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EXECUTIVE SUMMARY 

This publication is arranged so that the significant activit- 
ies of our organization can be gleaned by the busy executive 
by reading the Introduction of this report, and the under- 
scored portions of the subsequent sections. 



FOREWORD 

The major functions of the Research Division of U.S. 
Army Research, Development and Standardization Group (USARDSG- 
UK) are to identify and cultivate unique offshore technology 
and to transfer it to the U.S. Army's research laboratories 
and agencies. In order to make that transfer of technology 
more timely and effective, we provide, in the Scientific High- 
lights , information on the significant activities and accomp- 
lishments of the Research Division on a quarterly basis. 

Research  
Annual Report.  If 

Further information on the activities and accomplish- 
ments of the Research Division is available in the USARDSG-UK 

Activities Report and the U.S. Army Research Office 
you are not now receiving these publi- 

cations, but would like to, please contact the undersigned. 
Comments or questions regarding items appearing in any of 
these publications may be addressed to the point of contact 
given in code at the end of each article and defined in the 
following pages. 

Every year USARDSG-UK sponsors select international 
conferences relevant to the U.S. Army's Research and Develop- 
ment program objectives. In return, waivers of registration 
fees for a few scientists who participate from the U.S. Army 
Labs are allowed. A list of conferences to be held in FY90 is 
included in this issue. To avail this concession, the incum- 
bent participant should contact the relevant responsible 
scientist at the USARDSG-UK as early as possible. Similarly, 
information about the planned workshops is included. These 
workshops are an excellent forum to discuss ongoing work and 
to transfer information between foreign and U.S. Army scien- 
tists. Researchers, active in the area covered by these work- 
shops, are encouraged to take steps to participate in them. 
Usually one or two scientists from the U.S. Army laboratories 
participate by presenting papers or discussions at each 
workshop. USARDSG-UK will help as much as possible in facil- 
itating participation in these conferences and workshops. 

So that we may make this publication more effective in 
the future, we would appreciate feedback from you, the read- 
ers.  We welcome your comments and suggestions. 

C.C. SMITH 
COL, CM 
Commanding 

By  

Distribution/ 

Dist 

Availability Codas 

Avail and/or 
Special 

/H 



INTRODUCTION 

The United States Army Research, Development and 
Standardization Group - United Kingdom (USARDSG-UK) has both 
research and standardization missions. The research mission 
is carried out by the USARDSG-UK's Research Division, histori- 
cally known as the U.S. Army European Research Office (ERO). 
It is with the activities of the Research Division that this 
brochure is concerned. 

The Research Division is basically an extension of the 
U.S. Army scientific community into Europe, Africa, the Middle 
East, and South West Asia. The technical staff consists of 
senior scientists and engineers who collectively represent a 
very broad range of disciplines: chemistry, biology, physics, 
mathematics, material sciences, aeronautics, mechanics, 
electronics, and computer sciences. Each of these groupings 
of disciplines is covered by a staff scientist from the U.S. 
Army Research Office (ARO). Additionally, staff scientists 
from the U.S. Army Corps of Engineers and the Army Research 
Institute (ARI) are administratively attached to USARDSG-UK; 
they cover: respectively, environmental sciences and behav- 
ioural and social sciences. Names and telephone numbers of 
these scientists are given in a subsequent section. 

The research mission is implemented by: 

1. Acting to encourage the most effective possible 
exchange between the scientific and engineering communities of 
Europe, Africa, the Middle East, and South West Asia, and the 
scientists and engineers in the U.S. Army research laborat- 
ories and agencies; and 

2. Encouraging and supporting basic (or fundamental) 
research which is unique in character and highly relevant to 
the interests of the U.S. Army. 

The former aspect of the mission is accomplished 
chiefly in four ways: a) technical staff visits to univers- 
ities and other research activities with resident personnel; 
b) technical staff attendance at international conferences, 
symposia, and workshops covering technical subjects of inter- 
est to the U.S. Army; c) under certain circumstances, by 
assisting European, African, Middle Eastern, and South West 
Asian scientists and engineers to visit appropriate U.S. Army 
research and development laboratories and agencies; and d) 
provide, on occasion, travel support for Army scientists. 

The latter aspect of the mission is accomplished 
largely in two ways: a) by support of international confer- 
ences, symposia, and workshops, the workshops typically being 
highly focused on U.S. Army problems; and b) by support of 
unique research projects. Support of research projects may be 
accomplished using in-house funds provided by ARO or funds 
provided by U.S. Army laboratories and other DOD agencies. 
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In the sections that follow entitled HIGHLIGHTS OF THE 
RESEARCH PROGRAM and TECHNOLOGY TRANSFERS, we will present 
selected activities and progress during this period on pro- 
jects, liaison travel, symposia, conferences and workshops. 
Selected technical and administrative items will often be 
presented in some detail. A listing of the board-approved 
contracts, as well as planned conferences and workshops 
sponsored by Research Oivision will be provided. 

POINTS OF CONTACT 

Listed below are points of contact for inquiries about 
items appearing in this publication or about other technical/- 
scientific matters regarding this office. (FAX: 44-71-724- 
1433) 

Name & Telephone No. Branch Symbol 

Dr. Wilbur C. Simmons RM 

Director/Chief, Material Sciences Branch 
44-71-409-4657/4485 

Or. John M. Zavada 
Chief, Electronics/Computer Sciences Branch 
44-71-409-4423/4485 

RI 

Dr. Roy E. Reichenbach RA 

Chief, Aeronautics/Mechanics Branch 
44-71-409-4423/4485 

Dr. Reg. Seiders RQ 

Chief, Chemistry/Biological Sciences Branch 
44-71-409-4485/4657 

Chief, Physics/Mathematics Branch RP 
44-71-409-4423/4485 

Mr. Jerry C. Comati RE 

Chief, Environmental Sciences Branch 
44-71-402-7331 

Or. Milton Katz RB 

Chief, ARI Behavioural & Social Sciences 
Liaison Office 
44-71-262-5798/5935 

PLEASE NOTE, AFTER 6 MAY 1990, THE LONDON AREA CODE 
CHANGED FROM 1 TO 71 
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II.  HIGHLIGHTS OF THE RESEARCH PROGRAM 

SYNTHETIC APPROACHES TO TAT 

The prospects are bleak  for finding new synthetic 
approaches to TAT  (tetra-acetyl  tetrazocane),  which Is ä 
relative of HMX.  This is the conclusion of Professor H. 
Wamhoff at the University of Bonn, FRG.  He recently submitted 
Mi final report on the sub.ject which summarizes a wide 
variety of attempted syntheses and transformations with little 
or no success.  His conclusions are summarized below. 

Almost all experiments revealed that the development of 
a novel route to TAT and related molecules, which might 
successfully compete with the few useful procedures known 
today, is indeed very difficult and limited to a narrow 
selection of reactions.  The weak stability of the 8-membered 
[8]ane-N4 systems seems to play the decisive role.   All 
approaches which need more vigorous and energetic reaction 
conditions do not normally result in the desired 8-membered 
ring system; but instead, decomposition products and/or 
polymeric material result from these experiments. 

On the other hand, ring synthetic approaches, even 
under template conditions, turn out to be successful only when 
the final [8]ane-N product is internally stabilized, e.g. bv 
amide resonance. "As soon as one tries to chemically modify 
these internal stabilization elements, the heterocyclic system 
shows a total collapse, and decomposition products, as well as 
polymers, are the only result. 

In this and in the earlier research project, a vast 
number of experiments have been investigated, with the aim 
toward approaching the TAT target molecule from as many sides 
as possible. Unfortunately, none of all those well thought 
out proposed routes brought a definite breakthrough, ~ In 
summary, at the moment there is no comparatively simple and 
economic access to TAT in sight"  

The Final Report will be available from OTIC in the 
near future.  (Chemistry and Biological Sciences Branch). 

CHARACTERIZATION OF A GLUTAMATE RECEPTOR 

Professors Usherwood (Nottingham) and Barnard (Cam- 
bridge) report very good progress in their Fourth Interim 
Rep_ort on contract DAJA45-88-C-0032 entitled "Structural and 
Biophysical Characterization of a Glutamate Receptor". 

Until this work, it was generally believed that glut- 
amate receptors which are not activated by N-methyl-O-asparate 
(NMOA) form a major class comprised of two well-recognized 
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types, those activated by kainic acid (KA) and those activated 
by quisqualate (QUIS) or its more selective homologue AMPA ( 
-amino-3-hydroxy-5-methylisoxazolepropionate). They first 
sought to purify the KA receptor, using the brain of Xenopus 
where it is exceptionally abundant. Surprisingly, it was 
found that both the KA binding sites and the AMPA binding 
sites present in Xenopus brain membranes can be coextracted by 
octylglycoside and shown to behave as one entity in all 
analyses made in solution. Furthermore, when partly purified 
by lectin affinity, ion-exchange chromatography or by sucrose 
density centrifugation, the two activities comigrate in a 1:1 
ratio. There are equivalent numbers of AMPA and KA sites and 
the two sites show a single affinity series for the binding of 
the glutamatergic agonists. They deduce that KA and AMPA (or 
QUIS) select different conformations of a single KA/AMPA 
receptor binding site, thus perhaps explaining the different 
channel-opening events that have been reported by others for 
these two agonists. 

The pure receptor protein was obtained by affinity 
chromatography, and several subunits were found on SDS PAGE 
and in chromatofocussing, these were associated with both 
binding activities. All the evidence obtained from the pure 
receptor indicated that it was a single protein (containing 
several subunits) which possesses both the KA and the AMPA (or 
QUIS) sites. While this work was Tri progress, and after the 
publication of the first part of it, a report appeared in 
Nature of a cONA encoding a KA binding protein from another 
amphibian (Rana) (See wada et.al., Nature 342, 684 (1989)). 
The proteins are considerably different in the following ways: 

a. The Rana protein, as obtained by purification or by 
cloning, has only the KA sites, not the AMPA sites. 

b. The Rana protein had only one type of subunit (48K Mr) 
whereas several were found here. 

c. The Rana protein does not give receptor channels. The 
Xenopus protein gives characteristic KA and AMPA receptor 
channels when reconstituted. 

It appears possible that the preparation from Xenopus, 
which is different and gives greater protection from proteoly- 
sis than that used for Rana, preserves the other subunits 
which may be degraded in the Rana preparation, losing function 
but retaining only the KA-binding (non-receptor) protein. 

Barnard and Usherwood have been able to successfully 
reconstitute the receptor into artificial bilayers, and the 
receptor shows activity (i.e. channel openings were observed) 
on exposure to KA or AMPA. 

The peptide sequences obtained for the Xenopus unitary 
receptor were used to construct DNA primers, which were used 
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in the polymerase chain reaction (PCR) to yield an 850 base 
fragment which has now been fully sequenced and will be used 
to screen libraries of cONA. 

The future main objective will now be to obtain full 
length cDNAs encoding subunits of the insect non-NMDA recep- 
tors of the nervous system. This may avoid the problems found 
by the workers with vertebrate clones, where functional 
expression of the cDNA was poor or lacking altogether. The 
insect cDNAs will then be characterized and expressed. Each 
will be transcribed to RNA, expressed in the Xenopus oocyte, 
and the channel forming ability and properties will then be 
characterized. 

This research on the qluamate receptor will be invalu- 
able to other investigators in Biotechnology and especially to 
Army programs on the use of receptor arrays for generic 
detection of physiologically active rheminaU. (phpmigf>y and 
Biological Sciences Branch). 

DEVELOPMENTS IN 
TECHNIQUES 

NONLINEAR   FILTERING   AND   APPROXIMATION 

an effic- 
.man filters 

This research deals with theoretical and numerical 
aspects of stochastic differential systems with noisy measure- 
ments, applicable to the modelling of nonlinear filters. 
Filtering techniques are critical for obtaining state space 
information of nonlinear systems from measurements with 
errors, hence they are important in signal processing and 
nonlinear control. The research group at INRIA (Sophie- 
Antipolis, France) lead by Professor Etienne Pardoux, has 
recently made advances in stochastic DE's on several fronts. 
For one-dimensional systems with piecewise linear coefficients 
and which satisfy certain detectability hypotheses, 
ient approximate filter can be constructed from Kalm 
associated with the linear differential systems corresponding 
to the individual linear components of the coefficients. They 
have also shown the consistency of the maximum likelihood 
estimator (MLE) for unknown parameters in a stochastic differ- 
ential system with asymptotically small noise. Using the 
theory of large deviations, they prove that the limiting 
points of the MLE seguence are minimizers of a least-squares 
type functional for the estimation of the parameters in the 
deterministic system obtained by zeroing the noise terms. 

are currently investigating a numerical time 
technigue for solving the Zakai diffusion 

equation corresponding to a filtering problem with correlated 
noise. This equation arises in computing likelihood functions 
in parameter estimation. The technique they are studying is a 
predictor-corrector (well known in deterministic differential 
equations) scheme on semigroups. They show the convergence 
order of the method to be 1/2 (in powers of the time 
which is optimal for this eguation. (Mathematics and 
Branch) 

Finally, they 
discretization 

step) 
Physics 
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IMPROVEMENT IN THERMOELECTRIC POWER GENERATION EFFICIENCY IN 
SEMICONDUCTOR ALLOYS 

Research is being carried out on silicon germanium - 
gallium phosphide alloys in order to improve them for thermo- 
electric power generation. The Jet Propulsion Laboratory has 
reported that a high temperature anneal of this alloy improves 
its electrical power conversion factor. However, recent 
findings of Or. Rowe of the University of Wales, Cardiff, and 
his associates have shown that this conversion efficiency 
keeps improving as the material is cycled through high and low 
temperatures a number of times, possibly reaching a saturation 
limit eventually. They have also seen microstructural changes 
accompanying this improvement. Further microscopic diagnostic 
studies are planned to pin down the underlying fundamental 
causes and dynamics that are responsible for the observed 
improvement with an eye towards eventual introduction of these 
improvements into actual operational devices. (Mathematics 
and Physics Branch) 

MAGNETO-TRANSPORT STUDIES OF InSb-CdTe HETEROJUNCTIONS 

Professor M. Pepper at the University of Cambridge, UK, 
has been investigating topics in solid state physics relating 
to future electronic devices. His research has been supported 
by the USARDSG-UK and the U.S. Army ETDL. Recently, he has 
reported on the results of magneto-transport studies of 
InSb-CdTe heterojunctions. 

The III-V semiconductor InSb possesses a narrow band- 
gap (E =0.236 eV at 4.2 K) and small electron effective mass, 
leading to very high electron mobilities (-5x10 cm V s at 
77K). It is also closely lattice-matched to the wide-gap 
II-VI semiconductor CdTe(E =1.6 eV at 4.2K) permitting the 
fabrication of InSb-CdTe heterostructures. A two-dimensional 
electron gas (2DEG) of electrons of a small effective mass and 
high mobility is confined in InSb quantum wells deeper than 
the InSb band-gap. InSb-CdTe heterojunctions are thus of 
considerable interest as semiconductor devices: for example, 
HEMT-type structures based on InSb-CdTe have been predicted to 
have an order of magnitude higher electron mobility than 
equivalent GaAs-(Ga,Al)As devices, whilst InSb-CdTe quantum 
wells are potential infra-red sources and detectors. 

In Professor Pepper's laboratory, a series of magneto- 
transport measurements have been performed on specimens of 
InSb-CdTe heterojunctions containing a high^mobility (-22,000 
cm V s ), low carrier density (1.7-4.2x10 cm" ) two dimen- 
sional electron gas (2DEG). This combination has been real- 
ised for the first time as a result of improvements in mole- 
cular beam epitaxy growth techniques. Depending on the 
carrier density, one or two subbands are occupied, and at high 
magnetic fields the 2DEG exhibits both zeroes in the diagonal 
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magnetoresistivity and accurately quantised Hall plateaux. 
The low-field magneto-transport reveals the importance of a 
spin-splitting of the subbands, present even at zero magnetic 
field, due to a term proportional to KT in the InSb bulk 
Hamiltonian and the spin-orbit interaction in an asymmetric 
potential well containing a strong electric field: the split- 
ting is found to be - 2 meV, and its size and dependence on 
the carrier density have been theoretically modelled within a 
triangular well approximation. Measurements of the g-factor 
have been carried out using high-field magnetotransport in 
fields tilted away from the normal to the 20EG. These indi- 
cate that the g-factor in the hetero.junctions is between 86 
and 120, greatly enhanced over the band-edge value in InSb: 
the enhancement is far too large to be due to exchange ef- 
fects . 

These preliminary measurements have demonstrated that 
the InSb-CdTe heterojunction is both an interesting system in 
its own right, and an ideal tool with which to study effects 
specific to narrow-gap semiconductor space-charge layers. The 
advent of the improvements in growth techniques responsible 
for the samples in this study may lead to an upsurge of 
interest in this promising electronic material. (Electronic 
and Computer Sciences Branch) 

ADVANCED  TRIBOLOGICAL  COATINGS  FOR  HIGH  SPECIFIC  STRENGTH 
ALLOYS ~  

Under ERO contract DAJA45-87-C-0044, the National 
Centre of Triboloqy, Risley, UK, has been studying various 
coating technologies on tantalum alloy for rolling contact 
fatigue and pin-on-disk wear resistance. Coating structure 
and thickness was determined and a microhardness depth profile 
was measured. Reproducability and additional tests are 
underway. Results todate (6th Interim Report, 2 Apr 90) 
indicate nitrocarbarizinq is superior to ion implantation, 
anodising, plasma nitriding, pack aluminizing and nitrox 
processes.  (Material Sciences Branch) 

ELECTRICAL IGNITION OF HAN-BASEO LIQUID PROPELLANTS 

This recently completed research effort by G Klinqen- 
berq of the Ernst-Mach-Institute, Weil am Rhein, West Germany 
had a principal objective of investigating means of electrical 
ignition of liquid gun propellant (LGP). 

The feasibility of arcless ignition of LGP 1864 was 
investigated using vented chambers, and it was demonstrated in 
a small calibre RLPG simulator. The igniter consists of a 
center electrode separated from conically shaped vented outer 
electrode by a hollow cylindrical insulator.   As far as 
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scaling up to larger calibres is concerned, the simplest 
strategy would be to build and enlarged version of the igni- 
ter. The main difficulties with this approach are the unknown 
ignition scaling parameters and the mechanical stability of 
the component parts. It may be easier to use an arrangement 
of igniters of the present type and size working in parallel 
to achieve the required performance. Another approach is a 
staging process in which the liquid propellant in the first 
stage is ignited electrically and subsequent stages are 
ignited from the reaction products and heat released from the 
preceding stage. 

Simple electrostatic theory has proven to be a valuable 
tool for the optimization of the electrode and cavity geomet- 
ries . Computer aided numerical calculations yielded an 
improved electrode geometry, which absorbs less electrical 
energy and requires less charge voltage than the earlier 
designs. Apart from the overall geometry, the energy consump- 
tion of the ignitor is determined mainly by polarity, elec- 
trode surface area, anode/cathode area ratio, and charge 
voltage. High-speed emission and transmission films taken 
during the ignition process indicate a chemical ignition 
mechanism. Ohmic heating and/or electrochemical conversion 
are not in themselves sufficient to force ignition by way of 
the primary decomposition products. The very long ignition 
delays encountered with the EMI-AFB ignition test fixture 
imply that additional reactive intermediates are necessary. 

Scanning electron microscopy (SEM) and x-ray micro- 
analysis show that ignition is affected by the chemical and 
physical characteristics of the electrode surface. Corrosion 
and wear of the steel presently used were considerable. A 
uniformly smooth surface reduces ignition delay and energy 
transfer to the liquid propellant. Preliminary results of IR 
spectrometric monitoring of combusting liquid propellant 
demonstrate the applicability of the method as a diagnostic 
tool. The species resolution is lower than that of Gas 
Chromatography/Mass Spectrometry, but temporal resolution is 
more easily and non-intrusively achieved. (Aeronautics and 
Mechanics Branch). 

DEFORMATION,  FRACTURE AND EXPLOSIVE PROPERTIES OF REACTIVE 
MATERIALS 

This recently completed research effort by Or. J.E. 
Field, Cavendish Laboratory, University of Cambridge, U.K. 
investigated the behavior of explosives when impacted. A 
number of techniques were used in the studies. They included 
a drop-weight facility with transparent anvils, an instru- 
mented dropweight machine, a miniaturised Hopkinson bar system 
for high rate of strain property measurement, laser speckle 
for studies of deformation and fracture of PBX's, and auto- 
mated system for analysing speckle and moire records, and a 
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heat sensitive film technique for recording the position and 
temperatures of "hot spots". Data is presented on the behav- 
ior of a range of HMX's of different particle sizes, —TATB, 
PBX's based on TATB and various propellants when impacted in 
the drop-weight test. The propellants were studied both at 
room temperature and below their glass transition temperature. 
At the lower temperature their flow stresses were higher and 
in the main they were more sensitive. Photographic evidence 
is presented of adiabatic shear band formation: measurements 
of band spacing and band width are compared with theoretical 
predictions. Continued development of speckle and moire 
techniques and their application to deformation, impact and 
fracture studies are described. Research on the propagation 
of reaction down columns of pressed explosive and of shock/ 
cavity interactions was outlined. (Aeronautics and Mechanics 
Branch) . 

WORKSHOP ON UNSTEADY AND TWO-PHASE FLOW 

The Aeronautics and Mechanics Branch sponsored an 
international workshop entitled "Unsteady and Two-Phase 
Flows". The workshop was organized by Professor J.H. Whitelaw 
and held in the Mechanical Engineering Department of Imperial 
College, London, U.K. on 28 and 29 June. The workshop was 
attended by 35 participants from eight countries. The tech- 
nical Program comprised four sessions with two concerned with 
Unsteady and Two-Phase Flows and the other Two with Gun Flows. 
A total of 22 formal presentations were made with extensive 
discussion. 

calc 
wher 
There is 

An observation is the  flexibility and accuracy of 
ulation methods when appliedTö~ sprays and mixing regions 
e measurements and calculations are in close accord. 
e is a need to extend the application of these methods to 

complex unsteady flows, including those in gun-barrel config- 
urations. This should be undertaken in a step-by-step manner 
in which the methods are applied first to complex breech-type 
geometries and then to two-phase flows where the concentration 
is increased progressively to that of real guns. Calculated 
results for combusting flows was presented, including those 
with spontaneous ignition, and this type of work should be 
extended in terms of related experiments. 

sented 
guns t 

Tnose Papers concerned with interior ballistics repre- 
ssL spectrum of activity ranging from non-combusting gas 

. °—60 QHD calibre with  real pröpellant charges.   As 
expected, local-flow results are available from the former and 
only^ wall results from the latter. Consistent with the 
previous comments, there is a need to extend knowledge of 
in-cylinder flow to include local flow characteristics 
including velocity, temperature, particle size and species 
concentrations as functions of time and position.  In prac- 
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tical terms, this type of 
gas fun with increasing 
Only in this way will 
heat-transfer information 
assist the design of more 

information should be acquired in a 
concentration of solid propellant. 
understanding of wall-erosion and 
be available in a way which will 

complex systems. 

The experimental techniques required to fulfill the 
requirements of the topics mentioned above are available only 
in part. Methods for the measurement of erosion and wall 
temperature were reported at the workshop and, although 
questions can be raised about time resolutions in excess of 
10kHz, adequate methods are available if carefully used. The 
only methods for measuring local flow properties are based on 
light and must be limited to modest concentrations of propel- 
lant. Laser velocimetry provides a basis for velocity meas- 
urement, two-color pyrometry for temperature and the intensity 
of Doppler signals for particle size. The first method can 
contribute now with acceptable accuracy, but the latter two 
require development and more careful assessment of related 
uncertainties. Research work is necessary and further under- 
standing of gun flows will not be achieved without it. 

icul 
The 
clea 
the 
may 
term 
howe 
equa 
and 
mode 
meth 
two- 
fact 
naut 

The calculation methods must be developed with part- 
ar care assigned to the achievement of numerical accuracy, 
three presentations of numerical method made this very 
r as a first priority. The solution of unsteady forms of 
Navier Stokes equations with diffusion in two directions 
be inefficient in much of the flow region but, in the long 
, it may be justified. Interactive procedures are, 
ver,  worth pursuing  since  invisid and  boundary-layer 

much of the flows in barrel 
and accurately.  Turbulence 
important as the calculation 
near wall flows and present 

tions are representative of 
can be solved efficiently 
Is will become increasingly 
ods begin to resolve the 
phase flow models will prove to be decreasingly satis- 
ory as related measurements become available. (Aero- 
ics and Mechanics Branch). 
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III. TECHNOLOGY TRANSFERS 

VISIT TO THE UNIVERSITY OF HAMBURG 

Dr. Mikael Ciftan visited the Hamburg Synchrotron 
Radiation Laboratory (HASLYB), where the synchrotron radiation 
from the DESY high energy physics machine is used for conduct- 
ing experiments in condensed matter and atomic physics. He 
met with Professors Kunz, Matrelik, Sonntag, and Möller. A 
major finding was that they can now focus X-rays down to 1 
micron resolution (and in the future anticipate resolutions of 
.1 micron), and the intensity is so high that they need only 1 
millisecond or less exposure to look at structures of mater- 
ials. They can probe the dynamics which occur at the macro- 
molecular level, even in biological materials, and can make a 
movie out of these exposures. They are now able to study the 
minutest amounts of material, on the order of nanograms of 
matter, thereby eliminating the need for neutron scattering- 
type analysis, which reguires a lot more material in order to 
get a good signal-to-noise ratio. They are able to study 
dislocation dynamics and other microscopic dynamic phenomena 
by focusing the beam on the surface of the material exactly on 
a single defect. This capability, together with the scanning 
tunneling microscopy that has recently been discovered, gives 
scientists extremely powerful tools to study the local micro- 
scopic dynamics of a great many materials. 

Or. Ciftan also visited the Chemical Physics department 
at the University of Hamburg, where Professor Otto Stern had 
done his famous experiments on the spin of the electron, 
thereby unraveling a very important cornerstone of Quantum 
Theory. He met with Professor Or. Walter Gunsser, whose group 
has been doing work on atomic clusters that actually exist as 
defect clusters in alloy materials. They have been able to 
investigate the properties of these clusters by using Moss- 
bauer spectroscopy in conjunction with several other methods. 
The research indicates that it may be possible, for example, 
to control the bulk magnetic properties of magnetic materials 
by controlling the size and distribution of the magnetic atom 
clusters in host materials. This is reasonable to expect, 
partly because the host atoms in their particular crystalline 
structure can influence the "surface" atoms of the clusters. 
This interaction can then thermodynamically determine the 
final configurations (bonding and coordination) between the 
cluster and host. The added freedom of controlling these 
interactions may offer us the possibility of yet another class 
of artificially structured man-made materials. (Mathematics 
and Physics Branch) 
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VISIT TO THE UNIVERSITY OF YORK 

Dr. Ciftan visited with members of the Physics depart- 
ment at the University of York, specifically the department 
chairman, Professor J. Matthew. They discussed the physics of 
photoionization, particularly the "Giant Resonances" that are 
observed in many cross-sections. Or. Ciftan intends to follow 
up on this subject with his Pi's in the USA in order to find 
out how important such excitations might be in the modelling 
of cross-sections that are vital in nuclear effects appli- 
cations relevant to ongoing work at HDL. Or. Ciftan also 
found out that this department is working in the area of 
magnetic thin films. He has been developing a program in this 
area of research with several applications in mind, particu- 
larly non-reciprocal devices in the millimeter wavelength 
region.  (Mathematics and Physics Branch) 

RESEARCH ON LUMINESCENT FILMS 

Professor A. Vecht of the Thames Polytechnic University 
in London, has been -°  - - —   ;    ^~- ~  
electroluminesce 

een performing research on alternatinp current 
nt (ACEL) thin films.  This work has been 

funded by U.S. Army Electronics Technology and Oevices Labor- 
atory (ETDL) as part of their program on large area display 
panels and has been administered by the Electronics Branch of 
ERO. The main objective of this research has been to invest- 
igate novel chemical vapor deposition growth techniques for 
producing high guality ACEL films based on Mn doped ZnS 
compounds. Afterseveral unsuccessful attempts, Professor 
Vecht has recently discovered a new method, involving evapor- 
ated interlayers of manganese, that has yielded very promising 
results. The films produced by this method have shown very 
high luminescence levels and may be suitable for actual device 
applications. Professor Vecht has provided samples of com- 
plete EL stacks using these films to ETDL for further test and 
evaluation. The next stage of the research would be directed 
toward the development of multi-color ACEL thin films using 
this method. Such films would find wide-spread application in 
Army systems involving color display panels. (Electronics and 
Computer Sciences Branch) 

LIAISON TRAVEL TO US ARMY ETDL 

Dr. K.A. Shore from the University of Bath, UK, made a 
visit to the U.S. Army Electronics Technology and Devices 
Laboratory (ETDL) to present a technical seminar concerning 
his current research. The title of his seminar was "Nonlinear 
Waveguides in Multi-Quantum Well Semiconductors." ITi—FTs 
talk, Dr. Shore outlined the optoelectronics research at the 
University and described in detail the nonlinear optical 
properties of various multi-guantum well semiconductor wave- 
guides.  Hls research is centered on theoretical results of 
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waveguide structures incorporating a defocussing nonlinearity 
associated with the fundamental band-edge absorption in 
semiconductors. His visit to ETDL was hosted by Dr. M. Dutta, 
who is presently engaged in similar research cooncerning 
semiconductor waveguides. The seminar was well received and 
stimulated a number of interesting questions. Afterwards, Dr. 
Shore visited Dr. Dutta's lab and met with other researchers 
at ETDL. Possible collaborative projects were discussed, 
including optical interconnects for optoelectronic circuits 
and novel materials (organics, etc.) for optical waveguides. 
The Electronics Division at ERO provided financial support for 
this visit. (Electronics and Computer Sciences Branch) 

EUROPEAN PARTICIPATION IN ARO'S U.S./JAPAN CONFERENCE ON SMART 
MATERIALS 

Through the ERO liaison travel progra, two European 
scientists participated in the 19-23 March 1990 ARO conference 
on smart materials by presenting technical papers and contrib- 
uting to discussions of position papers. Smart/intelligent 
materials, structures and systems generally consist of a 
material with imbedded or intrinsic sensors, some logic or 
control function, and a response action. For example, a smart 
satellite structure detects vibration, calculates damping 
action required, and drives piezoelectric actuators to elim- 
inate unwanted vibration. Smart materials often mimic bio- 
logical systems. Dr. Julian Vincent, University of Reading, 
UK, presented a very interesting and entertaining paper on 
"Insect Cuticle as an Archetype Composite Material", and Dr. 
K.H. Hoffman, University of Augsburg, Germany, presented a 
paper on "Mathematical Modeling of Dynamical Transformations 
in Smart Materials". The Director of ERO, Dr. W.C. Simmons, 
chaired one of the sessions.  (Material Sciences Branch) 

DODDS JUNIOR SCIENCE AND HUMANITIES SYMPOSIUM 

As in the past several years, the scientists of the 
European Research Office, USARDSG-UK, have contributed their 
time and energies into evaluating and selecting final student 
research papers to be orally presented, and others by poster 
session, at the Department of Defence Dependent Schools, 
DODDS, Junior Science and Humanities Symposium to be held in 
Munich on 8, 9 and 10 March 1990. Senior (and Junior) high 
school students from American, British and Canadian dependent 
schools may participate. After initial screening by DODDS 
staff, about 65 research projects were evaluated by ERO staff. 
Many of the papers exhibited very high standards of approach, 
design, understanding and technical presentation. It was a 
pleasure to participate in the evaluation process, and to 
encourage student interest and initiative in the sciences and 
humanities.  (Material Sciences Branch) 
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RSRE, MALVERN, UK, SCIENTIST STUQIES "TWO MICRON DIODE-PUMPED 
LASERS" WITH CNVEO LABORATORY IN VIRGINIA ~~  

Dr. M.j.p. Payne from the Royal Signals and Radar 
Establishment spent a very profitable seventeen weeks at the 
Center for Night Vision and Electro-Optics last summer and 
Fall 89, and was coordinated through the ERO liaison program. 
His recent Trip Report describes attempts to lay a basis for 
further research into high power, pulsed, diode-pumped lasers 
emitting in the spectral region near two microns. Various 
oxides and fluorides doped with trivalent Er, Tm and Ho were 
studied. The erbium-thulium energy transfer rates were 
studied in detail. In a general calculation, the population 
inversion threshold in both transversely and axially-pumped 
lasers was found to be independent of most of the crystal 
characteristics, and the details of the geometry. This 
invariance of a major component of the lasing threshold does 
not appear to have been recognised previously. It should make 
experiments, and lasers, easier to design but has yet to be 
tested in practice.  (Material Sciences Branch) 

BIOTECHNOLOGY IN THE SOVIET UNION 

The following article is the summary of a one day 
Symposium that was held in London in December 1989. It covers 
the presentations that were made by the members of a British 
team of Biotechnology experts who visited several Research 
Institutes in  the  Soviet  Union  in  late  September ~1989~ 
Although the team did not visit any military centers, their 
comments and insight about the state of Biotechnology in the 
Soviet Union may be useful to other analysts. 

INTRODUCTION 

„ . The invitation to visit the Soviet Union came from 
Professor E.D. Sverdlov, Director of the Institute of Mole- 
cular Genetics in Moscow. He had been the leader of a Soviet 
Delegation that had visited several British Biotechnology 
centers in July 1989. The Soviets WPTP pipggPH „jth their 
visit to British Companies and Government Organizations and 
they welcomed a reciprocal visit. 

The Chief Engineer and Scientist, Dr. Ron Coleman, of 
theDepartment of Trade and Industry (DTI) suggested that the 
visit could be a DTI Overseas Science and Technology Expert 
Mission (OSTEMS). Consequently, an OSTEMS was arranged. The 
general objectives of OSTEMS are to access offshore technology 

Industry,  Government,  and  Academia  to  increase  their 
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awareness of foreign achievements through direct contact with 
key organizations and people in their subject areas. 

On behalf of the Center for Russian and East European 
Studies (CREES), University of Birmingham, the British Com- 
pany, GB Biotechnology Limited organized the OSTEMS to the 
USSR for 15-28 September 1989. The Delegation had a broad 
spread of expertise representing Academia, Government, and 
Industry. The Institutes that were visited were among the 
leading ones involved in Biotechnology. Because of the busy 
schedules of the Delegates, additional visits to Institutes in 
Riga, Leningrad, Vladivostok, and Novosibirsk had to be turned 
down. 

The Delegation team was comprised as follows: 

Leader of Delegation: 

Dr. Rod Greenshields, Managing and Technical Director. GB 
Biotechnology Limited, 4 Beaconsfield Court, Sketty, Swansea 
SA2 9JU. 

Official Recorder: 

Or. Anthony Rimington, Research Fellow. The Center for Russian 
and East European Studies, Deputy Director, Professor Hanson. 
The University of Birmingham, Edgbaston, Birmingham B15 2TT. 

Team Members: 

Or. Brian Richards, Chairman, British Biotechnology Limited 
and Chairman of DTI/SERC Joint Advisory Board for Biotechnol- 
ogy, Watlington Road, Cowley, Oxford, OX 45LY. 

Dr. Ian Fleming, Consultant, DTI Biotechnology Unit, Laborat- 
ory of the Government Chemist, Building 216, Queens Road, 
Teddington, Middlesex,TW11 OLY. 

Dr. Gwyn Humphreys, Academic Liaison, Celltech Limited, 230 
Bath Road, Slough, Berks. 

Dr. Shirley Lanning, Executive Director, Biolndustry Associ- 
ation, 1 Queens Gate, London, SWlH 9BT. 

Dr. Harry Rothman, Director, Center for Science and Technology 
Policy, Bristol Business School, Cold Harbour Lane, Filton, 
Bristol. 

OVERVIEW 

The Delegation visited some of the most important basic 
resea irch Insti tutes working in Biotechnolo SY in the Moscow 
region o f the USSR including the "BioCity" at Pushchino, and 
Kiev in the Uk rainian SSR.  These Institutes ranged from those 
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primarily engaged in "pure" research, such as the Institute of 
Molecular Genetics (Moscow) or the Institute of Molecular 
Biology and Genetics (Kiev), to those which had strong links 
with industrial production, such as the Shemyakin Institute of 
Biorganic Chemistry, the most important and prominent Biotech- 
nology Institute in the USSR. The Institutes varied consider- 
ably in size with the the number of staff ranging from two 
hundred to over one thousand people, although more than fifty 
per cent of these were reported to be support staff. This 
high percentage of support staff is common in Eastern Block 
research facilities where they are needed to make the eguip- 
ment, chemicals, etc. that would be simply purchased by a 
similar laboratory in the West. The lack of hard currency 
precludes such purchases in the USSR. 

The team found that a wide range of topics were under 
investigation including highly specialized work in molecular 
biology and genetic manipulation, as well as protein synthe- 
S1S? transgenic organisms,  and agricultural biotechnology. 
The quality of the work at the Institutes visited by the team 
appeared to vary considerably (not surprisingly). Some areas 
such as Professor Spirin's research on extra-cellular protein 
synthesis,at the Institute of Protein, Pushchino, had achieved 
widespread international recognition while in other areas, 
such as research on biosensors, work appeared to be less well 
developed. Lack of sophisticated eguipment, except in the 
case of the Shemyakin Institute, particularly first class 
computers together with the lack of "hard" currency with which 
to purchase these were often cited as key factors in holding 
back development of high guality research. Nevertheless, in 
contrast to the situation existing in the UK, most Soviet" 
Institutes possessed excellent services and large workshops 
with support staff as mentioned above, which helped to over- 
come problems caused by the lack of a well-developed indigen- 
ous technical eguipment industry.  The Shemyakin Institute of 
Bioorganic Chemistry in particular,  was well staffed and 
equipped with a Pilot Plant (of Western manufacture) that was 
equal to any similar facility in the Western World. " 

It was found that senior staff spoke English and where 
an Institute was of International standing, most of the staff 
had a good working knowledge of English as well. Neverthe- 
less, there was a clear reguirement for a better exchange of 
information at all levels,  even within  the Soviet iminn 
itself. —  

In the past, Institutes in the USSR Academy of Sciences 
were primarily engaged in basic research, and while some had 
industrial connections with Ministries, there was very little 
technology transfer. The Institute structure is common 
throughout the USSR and the centralized system of control has 
given the advantage of long-term stability and lack of finan- 
cial concern. However this situation produced rigid manage- 
ment and paternalistic control especially for new developments 
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and awareness of international research. 

From what was seen on this visit, it was concluded that 
the twin policies of Glasnost (openness), and Perestroika 
(restructuring), are changing this situation dramatically. A 
more flexible approach is emerging with the establishment of 
democratic relationships within the management structure and 
greater freedom of action for the Institutes. However, with 
this new-found freedom has come responsibility, especially 
with regard to financing. This is resulting in a strong 
technological 'push', with Institutes eager to market technol- 
ogies which they have developed. Various routes for this are 
being exploited, from an Association of Biotechnology (MNTK 
"Biogen") that links academic Institutes to production cen- 
ters. Joint ventures, Cooperatives (profit motivated ven- 
tures) and overseas links are also being used as avenues for 
marketing technology. 

The team reported that it was clear from their meetings 
with Soviet scientists and technologists that they are as 
qualified and able as their Western counterparts but it was 
also clear that they are held back by the lack of the latest 
technological equipment, facilities, and insufficient internal 
and external contacts. 

The team felt that there were commercial opportunities 
for UK biotechnology companies within the USSR while recognis- 
ing that considerable effort was required to realise these. 
It was suggested that business with Soviet organizations could 
be carried out via joint ventures, or counter-trade agree- 
ments, although the potential does exist for direct involve- 
ment. Areas which appear to have promising commercial poten- 
tial include the availability of R & D testing facilities for 
products registered in the USSR, and resource utilisation, 
such as marine and agricultural products. A wide range of 
biochemical, microbiological, and genetic engineering products 
were discussed with the team of visitors. These included DNA 
probes, culture media for animal cells, monoclonal antibodies, 
genetically engineered proteins and enzymes, pharmaceutical 
and antigens, test kits for bacteriological infections, gene 
sequencing and synthesising equipment, tritium counting 
equipment, processes for the production of specific bioch- 
emicals, and enzymes and coenzymes; in short virtually every- 
thing associated with Biotechnology. 

The team concluded that the considerable changes that 
are occurring in the Soviet Union will stimulate interchange 
between the United Kingdom and the Soviet Union in Biotechnol- 
ogy in both the academic and the commercial world. Because of 
the complex nature of these changes and the vastness of the 
Soviet Union, problems in adjustment are being experienced by 
the Soviets, but given sufficient effort, a positive outcome 
can clearly be expected. 
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DELEGATION MEMBER'S REPORTS 

Each of the delegation members presented a report of 
their own impressions gained from visiting the Biotechnology 
related Institutes. These reports provide more detailed 
information about the work going on at the three major centers 
visited,Moscow, Puschino, and Kiev than the overview above, as 
can be seen from the following abbreviated reports from three 
of the team members. 

Dr. Richards on The Soviet Science Base for Biotechnology 

He reports that it is imperative for the Soviet Union 
to make use of all technology, both classical and novel to 
address the many serious problems in three main areas where 
biotechnology plays a role, namely, Agriculture, Health Care, 
and Environment.  The science base has programs in all three 
areas although the visit tended to concentrate on the first 
two. 

The Institute of Soil Science in the famous Biological 
Science City of Puschino, which lies 76km south of Moscow, has 
programs in most of the fundamental areas of Plant Science. 
These include Nitrogen Fixation, Photosynthesis and Photochem- 
istry, Phytronics, Mineral Nutrition, Biomass, and Soil 
Restoration. The Oirector of the Institute of Protein Studies 
in the Science City is Prof. A. Spirin, whose work on ribosome 
structure and function in the 60's and 70's earned him respect 
and praise from the West.  In addition to the advanced mole- 

bio-active compounds which indicate the importance of near 
term applications to the Soviets. 

The Institute for Bio-organic Chemistry includes 
applied studies on physiologically active peptides, monoclonal 
antibodies, and the development of apparatus and computer 
applications. A striking example of near-term applications is 
that of cell-free biosynthesis of peptides which the Center 
plans to commercialise with industry. Puschino has permanent 
connections with the Ministry of Biological and Medical 
Industries to facilitate the technology transfer. Industry 
may now fund work at the Center but is not persuing such 
opportunities energetically. 

The Institute of Biological Physics makes bacterial 
rhodopsin from halobacteria grown on a 10-15 liter scale. It 
produces collagen from fibroblasts on a variety of structural 
supports and is experimenting with keratinocytes in collagen- 
base artificial skin. These advanced projects are backed up 
by basic work on the cell, such as studies on ion channels 
transport mechanisms, and receptors. 
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The Institute of Physiology and Biochemistry of Micro- 
organisms is directed by Academician Alexander Borokin. This 
Institute is the second most prestigious Institute of 
Microbiology in the Soviet Academy. Past interests have been 
in energetics and medical aspects of microbiology and single 
cell protein, but with recent environmental pollution creating 
concerns, the genetics of biodegrading micro-organisms is of 
current interest as is cellulose degradation. The rhizosphere 
and its influence on plant growth is also a major interest. 
This 25 year old Institute is being modernized with state-of- 
the-art fermenter packages of Western manufacture. In 1990, 
an international conference on Biotechnology and Ecology and 
another on Microbiological Degradation of Organic Compounds 
are being held, which emphasises the international importance 
of the work at Puschino. 

In Kiev, two Institutes were visited which appeared to 
be the equal of their Moscow counterparts. The surrounding 
region of the Ukraine has a major part of the USSR's primary 
manufacturing capacity including that for Biotechnology. In 
the past ethanol production dominated, but with Peristroika, 
production of Single Cell Protein (SCP), and pharmaceuticals 
including antibodies and interferon are now in place. The 
work appeared to be highly advanced by any Western standards. 
The Institute for Bio-organisms, Chemistry, and Oil Chemistry 
(IBCOC) is a good example of the unusual combinations of 
scientific subjects that are sometimes found at the Insti- 
tutes. Closer examination did reveal common technical app- 
roaches such as biosynthetic stereo-chemical synthesis were 
being used. 

A major program at IBCOC is on amino-phosphonyls 
directed towards analogues of "Glyphosate", an agricultural 
herbicide that is used world-wide. Phosphorus stereochemistry 
is clearly a specialty. Their approach to separating race- 
mates is to eliminate the unwanted isomers using steroespec- 
ific degrading enzymes. Another major interest is in halogen 
analogues of amino acids, e.g. difluoro methyl ornithine, for 
medical usage. Inhibitors of lipoxygenases and leukotriene 
analogues for medical and biological applications, total 
synthesis of cyclosporin by several novel routes involving 
methylated peptides, all illustrate the breadth of their 
Chemistry projects. The breadth of the molecular biology 
based projects at the IBCOC was also impressive. New simpli- 
fied models for ATP synthesis, phosphorylated starches for 
high quality paper production, native and synthetic substrates 
and inhibitors for SAR analysis of thrombin, antigenic struc- 
ture of potato viruses X&Y, and development of a new acellular 
Pertussis vaccine are all included. The Bio-engineering 
department collaborates with the Molecular Genetics Institute 
and the Agricultural Institute on subjects as diverse as model 
antibodies, insecticides against Colorado beetle, and antifun- 
gals. 
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The second Institute in Kiev that was seen was the 
large Institute for Molecular Genetics (IMG). Although one of 
the youngest institutes in the Ukrainian Academy, it seemed 
to be bursting with activity on a whole range of important 
topics, ranging from quantum biophysics through nucleic acid 
chemistry, cellular regulation, genetics and oncogenes, to 
bio-engineering. Several of their projects have novel app- 
roaches such as ribosome vectors for gene therapy, interferon 
production in a lambda phage, solid state biosensors, trans- 
genic fish for production of bio-pharmaceuticals, large scale 
production of AMV reverse transcriptase enzyme, selective 
approaches to analysis of the human genome, and overproduction 
of pharmacologically active substances from plants (such as 
alkaloids comprising 2% of dry mass) by selection following 
chemical mutagenesis. The latter project has a particular 
value in the Soviet Union to save hard currency on supplies 
from the West. 

Moscow undoubtedly has the most impressive institutes 
of the Academy. The Shemyakin Institute of Bio-organic 
Chemistry is remarkable in all its aspects: concept, people, 
building, and facilities. Western equipment abounds in its 
laboratories but it is the newly completed joint pilot plant 
for biological and chemical entities (at a cost of $45 mil- 
lion) that will be the envy of any institution in the West or 
East. Furthermore the Shemyakin has more hard currency 
available than most other Institutes (25% of the budget). 
This Institute was founded thirty years ago by Academician 
Shemyakin, and is now directed by Professor Ivanov. It 
employs 1500 people in the uniquely well-designed building in 
Moscow, and a further 300 people at Puschino. It plays a 
central role in Soviet biological science and also is a major 
training center. Most of the holders of Chairs in the State 
Universities were trained at the Shemyakin. The scientific 
programs include all the important fields in molecular and 
cell biology with special emphasis on immunology and low 
molecular weight bio-regulators including antibodies. Most 
impressive is the extensive work on membrane associated 
proteins and their functional role including light-sensitive 
proteins such as halobacterial rhodopsin for which they are 
close to a 6A X-ray structure. 
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Institute has close interactions with the Ministry of Medical 
Industries and the Academy of Sciences exemplified by clinical 
testing programs for interferon and other lymphokines both 
singly and in combination. The work seemed to be on a par 
with that in the USA in several areas. 

Dr. Fleming on the interaction of Government, Industry, and 
the Science Base. 

During the visits to the Institutes, a lot of time was 
spent listening to formal presentations by Institute Directors 
and staff leaving little time for laboratory visits and 
informal discussions. Thus a reasonable picture of the work of 
the Institutes may have been obtained, but only a general view 
of the interaction of Government, the Science base, industry, 
and the changes that are taking place can be given. The 
following is some information on topics of importance for the 
development of biotechnology in the USSR and the possibility 
of Anglo-Soviet collaboration. 

The Soviet scientific apparatus is enormous, complex, 
and compartmentalised. It is managed by an administration 
that is centralised and beaurocratic with considerable overlap 
of interests and responsibilities. In particular there is a 
certain rivalry between the Academy of Sciences and the State 
Committee for Science and Technology (GKNT) in fields (e.g. 
Biotechnology) where they are complementary. 

The GKNT is responsible for setting the major guide- 
lines of science and technology progress that form the basis 
of the 5 Year Plans, for the creation of new scientific 
centers, and for drawing up a list of research areas and their 
financing.  There are presently five biology projects: 

1. The Human Genome. 
2. Dangerous Oiseases. 
3. Food Production by Biotechnology (transgenic 

animals and plants). 
4. Environmental Biotechnology. 
5. New Techniques in Biotechnology (cell-free protein 

synthesis, bioleaching, protein engineering, 
bioengineering) 

The GKNT is also responsible for implementing the 
science and technology programs of COMECOM members and for the 
sale of Soviet licences abroad as well as the purchase of 
licences and prototypes. 

The Academy of Sciences is responsible for the plan- 
ning, direction, co-ordination, and supervision of the Natio- 
nal Research Programs in its Institutes as detailed in the 
12th Five Year Plan (1986-90). Traditionally the research has 
been fundamental, but applied research has become more signif- 
icant as the Academy serves more as the principal vehicle for 
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transfers to industry. Under a new Chairman it is undergoing 
considerable reorganisation, particularly in its administra- 
tion. Biological research is the responsibility of the 
Chemicotechnological and Biological Sciences section and there 
is a Council of Biotechnologies within the Academy to consider 
specific project proposals. Research programs in biotechno- 
logy are also carried out in the Research Institutes of the 
Academy of Medical Sciences and the Academy of Agricultural 
Sciences. 

The Ministry of Higher Education is responsible for the 
65 State Universities, the best known being the Lomonosow 
Moscow State University, which trains the majority of Soviet 
molecular geneticists. While their main function is to teach, 
some research is carried out principally in collaboration with 
Institutes of the Academy of Sciences. 

Applied research is carried out within the laboratories 
of several Industrial Ministries, principally the Ministry of 
Medical Industry. This Ministry is responsible for the 
production of SCP, enzymes, and lysine (20% of the worlds 
production). At present, Interferon 2 is the only genetically 
engineered product in production (at Vilnyus in Lithuania), 
but there are up to 15 others under development including 
other interferons, human growth hormone, and proinsulin. 

Of the 21 Interbranch Scientific and Technical Com- 
plexes, the MNTK Biogen one deals specifically with Biotech- 
nology.  It is subordinate to the Academy of Sciences and the 
Ministry of Medical Industry, and is based at the Shemykin 
Institute of the Academy of Sciences.  Its aim is to promote 
technology transfer from the science base to industry and it 
is a collaborative enterprise involving some 27 Academy and 
Ministry Institutes.  Until 1989 funding came mainly from the 
member Institutes, but now about 70% of funding will come 
directly from the GKNT.  Funds will be allocated to projects 
through a peer review system.  Unlike the usual Soviet collab- 
orative programs  that attempt  to bridge the gap between 
researchers and industry, profit is the stimulus to improve- 
ment here.  The MNTK enterprises can keep the money made from 
sales to develop other products, rather than funnel profits to 
the Government.  The association already markets a number of 
restriction enzymes, and plans to produce a range of rDNA 
products and laboratory eguipment.  It hopes to set up joint 
ventures with foreign companies and has completed field trials 
on BST in cooperation with Monsanto, who have also spent about 
$1 million on a joint laboratory.  A joint venture with 
Hoffman-LaRoche to make test kits has also been set up recent- 

Or. Rimmington on Achievements and Prospects of Soviet 
lotechnology. — c  

He reports that in terms of bulk output the USSR has 
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the largest Biotechnology industry in the World, with primary 
contributions to both Agriculture and Medicine. The Ministry 
of Medical Industry which has responsibility for industrial 
biotechnology has over 130 microbiological factories under its 
wing, possesses a workforce of 192,000 people and in 1988 
invested some 643 million Roubles in new production. 

Until recently, much of the Soviet effort in industrial 
biotechnology was directed at the production of SCP which was 
urgently required to relieve chronic shortages of protein in 
the country's livestock sector. Huge factories for the 
production of SCP from n-paraffins are located at Angarsk, 
Kirishi, Kremenchung, Kstovo, Mozyr, Novopolotsk, Svetloyar, 
and Syzran. By 1987 total output of SCP had reached 1,690,000 
tons. According to Soviet estimates this was equivalent (in 
terms of protein) to the addition of 8.5-11.8 million tons of 
grain to the nation's feed supplies. 

The USSR has also embarked on the world's most exten- 
sive program of biological control of agricultural pests. 
Currently such methods are being used on more than 19 million 
hectares of agricultural land in the Soviet Union. As part of 
this program a signifigant capacity for the production of 
microbial pesticides has been developed. In 1985 this indus- 
try with factories at Berdsk, Stepnogorsk, and Ungeny was 
producing some 13,000 tons of microbial pesticides, sufficient 
to treat an area of 2.4 million hectares. These pesticides 
include those based on bacillus thuringiensis, insecticides 
based on viruses and fungi, and a bacterial pesticide used in 
the control of rodents. Other products currently being turned 
out in significant quantities by Soviet industry include 
enzymes (9,000 tons in 1987), amino acids (27,000 tons in 
1987), antibiotics (1,800 tons in 1987), vitamins and an 
influenza vaccine. 

Thus it appears that the Soviets have been relatively 
successful in areas where the technology is simple and can be 
scaled-up with little difficulty. However, the success of 
Western companies in using more sophisticated biotechnologies 
to make a major impact on pharmaceuticals production, the food 
industry, agriculture, waste disposal, etc. has highlighted 
the growing gap which is developing between the USSR and the 
developed Western nations in Biotechnology. For example, 
despite chronic shortages, there has been no serious produc- 
tion of human insulin, a product which has been on the market 
in the West for six years. Nor is there any sign of the 
development via biotechnology of the new drugs such as Tissue 
Plasminogen Activator, new vaccines such as Merck's Hepatitis 
B vaccine, or other products such as Human Growth Hormone, 
Interferon alpha 2a or Interferon alpha 2b which have already 
reached the market in the developed Western countries. This 
failure to innovate in the biotechnology industry is mirrored 
in other branches of the Soviet economy. 
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Now Soviet biotechnology is faced with a problem, the 
long-term consequences of which could be far more difficult to 
overcome than the failure to innovate. Wide spread public 
concern has arisen over biotechnology in the USSR following 
serious incidents of pollution of SCP factories in Kirishi, 
Kremenchug, Angarsk, and elsewhere. Biotechnology has guickly 
lost faith with the public, and is considered to have caused 
worse damage than the Chernobyl accident. At least 20 Soviet 
biotechnology plants and construction projects have now been 
affected in some way or other by public pressure groups and/or 
environmental protection measures. The Ministry of the 
Medical and Microbiological Industry which is responsible for 
biotechnology had to be renamed the Ministry of the Medical 
Industry in order to remove any reference to microbiology in 
its_ title: Several scientists informed the team during the 
visit that it is now practically impossible to build a new 
biotechnology plant in the Soviet Union today. One con- 
sequence of this is that the Soviets are looking outside the 
country, both East and West for help to improve and manage 
their biotechnology facilities.   

Despite the public opposition, some new developments 
are taking place. The new Research and Pilot Plant Center 
(housing a 40,000 sg ft biotechnological plant and a 40,000 sg 
ft chemical and pharmaceutical plant) in the Shemyakin Insti- 
tute of Bioorganic Chemistry will allow new production proces- 
ses to be scaled up for industry. Another pilot plant has 
also been built at the USSR Academy of Medical Sciences 
Ail-Union Cardiology Research Center where a number of prom- 
ising drugs are reported to be under development.  Other 

Leningrad), which are producing and marketing biotechnological 
products and the opportunities they present for scientists to 
receive handsome rewards for their work, also represents a 
significant development in stimulating innovation in this 
area. 

Information on Soviet Biotechnology 

A recent extensive report available in the UK on Soviet 
Biotechnology is: 

Rimmington.A., Biotechnology in the USSR, PhD Thesis, Center 
for Russian and East European Studies, University of Birming- 
ham, 1988. a 

Other recent articles include the following: 

Maddox  J.,  Biotechnology's Palace in the Sun, in Nature, 
vol. 329, No.6142, 29 Oct., 1987. 

Sun, M.,  A Biotech Enterprise Soviet Style, in Science, Vol. 
241, 2 Sept., 1988. 
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Rimmington, A.,  Biotechnology falls foul of the Environment 
in the USSR, in Bio/Technology, August, 1989. 

An extensive computerised database dedicated to Soviet 
biotechnology is the CREES Biotechnology Oatabase located at 
the Center for Russian and East European Studies, University 
of Birmingham. It holds extensive information on all major 
Soviet Institutes actively involved in biotechnology research 
as well as data on over 130 Soviet microbiological factories. 
News items on biotechnology in the Soviet press are also 
translated and held on the database. (Chemistry and Biolog- 
ical Sciences Branch) 

EUROPEAN SCIENTISTS PARTICIPATE IN ARO SPONSORED WORKSHOP ON 
"OYNAMIC STABILITY MODELING OF ROTQRCRAFT SYSTEMS" 

ERO provided support for Professor Marco Borri, Milano 
Polytechnic, Milano, Italy; Dr. A. Russo, C.A.G. Agusta, 
Gallarate - Varese, Italy; Professor G. Reichert, Technical 
University, Braunschweig, West Germany; and Dr. Italo Cafar- 
elli, ONERA, Chatilion, France to attend and participate 
in an ARO sponsored workshop on "Dynamics and Aeorelastic 
Stability Modeling of Rotorcraft Systems", held 12-14 March 
1990 at Duke University, Durham, N.C. The workshop included 
the presentation of 33 papers plus a panel discussion. The 
program was structured into sessions on a) Physical Modeling, 
b) Aeroelasticity and Stability and, c) Response Dynamics and 
Control. Approximately 70 participants were at the workshop, 
including the international participants from France, Italy, 
Germany and U.K. An overall impression resulting from the 
workshop was that helicopter technology, especially analytical 
prediction methods, has strongly improved over the years, but 
there are still significant problems in the prediction of many 
phenomena.  (Aeronautics and Mechanics Branch). 

EUROPEAN SCIENTISTS PARTICIPATE IN ARO SPONSORED WORKSHOP ON 
UNSTEADY SEPARATION 

Five European Scientists, supported by ERO, attended 
and made presentations at the ARO sponsored workshop on 
"Analytive Methods in Unsteady Separation". Which was held at 
the Ohio State University in January 1990. The European 
Researches were Dr. Susan M. Brown, University College, 
London, U.K. Professor A. Kluwick, Technical University of 
Vienna, Austria; Professor N. Riely, University of East 
Anglia, U.K.; Dr. S. J. Cowley, Imperial College, London, 
U.K.; and Dr. P.W. Duck, University of Manchester, U.K. The 
techniques discussed at the workshops were very relevant to 
the Army helicopter community in obtaining fundamental under- 
standing of dynamic stall and additionally were of interest to 
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BRL and MICOM researchers because of the importance of un- 
steady separation to the dynamics of manoeuvring missiles and 
projectiles.  (Aeronautics and Mechanics Branch). 
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R.M. PEREZ, 
M.C. SCHMIDT & 
J.H. WHIRELAW 

WALL HEAT TRANSFER MEASURE- 
MENTS IN A HIGH SPEEO GUN 
SIMULATOR 

5TH INTERIM 
(588-AN-01) 

G. KLINGENBERG 
& H. ROCKSTROH 

INVESTIGATION OF HIGHLY 
PRESSURIZED TWO PHASE, 
RE-ACTING FLOW 

5TH INTERIM 
(5708-AN-01) 

G. KLINGENBERG 

F.B. CARLETON, 
K. KRALLIS & 
F.J. WEINBERG 

ELECTRICAL IGNITION OF HAN- 
BASED LIQUID PROPELLANTS 

LASER INITIATED IGNITION OF 
LIQUID PROPELLANT 

FINAL 
(5329-AN-01) 
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(5462-AN-01) 
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A.F. ALLISTON- 
GREINER, J.A. 
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CAMERON & A. 
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CONFERENCE ON COMBUSTING 
FLOW DIAGNOSTICS - NATO 
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16-27 April '90, Algarve, 
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BENCH AND ENGINE TESTS 

PRE-CONF LIT 
(6416-AN-02) 

DRAFT FINAL 
(5003-AN-01) 

C. FORSTER & 
R.L. ELDER 

J.E. FIELD 
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EXPLOSIVE PROPERTIES OF 
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AUTHOR(S) TITLE TYPE OF REPORT 

H. REICHENBACH 
& K.O. OPALKA 

Y. BIRK & S.W. 
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R. KASINATHAN 
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AN OPTICAL STUOY OF THE FLOW 
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CONVERGENT-OIVERGENT NOZZLES 
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BY SPECIFIC PROTEASE INHIB- 
ITORS FROM SOYBEANS AND WHEAT 
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ENCE ON EFFECTS OF NOISE 
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A. AMIRON MOLECULAR IONIZATION ANO DIS- 
SOCIATIVE IONIZATION AY HYPO- 
THERMAL SURFACE SCATTERING 

1ST & 2ND 
INTERIM 
(6089-CH-01) 

M.F.A. DOVE, 
N. LOGAN & J.P, 
MAUGER 

CORROSION OF ALUMINIUM 
ALLOYS BY IRFNA 

2ND INTERIM 
(6286-CH-01) 

A.K. JONSCHER, 
M.A. BARI & N. 
SIDDIQUI 

DIELECTRIC SPECTROSCOPY OF 
SEMICONDUCTORS 

6TH INTERIM 
(5119-EE-01) 

J.C. DAINTY ENHANCED BACKSCATTERING FROM 
ROUGH SURFACES 

6TH INTERIM 
(5830-EE-01) 

M. PEPPER PHYSICS RELATED TO FUTURE 
ELECTRONIC DEVICES 

3RD INTERIM 
(5940-EE-01) 

J.O. WILLIAMS, 
L.E. DAVIS, 
R.W. MUNN, 
J.H.R. CLARKE, 
& T.A. KING 

MOLECULAR FILMS FOR OPTO- 
ELECTRONICS 

1ST INTERIM 
(6290-EE-01) 

B. HENDERSON LASER SPECTROSCOPY OF 
QUANTUM WELL AND SUPER 
LATTICE STRUCTURES 

5TH INTERIM 
(5782-EE-01) 

K. KUNC TOTAL ENERGY METHODS AND 
PHYSICS OF III-V SEMICON- 
DUCTORS - RESEARCH WORKSHOP 
4-6 Jan '90 

INF.CONF.PROC, 
(6230-EE-02) 

A. VECHT THE PREPARATION OF ACEL THIN 
FILMS 

5TH INTERIM 
(5910B-EE-01) 

D. MAYSTRE INTERNATIONAL WORKSHOP ON 
MODERN ANALYSIS OF SCATTER- 
ING PHENOMENA 
5-8 Sep '90 

PRE-CONF LIT 
(6236-EE-03) 

P. DEMEESTER NAVAL OPTOELECTRONIC DEVICES 
BASED ON GaAs AND InP ON Si 

1ST INTERIM 

J. MARSH GLASGOW SUMMER SCHOOL ON 
WAVEGUIDE OPTOELECTRONICS 
30 July - 10 August '90 

PRE-CONF LIT 
(6414-EE-02) 
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H. THIM 

P. HEMMENT 

J. DEARING 

B. CLARK 

M. LARSON 

A. GRUEN 

P.A. CARLING 

M.F. MASUCH 

R.P. PEARCE 

A PLANAR MMIC COMPATIBLE      FINAL 
TRANSFERRED ELECTRON DEVICE   (5302-EE-01) 
FOR MILLIMETRE WAVE OPERATION 

K. ATTENBOROUGH, 
D.L. BERRY & 
YU CHAN 

K.M. SAMBLES & 
M.G. ANOERSON 

K.J. SHETH 

INTERNATIONAL CONFERENCE ON 
ION IMPLANTATION TECHNOLOGY 
30 July - 3 August '90, 
University of Surrey 

VTH INTERNATIONAL SYMPOSIUM 
ON PALAESLUMINOLOGY 

ENVIRONMENTAL POLICY ISSUES 
AFFECTING THE UNITED STATES 
ARMY IN ITS OVERSEAS 
ACTIVITIES 

VERIFICATION OF THE PROFILE 
RESPONSE SIMULATION MODEL 
SBEACH 

ON-LINE POSITIONING WITH 
SINGLE FRAME CAMERA DATA 

PARTICLE OYNAMICS AND GRAVEL 
STREAM BED ADJUSTMENTS 

PATTERN RECOGNITION USING 
NEURAL NETWORKS - OPTIMAL 
TESTING OF PERCEPTRONS 

CO-ORDINATION OF MESOSCALE 
METEOROLOGICAL RESEARCH 
BETWEEN ASL AND EUROPEAN 
GROUPS 

ACOUSTIC SCATTERING BY NEAR 
SURFACE INHOMOGENEITIES IN 
POROUS MEDIA 

SNOWMELT FORECASTING 

INFORMATION TECHNOLOGIES FOR 
THE 90'S ENERGY, ELECTRONICS 
COMPUTERS ANO TELE-COMMUNI- 
CATIONS (TENCON '89) 
22-24 Nov 89, Bombay, India 

PRE-CONF LIT 
(6461-EE-02) 

ABSTRACTS 
(6176-EN-02) 

INF WORKSHOP 
PROC. 
(6302-EN-03) 

FINAL 
(6285-EN-09) 

3RD INTERIM 
(5366-EN-01) 

1ST INTERIM 
(6185-EN-01) 

3RD INTERIM 
(6037-EN-01) 

1ST INTERIM 
(6323-EN-01) 

FINAL 
(5260-EN-01) 

1ST INTERIM 
(6194-EN-01) 

INF.CONF.PROC, 
(6365-MA-02) 
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AUTHOR(S) TITLE TYPE OF REPORT 

P.L. LIGION 

A. BRANDT 

0. OPITZ 

T. BRICHETEAU 

J. WHITEMAN 

E. PAROOUX 

3.R. WHITEMAN 

M.R. BATHE & 
K.R. McNAUGHT 

V. SCHUMACHER 

O.K. DAS-GUPTA 

P. ROGL & J. 
SCHUSTER 

J. BERNSTEIN, 
J.Y. BECKER, 
& S.S. SHAIK 

ANALYSIS, CONTROL AND FIL- 
TERING OF SYSTEMS FROM 
PHYSICS AND ENGINEERING 

MULTILEVEL OPTIMIZATION AND 
ARTIFICIAL INTELLIGENCE 

CONCEPTUAL AND NUMERICAL 
ANALYSIS OF DATA 
10-12 Apr 89, Augsburg, 
Germany 

9TH INTERNATIONAL CONFERENCE 
ON COMPUTING METHODS IN 
APPLIED SCIENCE AND ENGIN- 
EERING 
29 Jan-2 Feb 90, Paris, France 

"MAFELAP 90'" - THE MATHE- 
MATICS OF FINITE ELEMENTS 
AND APPLICATIONS 

NONLINEAR FILTERING AND 
APPROXIMATION TECHNIQUES 

5TH INTERIM 
(5801-MA-01) 

3RD INTERIM 
(5933-MA-01) 

CONF. PROC. 
(6131-MA-02) 

INF.CONF.PROC 
(6371-MA-02) 

PRE-CONF LIT 
(6258-MA-02) 

1ST INTERIM 
(6271-MA-01) 

USE AND ANALYSIS OF FINITE    2ND INTERIM 
ELEMENTS METHODS FOR PROBLEMS (6078-MA-01) 
OF SOLID MECHANICS AND FRACTURE 

DEVELOPMENT OF A COMBAT 
MODEL WITH A MINIBATTLE 
STRUCTURE 

EUROPEAN CONFERENCE ON AD- 
VANCED MATERIALS AND PRO- 
CESSESS, EUROMAT '89 
22-24 Nov 89, Aachen, Germany 

FAST ACTING OPTICAL BEAM 
DEFLECTION SYSTEM 

BORONNITRIDE AND SILICON- 
NITRIDE SYSTEMS 

ELECTRICALLY CONDUCTING 
ORGANIC MATERIALS; DESIGN, 
SYNTHESIS AND CHARACTERIZATION 

FINAL 
(6036-MA-01) 

INF.CONF.PROC 
(6355-MS-02) 

FINAL 
(5821-MS-01) 

1ST INTERIM 
(6092-MS-01) 

5TH INTERIM 
(5618-MS-01) 
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0. CAILLARD 

D. AVNIR 

A.J. KINLOCH, 
B. BLACKMAN & 

CONFERENCE ON MECHANISMS OF 
OEFORMATION AND STRENGTH OF 
ADVANCEO MATERIALS 
16-23 Mar '90, Aussois, France 

THE SOL GEL etc. 

PRE-CONF LIT, 
(6321-MS-02) 

THE ENVIRONMENTAL AND IMPACT 
RESISTANCE OF ADHESIVELY 
BONDED THERMOPLASTIC FIBRE 
COMPOSITES 

2ND INTERIM 
(5548-MS-01) 

2ND INTERIM 
(6266-MS-01) 

Y. BEN-ARYEH CO-OPERATIVE EFFECTS AND 
INTINSIC OPTICAL BI-STABIL- 
ITY IN COLLECTIONS OF ATOMS 

FINAL 
(5859-PH-01) 

D.M. ROWE PRELIMINARY INVESTIGATION 
INTO THE EFFECT OF HIGH 
TEMPERATURE THERMAL ANNEALS 
ON THE FIGURE OF MERIT OF 
SILICON GERMANIUM ALLOYS 

FINAL 
(6106-PH-01) 

S. & H. 
SCHERRER 

IMPROVEMENT STUDY OF DIS- 
ILIADE THERMOELECTRIC 
MATERIALS 

FINAL 
(6287-PH-09) 

R. CAR & E. 
TOSATTI 

ELECTRONIC AND ATOMIC STRUC- 
TURE OF SEMICONDUCTORS AND 
HIGH Tc SUPERCONDUCTORS 

1ST INTERIM 
(6280-PH-01) 
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