,
where it was common practice of the
leading studios of the past to give each ap-
prentice old prints to copy as part of his
education. The eighteenth-century English
painter Sir Joshua Reynolds produced
“Guercino’”’ sketches with consummate
ease. Michelangelo deliberately set out to
deceive his master, Ghirlandaio, by copying
a head, smoking the surface of the paper to
simulate the effects of ageing, and exchang-

.ing his product for the original. Raphael,

whose popularity was at its zenith in the
nineteenth century, has been copied
repeatedly even to the extent of enlarging
small folio details into full-scale cartoon
elements. .

Surfaces often need major treatments to
give them the necessary antique ap-
pearance. Cracking of a paint surface is an
ageing effect that follows from the pigment
or priming layers being too rigid to cope with
the stretching of the flexible canvas or panel
support. Once the oil medium has dried a
simple rolling-up of a canvas will simulate
this cracking quite well.

Other “recipes” include application of a
heavily-contracting varnish or stiff glue to
break up the picture’s surface. Alternatively,
some kind of heat treatment followed by
rapid cooling causes shrinkage of the sup-
port at too great a rate to be taken up by the
paint layers. For paintings on wooden
panels the paint break-up usually runs
parallel to the fibre structure of the wood
and so the pressure directions require some
deliberation. A final brush with soot
highlights the damage.

A “"fly-blown’’ appearance can be produc-
ed by stippling some areas with a stiff-bristle
brush in a matching colour to create an illu-
sion of antiquity. Swiftly applied restoration,
damp-staining and blotching of paper, rim-
chipping of pottery and the use of worm-
eaten wood are all stock-in-trade skills of the
ambitious faker.

Similar ageing effects giving an ap-
pearance called craquelure, occur in the
glazes of ceramics. The glaze ingredients
fuse during kiln-firing and a glassy coating
seals the pores in the underlying clay. If,
during cooling, the clay cools less than the
glaze the latter is put under stress and
coarse fissures appear on the surface. This
crackling is due to kiln treatment and in no
way indicates antiquity. The passage of time
leads to the development of many more,
much finer crazing lines. This must be quite
a difficult effect to simulate, judging by the
rarity of good craquelure on established
fakes, but examples do exist.

In the case of metals, corrosion of the sur-
face, termed patination, records the effects
of long-term exposure to the atmosphere or
burial moisture. The copper content of
bronzes oxidizes to form amorphous cuprite -
which, in turn, reacts with carbonated water
to form the familiar green encrustations of
malachite. Other impurities in the metal, like
tin, may preferentially oxidize to give a
silvery sheen.

Sulphur and chlorine, present in the at-
tacking moisture, each give rise to different
characteristic tarnishing effects. Unfor-
tunately, the softening tone that patination
produces on the raw, shining metal seems

CONTINUED PAGE 34



The principles
of conservation

demands wise management of re-

sources and a good sense of propor-
tion. Perhaps above all, it demands the
desire and dedication to see that cultural
property is preserved. In this sense, two
familiar maxims are pertinent: “’Prevention is
better than cure’” and *’A stitch in time saves
nine”’.

Modern long-term conservation policy
concentrates on fighting the causes of
decay. Natural disasters such as floods and
earthquakes cannot be prevented, but by
forethought the damage can be greatly
reduced. Industrial development cannot and
should not be halted, but damage can be
minimized by combatting waste, uncontroll-
ed expansion, economic exploitation and
pollution.

Despite the difference in scale and extent,
the underlying principles and methods of
conservation are the same both for movable
and immovable cultural property.

., There are, however, important logistical
differences. First, architectural work entails
treatment of materials in an open and vir-
tually uncontrollable environment. Whereas
the museum conservator-restorer can
generally rely on good environmental con-
trol to minimize further deterioration, the ar-
chitectural conservator cannot. He must
allow for the effects of time and weather.

Secondly, the scale of architectural opera-
tions is much larger, and in many cases
methods used by museum conservator-
restorers may be found impracticable due to
the size and complexity of the architectural
fabric.

Thirdly, and again due to the size and
complexity of architectural conservation,
the various measures of conservation must
be carried out by contractors, technicians
and craftsmen, while the museum
conservator-restorer may do most of the
treatment with his own hands. Communica-

THE conservation of cultural property

tion and supervision, therefore, are impor-. .

tant considerations
conservator.

Lastly, architectural conservation must
take place within the context of a historic
structure, and take account of its site, set-
ting and physical environment.

For both movable and immovable cultural
property, the objects chosen for treatment
and the extent and nature of the treatment
are based on values and priorities which in-
evitably reflect each different cultural con-
text. For example, a small wooden domestic
structure from the beginning of the 19th
century in Australia would be considered a
national landmark because it dates from the
founding of the nation and because so little

for the architectural
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Australian architecture has survived from
this period. In Italy, on the other hand, with
its thousands of ancient monuments, a
comparable structure would have a relatively
low priority in the overall conservation needs
of the community.

Whatever form of conservation treatment
is adopted, the following standards of ethics
must be rigorously followed. First, the con-
dition of the object, and all methods and
materials used during treatment, must be
clearly documented. Second, historic
evidence should be fully recorded, and must
not be destroyed, falsified or removed.
Third, any intervention must be the
minimum necessary. Fourth, any interven-
tion must be governed by unswerving
respect for the aesthetic, historical and
physical integrity of cultural property.

Interventions should be reversible, if
technically possible, or at least not prejudice
a future intervention whenever this may
become necessary. They should not hinder
the possibility of later access to all evidence
incorporated in the object, and should allow
the maximum amount of existing material to
be retained. If additions are necessary, they
should be less noticeable than original
material, while at the same time being iden-
tifiable. Conservator-restorers who are in-
sufficiently trained or experienced should
not undertake such interventions ‘without
competent advice. However, it must be
recognized that some problems are unique
and have to be solved from first principles
on a trial-and-error basis.

Seven ‘‘degrees” of intervention can be
identified, but in any individual conservation
treatment, several degrees may take place
simultaneously in various parts of the
"whole”. The seven degrees are:

* prevention of deterioration
e preservation

¢ consolidation

* restoration

¢ rehabilitation

¢ reproduction

e reconstruction

Prevention of deterioration (or indirect
conservation). Prevention entails protecting
cultural property by controlling its environ-

BERNARD M. FEILDEN, British architect, is
director of the Rome-based International Centre
for the Preservation and Restoration of Cultural
Property (ICCROM) which was founded by
Unesco. He was previously surveyor to St. Paul's
Cathedral, London, and responsible for consoli-
dating the foundations of York Minster and
saving the spire of Norwich Cathedral in England.
He is the author of Conservation of Historic Buil-
dings, to be published later this year, and an Out-
line of Conservation, being published by
Unesco. .
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ment, thus preventing agents of decay and
damage from becoming active.

Prevention thus includes control of
humidity, temperature and light, as well as
measures to prevent fire, arson, theft and
vandalism. In the industrial and urban en-
vironment it includes measures to reduce at-
mospheric pollution, traffic vibrations and
ground subsidence due to many causes,
particularly abstraction of water.

Preservation deals directly with cultural
property. The object is to keep such proper-
ty in its existing state. Damage and destruc-
tion caused by humidity, chemical agents,
and all types of pests and micro-organisms
must be stopped in order to preserve the ob-
ject or structure.

Maintenance, cleaning schedules and
good management aid preservation. Repairs
must be carried out when necessary to pre-
vent further decay. Regular inspections of
cultural property are the basis of prevention.
When the property is subjected to an uncon-
trollable environment, such inspections are
the first step in preventive maintenance and
repair.

Consolidation (or direct conservation).
Consolidation is the physical addition or ap-
plication of adhesive or supportive materials
into the actual fabric of cultural property, in
order to ensure its continued durability or
structural integrity. In the case of immovable
cultural property, consolidation may entail,
for example, the injection of adhesives to
secure a detached mural painting to the
wall. Movable cultural property, such as
weakened canvas paintings and works on
paper, are often backed with new suppor-
tive materials.

In many cases it is wise to buy time with
temporary measures in the hope that some
better technique will evolve, especially if
consolidation may prejudice future conser-
vation work.

Restoration. The object of restoration is
to revive the original concept or legibility of
the object. Restoration and reintegration of
details and features are based on respect for
original material, archaeological evidence,
original design and authentic documents.
The replacement of missing or decayed
parts must integrate harmoniously with the
'whole”, but must be distinguishable on
close inspection from the original so that the
restoration does not falsify artistic or historic
evidence. .

Contributions from all periods must be
respected. All later additions that can be
considered as a “historical document”
rather than merely a previous restoration,
must be preserved. When a building in-
cludes superimposed work of different
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A museum
IN a sultcase

Three-dimensional ‘replicas’ of works of art,
produced by the astonishing technique of holography

by Ilvan G. Yavtushenko
and Vladimir B. Markov

vanced in 1949 by a Hungarian-born British physicist, Dennis

Gabor. However, his method proved unusable for lack of a
suitable light source. Not until the development of the laser as a
source of coherent light was further progress possible.

The breakthrough came in 1962, thanks to the work of American
scientists Emmett Leith and Juris Upatnieks, and a Soviet scientist,
Y.N. Denisyuk. Leith and Upatnieks took the laser as their source of
light and, working with a modified version of Gabor's method, proved
it possible to record and reconstruct a three-dimensional image of any
light-reflecting object. Meanwhile, Denisyuk’s fundamental work
established the principle of the complete reconstruction of the light
field created by a real object.

What is holography and how does it differ from conventional
methods of recording images? Non-holographic techniques use a lens
to produce an image of the subject on light-sensitive material, and of
course, the original three dimensions are then converted into two.
Holography consists of recording the light field emitted by the sub-
ject—the same field as is normally perceived by the human eye.

The theory of the technique of holography may be described as
follows. As in photography, one needs a light source, a photographic
plate and, of course, an object. The layer of photosensitive emulsion
is comparatively thick —about 10 microns. The object is illuminated by
the light of a laser; the reflected light falls on the plate. However, in
contrast to ordinary photography, the plate is also illuminated by
reference light rays from the same source. These two beams of light
combine, and are registered by the photographic plate, which is called
the hologram.

THE technique of producing holographic images was first ad-

The image is reconstructed by placing the hologram as before and
directing onto it a similar source of light. The effect of this upon the
structure recorded on the hologram is to produce light beams which
are an exact replica of those reflected by the original subject, so that
the viewer sees a three-dimensional copy of that subject.
{Denisyuk’s holograms can even be viewed with a pocket flashlight.)

This description of the recording and reconstruction of the image is
the key to the origin of the word holography, which Gabor coined
from two Greek words: holos, meaning “complete”, and graphein
_ meaning ‘‘to write”’. In other words, it is a method of recording all the
information about the light field emitted by a real object.

It is the hologram’s ability to produce an exact optical copy of the
subject which suggested that it might be widely used in museology.

There are many ancient objects which, for a variety of reasons, can-
not be displayed: perishable items that need special storage, or those
unique antiquities for which unusual security arrangements are re-
quired. This problem can largely be overcome by exhibiting
holographic replicas of such objects. Again, it is no secret that par-
ticularly valuable items found in provincial areas usually find their way
to large central museums. Holograms could well be made of them and
placed in provincial museums, providing exact replicas which could
advantageously replace laborious castings. Equally important is the
potential use of holograms in establishing the origin and identity of ob-
jects and determining their age and state of preservation. Optical
replicas may now be used in this research, rather than perishable or
particularly valuable originals.

30

Holography holds out exciting prospects for museums in the
organization of exhibitions. There are many exhibits which must be
viewed from several angles, or at least from two opposite sides. This
is especially true of coins or medals, since the designs on the
obverse and the reverse sides are different. Such items as chalices
and goblets also fall within this category. Holograms containing
every detail of the structure of such items can be produced by taking
circular reflective holograms. But this is an extremely difficult pro-
cedure: a simpler method is to take two-sided reflective holograms.
The latter technique employs a single plate to record separate
holograms of the obverse and the reverse of the subject, which must
be done in such a way that when reconstructed the images exactly
coincide.

The first phase in this process is to take a hologram of the
“obverse’” side. The exposed plate is then turned round, and a se-
cond exposure is taken of the ‘‘reverse’’ side of the same subject. In
order to avoid an overlap between the images, it is essential that the
exposure be taken with the light striking both the subject and the
plate at obtuse angles. When processed, this hologram is set up and
illuminated from both sides, so reconstructing an image of both the
“‘obverse” and the “reverse” of the object.

A further use of holograms in museology arises from their ability
to reconstruct pseudoscopic images. This method holds particular
advantages in those frequent cases where the mould of a seal or a
die is too ill-preserved to be used for casting, since an image can be
produced of the article which the mould was used to make. The
technique is as follows. The exposed and processed hologram is
rotated through 180 degrees in relation to the light source, and a
beam is directed onto it. The image thus produced is a pseudoscopic
copy of the mould—in other words, an image of the real article,

Enlarged or scaled-down three-dimensional images of real objects
can also be produced, these methods being particularly appropriate
where small objects are to be displayed, or for showing the minor
details of a large exhibit. Lastly, the applications of holography are
not restricted to historical objects, but may include holographic por-
traits of contemporary figures, or holographic views of interiors.

One highly successful use of holograms is in travelling or perma-
nent exhibitions, which can quite easily be set up in any locality. This
is confirmed by the fact that such exhibitions have been organized in
Moscow, Kiev, Yalta, Simferopol, Sebastopol and other Soviet,
towns and cities. The international exchange of these exhibitions is
arousing strong interest. One sign of this is the popularity of an ex-

IVAN GRIGORYEVICH YAVTUSHENKO /s the head of museum science
and methodology at the Ministry of Culture of the Ukrainian SSR. His explo-
ration of the possibilities of holography in museum work forms part of his
activities in the field of museum research, the design and technical equip-
ment of museums, preservation techniques, and the display of exhibits.

VLADIMIR BORISOVICH MARKOV /s the head of the laboratory of
applied holography at the Physics Institute of the Ukrainian Academy of
Sciences. He has written widely in Soviet and international publications on
questions related to optics, laser technology and holography.
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