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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) .

420

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