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ACOUSTICS

UNDERWATER ACOUSTICS AT THE UNIVERSITY OF
BIRMINGHAN

The Underwater Acoustics Group in the
Department of Electronic and Electrical En-
gineering of the University of Birmingham
was formed over 20 years ago. Nine senior
staff members work under the direction of
Dr. D.J. Creasey.

My experience with Birmingham in the
past had consisted of passing over, through,
and around it a number of times on one of
the busiest freeway systems in the world.
The 400-acre campus of the university is
like an oasis in the vast industrial com-
plex of that city. The university has
trebled in size in the past 15 years so
most of the buildings I saw are new and
modern with parklike surroundings.

Since its inception the Acoustics
Group has been deeply involved with indus-
try in the design and construction of a
wide variety of prototype sonar instrumen-
tation ranging from adaptations used in
food processing to instruments used to scan
rapidly the bottoms of supertankers for
damage. In order to make the facilities
and expertise of the Acoustics Group more
and more widely available to industry,
government organizations and other acadenmic
establishments, an industrial liaison of-
fice, the Wolfson Acoustic Unit, was re-
cently established with funds that had been
awarded to the university by the Wolfson
Foundation. (This large foundation sup-
ports applied science, commerce, and ed-
ucation with the intent to improve the
economic position of Great Britain and help
to modernize British Industry.) Its full-
time director, Mr. P.D. McQueen, came from
the Plessey Company. The office not only
serves as a link between the university
and industry but also acts as an informa-
tion exchange interface among various other
industries., This article is concerned with
the research on marine and oceanographic
problems,

It is difficult for the pilots or
masters of supertankers three football
fields long to keep track of the relative
positiens of their ships to the wharfs
during the process of docking. The Acous-
tics Group recently designed an improved
side-1looking sonar system that constantly
informs the individual conning a vessel
where the vessel is relative to the wharf.

In another effort, the group is work-
ing on acoustic methods for remote sensing
una classification of bottom sediments in
order to be able to survey relatively large
areas in a short time., The resulting
system will be used to prospect for com-
mercial gravel deposits and possibly for
wineral nodules on the sea floor. Arti-

ficial bottoms consisting of sand, lead
shot, and glass marbles have been used
for research in the laboratory's research
tank which measures 10 m x 5 m x 3 m in
depth.

Sector sonar, or as it is now called,
side-scan sonar has been the subject of
research at the University of Birmingham
for many years. One of their systems
called a "digital" sonar was purchased
by the Marconi International Marine Com-
pany for fisheries research, but the com-
pany has used it instead for projects
related to the offshore gas and oil in-
dustry. Dr. P.N. Denbigh is currently
working on the design of a second-gener-
ation side-scan sonar that has the capabil-
ity of obtaining very accurate informa-
tion on bathymetry by measuring the time
difference in the sensing of the return
echo by two hydrophones mounted one above
the other. The resulting topography can
be displayed in color in real-time on
a TV screen; in addition, the depth data
can be run through a computer that draws
depth contour lines. Denbigh is also
working on methods by which the computer
can be used to give correct-depth infor-
mation from the slant ranges that are
obtained from the sonar. He has devel-
oped a stereoscopic side-scan display
whose output clearly shows features on
the bottom in three dimensions. This
has been used to study an underwater
archeological site where a ship sank and
broke up many years ago. Fiber optics
are used to record the two stereo images
on paper, one line at a time, as the paper
is drawn through the fiber optics recorder.
The sonar is mounted in a towed "fish"
that rolls because of wave action, This
generates a spurious signal that appears
on the imagery as parallel ridges and
ditches. Denbigh believes that he can
design a more stable fish that will elim-
inate the rolling., His prototype used
a 400 KHz signal, The new model will
use 175 KHz which will increase the ef-
fective range with some loss of definition.
The biggest problem is noise from multi-
path returns primarily from water surface
echoes. He is experimenting with baffles
to mask the surface echoes,

Dr. V.G. Welsby is working on the
problem of estimating populations in
shoals of fish, in cooperation with re-
searchers at the Lowestoft Fisheries La-
boratory in Suffolk, UK. It turns out
that multiple scattering and near forward
scattering make it difficult to quantify
return echoes and estimate accurately
the number of fish in a shoal. The ratio
of the size of the fish scattering the
sound waves to the wave lengths of the
sound is the same order of magnitude as
the ratio of the size of fine suspended
material in the ocean to the wave length
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of visible light. For this reason Welsby
is using equations developed for marine op-
tics in an attempt to improve the interﬁre-
tation of sonar signal returns from fis
shoals.

A visiting Polish scientist, Ms. M.
Brzozowska, is endeavoring to use acoustics
to study the habits of a small commercial
lobster that is caught in Scottish sea
lochs. VWhen caught commercially, all the
ilobsters under a given size limit are
tossed back into the water. Some fisheries
biologists doubt if the lobsters can sur-
vive after being caught and then exposed
to full sunlight, Researchers have put
tiny pingers and transponders on the lob-
sters to try to folldéw individuals and learn
their habits. They soon found that the high
frequency (300 Kﬂzg signals they were using
were absorbed in the mud when the lobsters
burrowed into the bottom. Brzozowska will
try using a 100 KHz signal which would nor-
mally require a much larger pinger or
transducer. She is experimenting with a
number of different materials in an effort
to reduce the size of the sensors to about
the size of a matchhead.

McQueen showed me a concurrent devel-
opment consisting of a sound "flashlight"
which can be handcarried by a diver or fixed
to the bottom of a boat. It is used to give
range and bearing of a pinger or transponder
placed on a fish or crustacean. The whole
unit is about the size of a pint thermos
jug and does a very good job of tracking
moving sound sources or transducers in
shallow water,

Creasy discussed some sonar systems
that were under development for the off-
shore 0il and gas industry. One was a re-
mote acoustic interrogator to be used to
determine if cathodic protection devices
were working correctly (had the proper
production voltage) on sea-floor pipelines
and oil drilling rigs. Each cathode package
will have its own internal voltage sensing
device which will respond to acoustic in-
terrogation. A second system will use a
parametric sound source for sub-bottom
profiling of the top 4 to 5 m of bottom
sediments in areas where sea-floor oil and
gas pipe lines are to be built,

In addition to its own research pro-
grams, the group regularly does testing and
calibration of acoustic devices for indus-
try and government laboratories,

It is interesting to note that the Uni-
versity of Birmingham has the largest uni-
versity effort in underwater acoustics
in the UK and yet its location in the cen-
ter of England places it farther from the
ocean than any other university in the UK,
(Wayne V. Burt) .
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CHEMISTRY

6TH ANNUAL MEETING OF THE PHOTOCHEMISTRY
DIVISION OF THE GERMAN CHEMICAL SOCTETY -

Goettingen
attended the 6th Annual Meeting

of the Photochemistry Division of the
German Chemical Society (November 1979)
and chaired the last session of this

14 dpy meeting. The conference was at-
tended by over 100 chemists, mostly from
Germany, but with participants also from
Switzerland, Austria, and even Sweden.

As usual, each half-day session was intro-
duced by a plenary lecture (45 minutes),
and the remainder of the time was taken
up by brief (15-minute) contributed papers.

The organizing committee selected
three quite diverse topics for the plenary
lectures: Dr. H. Tributsch (Fritz Haber
Institute, Berlin) talked about "Hetero-
genous Photochemistry and Solar Energy
Conversion via d-States in Transition
Metal Compounds"; Dr. K, Schulten (MPI
for Biophysical Chemistry, Goettingen)
gave a talk on "Biomolecular Transforma-
tion of Light Energy"; and Prof, K. Schaff-
ner (MPI for Coal Research, Muelheim)
discussed "New Results in the Field of
Organic Photochemistry." (It is inter-
esting to note that the three plenary
lectures were presented by representatives
of Max-Planck Institutes!)

Tributsch described some very inter-
esting work, part of the extensive program
of the Fritz Haber Institute, that is aimed
at the photochemical splitting of water
into hydrogen and oxygen. In this work,
they have been studying the use of tran-
sition metal chalcogenides, especially
MoS. and PtS., as the covalently bound,
tightly held semiconductor electrodes for
this photoelectrochemical process.

They find that molybdenum compounds
(disulfide or the diselenide) are useful
in that, unlike the corresponding cadmium
compounds, they do not yield elemental
S or Se as by-products during the elec-
trolysis, but ‘are oxidized to sulfate or
selenate, respectively. Tungsten selenide
also shows great promise as the electrode
when used with the redox system of I,/1".
They are currently starting an investiga-
tion of zirconium and hafnium compounds.
They find that PtS, is a very effective
electrode for splitting water under acidic
(1N HC1) conditions. ey are now looking
for the chalcogenide that will duplicate
the behavior of the platinum compound with-
out being so expensive,

In his talk, Schulten (who will soon
be leaving Goettingen to join the faculty
of the Physics Department of the Technical
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Univ. of Munich) discussed some new aspects
of the photochemistry of the visual pigment
rhodopsin that he isclated from halobac-
terium-halobium, In their work they

found that the rotation about the single
bonds was base-catalyzed, while the rota-
tion about double bonds was acid-catalyzed,

In his elegant presentation, Schaffner
discussed some new findings on the mecha-
nism of the di-wv-methane rearrangements.

He pointed out th:* the triplet pathway
accounts for only &atout half of the ob-
served quantum yield, They established
that the triplet had an energy of ca.
59 Kcal and that it phosphoresces at low
temperatures, They also found evidence
for biradical intermediates (tv10 nsec)
by laser-flash spectroscopy. Schaffner
suggested that some molecules may show
promise for solar energy storage, since
the photochemical rearrangement can be
reversed thermally in an acid-catalyzed
reaction.

The contributed papers were of uni-
formly high quality. Of special interest
was a paper by W, Drews, R, Schmidt, and
H.D. Brauer (Univ. of Frankfurt), describing
a new photochromic system of high thermal
stability resulting from the oxidation
of dibenzo(aj) perylene-8, 16-dione to
its endoperoxide. The oxidation occurs
during excitation of the dione with visible
1ight and the reverse reaction takes
place when ultraviolet light is used.

Both the dione and the endoperoxide exhibit
remarkable thermal stability and the sys-
tem can be recycled without any appreciable
decomposition., A fluorescence spectroscopic
study of micelle systems was the subject
of a talk by Dr. K.A. Zachariasse (Univ.

of Goettingen). In this study, they
compared the fluorescence of pyrene in
different solvents with the fluorescence
exhibited in different micelle systems

and determined the lifetime of the fluores-
cent species and the quenching observed

in the presence of certain external ions.
While most of the papers dealt with the
photochemistry of organic or bio-organic
species, one of the few exceptions was

s paper by Prof, J. Troe (Goettingen)
describing a physical chemical study of
the recombination of iodine atoms in
hydrocarbon solution when excited by a

dye laser. They found good evidence for

a "cage effect"” and carried out their
studies at pressures ranging from 1 to
3,000 atmospheres, (George M. Wyman,
United States Army Research and Standardiza-
tion Group [EBurope])
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COMMUNICATIONS

COMMUNICATIONS R&D AT POLITECNICO di MILANO

The Istituto di Elettrotecnica ed
Elettronica (IEGE) of the Politecnico di
Milano, in Milan Italy, is equivalent in
breadth of interest to an American univer-
sity's Department of Electrical Engirieer-
ing and Computer Science. The assortment
of some 50 courses offered to about 1500
students reflects the almost equal distri-
bution of interest among the students
and teaching staff in three fields: com-
munications, computer science, and auto-
matic control, During my recent visit
to the IEQE, I concentrated on the activ-
ities of the Communications Group which
is directed by Prof. Fabio Rocca, who acted
as my host for the visit, Rocca is also
the director of the IEGE., His particular
research interests include picture coding
(in general), methods for reducing the
bandwidth of transmitted television sig-
nals and, as suitable combinations of the
other two, the communication aspects of
telemedicine and teleconferencing systems,
In the picture-coding laboratory, Rocca
showed me the results of some ongoing
studies related to picture processing in
support of medical radiology, and in par-
ticular, to emissive tomography (ET).

In the ET process, the spot energy densi-
ties within many planar projections of

the radiation field emitted by an ingested
radiopharmaceutical are measured through

a 360-degree scan of the body region being
evaluated., Processing of these data re-
sults in a set of pictures or cathode-

ray tube displays that are useful for
medical diagnoses.

There are two basic picture proces-
sing problems in ET, First, inaccuracies
in relative magnitudes may result because
the absorption within the transmission
medium (body tissues between the internal
emitter and the external detection planes)
is nonuniform, While this nonuniformity
of absorption is precisely the parameter
of interest in the more common form of
tomography, transmission tomography (TT),
the nonuniformity tends to mask the ET
process, which is more locally oriented
than is TT, and as a result it can cause
undesirable loss of contrast in parts of
the reconstructed ET image. The nonuni-
formity results from both geometric con-
siderations (path length variations) and
intermediate tissue density variations
(e.g., bones vs. soft tissues).

Secondly, picture quality tradeoffs
must be considered, High resolution im-
plies the use of a narrow-slit collimator,
which implies inefficient energy collection
and therefore a low signal-to-noise ratio
in the measurements, This in turn, implies
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a degraded contrast in the processed output.
Wider-slit collimators, on the other hand,
while they improve the contrast, cause

& degradation (smearing) of the detail

of the reconstructed image.

Until recently, Rocca and his collab-
orators on this project attacked only the
geometric part of the nonuniformity prob-
lem. They reported on that aspect of
their work in the IEEE Transactions on
Acoustics, Speech, and Signal Processing,
Vol ASSP-27, No. 3, June 1979, pp. 213-217.
In that paper, they described their method
of reconstructing the image spectrum by
solving a linear partial differential
equation that related the true image
sgectrum to the spatial spectra of the
absorption and measurements. .

I withessed a demonstration which
reflected two modifications to the results
reported above. In the first modification,
pseudo-color modulation was added to the
processing system. This AM-to-FM (color)
transformation was said to provide some-
what better subjective contrast in the dis-
play for some medical diagnosticians,

(But, I must admit that, as one with meas-
urable color perception limitations [color-
blindness—although I am not really blind
to most color variations], I could not
evaluate that feature.)

In the second modification, a decon-
volution algorithm was added which, in
effect, partially de-smeared the image
caused by the use of wide-slit collimators,
An increase in resolution of about two-
to-one was realized before other system
limitations came into play. (In the ar-
ticle cited above, this type of processing
had been prematurely judged to be of ques-
tionable value because of overly pessimis-
tic estimates of the accuracy to which
the detectors could be aligned. Subsequent
improvements in the detector system's align-
ment methods, however, made the applica-
tion of the deconvolution algorithm worth-
while. Rocca and his associates are now
writing a paper describing their new work
in this area.)

A second activity in the Communica-
tions Group is related to television sig-
nal processing, In particular, the group
is continuing to study modifications to
a subsystem which it designed and built
to detect the motion of images within
television signals. The primary system,
which incorporates this subsystem, parti-
tions each scan line within the overall
picture into its variable (moving) segments
and its stationary segments., The redundant
data that is associated with the stationary
part of the image are not transmitted.

At the receiver, a stored version of the
previous frame can be combined with the
received transmission of only the moving
segments (and some control data) to produce

the new frame. This process reduces the
required average transmitted data rate
and, thereby, the bandwidth for the dig-
ital television signals of interest. The
signals associated with only the moving
segments are differentially encoded to
enable a further reduction in the required
bandwidth, The saving in transmission
data rate is approximately one order

of magnitude, from approximately 8 bits
to about 1 bit per picture element.

In general, the quality of the reproduc-
tion achieved by such a system is limited
by the complexity of algorithms that are
economically allowable, and this, in
turn, is limited by the costs for high-
speed memory capacity and arithmetic
units,

Memory limitation in the IE§E's
system manifests itself in a particularly
disturbing way: when a significant por-
tion of a sequence of frames includes
moving segments, the buffer memories in
the system become overloaded. (The "buf-
fers" are needed to convert a nonuniform,
"bursty' data sequence which emerges from
the motion detector into a desirable
uniform data rate for subsequent transmis-
sion.,) To cope with the nearly full buf-
fer situation, a modification is made
to the input processing procedure, but
because of a combination of reduced sampling
rate and degraded resolution (bits) per
sample, the modification causes consis-
tently poorer quality to occur in the
lower (later processed) portions of the
picture. The group is studying this prob-
lem. It is also studying the effects
of noise bursts on the reconstruction
process and is considering the possibility
of adding somé error-protecting redundancy
to the signal to counter that problem.

The TV signal processing project
is built around a hardware-software con-
figuration which is being modified con-
tinuously, mostly by students in IE§E's
Communications Group. As part of a course
entitled "Electronic Technologies," orga-
nized by Prof., Sergio Brofferio, teams
comprising about four students propose
modifications to the system, and then
build the software and/or hardware them-
selves. For hardware projects, they must
search for the required components, and
they suffer the same frustrations in the
commercial arena that practicing engineers
often experience in Italy, So, quite
unlike master's degree engineering grad-
uates in the US, they come to industry
prepared for the team approach to R§D
activities and with the experience of
having to evaluate whatever components
are available and to modify system de-
signs to accomodate component limitations.
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Most of the research done within the
Communications Group (even that related
to ET processing) is sponsored by the
Centro di Studio sulle Telecomunicazioni
Spaziali (CSTS)} del Consiglio Nazionale
delle Ricerche (CNR), the Space Telecommuni-
cations Center of the National Research
Council, Italy's counterpart to the US
National Science Foundation, There is
little novelty in this financial arrange-
ment; the novelty is found in the geograph-
ical and staffing relationships that exist.
As is the case for several of CNR's study
centers vis-a-vis one of their sponsored
groups, CSTS's offices and most of its
23-member staff are located along the same
corridor in the IEGE building that houses
the members of IE§E's Communications Group.
The administrative and technical directors
of CSTS, Prof. Francesco Carassa and Prof,
Guido Tartara, respectively, and at least
10 other members of the CSTS staff are
also members of IEE's teaching and/or
research staff, (Rocca, on the other hand,
is not a member of the CSTS staff.) This
close working relationship leaves no uncer-
tainty as to the specification of a re-
search program which the Communication
Group of IEE will pursue under CSTS
sponsorship. The reader can therefore
understand the difficulty I had in sorting
out which of the CSTS-sponsored research
efforts were being done "in house" at
CSTS and which were being done within the
1EGE's Communications Group.

I discussed CSTS's research with
Tartara, who described it as a three-ele-
ment program: system studies, atmospheric
propagation studies, and image processing/
transmission. (The latter element, of
course, was the one I had just reviewed
with Rocca.)

In system studies, CSTS sponsors work
related to future satellite systems, signal
coding and modulation techniques, multiple-
access system configurations, and communi-
cation network management. Tartara com-
mented that the CSTS staff (and CNR, in
general) is currently struggling with the
question of whether a new space-systems-
oriented agency should be organized.

In the pursuit of plans for participation
in Europe's L-SAT program and for the devel-
opment of Italy's own domestic communica-
tion satellites, the need seems to have
arisen for control by a project management-
orientated group such as NASA rather than

a theoretically oriented organization Like
CNR, No specific schedule was indicated
for reaching a decision, but the L-SAT
program schedule may force one soon., A
variety of government, industrial and ac-
ademic organizations throughout Europe have
been working with the staff of the Euro-
pean Space Agency (ESA) toward the devel-
opment of a system definition and implemen-

423

tation plan for its L-SAT program., It

is expected that, by the time ESA concludes
its review of many suggestions and firm
R&D proposals (in the late fall of this
yearg and publishes its recommendations,
the question of how Italy will organize

its internally related efforts will have

to be decided. .

In the area of drmestic communication
satellite systems, CSTS has sponsored
studies which attempt to define an optimum
configuration for satellite links and
terrestial distribution networks. Topolog-
ical (interconnection) considerations,
traffic analyses and projections of
future needs are being considered in
conjunction with estimates of the com-
plexity of the system switching which
can logically be included within the
satellite-mounted subsystem. In very
general terms, Italy's specifications
for the kind of services it wants from
a domestic communication satei:ite are
not much different from those of any
other developed country, but Italy's
particular geographical arrangement has
led to the proposal of two conflicting
system philosophies. One would include
approximately 30 relatively small, simple,
regional terrestial centers supported
by a complex switching satellite system,
The other would use a few complex terres-
tial centers supported by a relatively
simple satellite relay system, The initial
system~configuration decision has not
been made yet; when it is made, a second
basic question will remain: 1Is the better
of the two alternates worth implementing
at all, or would Italv's peculiar geog-
raphy be served more cost-effectively
by a completely terrestial domestic
system?

Getting back to experimental activ-
ities in the satellite systems area,
Tartara indicated that C(STS i{s continuiny
to conduct atmospheric propagation studies
by using Italy's still-operating SIRIC
experimental satellite, SIRIO was launched
in August 1977 with an expected opcrational
life of three years, but it now appears
to have about one more year of orbital
life remaining. For that period, two
types of experimental activities have
been planned: a continuation of the
study of rain-induced signal attenuation
and a teleconferencing experiment,

The excess attenuation model which they
are attempting to perfect under the
guidance of Prof. Carlo Capsoni, is a
nonlinear and, of course, time-varying
function of the reflectivity factor
along the ray path. This reflectivity
factor, which is a function of the rain
rate, is being measured by weather radar
systems at three locations in Italy.
Preliminary results of this line of
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research were reported in ALTA FREQUEZA'as
July 1979 special issue which discussed
the SIRIO satellite and its experimental
involvement. The current work which Capsoni
described is an attempt to define the res-
olution, in both time and distance, with
which a pair of parameters in the model
must be specified in order to reduce the
discrepancy between the calculated values
and the measured values of the excess at-
tenuation. The purpose of this research
is to help the communication satellite sys-
tem designers in Italy estimate the need
for space diversity in the ground terminals
located within the particularly important,
but exceptionally rainy region of the Po
River Valley just south of the Alps. Prof.
G. Drufka expressed some concern over the
accuracy with which such models will be
able to calculate the excess attenuation.
The concern is based on two shortcomings
in the process. First, he questions the
accuracy with which the data from a 2-dimen-
sional, ground-based array of rain gauges
can be used to model a rainstorm in three
dimensions, Secondly, he questions the
accuracy of the rain gauge measurements,
which are subject to distortion by prevaling
surface winds. But despite that misgiving,
he is analyzing an extensive set of rain-
gauge data accumulated over the last ten
years by the local electrical-power, water-
supply, and agricultural interests in the
area.

The Communications Group staff members
at IEGE and their collocated alter egos
at CSTS provide an educational environment
for research and development which I be-
lieve is unique. The dedication of the
staffs of both organizations contributes
to the well-deserved reputation of the
Politecnico di Milano for training future
participants in another Italian Renaissance.
(Philip Fire)

COMMUNICATIONS R§D AT POLITECNICO DI TORINO

The Istituto di Elettronica e Telecomu-
nicazioni (IE§T) of the Politecnico di
Torino in Turin, Italy, provides a 3-year
program of study leading to the degree of
Dottore-Ingenere (similar to the American
MS degree ESN 30-7:303 [1976])). This pro-
gram supplements a 2-year period of prepa-
ration in physics, chemistry, and mathe-
matics provided by other institutes at the
school. In these respects, IE§T is similar
to the Istituto di Elettronica ed Elettron-
ica (1B&E) at the Politecnico di Milano
in Milan Q?Colnunications RED at Politecnico
di Milsne,” ZSN 34-9:421 [1980]).

Dospite these very real similarities,
however, there are substantial differences
between Turin's 1E8T and Milan's IEGE,

In its communications-oriented research
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activities, IEGE at Milan specializes

in baseband signal processing, TV band-
width compression, and characterization
of atmospheric attenuation at microwave
frequencies, all with a strong experimental
flavor, At IE&T in Turin, which has

a staff of about 50 (35 professionals)
and approximately 600 students, the em-
phasis within the communications area

is on the theoretical characterization
and simulation of nonlinear channels
and the general evaluation of communica-
tion signal design, coding, and detection
methods. In Milan, communications, com-
puter science, and control theory are
all included within IEGE's program, but
the last two fields of study are not
included within IE§T's program in Turin.
Those topics are combined instead with
other studies in another department, the
Istituto di Elettrotecnica,

My host at IE§T was Prof, Sergio
Benedetto., He and his colleague, Prof.
Ezio Biglieri, have been studying the
signaling problems caused by component
nonlinearities and undesirable memory
characteristics in satellite-borne com-
munication relays.

The nonlinearities, both as simple
amplitude distortions and as unwanted
amplitude-to-phase modulation conversions,
are induced primarily by the traveling-
wave transmitting tube used in such sys-
tems. The overriding need to increase
both the transmitted power level and the
overall energy efficiency of the system
has made it necessary to operate these
tubes in their nearly saturated, and
therefore significantly nonlinear regions,

The memory phenomenon considered
is one which results in intersymbol inter-
ference (for the digital signals used).

It results from the use of bandlimiting
filters which are needed to prevent in-
terchannel interference. Benedetto and
Biglieri represent this complex channel
by a Volterra-series expansion, a tech-
nique introduced by Wiener in 1942, This
method generalizes, to nonlinear channels,
the impulse-response method often used

to analyze linear systems., The two re-
searchers derived a bandpass form of the
function which is amenable to efficient
computer analysis,

The work in the above area was sup-
ported by the European Space Agency (ESA);
that constitutes another difference be-
tween the "communicators" at IEET and
their counterparts at IEGE in Milan.
While most of IEGE's communication work
is supported by the collocated Space Tele-
communications Center (CSTS) of gtaly's
CNR, IE§T's space communications studies
are supported by such outside interests
as ESA (located in the Netherlands).

But to counter that "outside'" support
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in communications, I[E§T has its own col-
located CNR study center, the Centro
Studi Propagazione e Antenne (CESPA).

CESPA's staff and the Electromagnetics

(EM) Group within IE§T's staff are as in-
termingled in Turin as CSTS and IEGE are
in Milan, Despite the implied restriction
to radiating components in its title,
CESPA also participates in and sponsors
research in microwave components and, more
generally, guided propagation, Assoc,
Prof. Ivo Montrosset, representing Prof,
Rodolfo Zich (who holds a dual appointment
as head of CESPA and head of the EM Group
in IE§T), described the present interests
of the group. These interests include
the design and analysis of dielectric wave-
guides, the design of antennas (ranging
in size from large reflector-feed combina-
tions used in tropospheric scattering sys-
tems to small satellite-borne units), the
atart of an activity related to optical
waveguides and integrated-optics devices,
and meteorological studies related to
aircraft safety in the region of airports.
The last-named activity was described
by F. Canavero, who is carrying on these
studies under the direction of Prof, Gio-

ELECTRONICS

ELECTRONICS IN IRELAND—1980

Ireland has been the country of
origin of a number of outstanding scien-
tists such as Robert Boyle, George S.
Stokes, John Tyndall, William R. Hamilton,
and Joseph Larmor, to name only a few,
While these and many others were indeed
educated in Ireland, until recently most
individuals trained in the sciences and
engineering in Ireland accepted the
inevitability after graduation of the
immigrant ship which took them either
to Britain or to the US. Suddenly the
picture has changed—at least for those
specializing in electronics. For now,
not only does every such graduate have
his choice of jobs in the Republic of
Ireland, Ireland is actually offering
significant financial inducements to
qualified engineers and other specialists
to encourage them tc move to Ireland.
This all is due to the efforts of the
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vanni Perona. The group has been collecting
meteorological data at three locations

in and near Turin, The parameter of primary
interest concerns the short-term atmospheric

Irish Development Authority (IDA), which t )
was formed a few years ago with the aim .
of developing the country industrially—
principally by attracting electronics

pressure variations (over l-minute inter-
vals)., The researchers conjecture that
these variations may be used to forecast
imminent wind-shear activity which could
endanger a landing aircraft, The other
meteorological data, taken from 15 minutes
before the pressure jump to 45 minutes
after, are being studied., At present,
Perona and Canavero are attempting to
correlate the data from the three test
points (located, roughly, at the vertices
of a 2-km equilateral triangle). They
expect to publish the results of this work
early next year.

(I subsequently discussed this sub-
ject with Mr. Michael Dutton of the British
Meterological Office [Bracknell, UK],
Dutton indicated that similar wind-shear
studies by A.J. Bedard of the National
Oceanic and Atmospheric Administration's
Wave Propagation Laboratory, performed in
the vicinity of Chicago's O'Hare airport,
appeared to show poorer correlation to
pressure jumps than to wind vector data
taken by a set of stations surrounding
the airport. But, since local geographical
features affect these phenomena consider-
ably, even within the Turin study itself,
previous results may not apply generally.)
(Philip Fire)

companies from overseas.

Foreign electronics firms have now
set up 70 manufacturing facilities in
Ireland, most of these within the past
four years. They represent a fixed in-
vestment of about $600 million. More
than 60% of these new plants are branches
of American companies; other firms have
come from Britain, Japan, Sweden, Den-
mark, Germany, and Canada., IDA has been
able to bring about these developments
by extremely attractive tax incentives
as well as by direct investments in
plants. At this time, the investment
in foreign electronics plants in Ireland
by the Irish government through IDA
has been about $150 million.

Examples of some of the companies
that have come are Mostek, which in 1984
expects to be employing 1,200 persons
in a $90 million plant in Dublin; Wang
Laboratories, with a $75 million facility
in Limerick; Digital Equipment Corpora-
tion, employing 1,000 in Galway and pres-
ently setting up another facility in
Clonmel; and Nixdorf, the German com-

uter manufacturer, with a $10 million
lant in Bray, near Dublin., While the

numbers of employees involved may not
seem large by American standards, for

a country of only 3i million inhabitants
they are quite significant.
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To bring industry into a country
which does not have a large industrial
base requires the solution of some special
problems., For example, a major problem
in attracting more industry to Treland
has been the telecommunication system,

One of the individuals whom I visited on
my recent trip to Ireland stated that in
many cases it is easier to telephone the
US from Galway (on the western coast of
Ireland) than to call Dublin (on the east
coast). This problem and others similar
in nature are being solved by a National
Board for Science and Technology. This
board, whose principal mission is to pro-
duce the annual science budget for the
government, is also a "think tank," with
the task of removing roadblocks that stand
in the way of progress in science and tech-
nology. Thanks to the recommendation of
this board, the telecommunications system
is now in the process of being modernized
both politically and physically. Along
with other actions, the Ministry of Posts
and Telegraphs just recently awarded a
major telecommunication contract to Telec-
tron, a wholly-owned Irish company, to pro-
duce advanced transmission equipment and
develop software for the Irish and export
markets in a joint.venture with Compagnie
Industrielle des Telecommunications, which
pioneered France's telephone industry.

It is well recognized that if Ireland
is to have an electronics industry, it will
need more engineers and applied scientists
capable of working in the electronics
field. The industrial expansion must there-
fore be accompanied by an expansion of
graduates from higher institutions of
learning. This expansion is now also in
progress.

The older universities and colleges
involved are the University of Dublin
(Trinity College and the College of Tech-
nology) and the University Colleges of Gal-
way, Cork, and Dublin, that are branches
of the University of Ireland. _Among the
newer schools is the National Institute
for Higher Education (NIHE) in Limerick,
which was established in 1972 and has
since become one of the foremost centers
of activity in electronic engineering.

A similar institution, NIHE-Dublin, will
open its doors in October 1980. It is
said that the existence of NIHE-Limerick
has had a profound positive effect on the
industrialization of the midwestern region
of Ireland. Indeed, according to the Irish
Minister for Industry and Commerce, the
proximity of NIHE in Limerick was a de-
ciding factor for Wang Laboratories, Inc.,
and Varian Associates, Inc,, in locating
plants in Limerick, adjacent to the NIHE
campus.,
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Programs leading to the first aca-
demic degree for qualified engineers
or applied physicists in Ireland are 4
years in length. The question of rela-
tive value of the material covered in
courses in electronic engineering at the
universities and those at the NIHEs is
one also debated among engineering edu-
cators in the US, According to a profes-
sor at one of the Irish universities,
the former present a broad., fundamental
program, while the NIHEs were said to
specialize to a greater extent. A person
completing an NIHE program might there-
fore be very well qualified to perform
practical circuit design immediately after
graduating but might lack some of the
broader background to which the univer-
sity graduate was exposed. NIHEs do not
offer graduate degrees; universities do.

During my trip I visited University
Colleges Galway, Cork, and Dublin respec-
tively, and Trinity College of the Uni-
versity of Dublin. My purpose in each
case was to learn about activities in
electronics, The following is a report
on these visits.

Galwa

Eniversity College Galway of the
National University of Ireland opened
its doors in 1849, when it was called
Queen's College at Galway. It has a long
history of science. Joseph Larmor, well
known for his formula on precession of
e¢lectrons, was the professor of physics
here from 1880 to 1885, Galway's recent
response to the Irish electronic revolu-
tion was to establish a Department of
Electronic Engineering and also a chair
of applied physics/electronics in the
Physics Department. Although 20 students
have enrolled in the electronic engineer-
ing program and have been in attendance
and taking basic courses since October
1979, no professor or lecturers have,
as yet, been appointed to the department.
The chair in applied physics/electronics,
however, has been filled by Prof, P.W.
Walton, who returned to Ireland after
about 10 years at the Medical College
of Virginia (Richmond, VA).

In addition to setting up courses
in his area of interest, Walton is con-
tinuing work in fluoroscopic ionography,
a research topic in which he was engaged
in the US. Ionography is an x-ray image-
recording technique in which the detector
is a thin ionization chamber that contains
a heavy gas under pressure. Ions formed
by x-rays in the gas are swept across
the chamber by an electric field, to de-
posit on a thin insulating film and form
a charge pattern, After some time, the
chamber is depressurized, the film is
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removed, and the charge pattern is made
visible by a powder or liquid toner. In
Walton's fluoroscopic ionography the
charges are collected onto a thin, clear,
deformable layer of oil or soft elastomer
that coats a front-surface mirror in the
chamber, Electrostatic forces between
the surface charges and the conducting
mirror cause deformations, which are made
visible by an external Schlieren optical-
projection system with light which enters
and leaves the chamber through a glass
window, so that there is no need to re-
move the film, Walton has obtained images
with resolution better than and sensitiv-
ity close to those obtained with film/
screen methods., The initial support for
this work was from the National Institute
of Health (US)., Walton is now trying to
obtain funds for work to minimize aberra-
tions in the system and to bring the tech-
nique to technical fruition,

Other work in the department deals
with incorporating microprocessors into
student laboratories and also into experi-
mental research work, The department
has advertised for two additional lectur-
ers in applied physics/electronics but
has found them difficult to obtain, One
possible reason may be that, according
to university policy, lecturers should
be able to teach in Irish (Gaelic) as well
as in English, since Galway was designated
some years ago as the College of the Na-
tional University of Ireland in which
instruction could be taken in English or
Irish. While such an announcement may
discourage a number of applicants initial-
ly, this policy cannot actually be strict-
ly adhered to, because the requisite staff
fluent in both languages cannot be found.
As a result, many positions are filled
with persons who are not fluent in Irish.
Cork

Not a child of the late 70s but rea-
sonably well established is the Depart-
ment of Electrical Engineering at Univer-
sity College Cork, of which Prof. M.P.
Sexton is chairman. The department has
a8 4-year undergraduate program, with about
45 first-year students admitted each year.
Sexton told me that since the students
are carefully selected before admission,
there are virtually no dropouts. In ad-
dition to course work, there is a strong
emphasis in the undergraduate program
on laboratory performance, culminating
in a final-year project that is virtually
a full-time endeavor during the last two
quarters. An MSc program of 1} Yyears
duration and based on research alone is
also in existence, with current projects
in lasers, telecommunications, solid-state
electronics and electrical machines,

There are also several PhD students,
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Among the research projects being
carried out under the direction of Sexton
are work in far-infrared gas laser tech-
nology; design, construction and opera-
tion of a 12 GHz earth station for com-
munication satellites; microprocessor
control of industrial processes; and
a rather unusual project based on the
measurement of the dielectric properties
of Irish butter and the use of these prop-
erties for moisture control in continuous
butter makers. The laser work, which
is sponsored by several organizations
(including the EEC), involves power and
gain measurements on a pulsed heavy-water
gas laser, frequency modulation of a CO,
laser with cadmium telluride crystals,
and optical pumping of heavy-water vapor
by a CO, laser. The work dealing with
communication to satellites, which is
funded by the European Space Agency, con-
sists of a study of the down-link propa-
gation characteristics, with particular
attention to the effects of meteorological
conditions, and direct satellite reception
of experimental color TV transmissions
relayed from Italy and the UK via a geeo-
stationary satellite. This work is being
carried out in collaboration with Univer-
sity College Dublin and others.

While these are interesting projects,
more immediately in line with Ireland's
progress in establishing solid-state elec-
tronics is that University College Cork
has recently been commissioned to estab-
lish a microelectronics research center,
at an initial cost of approximately
$2,000,000. Assoc. Prof., G.T. Wrixon
has been appointed director for an ini-
tial period of 3 years; Dr, Liam M. Kelly
will be a senior staff member, The cen-
ter is to educate engineers for work
in the microelectronics industry and to
serve as a centralized R§D laboratory
in which cooperative university/industry
research projects involving new processes
and development in microelectronics can
be carried out. Wrixon (MS, Cal Tech;
PhD, U. of Cal, Berkeley) worked at Bell
Laboratories for several years prior to
returning to Ireland. Kelly performed
his graduate work at the University of
California, Santa Cruz,

The establishment of the center
actually is a natural extension of the
activity in electrical engineering at
Cork that Wrixon has carried on since
1974, Based on his experience at Bell
Laboratories, Wrixon established a facil-
ity for fabr{cating millimeter and sub-
millimeter wave Schottky-barrier diodes
under grants and contracts with labora-
tories engaged in radio astronomy and
other millimeter wave endeavors in varjous
countries in Europe. Wrixon and Kelly
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are experts in the fabrication and testing
of these gallium arsenide (GaAs) diodes;

a recent example of their work shows di-
odes with an epitaxial layer thickness

of less than 1000 & and doping level of
2.5 x 10'* cm”? yielding a mixer noise
temperature of 98 K at 115 GHz, These
diodes have a diameter of 1.8 um and show
repeatable performance.

Work contemplated for the new micro-
electronics center involves creation
of a silicon CMOS line, thick film/hybrid
circuits, continued Schottky-barrier di-
ode fabrication and testing, GaAs MOS
solar cells, microprocessor development,
and the fabrication of GaAs FETs and GaAs
integrated circuits., Wrixon and Kelly
have already started on work related to
integrated circuits in that they have
developed a system of using the univer-
sity's JEOL scanning electron microscope
for electron-beam lithography, with a
resolution of { um, They are presently
fabricating cross-shaped Schottky-barrier
diodes of the same vertical structure
as their circular diodes but of lower
series resistance., In solar-cell work
they have obtained 18% efficiency with
single crystal MOS GaAs solar_cells in
which the oxide layer was 70 X thick and
plasma grown. With another type of
MOS solar cell, using gallium sputtered
on tungsten in an arsine environment,
the efficiency was 10%.

Dublin

niversity College Dublin (UCD) has
about 10,000 students. This university
used to be entirely in the city of Dublin,
but the major portion of it has now
moved to a new campus outside the city.
Engineering, however, has not yet moved
but remains ensconced in a very imposing
structure located within the complex
of government buildings in Dublin, ad-
jacent to the building that houses the
office of the Taoiseach (the Prime Minis-
ter of the Republic of Ireland). UCD
graduates around 50 students per year in
electrical and electronic engineering
(EEE), a number presently limited by the
size of the physical plant. (The build-
ing was designed for 200 students; 800
are currently using it.) There are pres-
ently 12 graduate students in EEE; some
of these are MSc students, others are
working on a PhD, The academic staff
in EEE comprises 16 staff members,

I talked for some time with Dr, J.O.
Scanlan, professor of electronic engineer-
ing who, among other distinctions, is a
Fellow of IBEE, Scanlan's expertise is
in the broad area of electrical filters
and systems, His earlier work dealt with
microwave filters which, he stated, are
basically composed of time delays and
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elements that perform arithmetic on the
signal—ideas that also prevail in his
more recent efforts in sampled data fil-
ters. These efforts were initially aimed
at investigating methods of improving

the performance of charge-coupled device
(CCD) filters. Experimental and theoret-
ical studies of the sensitivity of tapped
CCD delay line filters confirmed, however,
that with this type of structure there
are serious limitations in attempting

to achieve severe filtering requirements.
Scanlan has therefore extended his work
to encompass the study of alternative
means of filter realization suitable for
implementation in single-chip form. This
is a cooperative project between UCD and
the University of Edinburgh (where an
integrated circuits laboratory exists)
and is supported by the National Board
for Science and Technology in Ireland

and in Edinburgh by the UK Science Re-
search Council, Scanlan's alternative
structures are based on adapting ideas
used in digital filters technology, to
produce sampled data filters with similar
optimum sensitivity properties. A number
of breadboard models have been constructed
and have shown very attractive performance
features, such as the fact that the fre-
quency to which these filters will work
is 1 the clock rate—a much higher fre-
quency than obtained by others.,

Another of Scanlan's filter projects
has evolved into a new synthesis technique
for the design of switched-capacitor
state variable filters with unrestricted
sampling rate. This appears to offer
considerable advantages in terms of the
required capacitor size ratios. Present
work is aimed at exploring the resulting
design trade-offs and at producing optimum
filters in breadboard form,

Scanlan's third major project has
dealt with system simulation. Broadly,
the objective is to design the cheapest
earth station that gives desired results
for satellite communication. UCD is about
to receive a transmit/receive station
designed at UCD and built by Ericcson
(Sweden). One of the objectives of this
station is participation in the so-called
STELLA high-speed data transmission ex-
periments. This will involve the recep-
tion of computer data at the Dublin earth
station from CERN (Geneva) and other lab-
oratories and should allow virtually in-
teractive systems for physics experiments
being performed at CERN and other labora-
tories all over Europe. Funding is in
part by the EEC,

Other research projects in the de-
partment include variable-speed drive
systems for high-power stepper motors;
dynamics of inherently unbalanced induc-
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tion motors; system identification applied
to optical processors (in conjunction with
the Eye and Ear Hospital); microcomputer
control of greenhouse environment; meas-
urement and control in milking parlors;
anti-skid breaking systems for cars; high-
voltage phenomena in low-temperature liq-
uids; various electronic techniques for
waveform generation; data transmission;
distributed telemetry; circuit theory;

and aerodynamic theory and control of wind-
mills. This windmill project is the

work of Prof. H.M. Power (an appropriate
name!) who believes that windpower is one
of Ireland's greatest natural resources.

Trinity

y final visit was to the Engineering
School of Trinity College of the Univer-
sity of Dublin.. While Trinity College
has a beautiful campus in downtown Dublin,
electrical engineering has not had the
benefit of this beauty. For although
the department is located in the immedi-
ate vicinity of the campus, it is in a
building that appears to be either an old
office building or a former private resi-
dence. Because of the rapid increase
in student enrollment, however, the depart-
ment will soon move onto the campus. The
chairman, Prof. Brendon Scaife, told me
that 3 years ago there were only 14 aca-
demic staff members in all the engineer-
ing departments at Trinity; only 4 of
these were in electrical engineering.
Now there are 9 staff members in electri-
cal engineering, with 3 more to be appoint-
ed, Whereas the graduating class of the
department this year has only 12 students,
it is expected that the new class will
number about 50. To keep up with this
increase in both student and faculty
populations, Trinity College is now re-
modeling one of the buildings on its cam-
pus specifically for electrical engineer-
ing.

Although, with such a small staff,
research has had to be at a minimum, Scaife
himself has been performing theoretical
research on dielectrics, noise, and ir-
reversibility and, together with a broth-
er, Prof. W.G.S. Scaife, has studied pres-
sure dependence of complex dielectric con-
stants of liquids and gases at pressures
up to 3000 bars.

An interesting venture within the
ast decade or so at Trinity College has
een a ''modular course for the degree MAI
(Master in Arte Ingenieria). A modular

course is one in which a student spends
part of his time in industry and part at
the university, In the MAI course, candi-
dates are obliged to complete, among other
subjects, an industrial project in design,
construction, development, or production.
The work is supervised jointly by a member
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of the staff of the Engineering School
and by the engineer in the industry in
question.

Before leaving Electronics at Irish
universities, a note about support of stu-
dents is in order. Although Irish univer-
sities operate very much on the British
model, where instruction for British sub-
jects is free, in Ireland only 15 to 20%
of the students have scholarships; the
others need to pay £400 per year. Post-
graduate students receive on the order
of £1,300 per year to perform research
which leads toward a thesis., As is well
known to graduate students in many univer-
sities in the ' US, it is possible to exist
with this kind of support, but one cer-
tainly does not become obese from over-
eating.

In conclusion, it is fair to summa-
rize electronics in Ireland by noting that
the electronic revolution has -indeed
reached Ireland, Perhaps it may be a bit
of an overstatement of the IDA to say that
Ireland is fast becoming the Silicon Valley
of Europe, but there is no question that
Ireland is trying hard to be successful
both in industry and in electrical and
electronic engineering education.

(Irving Kaufman)

SEMICONDUCTORS IN ESPOO, SUOMI

At present there is no integrated
circuits (IC) laboratory in Finland, but
Prof. T. Stubb may soon be starting one.
Stubb is a professor in the Electrical
Engineering Department (EE) of the Techni-
cal University of Helsinki (TUH)} and also
the director of the Semiconductor Labora-
tory (SL) of the Technical Research Centre
of Finland (TRCF)., (The Finnish name for
Finland is Suomi, that for TUH is Helsingin
Teknillinen Korkeakoulu, and TRCF, in Fin-
nishj is Valtion Teknillinen Tutkimuskes-
kus.

TUH was established about 100 years
ago, but does not show its age because
it is situated on a brand-new campus in
Espoo, a short distance from Helsinki.
There are about 6,000 students in atten-
dance, of whom approximately 500 to 600
are in EE.

The undergraduate program in EE at
TUH covers 4 years, but the average stu-
dent requires 5 to 6 years to obtain the
diploma, i.e., to graduate. By the time
he or she has finished, the student has
spent at least half a year on a thesis.

A person electing to continue studies at
TUH can qualify for a second degree, the
Lisensiaattityg (Licentiate), after two
more years of effort, The final degree
is the doctorate, which may he obtained
after completion of a more extensive
thesis.
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TUH carries out both teaching and
‘esearch, while TRCF is strictly a research
rganization. It appears that the Finnish
overnment realized however, that semicon-
luctor research requires equipment so ex-
rensive that it would make good sense to
ave only one such facility. SL is that
‘acility, and it is located within TUH.

Stubb, my genial host, mentioned that
ie had been a visiting professor in Flor-
ida and might be interested in spending
iome additional time in the US after his
retirement two years hence. He thought
ilso that at that time SL would probably
;plit into two separate laboratories.

The 43 individuals in SL are engaged
in work with thin-film sensors, magnetic
semiconductors, MOS and planar technology,
ind integrated optics. Some of those ac-
tivities are being carried on in conjunc-
tion with other laboratories.

The person responsible for thin-film
activity is Dr. T. Wiik, who briefly de-
scribed his work: fabricating and testing
Josephson junctions, humidity sensors,
and sensors using surface acoustic waves
(SAW) .,

The Josephson junctions Wiik prepares
have an oxided niobium film on Corning
glass in contact with a_lead film. (The
oxide layer, around 20 X thick, is depos-
ited on the niobium by a glow discharge.)
The junctions, which are used in SQUIDS
(Superconducting Quantum Interference De-
vices) for measuring magnetic fields (and
currents) and for microwave generator/de-
tector applications, are being supplied
to other laboratories in Finland.

Wiik told me that his group had de-
veloped a simple humidity sensor that is
now being marketed world-wide for radio-
sondes by the Finnish firm Vaisala. The
sensor consists of two metal film stripes
on glass that are covered by an organic
material (proprietary). The humidity is
found by a measurement of the film-to-
film resistance; response time is 1 second.

In discussing his SAW sensors, Wiik
said only that such devices would measure
Khysical quantitites and operate at several
undred MHz; he made it clear that all
other information about them was proprie-
tary,

In contrast to the applied work of
Wiik are the more basic studies of the
group led by Dr. J, Heleskivi which has
een investigating magnetic semiconductors,
specifically europium chalcogenides and
CdyMny ,xTe. The europium compounds (EuO

and BuSe) are grown in-house by H, Stubb,
son of the director; the specimens of
CdMn, ,Te were recently obtained from
Prof. R.R. Galazka (Univ. of Warsaw, War-
saw, Poland), These compounds can exhibit
interaction between electrical and magnetic
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properties. For example, the electrical

conductivity of the europium compounds

can change by orders of magnitude when

the magnetic field in which they are im-

mersed is changed from 0 up to 10 tesla.

This requires cooling to low tempera-

tures—for Eu0, 69 K; for EuSe, below 4.6 K.

French investigators, working with Galazka's

materials, have found electric/magnetic

interactions at temperatures up to 100 K,
Heleskivi explained that these mate-

rials have donor levels that are magnetic

field dependent. In addition, the bandgap

E, can be changed by strong magnetic fields.

Fgr example, EuSe with room temperature

Eg of 1.85eV, will undergo a change in

E, of 0.2 eV when placed in a 1 tesla

field. Both effects will result in large
changes in carrier concentration and
therefore in conductivity.

In addition to the recent measurements
it made of relaxation times of photoexcited
carriers and of photosensitivity of EuSe,
Heleskivi's group has also measured the
dependence of ferromagnetic resonance line
width on microwave conductivity in EuSe
at liquid helium temperatures and has
determined that the principal contribution
to line width is the relgxation of magnons
due to charge carriers.

In response to my engineering-oriented
questions about possible applications,
Heleskivi suggested that if materials
could be found that exhibited some of the
characteristics mentioned at room tempera-
ture, they could be used to detect very
small magnetic bubbles, and could also
be utilized in sensors.

Dr. M, Leppihalme and his group have
tackled various aspects of optoelectronics,
including the fabrication of optical
fibers and solar cells, They have measured
barrier heights of Schottky barrier struc-
tures on n and p-type silicon and germa-
nium; they have looked at phonon energies
in these materials; they have made semi-
conductor optical detectors as well as
single-crystal zinc sulfide Schottky bar-
rier diodes for ultraviolet light detec-
tion; they have measured mode spectra of
lasers; and they have fabricated inte-
grated-optics components with zinc sulfide
films. In their present work, on MIS
(metal-insulator semiconductor) solar
cells of polycrystalline silicon, their
initial attempts to reduce the surface
state density by the introduction of
fluorine into the insulating oxide layer
have had encouraging results, as evidenced
by the I-V characteristics these cells
exhibit,

In work aimed at the fabrication of
microwave devices, Dr, P, Krusius and a
student have been examining the high fre-
quency behavior of MIS structures on a
theoretical basis. The general procedure
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is to investigate the tunnelling and other
current components and their dependence
on voltage, temperature and frequency.

At the beginning of this article I
mentioned the possibility that Finland
might soon have its first IC laboratory
This would require a considerable capital
investment. For, while SL has had dif-
fusion furnaces in operation for several
years and is able to fabricate MOS devices,
masks are still being prepared by the
rubylith method. This is not meant to
imply that SL has not been able to fabri-
cate interesting devices (such as a zinc
oxide silicon pressure transducer), but
rather that the emphasis has been on device
research, not IC fabrication. It will be
interesting to see whether the pressure to
establish IC work in Finland will change
this emphasis. (Irving Kaufman)

ENERGY
SOLAR ENERGY RESEARCH AT THE UNIVERSITY
OF GRANADA

Spain is one of those countries
blessed with a sufficiently low latitude
and generally cloudless skies as to find
solar energy comparatively promising. In
fact, the southern coast of Spain, eastward
from Gibraltar, has long been known as the
"Costa del Sol." It is there that solar
energy research is concentrated, particu-
larly in Almeria and in the nearby city
of Granada. 1 was unable to visit Almeria
where the experimental work goes on, but
I did visit Antonio Echarri, professor of
physics at the University of Granada, who
is doing interesting theoretical studies
of solar energy. He has a master's degree
in mathematics, and 2 doctorates in phys-
ics, one from Grenoble University in France
and one from Zaragoza University in Spain.
(He also speaks excellent English, a com-
parative rarity among Spaniards.) Echarri’'s
research was originally in low-temperature
metallurgy, especially superconductivity,
but he was unable to obtain liquid helium
at Granada to continue this research, and
so turned to solar-energy work.

Figure 1 shows a Harwell-Stirling
gaseous-piston pump. The water in the
right-hand branch is cold and, as indi-
cated, the water in the central branch is
hot. Heat is applied to the vapor space
between them and oscillations are set up,
These oscillations are transmitted to the
left-hand branch where the water eventually
rises to a considerable height and spills
over, thus constituting pumping action.
Thermodynamically, the situation is related
to that of the Stirling-cycle engine, hence
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the name. By varying the geometry of

the device, that is, the diameters and
lengths of each of the various sections,
together with the pressures and tempera-
tures, one can affect the stability (in
§h1s unusual case, one is actually seeking
instability). The stability conditions
are investigated by the method of Liapunov,
leading to a partial differential equation
(LaGyaqgian equation); Echarri is busy
obtaining numerical solutions to this
equation on a Univac digital computer
located in Madrid. He and his group are
also building a model of the device to
check their theoretical results. They

are hoping to develop this device as a
pump for rural use, to be powered exclu-
sively by solar energy. Pumping is of
course an excellent use of solar energy,
since water can be pumped up and stored
when the sun is present, and then the
water drawn down during cloudy periods

or at night. In other words, pumping
(unl}ke some other uses) does not require
continuous insolation.
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Another pumping device being investi-
gated by Echarri's group is a modifica-
tion of the Savery pump, which was used
more than 200 years ago (in James Watt's
time) for pumping water out of mines.

It uses heat to create plugs of water
separated by water vapor which can be
drawn up a pipe by suction-like forces

to a maximum height of about 10 meters,
It seems that a modification of this
device powered by solar energy may be

of use once again in primitive countries,
Again, Echarri's group is doing a theo-
retical analysis, and has built a model;
the model is heated with an alcohol burner,
and has thus far been able to raise water
to a height of 1 meter.

Finally, the group is working on
Fresnel lenses to concentrate sunlight
on photovoltaic silicon cells. A Fres-
nel lens is one in which an ordinary lens,
as in figure 2a, is collapsed to make
a very thin lens having the same effect,
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as in Figure 2b.

OWDINARY FRESNEL_

a. b.
Figure 2

Since such lenses are cheaper than silicon
cells, it is better to use a large lens
and concentrate the sunlight on a small
cell than to use a large area of cells,
However, such lenses tend to be too good,
concentrating the sunlight on one part of
the cell (which becomes overheated) while
other parts are inadequately illuminated.
What is needed is a little more spherical
aberration to blur out the focus. Further-
more, the Fresnel lens tends to be round
while the cell tends to be square. Echarri's
clever development involves a cylindrical
Fresnel lens (which focuses the light to

a line instead of a point) modified to
create sufficient aberration to spread the
line uniformly into a strip one-half inch
to one inch wide; and this is matched to

a strip of silicon cells of exactly that
width, They are using digital computers
to solve the equations for the optics for
various designs for this apparatus, and
are beginning to construct the appropriate
lenses out of methyl methacrylate plastics.
Finally, they are using water to cool the
silicon cells (they become inefficient if
allowed to rise in temperature), and this
heated water can be used for domestic hot
water, It is also necessary to keep the
whole lens-cell complex pointed directly
at the sun, and they have created an ele-
vation-azimuth mount on rails with an
automatic control system which hunts in
such a way that the system is continuously
pointed correctly.

It is of interest to note that there
is considerable geothermal activity in
Spain, and there is some rather fundamen-
tal research in the Physics Department at
Granada aimed at developing an understand-
ing of the geothermal processes, In some
cases the heat arises from tectonic activ-
ity, in others from submerged radioactiv-
ity, and bpth of these sources are observed
in Spain. When the geology is sufficiently
well understood, it will be possible to
determine where it is profitable to drill
more deeply in order to exploit these
geothermal energy sources, (Robert E,
Machol)
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ENGINEERING
THE MICROWAVE LABORATORY OF DELFT

The Microwave Laboratory of the Elec-
trical Engineering (EE) Department of the
Technical University of Delft is a substan-
tially autonomous institute, headed by
Prof, ir. L. Krul, who was my host during
a recent visit there., The EE Department
moved to its present modern building on a
new campus in 1969, It is a 23-story
building providing 20,000 m? of floor
space—and a beautiful view from Krul's
office. The Technical University itself
dates from 1842 and the Engineering Depart-
ment from 1905, There are about 1,500
EE students studying for a diploma in en-
gineering, roughly equivalent to a master's
degree, and there is a staff of about 400.
As noted previously (ESN 34-5:226), Dutch
students easily obtain financial aid and
are under no pressure to complete their
studies in a given time. The average time
taken is 6 to 7 years. This and attrition
account for the fact that only about 120
students graduate each year. This is about
40% of the yearly requirement for new EEs
in the Netherlands.

The Microwave Laboratory has a staff
of 13, and has 5 postgraduate students.
Research support funds come mainly from the
university, but also from the government
or its institutes, such as the Netherlands
Organization for Applied Scientific Re-
search (TNO) or the National Aerospace
Laboratory (NLR)., The Microwave Laboratory
has four major projects, described below.

The remote-sensing project is govern-
ment supported. In this project the nature
of airborne radar ground returns are
studied. In one application, radar echoes
from the North Sea are analyzed in an at-
tempt to measure wave heights which may
then be correlated with wind velocity. The
main investigation concerns echo character-
istics from vegetation. Here the aim is
to be able to recognize and map the differ-
ent crops, predict yields, recognize
changes in the environment, detect diseases
of crops or forests, and determine soil
conditions such as lack of moisture., Ir.
E.P W, Attema showed a real-aperture side-
looking radar that is being prepared for
the work. It was a modified X-Band Decca
radar in which all modifications had been
carried out by the laboratory. First
results were obtained by measurement from
a tower, An 8 mm FM-CW (frequency modula-
ted continuous wave) radar is scheduled
to be ready later this year., It will in-

clude an antenna with low side lobes and
a polarization diversity transmit-receive
system.

A second group is trying to

model ground returns and describe the

reflection coefficients theoretically, 3
A further project under Krul is
tasked to look at the applications of k

microwaves for industrial, scientific,
and medical purposes. Dielectric-con-
stant and loss-tangent measurements are
peyformed on both solids and liquids
using a cavity method (samples are intro-
duced into the cavity and the changes
in 1ts resonance response are observed.)}
A theory has been developed to correct
for the effects of the container in the
case of liquids, The samples may be
heated so that the parameters can be
measured as a function of temperature,
Microwave heating processes are depen-
dent on these properties and are of
interest not only for industrial purposes
such as drying of timber and the extrac-
tion of aromatic substances, but also
in medicine. Unfocused irradiation of
the throat is being investigated as a
cancer treatment in a cooperative program
with the medical school of the Erasmus
University of Rotterdam, Again, the
work includes modeling.

In a microwave-components project
Mr. J.L. Tauritz (who is from the US)
showed his network analyzer which he
claimed was an improvement over commer-
cially available versions, It uses its
own microprocessor and a Hewlett-Packard
synthesizer. The short term stability
was claimed as .01 dB: The system is
now operational and is used for automated
measurements of, for example, transistors,
YIGs, and microstrip circuits, Ir, M.K.
Smit has investigated the accuracy of
the measured data and is about to publish
a paper on the subject.

Last, but certainly not least, was
the antennas and propagation project.
Ir., L.P, Ligthart described his univer-
sity-supported tropospheric investiga-
tion with an extremely sensitive radar.
His laboratory with the radar is on the
top floor of the 23-story EE building.
The radar operates at 3.3 GHz using an
FM-CW system with chirp (linear frequency
modulation), The transmitter power is
150 W maximum, which is a large amount i
of power for continuous operation and :
most of the experiments are carried out
with much lower levels. Separate trans-
mitting and receiving antennas are on
the roof with diameters of 4 and 2 m
respectively. The minimum range possible
with the system is 60 m, It was claimed
that with full power the system could
detect a target as small as 7 x 7 um
at a range of 1 km, A waterfall type
of display was used showing time vs
range with the signal level modulating
the brightness. The band-width is vari-
able from 1-50 MHz giving a range
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resolution of 150-3 m, Usually the anten-
nas look straight up, but they can be
tilted, and Ligthart plans to use scanning
in future systems. The maximum range
at which meteorological fronts can be de-
tected is 75 km, Clear air turbulences
can be seen at times and are studied.
The system has been in operation since
summer 1979, I saw a demonstration and
observed some disturbances, a few hundred
meters in altitude, slowly drifting through
the time/range display. The radar can
certainly detect dust which has been noted
to collect below inversion layers. Meteor-
ological data is obtained from a nearby
airport and is correlated. During weekends
the equipment is left running and the
observations are recorded for later "quick
look" examinations,

An antenna range was available from
the roof of the EE building to the roof
of a nearby high-rise apartment building.
Indoor antenna measurements with small
antennas could be taken in a completely
shielded anechoic chamber said to give
at least 70 dB attenuation to multipaths,
The absorbing material was made by the
Plessey Company in England,

Krul's microwave laboratory occupies
a unique position in Holland where it is

without competition in its special endeavors

to cater for both scientific studies and
industrial needs. (Theodore C. Cheston)

ENVIRONMENTAL
SCIENCE

THE _EUTROPHICATION OF LAKE BALATON

Lake Balaton is the largest lake in
Central Europe with a total area of 600
square kilometers. At its nearest point
to Budapest, it is 100 km southwest of
that city, and it stretches another 70 km
farther away. It is fed principally by
a tiny river at its western end, and
drains some 6000 km® of Central Hungary.
Near the eastern end is a small outflow
running into the Danube. The lake is un-
usually shallow, with an average depth
of only 3.1 m. It has an uncharacteristic-
ally greenish color due to some carbonate

minerals which are suspended in it in finely

divided form.

The despolistion of our sir and water
resources is now a universal and global
problem (ESN 34-2:62), and Lake Balaton
is no exception., In this case, however,
pollution in the ordinary sense is not
a problem: there is very 1little industry
in the lake's watershed, and the effluent
from such industry as exists is well con-
trolled. The problem is in some sense
just the opposite of pollution; namely,

enrichment of the lake, a phenomenon
known to environmentalists as eutrophica-
tion. The word "pollution" generally
makes one think of germs and of toxic

or hazardous chemicals. In this case

the lake is being spoiled by excessive
amounts of the basic foodstuffs of plant
and animal life; specifically, phosphorus
and nitrogen, which are 2 of the 3 basic
elements of fertilizers (the third is
potassium, which is not involved in this
process). Phosphate seems to be the
chief culprit. The lifetime of a phos-
phate molecule in Lake Balaton is in the
neighborhood of 10 minutes, after which
it is incorporated into the algae and
other microscopic plantlife in the lake.

If this process continues too long
two unfortunate things happen: first,
the lake begins to turn a dark, opaque
green like a pool of stagnant water. This
is aesthetically undesirable and may have
a bad odor associated with it. When the
level of chlorophyll (the green coloring
matter of plants) exceeds 200 milligrams
per cubic meter, peonle in general will
not swim in the water. At the western
end of Lake Balaton, which is the most
highly .eutrophied portion and also the
most heavily populated and the chief
resort area, the level is already up to
100 mg/m®. Secondly, there are occasional
sudden and drastic changes in the eutro-
phied lake which result in so-called
"fish kills,'" which appear to be due to
the following mechanism: The upper layers
of the water become so opaque that sun-
light cannot filter down to the deeper
water. The algae in this deeper water
therefore die, so the oxygen production
normally arising from the algae ceases
and the water begins to become deoxygen-
ated, At the same time, the dead algae
begin to decompose, consuming what oxygen
remains so that the water becomes com-
pletely deoxygenated. The situation
is further aggravated by release of
phosphate from the mud in the bottom of
the lake when it becomes anaerobic, At
this point, virtually all of the fish
in the lake die more or less simultaneously
and float to the surface, whence many
are washed onto the shore where they
create a horrible smell, Catastrophic
fish kills, probably due to the above
mechanism, occurred in 1965 and again
in 1975, and were largely responsible
for the present major interest in stopping
and eventually reversing the eutrophica-
tion of Lake Balaton.

At the Biological Institute of the
Hungarian Academy of Sciences at Tihany,
on a peninsula near the middle of the
north side of Lake Balaton, there is a
significant research project centered
around this problem. This institute was
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founded in 1927 and retains the original
name, although in fact there is now a larger
biological research institute in Szeged.

The director of the Institute is Janos
Salanki, a distinguished scientist and a
member of the Hungarian Academy of Sciences.
The Institute has about 22 professional
scientists and, because of its isolation,

an unusually large support staff, including
gardeners, drivers, cooks, and the like,
bringing the total staff to 70. It is
extraordinarily well equipped, having its
own small research ship, a Tesla (Czech)
electron microscope, a liquid scintillation
counter, together with numerous microscopes
and much sophisticated electronic equipment,
While it has only a tiny Hungarian-built
computer, it does have access to other
computers, especially those at SzTAKI, the
Hungarian Computer and Automation Institute
(to be described in ES¥ next month). More
than half of the staff are concerned with
the eutrophication problem,

I talked with Ferenc Mate, the deputy
director of the Institute, and Sandor
Herodek, a senior member. Mate, originally
an agricultural chemist, is now concerned
largely with administration, as deputy
director, and as secretary of the coordi-
nating committee for the Lake Balaton Proj-
ect, a major endeavor involving numerous
institutes and universities throughout
Hungary. Herodek, originally a biochemist
who did his doctoral research on lipids,
is now exclusively concerned with limnology,
the science of lakes, and in particular
with the eutrophication of Lake Balaton.

There are two basic sources of the
enrichment which creates the eutrophica-
tion: sewage and agriculture., Lake Bala-
ton is a principal resort area for all of
Hungary and for some of the surrounding
countries. Every summer 2 million tourists
spend an average of 7 1/2 days each on the
lake., (As an interesting though perhaps
irrelevent sidelight, these tourists con-
sume some 360 tons of suntan oil each year,
much of which finds its way into the lake).
Each of these people inserts about 3 grams
of phosphorus per day into the sewage which
eventually finds its way into the lake.
Half of the 3 grams of phosphorus is in
the form of physiological waste; the other
half comes from detergents. The sewage is
thoroughly purified, which means that all
the organic material in it is destroyed
and it is in no way polluting. But the
phosphorus is not removed by primary or
secondary sewage treatment; removing the
phosphorus requires special and expensive
tertiary treatment. Many American cities
have forbidden the use of phosphate-con-
taining detergents for just this reason.
in Hungary, however, such prohibition seems
to be infeasible, since phosphate-contain-
ing detergents are aoparently more effec-
tive than non-phosphate substitutes,

and the great bulk of the detergents used
in Hungary drain elsewhere than into Lake
Balaton. Whether phosphate-containing
detergents are really more effective is
subject to some controversy, but as long
as people believe they are, they will
continue to use them. It is noteworthy
that Swiss tourists in Hungary apparently
buy large quantities of phosphate-contain-
ing detergents to take back to Switzerland
where they cannot be purchased.

The other source of phosphates is
fertilizing material. Fertilizers are
being used in increasing quantities in
Hungary for agriculture and are of para-
mount importance in making that agricul-
ture efficient. The amount of phosphorus,
nitrogen, and potassium in the fertilizers
used in the agricultural land around Lake
Balaton now averages 400 kg per hectare,
which is 7 times as high as 20 years ago.
Much of the phosphorus in this fertilizer
eventually finds its way into the lake.

There are a number of possible ways
to fight the eutrophication, and
undoubtedly some combination of them will
eventually be employed. One might forbid
the sale of phosphate-containing deter-
gents throughout Hungary—which would
entail severe political problems—or
forbid such sale just in the more densely
populated areas around the western end
of the lake—in which case the tourists
would probably buy their detergents in
Budapest and bring them to the lake.

One could build tertiary treatment plants
to precipitate the phosphates., One could
build a pipeline around the entire cir-
cumference of the lake, to receive all

of the treated sewage and dump it into
the outflow which eventually leads to

the Danube River. This would not trans-
fer as much of a problem to the Danube

as one might expect. Eutrophication of
rivers is much less important than eutro-
phication of lakes. The problem in the
Danube is pollution, not eutrophication,
and so this extra phosphate load probably
would not be serious, Furthermore,
pollution of the Danube is not just Hun-
gary's problem. It is already polluted
when it reaches Hungary, and beyond Lake
Balaton and Budapest, it flows out of
Hungary, through Yugoslavia, and on past
Romania and Bulgaria into the Black Sea.

One can prevent the runoff from
agriculture to a very large extent by
preventing erosion; that is, if the soil
stays on the land, most of the phosphate
stays with it, This can be accomplished
in a number of ways, such as by contour
plowing, which involves the use cof spe-
cialized and expensive tractors and other
agricultural equipment, or by terracing.
There are side benefits to any method
of preventing erosion, both in conservation
of topsoil and in retention of the fertili:t
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needed for subsequent generations of crops.
Another suggestion being investigated is
to build a reservoir at the inlet to
Lake Balaton and to plant in this reservoir
certain types of reeds which absorb phos-
phorus. The reeds would be cut from time
to time, taken far from the lake, and
burnt, leaving the phosphorus on the
land away from the lake. How well this
device would work is still a matter of
some controversy,

Another ingenious suggestion made
was to introduce into the lake phytophagous
(plant-eating) fish. At the present
time the algae are eaten by small crusta-
ceans which are eaten by larger crustaceans
which are eaten by small fish which then
are eaten by larger fish, Eventually,
the pike perch (Lucioperca), a fine sport
fish which tastes delicious and weighs
several kilograms, is at the end of the
food chain. Since each step in this food
chain is only about 10% efficient, the
fish do not contribute in a significant
way to keeping down the population of
the algae, Fish which eat algae directly
might solve the problem—but then again
they might not, and introducing a new
species into a complex ecological system
is always very risky. .

Each of these proposed methods is
very expensive, For example, Lake Washing-
ton, near Seattle, had a similar problem,
which was solved by building a circumferen-
tial sewage line at a cost of $85 million.
The circumference of Lake Balaton is
about 3 times as great as that of Lake
Washington, and since conditions in the
two lakes are comparable, it is estimated
that the total cost of such a solution
would be about 1/4 billion dollars.

Part of the Lake Balaton project
is concerned with collecting relevant
data and developing better methods for
collecting such data., For example, the
photosynthetic activity is measured by
filling bottles with a dilute solution of
sodium carbonate containing radioactive
carbon and exposing the bottles at various
depths for 4 hours. The contents are then
filtered to remove the algae and the radio-
activity in the algae is measured. From
this, and the concentration of carbon di-
oxide in the water, one can calculate the
photosynthetic rate, which is a measure
of the concentration of the phytoplankton,
which in turn is a measure of the eutrophi-
cation. Recent data show that the degree
of eutrophication is 8 times higher in the
southwestern part of the lake than it is
at‘Tihany, whereas 15 years ago it was
uniform throughout the lake. Furthermore,
even a{ Tihany it is much more advanced
than 1t used to be.

One of the objectives of the project
obviously is to determine the best mixture
of methods for solving the eutrophication
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problem, Another is to determine how
long the necessary financial investment
may be safely delayed, which involves
the question of the reversibility of
eutrophication after it has developed.
In the case of Lake Washington it required
4 or 5 years for the water in the lake
to be replaced by water not containing
phosphorus. Because Balaton is so shallow
it takes only 2,2 years to replace all
the water, However, in shallow lakes
most of the phosphorus is stored in the
mud on the bottom, If that mud becomes
saturated with phosphates, it may take
20 or more years to reverse the process.
The project is concerned with con-
struction of models of three types: (1)
ecological models, to establish how the
lake reacts to nutrients; (2) nutrient
models, to determine where the nutrients
come from and how they are distributed;
and (3) management models, to aid in the
decisions indicated above. SzTAKI (See
next month) and IIASA (ESN 34-6:303) are
cooperating in the construction of these
models and in supplying computers to
operate them. There are still many open
questions: How does the lake react to
nutrient loads (nitrogen and phosphorus)?
Is the nitrogen also an important nutri-
ent, or is phosphorus the only thing that
matters? How does the eutrophication
react to temperature? To solar radiation?
To windspeed? How do the different species
of algae influence these reactions? There
are actually 1,000 species of algae in
the lake, but the models at present in-
cludes only 3 groups of species, namely,
the green, the blue-green, and the diatoms.
The TIASA models are written in
Fortran and the SzTAKI models are written
in Simula. The life and death of the
algae are modeled, as is the dead organic
material and the sediment. The model
is a very elementary one at the present
time, working for only a single homogenous
basin of the lake (so that it must be
rerun for different parts of the lake).
It is simulated on a day-to-day basis,
and a l-year simulation takes about 15
minutes on SzTAKI's CDC-3300 (a rather
small computer). At the present time
the model is not good enough to justify
confidence that it will respond to the
management questions, but it seems to
be an extremely useful tool for coordi-
nating research efforts.
It seems clear at this time that
at the very least, a small pipeline will
be built to conduct treated sewage away
from the lake and directly into the Danube.
Among the outcomes of the present project
will surely be recommendations concerning
the optimal mix of expenditures and the
optimal scheduling of such expenditures.
The entire project now involves about
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140 man years of effort each year,
including questions of hygiene, legisla-
tion, analytical chemistry, and a wide
variety of other subjects., What have been
discussed here are only the limnological
and modeling aspects of the effort. None-
theless, reassured by the knowledge that
there are bodies of water such as Lake
Washington in which the process of eutro-
phication has been successfully reversed,
the people on the Lake Balaton Project seem
justifiably optimistic that they will find
a successful solution to their own problems
as well. (Robert E. Machol)

MATERIALS
SCIENCE

MATERIALS SCIENCE IN EGYPT

Egypt is a country of contrasts. In
the city of Cairo, for example, modern
office buildings and hotels with all the
amenities provide magnificent vistas of the
ancient Great Pyramids of Giza., Modern
automobiles share the right of way with
donkeys and donkey carts and with passers-
by on foot. In this commingled atmosphere
of past and present, Egypt is a nation
looking to the future. The peace initia-
tive with Israel has been welcomed by al-
most all Egyptians at every level and has
given them renewed impetus to get on with
the development of their country. The same
sense of purpose is attracting foreign
investments, United Nations aid and inter-
national loans. In view of all this, it
is not too surprising that we were able
to observe some very impressive research
and development efforts during a recent
visit there, It would be presumptive to
attempt to present an in-depth analysis
of science in Egypt. Nevertheless, we hope
this brief account of work in materials
science offers some new insights.

The University of Alexandria Research
Centre (UNARC) has been described pre-
viously (ESN 33-7:287). Briefly, it was
started as a UNESCO/UNDP (United States
Education, Science, and Cultural Organi-
zation/United Nations Development Program)
project in 1972 largely through the in-
spiration and energy of its present direc-
tor, Prof, AR, E1-8adr., UNARC is essen-
tially a research center although it also
does a limited amount of post-doctoral
training. The primary objective is "to
create a centre of excellence where teams
of scientists plan and execute research
toward developing a national scientific
base.” This quotation was taken from a
brochure on the organization and admini-

strative structure of UNARC, There is

no permanent research staff. Scientists
from the University of Alexandria (UA),
from other Egyptian universities, and
from abroad are given grants to spend

a few years at UNARC on specific research
projects. The UA faculty members divide
their time between research at UNARC and
teaching at the University. Since its
beginning, the Centre has received the
bulk of its support from UNESCO but this
ended in April 1980. There are hopes
that subsequent funding will come from
UA, the National Academy of Sciences (NRC,
Egypt), and possibly also from contract
research,

On the organizational level, UNARC
is not unlike research centers in the
western world., On the operational level,
it is quite something else. The lack
of material resources often determines
how research is conducted. This became
clear to us from talks with Prof. V. Sabat
(Faculty of Science, UA) and a post-doc-
toral student, Dr. S.M. Zourab, about
their work in colloid science. They are
investigating the adsorption of insulin,
g-lactoglobulin and myoglobulin at
oil/water interfaces by examining their
behavior as emulsifying agents for parafin
0il in water., Their measurements include
zeta potential, particle size, rate of
coalescence, interfacial elasticity, and
interfacial tension. They have found
nothing unusual; the interfacial config-
uration of the adsorbed specie is as
expected from their size and charge.

What is remarkable is that they (i.e.,
Zourab) built nearly all of their equip-
ment including a very accurate rotating-
disc interfacial viscometer,

Reagents are another problem. The
planning of a research project can be
strongly influenced by whatever chemicals
are available at the lowest cost. For
example, one phase of the work on bio-
surfactants at methylbenzene-water inter-
faces ended when the supply of anisole
and zylene gave out, This problem can
be somewhat averted by collaborating with
an organic chemist. For example, Sabat
and Zourab are working with Dr. A.A.B.
Hazzah (Faculty of Pharmacy, UA) who
synthesizes some unusual quaternary ni-
trogen surfactants containing groupings
of 4 to 5 conjugated ring structures
(aromatic and heterocyclic) attached to
a long-chain hydrocarbon, Unlike the
usual quaternary ammonium salt surfactants,
the positive charge is delocalized through-
out the ring system., With so long a

polar "head" this surfactant should have
some interesting properties.

Dr. F.F. Assaad, who came to UNARC
from the NRC in Cairo, is studving the
stability of monocalcium phosphate (MCP)
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fertilizer in soils. In highly alkaline
soils, MCP is converted to an insoluble
and thus inactive polyphosphate. Actually,
the polyphosphate forms on the surface of
the MCP crystals to create an insoluble
layer., Assaad believes an amorphous form
of MCP would not become coated and would
be a more effective fertilizer. In other
work on soils he is investigating the use
of cationic polymers such as polyacryoni-
trile to control the size of soil aggregate
which is optimum for water retention at
1-10 u.  Also, to alleviate the problem of
overalkalinity, Assaad is investigating

the ion exchange property of soils and

the possibility of using chelating agents
or adsorbants such as xeolite to lower the
effective calcium content.

We visited the Egyptian Plastics and
Electrical Industries Company on the south-
ern fringes of Alexandria. This company,
which began as a plastics molding concern
in 1938, is now publicly owned (under the
Ministry of Industry—about half of Egyp-
tian industry is nationalized), employs
3500 people, and includes the manufacture
of polyvinyl chloride, carpeting and wall-
paper, and starter batteries for automo-
biles, as well as plastics molding. We
toured the carpet and wallpaper operations
and the molding plants,

By western standards the buildings
were less than modern and the equipment
somewhat outdated., As the day progressed,
however, we saw evidence, at least among
management, of a very positive attitude to
do the best possible job under the circum-
stances, This was the impression we re-
ceived while talking with Mr., Hazem El-
Khuly, the general manager of the plastics
plant and two shop managers, Mr. Aloa E.
Dabahg and Mr. Omar El-Barrade. The latter
two were chemists by training.

Despite the well-worn equipment (we

saw a wire coater that would be proudly
displayed in any industrial museum in Eu-
rope) repeated repair and ingenious im-
provisation keeps production flowing.
Dabahg indicated that therec was a severe
limit on the size of articles that can be
produced. For example large plastic drums
are out of the question, In addition,
Dabahg stated that there was a severe lack
of raw materials. Caprolactan is too ex-
pensive as a source of nylon and they are
looking for a less expensive material,
On the plus side, they have just received
new injection molding equipment from West
Germany as part of an economic assistance
program.

The day at the Egyptian Plastics and
Electrical Industries ended with a talk
with the chairman, Dr, F. Garrana. Upon
learning that we had visited UNARC the day
before, Garrana expressed the viewpoint
that there is a wide chasm between univer-
sity research and industrial needs in Egypt.

In his opinion Egyptian scientists

do not often relate to industrial problems.
This attitude was in distinct contrast

to that of El1-Sadr. Indeed, while we
were at UNRAC, El1-Sadr was hosting a
group of Egyptian industrialists in order
to acquaint them with the activities at
UNARC and to establish more positive
contacts., Shortly before that, in April,
1980, a team of American scientists from
academia and industry spent a week in
Alexandria visiting UNARC and different
industrial firms to try to establish

a policy for better interaction between
UNARC and private industry.

The University of Cairo is one of
the largest educational institutions in
the Arab world., It has a student body
of more than 140,000, The buildings that
make up the University, although in var-
ious stages of disrepair, all date from
the present century. Most of the profes-
sors and associate professors were trained
outside Egypt, the majority in Europe
but some also in the US, Canada, and
Russia. Their salaries are extremely
low, As a consequence most staff members
take outside contracts to augment their
salaries. Contracts at Egyptian univer-
sities differ from those at European uni-
versities in that the former-support
staff members rather than students.

One might get the impression that
the quality of research at Cairo Univer-
sity is quite poor. This does not appear
to be so, at least not in any general
sense, Foreign-trained staff have an
excellent base of knowledge and can de-
velop critical masses required for excel-
lent theoretical studies; moreover, by
working closely with European universities
they gain access to equipment not avail-
able in Cairo.

The Faculty of Engineering was the
largest faculty in the University with
10,000 students of whom 1,400 were post-
graduates. In comparison, the Faculty
of Science was considerably smaller, with
3,000-4,000 students. There is a 5-year
course leading to the BSc in engineering
after which an MSc can be obtained in
2 additional years and a PhD in a third
year, In the Faculty of Engineering,
several departments have more staff mem-
bers that are warranted by the number
of students, As a result, throughout
the faculty generally, 25% of the staff
are on sabbatical at other universities
in other countries. This is especially
the case in the Department of Mining and
Metallurgy and Petroleum which has abuut
twice as many faculty members as students,
Of the 20 staff members in this depart-
ment, 10 are in Cairo, the other 10 are
abroad, and only 2 of the latter group
are expected to return.
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Our principal contact with the Faculty
of Engineering was Prof. G.S.A. Shawki, who
heads the Department of Mechanical Design
and Production Engineering. The principal
areas of research in the department are
in tribology, corrosion, and plastics
fracture. Much of the work in tribology
has been done in connection with brake
linings. Researchers in this department
developed a finite element analysis to
investigate theoretically failure mecha-
nisms of linings with emphasis on the role
of the fracture toughness of the lining
material, There has been very little ex-
perimental work done, however, to verify
the analysis,

A universal disc machine for elasto-
hydrodynamic lubrication studies was built
by the department for the Egyptian Air
Force. It is a disc-on-plate configura-
tion and the oil thickness is determined
by capacitance measurements, It is cur-
rently being used to determine the optimum
grease loading for ball bearings.

Much of the work on brake linings was
done by Dr. M.G. El1-Sherbiny, a well-ed-
ucated and extremely energetic young scien-
tist, His present activity is in the area
of corrosion; specifically, formation
of anticorrosion protective layers by ion
plating. Ion plating involves the depo-
sition of metallic ions at relatively high
voltages (4-10 kV). During the plating
there are two competing processes: metal
removal from the substrate by ion bombard-
ment, and metal deposition by particle
i:glantation. By achieving the proper
balance of these two processes, it is
possible to obtain a very dense and adherent
coating. Ion-plated coatings have better
adhesion to the substrate, and are much
less porous than the conventional, low-
volltage evaporated coatings. Corrosion
grﬁtection by ion plating appears to be
etter than evaporated coatings or anodiza-
tion, One application of ion plating, the
one that El-Sherbiny is pursuing, is the
coating of titanium fasteners used in air-
frame structures, Galvanic corrosion be-
tween the titanium fastener and the alu-
minum skin can be prevented if the titanium
has a protective coating, but the coating
must be strong and impervious., Using
ion probe techniques, El-Sherbiny has shown
that a TiAl, layer 15-20 mu thick is formed
by ion plating Ti onto Al., He is presently
looking at the effects of various aqueous
environments on this coating and is using
a 3-point bending test to determine its
fatigue resistance.

El-Sherbiny has worked with Prof. D,
Teer at the University of Salford (UK);
it was BEl-Sherbiny who set up the first
ion~plating facility at Salford. This
facility has been upgraded, most recently
by bLr. F. Salem, also a student of Teer.
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Essentially all of El-Sherbiny's work

on ion-plating has been done at Salford,
but now, with UNESCO and US Army funding,
he and Salem are setting up an ion-plating
facility at the University of Cairo. It
is hoged that by the end of 1981 there
will be four professionals working on

ion plating in Cairo. An extensive ex-
perimental program is planned to produce
experimental films and establish the
significant processing parameters, How-
ever, analysis of the film by surface
spectroscopy and by microscopy will still
have to be done at Salford. The univer-
sity expects the delivery of a scanning
electron microscope but this is likely

to be some time in the future. Also,
there is some equipment for microprobe
analysis and transmission electron micros-
copy at the Egyptian National Research
Centre, but these are largely inadequate
for the needs of El1-Sherbiny and his
co~-workers.,

The work on polymer fracture in the
Production Engineering Department involves
PVC piping and impact testing on composites.
The piping is produced in Egypt. Speci-
mens are unnotched and are stressed by
internal (oil) pressurization. Researchers
in the department find that Egyptian pipe
is slightly more brittle than the US
equivalent. They are currently deter-
mining the chemical and mechanical prop-
erties of flexible, perforated PVC drainage
pipe in order to develop standards for
the Egyptian Ministry of Industry.

The impact testing of composites
is a relatively new program. The plans
are to fabricate polyester-matrix, con-
tinuous-fiber materials where the rein-
forcement is the famous Egyptian long-
fiber cotton which weaves into an elegant
fabric renowned for its sheen and drape.
The reason for using cotton fiber is not
so much that it is expected to be a good
reinforcement, as that it is a consider-
ably cheaper reinforcement in Egypt than
a glass or graphite fiber,

The Department of Metallurgy and
Metallurgical Engineering at Cairo Uni-
versity is headed by Prof. A. El-Mehary.
Much of the staff has been trained in
Germany, Russia, and the US, There is
an industrial base for metallurgy in
Egypt in that there is a considerable
copper and iron industry, In view of
this, it is difficult to explain the lack
of students in this department. The work
centers around corrosion, texture effects
on durability, and solidification, It
is interesting to note that Dr. El-Raghy
of the department and Dr, David Brandon
of the Technion (Israel) are writing a
joint proposal to investigate the erosion
of turbines for application to helicopters,
They plan to submit this proposal to the
National Science Foundation in the US,




The NRC in Cairo consists of 1,700
research workers of whom 650 are PhDs,
and a support staff of 1,500, It is com-
prised of 50 different laboratories,
most of which are in Cairo, ‘We spoke
first to the director of the Technical
Office, Dr. E1-Saleh, who said that even
though the NRC is essentially a govern-
ment laboratory it gets the bulk of its
funds from contract research and so has
become a client-oriented research facil-
ity. Indeed, the orientation can be
quite specific. For example, in Tebin
and the Hellwan steel province an NRC
metallurgy laboratory is being set up to
serve production fields and mills. Also,
a large Solar Research Center is being
established and will be heavily funded.

Unlike the universities or UNARC,
the NRC is relatively well equipped.

For example, the central laboratory has
received grants from the German govern-
ment for an array of equipment including
nmr, a mass spectrometer, an atomic ad-
sorption spectrometer, a gas chromatograph,
x-ray diffraction and crystallography
equipment, a scanning electron microscope,
and ir and uv spectrometers. However,
because of the client orientation research
at NRC, most of this equipment will not
be available for basic research by the
universities but will instead be used for
application engineering,

We visited Dr. N.A., Ghanem who heads
the Chemical Industry Section and who has
a staff of 40 people working on polymers
and coatings, leather technology, cellu-
lose chemistry and technology, pesticides,
and ceramics., This section was begun in
1962. Much of Ghanem's work has been
with antifouling paints. He has synthe-
sized and evaluated organo-tin polymers
having pendant tributyl tin ester groups.
Besides their use on ships and because
these paints form transparent coatings,
they are used to protect ancient Egyptian
mummies from attack by fungi. Presently
Ghanem is working on triphenol-tin flu-
oride type antifouling paints and is de-
veloping various formulations., We dis-
cussed some of the problems associated
with water/paint interactions associated
with antifouling coatings., Ghanem noted
that these interactions are unique for
each locality; Alexandria Harbor which
is continually flushed by tidal action
represents a much different environment
than the relatively stagnant Suez Canal,
In talking about the Suez, Ghanem said
that there is very significant copper
contamination of the sediment in the Canal
(>500 ppm), This may have an effect on
the marine biology of the Mediterranean.
This problem and similar problems point
to the need for non-copper antifouling
paints. According to Ghanem, tin-based
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paints are even worse, In his opinion
the solution is some form of physical
repellency and he is working on coatings
that, by a reverse osmosis membrane me-
chanism, develop a high ion concentration
at the paint/water interface which repels
larvae. He indicated that early results
of tests in the Alexandria Harbor were
encouraging.

Looking to the future, Ghanem is
especially interested in the radiation
curing of polymers. At present he has
access to a gamma ray (Co-60) source and
the Radiation Center of the NRC and is
planning to obtain a linear electron
accelerator. (Willard D. Bascom and
Robert F. Quattrone [USARSG])

POLYMER SCIENCE IN SPAIN

Much of the scientific research in
Spain is contained within the Consejo
Superior de Investigacibnes Cientfficas
(CISC: Council for Scientific Research),
a government organization which comprises
a number of specialized institutes. In
this report I describe three of these
institutes in which there is a signifi-
cant amount of polymer research: two
are in Madrid, the third is in Barcelona.

I should mention at the outset that
the industrial community in Spain gives
relatively little support to polymer
research, because most of the chemical
and plastic companies in that country
are multinationals which conduct their
research in separate laboratories located
elsewhere in Europe or in the US. There
is a growing plastics industry in Spain,
however, and the CSIC has very definite
research programs to support that industry.

The Instituto de Plfsticos y Caucho
(IPC: Institute of Plastics and Rubber)
in Madrid is the only CSIC institute de-
voted entirely to polymer research and
technology. IPC directs about 30% of
its efforts to fundamental research, 40%
to applied research, and the remainder
to development. It has a staff of 76
professionals, 32 of whom have PhD degrees.

My host at IPC was the director,

Dr, J. Fontdn, who explained that the
work at the institute is divided into

the solid-state physics of polymers, syn-
thesis and characterization, and plastics
technology, with emphasis on the proces-
sing of plas