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Behavioral Sciences

New Information Technologies and Technical Education:

The Experience of Sweden, France, and West Germany .... Richard E. Snow 179
K[ Three countries pool their experiments and problems in adapting
- their educational systems to advances in computer technology. General
t{- policy issues for future planning are thereby sharpened.
-
-
oy
A The Experimental Psychology Society: Notes on Auditory
& Perception, Working Memory, and Circadian Rhythm ...... Richard E. Snow 183
1 The most recent meeting of the society included new findings on
[ multiple sources of information in auditory intensity judgments, perio-
- dicity detection in audition, the similarity of auditory nonverbal memory
1 to verbal working memory, and unique circadian rhythms associated with
[' performance where working memory load is high.
s Biological Sciences
Hydrogels Form New Basis for Drug Delivery in
{] Systems Being Developed by Scottish Firm'............ Thomas C. Rozzell 187
Polysystems, Ltd. has been set up Scotland to manufacture and
license hydrogels for drug delivery. This article describes the Scottish
research, discusses the characteristics and uses of hydrogels, and
examines how hydrogels may benefit military medicine.

Computer Sciences

Algehbra, Transformation Theory, and Knowledge Engineering
Replace Alchemy at Munich's Technical University ........... Paul Roman 190

The Institute for Information Science at Munich's Technical Univer-
sity 1s trying to organize software development and computer programming
as a sequence of steps of rational reasoning. The institute's director,
Professor F.L. Bauer, says that right now the programmer's day is "full
of alchemy,"” even though the current status of logic programing and know-
ledge engineering offers highly powerful, rational, and cost-effective
approaches,

Alvey Program Funds MMI Projects ..... cesesscsssceesssss Larry E., Shaffer 192

The UK's Alvey Directorate has funded the following projects dealing
with the man-machine interface (MMI): voice-operated database, intona-
tion in computer-generated dialogue, MMI in command control, interactive
computer systems, adaptive intelligent dialoques, object identification
from two-dimensional images, and speech interfacing and phonetic algo-
rithms,
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Luled University--A Hot Spot for Materials
Research in the Frozen North .......cceeevtecenee Kenneth D. Challenger

e
The Materials Engineering Department of Sweden's Luled University of
Technology ais at the forefront of research in certain areas of materials
science. This article highlights work on structural ceramics, dual phase
steels, hot isostatic pressing maps, welding maps, laser hardening of
steel surfaces, and the stability of precipitates in microalloyed steel.

»
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Mechanics

‘ Fluid Dynamics at the von Karman Institute ........... Charles J. Holland

The von Karman Institute (VKI) in Brussels, Belgium, is an interna-
tional center for education and research in fluid dynamics. This article
describes the VKI's education programs and 1its research on hypersonic,
supersonic, and high subsonic phenomena.

LEBUs at Saltsiobaden'............. teeseeneraen eeecssess.. Patrick Leehey

Large eddy breakup devices (LEBUs) were a principal topic for dis-
cussion at EUROMECH 181, held in Saltsjobaden, Sweden, from 29 through 31
August 1984. Thin ribbons placed in tandem across the outer portion of a
turbulent boundary layer provide marked reduction in frictional coeffi-
cient, but a total drag reduction of at most 5 percent experimentally to
date,

1984 Ship-Hydrodynamics Meetings ........ Ceeecsersccacacacna Choung M. Lee

Two important technical meetings on ship hydrodynamics were held in
September 1984. This article covers highlights of the 15th Symposium on
Naval Hydrodynamics and the 17th International Towing Tank Conference.

Physics

Lasers and Laser Accelerators at Rutherford
Appleton Laboratories, UK ......c00civeeseccsccass seseseese.s Paul Roman

Advanced methods for generating freont-line laser systems and ultra-
high-energy beams of charged particles are the focus of several projects
of the Central Laser Facility at the UK's Rutherford Appleton Labora-
tories. This article surveys laser development and research and examines
work on beat-wave laser accelerators,

L lL.aser Research at Imperial College, Londen ........ e+eetssess. Paul Roman

Laser research in the optical section of Imperial College's Physics
Department focuses on the following areas: narrow bandwidth tunable VUV
lasers, Brillouin scattering and applications, mode-locked ring CW dye
lasers, color-center lasers, and mode-locked semiconductor lasers.
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New Directions at an 0Old Department: Gyrotron and

Fiber Sensor Research at King's College ......civevveecenas . Paul Roman 217 G{
The Electronic and Electrical Engineering Department of King's ;J
College, London, 1is rapidly changing its profile. Research in the _
forefront of gyrotron theory as well as a new research group for fiber B
sensors testify to the department's enthusiasm, flexibility, and talent. 2
3
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N N
- R&D Support Increasing in OECD Countries ....... ceeens .. Larry E. Shaffer 220 N
L " o
- The Organization for Economic Cooperation and Development (OECD) has ]
¥ published a report that focuses on trends in the funding and structure of -]
\ national R&D efforts in the 1970s and examines prospects for the 1980s. 1
1 This article discusses some of the report's findings in three areas: e
; national R&D trends in OECD countries, government support for R&D, and A
s industrial Ra&D. ]
: ) A
Swedish Defense Policy and R&D Activity '...... CAPT L. Laddie Coburn, USN 221 ’;
Sweden 1s the leading industrial, economic, scientific, and military }j
power in Scandinavia. This article surveys Sweden's defense organization -]
and examines the work of the National Defence Research Institute and the 4
Defence Materiel Administration. -3
oo "
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‘ . ‘ 4
ESA's Future Program in Earth Observations .....¢.¢........ Norman F. Ness 226 *3
The European Space Agency has published a report, ZLooking Down, f?
Looking Forward, which discusses future work in Earth observation. This Qi
article discusses the four key areas for missions identified by - the o4
report: meteorological research, ocean/ice observations, land-surface L
monitoring, and solid-Earth geophysics. ‘ 1
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E5N publishes selected letters related to developments and policy in science and -
e technology in Europe and the Middle East or to interactions between the US and = 1
Europe and the Middle East in science and technology. - 4
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Behavioral Sciences

VEW INFORMATION TECHNOLOGIES AND TECHNI-
CAL EDUCATION: THE EXPERIENCE OF SWEDEN,
FRANCE, AND WEST GERMANY

hard 7. Snoew. MET
Jedent e

ard  the

e e leave wunt’l Sfeptember
rom Jtanfori Uviverediy, where rfe
Frofeccor of fducation and Tsychol-

The advance of science and technol-
ogy 1s critical for national economic
health. New developments in this advance
have major impact on labor markets
through their demands for new kinds of
knowledge and skill from trained person-
nel. But the educational systems of
most Western countries are relatively
autonomous, and thus slow to respond to
su~h demands for change. How are these
educational systems responding to the
rapid development of nrew information
technologies (NIT) in recent years? How
can they be better adapted to meet the
demands of this development?

These questions motivated a survey
of the experiences of three major indus-
trial countries in Europe that face this
problem. The survey was conducted for
the Organization for Strategic Labor
Market Research in The Hague, The
Netherlands. A report in English 1is now
available, authored by Jallade (1984),
based on the detailed country reports of
Griunewald (12€84) for West Germany,
Bertrand (1984) for France, and Mvrberg
(1984) for Sweden.

Sweden

""" The Swedish educational system is
hased on the comprehensive school at the
upper secondary level that integrates
vocational, technical, and general edu-
cational programs. Up to 1975, however,
the main providers of NIT competence
were  industrially based training pro-
arams. Although an increasing number of
students are choosing vocational or
technical programs in secondary school
(74 percent in 1983), only a few of the
50 specializations available are NIT-
related. The NIT-related programs are
unable to keep up with the demand for
trained persons. It is estimated that
about 1 percent of the labor force (of
ahbout 4 million) can be considered NIT
sp~rcialists and 7 percent can be called

qualified users, in jobs where NIT com-
petence 1is commonly required. About 30
percent of all jobs are affected somehow

by NIT.
Direct recruitment of NIT special-
ists from the educational system has

actually decreased in recent years to
about 33 percent of total recruitment.
About 60 percent of the NIT specialists
come from other occupations through
adult retraining programs; these are the
"double-qualification" specialists. It
is unlikely that the secondary school
programs can fully qualify persons as
NIT specialists, but they must provide a
level of education that prepares stu-
dents for industrially based further
training in specialties at the techni-
cian level and for higher education at
the level of electronics and computer
engineering. However, the output of
engineers leveled off in Sweden after
1975 due to fewer students taking sci-
ence in secondary school. The increas-
ing demand for engineers and the high
salaries available have so far not
increased student interest in science,
which is considered by many of them too
difficult a subject. There 1is concern
also that the level of science and math-
ematics education available in secondary
schools is insufficient to provide many
strong candidates for advanced NIT-
related programs.

Several adaptive measures have been
taken. In 1975, courses in programming
and computer hardware first appeared in
secondary schools. Engineering produc-
tion planning and economics were also
introduced. Computer science was intro-
duced as a secondary school option in
1980. Computer literacy courses became
a mandatory part of social science and
science education in the compulsory cur-
riculum in 1982. A minimum of 2 hours
per week must be devoted to NIT-related
instruction as of 1983. About 66 percent
of compulsory secondary schools in
1983-84 had an average of 7.3 computers
each. BASIC is the most common program-
ming language being taught. Teacher
training in NIT is now top priority.
About 5000 teachers per year will
receive basic instruction in NIT. At
least one teacher per school will have
advanced training so that every school
can have at least one NIT specialist.

France

In France, there are several routes
through the public education system that
lead to one of three levels of technical
competence: the qualified worker, re-
quiring 10 or 11 years of education, and
sometimes an apprenticeship; the techn”-
ctan, requiring completion of the
secondary education technical stream;
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ani the =l yoo- . eorYefar, requiring 2
Lreers of rost-scecondary study in short-
0r

oot hlal educat:ional institutions.
Theers s wls0 now o a network of 121 cen-
fers tor vonng adult vocational train-
Tihrr P oS TLurses  almoincreasingly at

‘hnivian ard higher  +rechnician
el And rrecral laws enacted in 1972
ard 1080 procided for o specilal training
Lroedgramns  an o oardustry, However, nnly a
SMmal . prtion ot these opportunities are

sencerned with NIT speclalities,

NIT personne . are divided into two
cateygorties 1n France: sreciallsts and
professional users., Specialists are fur-
ther divided into v 7o ¢ 7 w7er e (essen-
tially software specialists) and =27eo-
Lt (essentially hardware spe-
clalists). Estimates vary, but one count

METER ISR S

suggeste there were 200,000 Ixformat’-
» o0 in 1983, Counting all specialists
and professinnal users, there were
305,006, This 1is 3.6 percent of the

labor force.
a4l user

In another, nonprofession-
category, 1t 1s expected that
2 million clerical Jobs, for example,
will be affected by NIT. Tt is also
exprcted that the line between special-
ists and nonprofessional users will
shift in the coming years, as special-
ists become more highly specialized and
previously complex procedures are made
simp.er for nonprofessional users.
France 135 attempting to increase
che ~utpnt of graduates in existing edu-
~ational prougrams and also to create new
degree programs. In 1982, a 3-vear plan
was 1rstituted to increase the flow of
NiT-trained engineers bv 50 percent and
nigher technicians by 15 percent. There
wa® o Slcw start, but numbers are now
increasing at these higher educational
ievels., Increases at the lower levels
~f +ochnician arnd cualified user, how-
ever, are still very slow and small. New
i rograms include two degree programs in
electronics and thre« in informatics.

Adult retraininag is also being pushead.
Beynnd  these rcducational programs, two
others deserve special note, In one,

NIT consulting firms, some of which are
the higgest 1n Europe, are devoting
apoat 305 percent of total turnover to
“heir own personnel training. These are
the raor producers of double-qualifica-
‘ion ospeclalists, In the other program,
tarting in 1983, university graduates

NIT-related fields can fulfill their

roatlonal scercicee rerpuirement by volun-
tver teachirg of NIT skills to  young
unempioeed persons, The program first

fives ospe1al

Ches o thon

trairirg to the trainers;
*each 1n one of 10 training
conters for perinds of 3 to 9 months. In

Most observers doubt that scrious
NIT training can take place without com=-
pleted secondary education as a prere-
quisite. Thus, special NIT programs
should focus on higher levels; nost tra-
ditional trairing is only at the guali-
fied worker level. The proper duration
and content cof NIT-training programs 1is
also a controversial issue. Labor market
demand presses the creation of short
operational courses aimed at providing
immediately marketable skills., The risk
is that skills so trained become obso-

lete as NIT continues to develop.
Placing practical training in industry
and theory 1in the public educational

system is not a solution; in NIT, theorv
and practice are closely and dynamically
interconnected. There is also not con-
sensus on what the fundamentals of NIT
are *hat should be taught. Alternative
school-based and work-based training is
thought to be a partial solution, at
least.

NIT-related learning for general
education is also controversial. Resist-
ance to change is strong in this sector
in France, given that mass retraining of
teachers and redesign of curricula would
be required. Since 1982, 200 new posi-

tions per vear for NIT teachers have
been created in the public schools.
Also, teachers from math, physics, and

mechanics are being retrained. Part-time
teachers from industry are also being
recruited; about 30 percent of teaching
time in NIT courses will be filled with

such teachers. Plans call for 100,000
microcomputers to be operational in
schools by 1988. There were between
12,000 and 20,000 in mid-1984. But

600,000 would be needed to ensure that
each student has 20 minutes of daily
contact with a microcomputer.,

Other serious problems remain,
There 1is lack of student interest in
technical education at upper secondary
levels; students continue to prefer more
general educational programs, The com-
missions responsible for defining cur-~
riculum content have been slow moving
and bound too much to traditional disci-

plines. Teachers' lobbies have resisted
change, while fiaghting to get the best
of NIT, instead of looking toward
adapting the school curriculum to NIT.
Finally, the French system 1is highly
centralized; curriculum reform tradi-

tionally is top-down and therefore slow
to be implemented. This sort of svstem
makes local experiments and initiative
largely impossible.

West Germany

Sectember 10453, there were 10,000 un- In the West German view, NIT is not
erployved persons being trained in NIT by likerly by itself to determine the con-
1o, trainers i this program. tent of jobs and a new structure of
180
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skills. The spread of NIT in industry
1s left to private firms. Thus, fore-
casts of NIT-related labor-£force needs
are of little value; thev should not be
targets for education and training poli-
cv. Opinion is divided as to the impli-
cations of NIT for education. Some
emphasize the importance for future NIT
of developing abstract, theoretical
thinking abilities, a job best done by
basic general education, not vocational
or technical training proagrams. Others
urge that NIT knowledge development can-
not be divorced from training closely
linked to irdustrv operations.

The estimates ot labor-force ef-
fects of NIT that have been made 1indi-
cate that 3 percent orf all jobs include
a major NIT component now. The influ-
ence of NIT will soon be felt 1n at
least 7 percent of all jobs. Over the
next 10 to 15 years, more than 35 per-
cent of  all  jobs will be aflfected.
Another s*udy suggests that 12 percent
of jobs requiring formal vocatilonal
trainino will be affected by NIT, anrd
that about 323 percent o: the ccntent of
these training programs will need to te
revised,

Germany already has a dual system
that combines vocational school training
with work experience and firm-based
training. Ru* the system does not work
a4s well in practice as 1ts plan on
Daper. The rapid change accompanving
iT torces firm-based training toward
narrow  over-specialized skills. Many
Sirms are too small arnd too specialized
fo,r the dual system, so training centers
common fo yroups of firms may need to be
cut ibhlished,  Vocational schools are now
devoting a {irst asic vear to general
trainang to o avord premature specializa-
toon ir o one o ccuration. But o in the NIT
derain, filrm-ba=ed training is adapting
more rapodiy than 1s vocational school
*raining, so the gap in the dual system

lddenrng.,

/o 11 other countries, firm-based
*ra1ranr has up to nnw been the main
provider «of NIT skills, bridging between
laber market demands and the lag of the
educacianal system. There is now also
ruoch speriallst training and retraining
ot adults, sponsored by chambers of com-
merce, professional  associations, and
some tecrhnical schools. The higher tech-
nical <chaonls (&phn~na~nu’er) are not
vt 1nvolved but plans exist to open
this avenue, The popular universities
(V. vsi sbreohy’er) are heavily involved.

It is critically important that the
hiqher technical schools implement plans
for advanced NIT training. It is esti=-
mated that the number of data processing

the educational authorities in West Ger-
many are reluctant to push new training
programs for NIT specialists; they are
cautious about over-reacting to the
estimates, they believe double-qualifi-
cation persons are more useful than pure
specialists, and they place more faith

in labor-market adjustments than 1in
state interventions.
The secondary schools are still rfar

behind in meeting the needs for teaching
informatics as a subject on 1its own,
using NIT in the teaching of other sub-
jects, and introducing NIT 1into such
subjects as ergonomics., Eguipment avail-
able to public schools is still limited
and varies significantly across the secv-

eral German states (Lander). A series
of pilot experiments in NIT for voca-
tional training 1is planned for the

1984~87 period.

Overview of Policy Issues
This section summarizes some gener-

al policy issues, using material provid-
ed in the basic reports as well as that
indicated in the abstracts above. The
issues can be enumerated as follows:

1. Technical and vocational educa-
tional systems have been generally
unable to keep up with the demand for

NIT skills and knowledge, and should nct
be vxpected to do so, at least in the
next decade or so. In-company and on-
*ne-job training, and recurrent educa-
zion for working adults have filled part
~! the gap between socaring demand and
lagging supply and should continue to do
sO. In the long view, this condition
may be advantageous. Many NIT concepts
have not yet reached consolidation or
consensus. Out-of-school training pro-
grams can respond quickly to changes in
demand. The 1inertia of the public
school system allows time to sort out
and elaborate a more fundamental doc-
trine for NIT training and its long-term
conseguences beyond immediate labor
market needs.

2. It is difficult if not impossi-
ble at present to reach a comprehensive
statistical picture of NIT-related occu-
pations. Adequate data are scarce and
difficult to come by. Job and level
classifications differ across countries.
There is widespread scepticism about the

feasibility and "usefulness of making
detailed forecasts for the various
categories of NIT personnel. Nonethe-

less, a generally applicable classifica-
tion of NIT personnel should be helpful
for planning purposes and for thinkina
about alternative kinds of education and
training programs. Table 1 reproduces

specialist jobs (131,000 in 1980) is the classification system proposed by
increasing by 8 percent per year. But Jallade (1984).
181

N

- .
[y W )

nttndedmed oo don

M RPNy IO B N SIS

1 L i
. . e :
Y o P PR } vl LJA4J_J;_;J LI

PR AT S A A )

g




U A Y i A B T Bl S Mt v Serge |
. 4

L

-

4

-

ESN 39-5 (1985) o

Table 1 R

NIT Occupations and Modes of Training (from Jallade, 1984) o

—

1 SPECIALISTS k

C .

designers of University tramming i NIT K

¥ systems plus apphed out of s hool K

Mg level speciabists (';/ (in company) trainimyg in one: ) K

T designers of specihic field tagriculture -

applications health incustry etc) . J

\ NIT teachers University trairming in NIT . J‘

Middie level specralists ‘short cycle’ higher education plus in-company - ‘

traming c -

TS

Maintenance and servicing Technical vocational education at upper -secondary :

personnel level plus in-company training - 44

2: PROFESSIONAL 'APPLIERS

Industry ‘ University training in one field plus

NIT traiming through recurrent education N

Otfice work ' or In-company training ;..:.'.;

3

3 NIT USERS ON THE JOB e

Incustry Technical education. alternance training i

and in-company tramning -]

Services Techmcal education. alternance traiming

and recurrent education

)

4 NIT USERS OFF THE JOB NIT training aimed at computers’ literacy in
compulsory and post compulsory general education

and in adult education

L . P
-lAA".J“_‘.L

this, since high NIT skill and 1long
formal schooling become naturally cor-
related, and both draw higher wages in
the market place. A sociological side
is also apparent; the more prestigious
and socially selective levels of educa-
tion are the first to incorporate fash-
ionable kinds of training. There is

3. At present, the number of high-
e cpeciaziio+e 1s small and, contrary
to popular belief, future needs are not
likely to bLe large. The exception to
this is the substantial need for spe-
cialist teachers at other levels in the
training system. Profeccional appliers
are in large numbers now and will be in

-

i adeaden

much larqger numbers in the future. This
is the present category for double-qual-
1fication persons. As double-qualifica-
tion needs increase, these will have
impcrtant implications for change in the
nature of training in the qualification
discipline that has not been tradition-
ally NIT-related. For the two NIT user
cateqgories shown in Table 1, a compre-
hensive training strategy involving the
~sntire educational system is needed to
deal with the very Jarge needs and num-
bers involved,

4. NIT training more easily
"invades" the upper degrees and levels
of education than the lower. It also
requires A higher level of education for
entry  than many traditional training
areas, There is an economic side to

also a psychological aspect; NIT train-
ing may indeed require a higher level or
more specialized kinds of abstract rea-
soning and logical thinking abilities
than many traditional occupations. Tech-
nology seems to increase distinctions;
thus, NIT training may drive a wedge
between the "haves" and the "have nots,"
increasing apparent individual and group
differences. The educational strategy
needs to be carefully geared to counter
this trend in the population as a whole.

5. There appears to be a minimum
level of general education required for
NIT training, which of course varies
with the level and kind of specializa-
tion targeted. NIT training is reinforc-
ing existing trends in all three coun-
tries toward upgraJding the educational
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attalnments of the work force. There increasing role in specifying standards
also appears to be a trend toward more to be met by educational cemputers and

rather than
Although

more specialized NIT
in Sweden and France
separaticn between
firm-based training,
general and specific
training, in Gerrmany the dual system 1s
well established and appears to  have
distinct advantages in defining anéd cor-
relating the important features of each.

gereral
training.
there 1s clear
school-based and
ard thus between

The 1incorporation of NIT into general
education may alsc contribute a base of
transierable intellectual sxk1lis  that
heips break dowrn traditional discipli-
nary divisions. NIT training may then
bhacome part of the minimum level of 1on-

~ral education provided *to evervonre., Or

other nand, NIT reauires upqgrading
of secondary sclerce and mathematilceg
streams at a time when students alreod;
percelive those streams to be too Jderand-

ing and thus toc risky. A key preblem
1s to adapt science, mathematics, and
NIT secondary education to ensurc ade-

gquate guality and guantity of students
for higher education in this realm.

N For the training of dcuble-
cualification persons, there 1s a ten-
esinn betweon the view that broadening
existing curricula to incorporate NIT
courses 1s the brest route and the view
that new <crecialized departments and
even 1nstituations are necded. The first
view secks to avoild i1solation of NIT and
to cooatourage communication ard dissemi-
nation of NIT ar instrument through-
coeenomy.  The second emphasizes

for new skill and knowledge
aned canenlidation, The real
be when and where

b, giver -hat both are ulti-
tereded, The tweedish and German
rend  f omphasize  the  first
tronch report emphasizes the

as
1t
the

Aerrre ]

# e

Pt
CLIment
Toaue, nf crurae, may
te, de which
matels

reports
iew: the
cevemned

- Yy

of adult and

training is
courses wil!l
raining gaps
also gilven at

contribution
too NIT
Short
it nesccded to fill
even 10 NIT training is

Pyt

ducation

A Lilyoimparaant.,

w11 lewvels in the zchool system,  Also,
thee trairina of adults will always re-
rietwork of out-of-school pro-

juLlre A

8. There
tmplerertation problems

are at least three major
in adapting edu-

~ation to NIT. Trained teachers are
semerally i short supply everywhere,
Thee 1ssue 18t just one of training
uroalseo of  overcoming riqgidities  in
teacher opganizations and civil service
tay scales that provide negative 1ncen-
trres, Fauiprent and software are
camitedd  and  of warjahle guality. In
crme countries, notably Sweden, educa-

tional authorities are playing an

software. The student-flow problem in
NIT, related science and mathematics,
and other traditional fields suggests
that major curriculum revisions are
needed and that student-flow planning
and counseling need careful, continuing
attention.

9. Innovation and experiment tend
te occcur more ¢asily in decentralized
educational systems. Pilot experiments
are an coxtremely 1mportant part of the
adaptation prncess. Consultative commis-
stons are also an essertial link between
thee nreeds and interests of education,
industry, and government concerning NIT.
Pricrts to Lmprove the functioning of
ti.novation and censultation mechanisms
should e included in any stratoay aimed
:t wlaptlng technical education to NIT.
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THE EXPERIMENTAL PSYCHOLOGY
NOTES ON AUDITORY PERCEPTION,
MFMORY, AND CIRCADIAN RHYTHM

SOCIETY:
WORKING

-

by Ziohard F. Trow.

The Experimental Psychology Society
is a small, unique group, ccntered in
Eritain but independent of the British
Psychological Society. The Experimental
Psychnology Society's membership includes
about 75 British-based researchers, with
about 45 more scattered throughout West-
~rn Europe, the Middle Fast, North Amer-
ica, and Australia; among these are 14
in Canada and 14 in the 1IS. The snciety
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intensity
detect 1s
decreases gradually with
toreasing level,
sent g svstematic deviation from Weber's

frequency

intensity

specialized
intensity
conducted
intensity
bLbrief signals when
intormition
frequencles greater than
information arising

information

Coantarrat o
maximized

14 dB at intcrmediate tone levels, where
neither population of fibers tuned to
the signal freguency can code intensity.
The results support the hypothesis that
humans use multiple sources of informa-
tion in intensity judgment and suggest a
new model of departures from Weber's Law
and of breakdown in auditory recognition
at high intensity levels.

Patterson presented a new model of
periodicity detection, in which a spiral
processing mechanism 1s assumed in the
initial stages of the auditory system to
extract pericdicity information from the
stream of neural impulses. Peripheral
processing of periodic scunds is envi-
ronmentally significant for animals and
for humrans; the detection mechanism must
thus be passive and fast. The spiral
hypothesis tits this requirement and
also has constraints that fit the fact
that some combinations of musical notes
sound better together than others, i.e.,
our harmonic scales. The log spiral
(base 2} provides a good model and a
convenient conversion from a temporal to
a spatiali pattern for the stream of
neural pulses.

Edworthy reported two coxperiments
indicating that mechanisms previously
shown to be involved in processing and
storage of verbal material in working
memory are similarly involved when the
material is auditorw nonverbal. The work
relates to Baddeley's (1983) model of
working memory which posits several sub-
systems, one of which is an articulatory
loop that serves primarily as an input
store in speech perception but which can
also be used by a person as an active
memory store by means of subvocal re-
hearsal; there 1s also the hypothesis
that a separate "inner ear" mechanism is
involved in auditory imagery. The first
Edworthy experiment investigated recog-
nition memory for melodic sequences
using the Baddeley paradigm; articula-
tory suppression, homophone judgments,
or visual symbol matching were the
alternative secondary tasks. The second
experiment used pitch discrimination as
the primary task, with the same second-
ary tasks. Recognition performance was
disrupted hy both articulatory suppres-
sion and homophone judgment, implying
that both the articulatory loop and the
"inner ear" of working memory were
involved. Pitch discrimination was dis-
rupted orly Dby simultaneous homophone
judgment, implying that the "inner ear"
but not the articulatory loop was
involved. 1In short, the Baddeley model
seems to fit auditory nonverbal process-
ing as well as auditory verbal process-
ing.

Campbell reported the case of a
university student with normal speech
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Figure 6. A laser processing diagram for 0.6 wt percent plain carbon steel with

grain size 15 uym (from Li,

1984) .

order to
t e

avoid melting and to achieve
highest surface hardness and the
Hdeepest penetration of the sur face
“reatment, the energy input/unit area
should not exceed about 100 MJ/m?2.

Though it has not yet been done, precipitates. The thermal stability of
these diagrams could be extended to these precipitates will affect both the .
include qglazing and surface alloying recrystallized grain size {ollowing hot .
(where melting does occur). The signifi- working and the grain size in a weld HAZ -
cance of this work is that it 1illus- subsceqguent to welding. Since it is de~ |
trates that with careful attention to sirable to keep the arain size as fine ]
the fundamental principles of thermody- as possible in order to increase ]
ramics and kinetics 1t 18 possible to strength and resistance to brittle frac- 4
arcurately model a very complex process. ture, the thermal stability of these 1
Thess rodels are very useful in finding particles and the mechanisms by which -
trhe optimum chemical composition and the they coarsen and dissolve must be known.
laser processing condltions to achieve TiN is the most stable of the precipi-
the hesired surface properties (hardness tates and thus produces the most welda- -4
and residual stress). ble currently available microalloyed :
steel, Therefore, these steels have =
nf Precipltates in Microalloy- been the subject of a great deal of .
. o interest. When several of these alloy- .
“Fasterling aas many research pro- ing elements are present, there are :
R *hat are relevant to the develop- synergistic effects that are not very 3
ment ot s=teenls with lmproved properties, well characterized. k
sreecia, Ly weldability, Jan Strid (1984) Strid's research was aimed at R
Moy inedd rransrission electron micro- understanding the hehavior of these
geoo-bised and scanning transmission precipitates in ternary alloys (for
ietyor rmicroscope-based microanalyses example Ti-V-steel). His ma’n conclu-
v sioly particle size dispersions and sions include:
e atinns nf o carbilides and nitrides in
severalr different Ti- and Nb-microallni - 1. The addition ot extra nitride ,!
el steola, Various thermal treatments tormers to a Ti micrcalloyed steel such .
whe e FICTRES ta dertermine the offocts a5 V, Nb, or Al results in an increase 1
Coirecipltare 51ze ana composition on in the preciptitate size. Al has  the j
4
138 3
* jﬁ
4
e s |

their stability. Al, v, Ti, and Nb--
when present in small amounts--react to
form nitrides and carbides which promote
grain size refinement in steel by pro-
ducing grain size pinning dispersions of
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Laser Hardening of Steel Surface

The development and application of
lasers for materials processes such as
cutting, welding, drilling, and suriace
treatment has reached the stage of com-
merclalization. Surface transformation
hardening cf steels represents an excel-
ert method in which the surface of a
steel coemnponent can be selectively
created without affecting the bulk of
the material. Lasers are used to heat
the surface without melting (transfor-
ation hardening and annealing); -2 melt
the  surface  {glazing, alloying, clad-
ding, grain refinement); or to vaporize
+ hy ~urface, which can 1induce shock
nardening.

Wenkbin L1,

under Easterling's su-
rervision, has developed the differen-
tial equations for heat flow which
define the temperature distribution at
the suriace and in the interior of a
material which is scanned with a laser
beam. These equations are combined with
vyqugations for martensite formation to
predict the microstructure and hardness
profi'es resulting from the laser hard-
ening.

By increasing the hardness of a
surface, the wear resistance 1is usually
increased. However, often the residual
stresses produced in the surface by the
hardening treatment also improves the
fatigue life. L1 has developed a sinple
model for residual stresses by coupling

remperature, phase transformations, and
stresses. Figure 4 illustrates the prin-
ciples of this coupiing, The coupling

paths 1 through ¢ express the influence
ot ane parameter on  the  other. For
oxarple, path 1 describes the influence
€ the thermal oyl on the martensite
transfoermation, wnil:+ path 2 describes
the eoffect of the volume change which
cccurs during the formation of martens-
tte on the surface stresses and strains.
Frgure 5 illustrates the residual
stresses, after a specified laser hard-
ening treatment, in steels with differ-~
~nt carbon contents. The surface con-

ta:ns the maximum compressive (negative)
stresses and these increase with carbon
contert, but the depth of the residual
stress is similar for all three steels.
Increasing carbon promotes the formation
~f a larger volume fraction of martens-
1te which c¢auses an increase 1in the
residual stresses, but since the thermal
cycle is the same for all three steels,
the residual stresses disappear at the
sarme distance below the surface., This
mardel  predicts  the correct order of
magnitude for t he residual stresses
distribbution «cf the residual
whilch agrees with experimental

sitird B
ctresses

oty

THERMAL STRESS

Figure 4. Coupling diagram (from Li,
1984) . —
3
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Calculated stress distribu-
for different carbon contents (from
1984) .

Figure 5.
tion
Li,

l.aser-processing diagrams (or maps)
have also been developed using an ap-
proach similar to that previously de-
scribed for welding. These diagrams
allow one to select the optimum pro-
cessing parameters (heat input, beam
diameter, and beam scanning velocity)
that will give a maximum surface hard-
ness without melting. Figqure 6 presents
a laser processing diagram for a hypo-
eutectoid plain carbon steel (0.6 per-
cent C). The boundary for melting as a
function of energy input/unit area 1is
shown as are the hardness contours (Hv)
as a function of distance from the sur-
face for a given energy input. The hard-
ness decreases with distance away from
the beam both on the surface and through
the thickness. The starting hardness of
the steel prior to surface treatment was
Hv 720, The ‘diagram indicates that in
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for precipitate disscolution and coarsen-
ing, grain growth, and martensite
transformation to predict the micro-
structural information shown 1n Fig-
ure 2. The solid lines represent lines
of constant austenite grain size (70,
200, and 360 um). The circled point on
the sclid 200 line was the calibration
point found in the HAZ. The shadedé grey
reqgqion defines the region where the NbC
precipitates will dissolve (no dissolu-
ticn to the left and complete dissolu-
vion to the right ot the shaded area).
The volume fraction rartcensite is
cilculated from kxinetic equations which
describe the transformation of austenite
to pearlite, kFainite, anrd, if the
codiing rate is fast encugh (2t small
cenough) , martensite. Whether or not
martensite forms is a functieon of aAt,
the austenite grain size, and the
composition of the austenite (evaluated
using the carbon equilivalent developed by
the Internaticral Institute of Weldina
for asgsessing cold cracking susceptibil-

ity). For example, using Figure 2 it is
possible tce predict (for these thick
plate welding conditiors) the austenite

arain size (many of the mechanical/frac-
ture prop:erties of the material are a
furnction of the graln size) as a func-
tion of heat (ererqg.) input and lecation
irn the HAZ (peak temperatiure), Addition-
allvy 1t 1s¢ possible ¢35 estirate  the
hardness at  the various lrocatlions 1o
the HAZ by uring Ion's rote mixture
eguations and the predisted picrostruc-
tures, which the: ¢ ling time
Letweon 200°C amd i Composi-
tion. Firmure 3 Ccomparison
between tne predicteod hard-
rness profiles and austenite arain sizes
as a furction ot dictance frorm the weld
fusien line for a Nb-microalloyed steel
GMAW weld. The shaded area again repre-
gsents  the reqion of NbC dissolution
note the cerrelation between NbC
digsolution and the onset of grain size
increasr consistent with  the  concept
that the NbC particies inhibit austenite
grain growth, once they dissolve grain
qgrowth becomes very rapid).

These diagrams provide a means of
assessing  the effects of welding in
terms of the chemical compesition, the
genmetry of the weld, and the welding
parame:ters.  The models are semiempiri-
cal in that some of them must be cali-
brated with a2 single experimental point,

€

-reond orn

gl

T ?C
preesents a
anrd actual

but they arse based on snund thermodynam-
i~ and kinetic principles and, as such,
represent a big step forward in under-

standing and describirng the effects of
walding on metallic materials. (For fur-
ther details see 1lon, Easterling, and
Ashby, 1984.)
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Figure 2. An HAZ diagram for Nb-micro-
alloyed steel; thick plate welding con-
dition, no preheat; experimental data
from both bead-on-plate and simulated
welds. The full lines are contcurs of
constant austenite grain size, the
broken lines show the volume fraction of
martensite, and the shaded region shows
the extent of dissolution of the carbide
particles (from Ior, 1984).
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Figure 3.
on Nb-microalloyed steel.

HAZ profile for a GMAW weld
The full line

shows the austenite grain size, the bro-
ken 1line shows the hardness, and the
shaded region marks the dissolution

range of NbC precipitates.
measurements are indicated
1984).

Experimental
{(from 1Ion,
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becomes more dense). With the first ap- ments. These eqguations, once calibra-
plication of pressure, the particles ted, are used to predict the thermal
interact elastically, and then as the cycle of all regions of the weldment

pressure increases theyv deform by plas-
tic deformation. The deformation increas
¢s the contact area among the particles,
thus reducing the contuct force per unit
area on the particles., Therefore, even-
tually +he applied pressure will not be
sufficient to cause further plastic de-
formation. At this point the densifica-
tion process must continue by more time-
dependent mechanisms such as power-law
creep and ditfusion to the void surface.
Fach of the various densification mecha-
nisms depeonds on the particle size and
the external variables of temperature
and pressure. Ry developing mathemati-
cal models based on the controlling
physical mechanism (such as grain bound-
ary diffusion, bulk diffusion, surface
difiusion, and plastic flow), and plot-
ting them 1in various ways (fixed pres-
sure with density and temperature as
parameters, fixed temperature with den-
sity and pressure as parameters, and
fixed density with pressure and tempera-
ture as parameters}), it is possible to
identify the mechanism controlling the
densification process for a given mate-
rial as a function of density, pressure,
and temperature.

Maps for tool steel, nickel-base
superalloys, alumina, and ice have been
developed. With these maps it is possi-
ble to select the optimum corditions of
particie size, temperature, and pressure
to prcduce the most dense product in the
shortest possible time.

welding Maps

Easterling and J.C. Ion have com-

pleted a study in which mathematical
models for the heat flow in the heat
affected zore (HAZ) have been used to

develop predictive methods for estima-

tine grain growth, precipitation, and
the HAZ hardress which result from the
thermal <ycle during fusion welding.

These maps are developed by using a set
of heat flow equations originally devel-

oped by D, Rosenthal, but modified by
Ion. The  Rosenthal  cquations  only
describe heat flow in the HAZ. Ion has

modified these equations to predict such
things as weld penetration and weld geo-
metry, but his equations must be experi-
riecntally calibrated to a particular set
of weldirna conditions, because a charac-
terization of the entire welding process
would require as many as 28 parameters.
The effects of changes in the shielding

with the assistance of a microcomputer.
Figure 1 presents a comparison of the
thermal history predicted by these equa-
tions with experimental data at a spe-
cific location in the HAZ of submerqged-
arc (SAW) and gas-metal-arc (GMAW)
welds.

They then derive ewxpressions (from
theoretical principles) for the kinetics
of grain growth, precipitate coarsening,
and dissolution and the phase transfor-
mations in the HAZ during cooling.
Using the predicted microstructures and
a rule of mixtures, they predict the
hardness of each position in the HAZ for
a range of energy inputs. Figure 2
presents an HAZ diagram for a thick
plate of Nb-microalloyed steel.

Moving from high to low temperature
is essentially the same as traversing
away from the fusion line into the HAZ.
The peak temperatures and At (the cool-
ing time between 800°C and 500°C, the
critical temperature range for the
transformation of austenite) are deter-
mined from the heat flow equations used

to produce Figure 1. This information
is then used in the kinetic equations
2000 ' T T a)
Tp:1348
- At=179s]
800°C
1000 — 500°C
o ' 1 L
0 10 20 30 40
2000

1000

Temperature K

Time s

Figure 1. Comparison of twal cycles

agas, flux, and convection currents in measured from (a) SAW weld and (b) GMAW
the weld pool were considered too com- weld (full 1lines) together with the
plex to model; these are taken into con- predictions (broken 1lines). (From Ion,
sideration in the calibration experi- 1984.)
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The department 1s exceptionally
well oquipped; 1t has three electron
microscopes (including the latest JEOL
2000 EX STEM and a scanning electron
microscope equipped with a LINK particle
analyzer and a 200-kg force deformation

stage (for im-e¢7tu deformation and frac-
ture studies); x-ray diffraction equip-
ment (including a new high-temperature,
2000°C, x-ray diffractometer}; a large
hot isostatic press (2000°C, 200-MPa
pressure and maximum specimen size of
150-mm diameter by 300-mm tall); all
types of welding equipment (except
electron beam); a weld simulator that
can be connected to a programmable
servo-hydraulic mechanical testing
machire; and two high-energy, con-
tinuous wave CO, lasers (3 kw and
0.5 kW).

No expense was spared when this
department was set up, and--perhaps be-
cause of its remote location--the uni-
versity seems to have remained in favor
with Swedish education agencies, About
half of the research 1in Easterling's
department is supported by the universi-
tv, with the remaining half coming from
the Swedish Bcard for Technical Develop-
ment and industry. Luled University of
Technology 1is the youngest among Swe-
den's five technical universities.
Fournded in 1971, it now has 1200 under-
graduate engineering students and a
strong postgraduate program.

The rest of this article reviews
The Materials Engineering Department's
main resecarch programs and a few of the
most recent results.

Structural Ceramics

Dr. Harold Herbertson 1is investi-
gating the mechanisms of sintering 1in
syalon (Si3N, with additions of Al,0;
and Y,03) with and without hot isostatic
pressing (HIP). These materials are
used for cutting tools, bearings, and
nther applications where high strength
at elevated temperatures 1is required.
Herbertson is attempting to identify the
various phase transformations that occur
in these materials during liquid phase
sintering. He is using HIP and will be
using the high temperature x-ray dif-
fractometer for these studies. He feels
that by HIP he can reduce the required
amount of the liquid phase from 10 per-
cent to 1 percent. The amount and
structure of the liquid phase material
upon solidification controls the proper-
ties of the final product.

The program is just beginning, and
they wish to hire for 1 year a visiting
scientist familiar with the mechanisms
ot lirjuid phase sintering.

Dual Phase Steels

Dr. E. Navara has studied the mech-
anism of austenite formation during the
intercritical (dual~-phase) annealing
step in the production of dual phase
C-Mn steels. He appears to have made an
important finding for steels containing
greater than 1.5 percent Mn. The harden-
ability of the austenite in the dual-
phase mixture is greatly enhanced. This
finding is expected to broaden the mar-
ket for dual phase steels from sheet
products to include plate and, perhaps,
forgings. This is possible because the
most stable austenite for these high-Mn
steels is an austenite enriched with Mn.
Even though pearlite colonies transform
to a Mn-lean, C-rich austenite first,
this austenite dissolves, acting as a
source of carbon for the Mn-enriched
austenite. The nucleation of this
Mn-enriched austenite occurs heterogene-
ously, and it grows by absorbina C and
Mn by volume and grain boundary diffu-
sion. This mechanism is active through-
out the temperature range investigated,
680°C to 775°C, but the partitioning of
Mn to the austenite is very temperature
dependent: 680°C, 2.8 percent Mn; 700°C,
2.4 percent Mn; and 725°C, 2.0 percent
Mn for a steel containing 1.5 percent
Mn. The higher the Mn content of the
austenite, the lower the critical cool-
ing rate to form martensite; thus the
lower intercritical arnealing tempera-
tures will produce the most hardenable
material, but the annealing time re-
quired to allow the partition of Mn is
quite long.

Navara's work not only clarifies
the rcle of Mn in dual phase steel but
also indicates that if the Mn content 1is
kept above 1.5 percent and the intercri-
tical annealing temperature is kept low,
sections as thick as 10 to 15 mm will
transform to the desired microstructure
in dual phase steels (ferrite and mar-
tensite) with air cooling.

Hot Isostatic Pressing Maps

The concept of deformation maps (a
map defining the mechanisms of deforma-
tion as a function of the loading condi-
tions--strain, strain rate, temperature,
state of stress, etc.) was introduced by
M. Ashby (University of Cambridge, Cam-
bridge, UK) several years ago. Since
then this idea has evolved to include
fracture maps for fatigue, creep, and
other fracture modes. Easterling in
collaboration with Ashby has developed
HIP maps for several materials. As a
porous material undergoes densification
by pressure and sintering, the mecha-
nisms controlling the rate of densifica-
tion change with time (as the material
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t- a4 consortium led by Standard Telecom-
munrication lLaboratories Ltd. (STL), the

research and development center of the
dtandard Telephones and Cables company.
ceellaborating with STL on the AID pro-
Tect are Data Logic Ltd., British Tele-
cuim Research Laboratories, and the Uni-
versities of Heriot-Watt, Strathclyde,
and Essex.

Using techniques from computer sci-
ence, artiticial intell_gence, and cog-
ritive psychology, the AID project will
improve man-machine interfaces by ena-
hling them to adapt to individual users.
"Help systems" provide valuable assist-
ar.ce to users, but the increasingly com-
plex tacilities made possible by ad-
vanced technoloyy require more sophis-
t1cated user support. The AID proiect
will develop methods of adjusting the
vsystem to provide a closer match to the
immediate needs of the user. This adapt-
1ve juterface would allow everyone from
the novice to the expert to use products
in the way which suits them best. Such
products will have a competitive edge
because they will be able to serve a
wider range of customers.,

The gosl of the project is to pro-
ducre tried and tested techniques applied
to commercial products such as office
systems.,

Cbject I[derntification From 2D Images

A consortium of four industriec,
three academic institutions, and the
Ministry of Defence will be carrying out
a 3-year research program on image
analysis and interpretation aimed at the
problem of automatically finding and
identifying objects in images of com-
plicated scenes, These images can be
from scurces such as photographs, tele-
vision, thermal scanners, and x-rays.

Research over the first year will
lav the foundations for the first soft-
ware demonstration, In the second year
a number of demonstration projects will
Le developed to show how the techniques
~an be wused in applications such as
parts handling, assembly of printed cir-
~uit boards, traffic monitoring, and
ehicle recognition, In the third year
further development and integration will
provide demonstration software with a
rricch areater  capability to deal with
re i problems. Tossible applications in
the industrial, medical, civil, social,
ind de-fense fields include robot automa-
tion ot flexible manufacturing systems,
ancgilogram analysis for the measurement
of heart function, traffic flow analy-
“1s, arcd automatic surveillance for
seecurity and defense,

Th:: members of the consortium are
British Arrospace Dynamics (Sowerhy
Peesearch Centre and Hatfield Division),

British Robotic Systems Ltd., STL, Mar-
coni Command and Control Systems Ltd.,
Plymouth Polytechnic, Bristol Universi-
ty, Rutherford Appleton Laboratory, and
the Royal Signals and Radar Establish-
ment.,

Speech
rithms

A project on speech interfacing and
phonetic algorithms is to be carried out
by a consortium led by General Electric
Co. (UK), with Plessey Ltd.; Imperial
College, London; University College,
London; and Leeds University.

Speech interfaces now operate with
single-speaker, limited-vocabulary in-
puts, and the output is of poor guality.
The interfaces are not based on funda-
mental speech knowledge and are ap-
proaching the limit of their growth.

This project is concerned with the
radical speech work essential to suc-
cessful commercial development of unre-
stricted speech recognition and highly
intelligible natural-speech output.

Interfacing and Phonetic Algo-

E/8/58

Material Sciences

LULEA UNIVERSITY--A HOT SPOT FOR MATERI-
ALS RESEARCH IN THE FROZEN NORTH

by Kewnezh . Challenger. [r. Chalilen-
ger e the [{afiacn Selentist for Materi-
ale Ceience In furope und cie Middle
Fast for tha " fice of Nave! Lesearch'e
Jondon Prareh Cffice. e ¢ on leave
until May 1ase Pfrem the Naval Fostgradu-
ate rhocl, wheye ke {8 Associate [ ro-
feerer of Materials Ueience.

The Materials Engineering Depart-
ment of Luled University of Technology
1s at the forefront of research in cer-
tain areas of materials sciences just
11 years after its founding.

Established 1in 1973 by Professor
Kenneth Easterling, the department |is
best known for its research on the
physical metallurgy of welding and the
development of mathematical models of
the welding process. This work is per-
haps the best of 1its kind anywhere.
Although less noteworthy, there are
research programs on high-performance
—eramics, advanced polymers, laser pro-
cessing of materials, hot isostatic
forming, property-microstructure corre-
lations for wood, and some very elegant
work in electron microscopy.
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Theoretical work on progranm trans- with computers, Vol HERT S FEU S S RS et ]

rormations continues with using the pre- the Intertace Letweo oo amnd vy v f

sent (and later *to he pertfected) CIP-8 would enable user: ot HERAEIES S sm= "4

system. In Jhis errort, program develop- mands, _d

mer+t and language definition go hand 1n

harnd, This leads te a more precise 1or- intonation -
mulation of notions used in software T TWhen Barare speak, P pe qntooor b

cnglneering., In particular, sone teoch- Ut terance s conveyed ot Lt dee bt 1

nipies of program construction may he words usedsd, ot oalse Py owhaich worde e 4
expressed as transiorration strategies. accented, and beooche way the, are ac-

Work also continuaes  o©n  assuring conted, Correst  placement  and  vocal 1

T

g

-

L an

SN

that +he algorithns beiny developed ire
absc lutely  correct 1n the  semantilca.
. As fellows fram the above discus-
s1non, this work uses the method of pro-
granl transtormations, and lew transior-
maticny are added as they go aloung. Suc-
ceene along these lines will lead tooa
ment o lmpressive increace 1n o reliability,

Rauer, whiie proudl. jpleased wi*h
the group's  proaress,  aloo asKks  the
mwestion:  does  one really w0 such
ernornocus accuracy In sofrware as they
are aiminig tor) It apfears that the
InSwer IS oyes, L oertaln aroeas., For
examp e, i third-gereration chap
Teve lopment and 1noo variety aof mylttary
pricatliens,  Put Bauer Nas also the

perspestive tooask: co one do o 1t? The
coext few yveonrs will tell,

The T"F's Alvery, Directorate has an-
rrunced arrproval of seven research pro-
vovs oan the man-machire interface (MMI)
part of the Alvey program, The Alvey
Directorate is contributing b6.8 million
(¢7.8 million) to the B10.S5 million cost
of the MMI projects, (For background on
the “-vear Alvey program of research in
omputer science, See: ONR, London,
report R-11-#4  and  “0°0v 0 37-12:447-4°0
[1983].)

Velre-0Operated Database

T Cemputers that recognize the human
voice are tn he developed 1n a 3-year
tesearch project headed by British Tele-
cor's Research Laboratories in collabor-
atinn with Logica and Cambridge !'niver-
sity.

The aim . f the project 1s to sim-
pi1fv the use cf computers for nontech-
rrical  people, particularly  for  tasks
-1ch as searching databases,  Specch has
ora Peon recognirzed as the most natural
and  corvenient mears of  communicating

192

plteh 18 therefore crucial 1n producing
corputer-gercrated dralogue which sournds
matural and conveys the real meaning of
the message.

A prorect on o Intonatlon trn compu-
ter—-generated dialogue 1o to be carried
out at Suscex University, The qoal 18
te develop rules which associate  the
purpose  of  an Gt rerance with o an appro-
priate setooorooacceents and pltch orove-
ments, and te emtody these rules 1nooa
WOTKING COmpnt er progrart. In short, the
programn 1S supposedt fo sound o oas o 1r Dt
Kiows what 1t 15 talking about. The pro-
ject will also make o start on exploit-
1ng  tne same  rules  tor o purposes  of
speech understanding.

MMI 1 Commana and Control
A consortium of Yard td. of Glas-
acw, Ferranti, and Strathelodee Univer-
sity has a t-month centract to 1nvesti-
jate and propese areas f MMI research
aimed at command, control, and multiple
industrial applications,

The: project wil! study the interac-
tion hetween huma: ard machine 1n 4
real-time, decision-making environment,
and will emphasize cognitive and commun-
lcattion aspects and performance model-
ina. Several real-time appl!ications 1in
information oryarirzation and decision
making are being rvaluated. Researchers
are  considering the use of cognitive
modeling technigques focr understanding
and supporting decision making,

Interactive Computer Svstems

The University of York has been
awarded a project to study mechanisms
tor the specification, implementation,
and evaluation of 1nteractive computer
systems., A research team from the De-
partments of Computer Science and Psvy-
chology will develop methods of ersuring
that 1nteractive systems fully meet the
reeds of thelr users,

The protect will 1nvolve the use of
formal methods for system specification
I as  psychological  experiments

as  weil
established t0 observe the usefulness ol
formal desian properties,

Adaptive Intelligent Dialogurs

IS '4—-l-n,,r P;m;tw'f onoAadapt ive 1ntei-
liqgent drtalogue (A1) has henn

dawarded
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knowledge engineering and expert-system
construction. However, it 1s not a typi-
cal empiric:’ expert system, but rather
one that is fully rational in the mathe-
matical sense; all knowledge in the sys-
tem is exactly Jerlved and strictly
valid, based on previously developed and
tested algorithms.

Bauer elucidated his philosophy in
the following manner. The term "con-
struction" has, in engineering circles,
a special connotation: it refers to the
building of an engineering product. But
in software engineering the term should
be takenr as a challenging provocation as
opposed tc tinkering. In fact, "con-
struction" has a more humanistic meaning
in geometry: in the spirit of Euclid,
Descartes, and other 17th century sci-
»ntists, the term is indicative of the
role rational reasoning should play in
"natural philosophy." For a variety of
reasons (for example, because with
modern technology, software will often
be frozen into hardware), bugs in soft-
ware are rapidly becoming intolerable.
Thus, one would expect that rational
reasoning plays a top role in the
program-~production process. Unfortunate-
ly, reality is different: "Programs are
concected  in  moonshine distilleries,”
says Bauer. "The humdrum day of a pro-
arammer is full of alchemy.”

The time has come for programming
to turn into a safe process of program
construction. This means that it must be
organized as a sequence of steps of
rational reasoning. Starting from an
elaborate formal problem specification
using elements of predicate logic, set
theory, and appropriate algebraic struc-
tures, the application of formal rules
leads to algorithric wersions and final-
ly to preograms oriented toward the
instruction repertoire of specific
machines.

A genuine program-construction pro-
cess needs strict formalization through-
out. It is a central element of Bauer's
program that all versions of a software
development (including specifications)
can be conveniently represented by one
programning language which comprises the
complete spectrum of descriptive, appli-
cative, and procedural styles. For it to
be maximally effective and sufficiently
general, this lanquage must encompass a
certain form of nondeterminism which
makes the develcopment process transpar-
ent and flexible, and it is to be inter-
preted by some model of the underlying
abstract data types. At this point, a
program-transformation methodology be-
comes essential: the use of formally
proved transformation rules guarantecs
the correctness of the interpretation,
In addition, the transformational ap-

proach 1s universal in the sense that
the collection of rules can be adapted
to any specific application in guestion.
For example, the approach (although it
was originally devised for and used with
sequential stored-program machines) can
be extended to computational models cor-
responding to the new fifth-generation
hardware architectures. Bauer confident-
ly states thaet this approach of scien-
tific programming methodology ¢«lucidates
the process, uncovers inherent diflicul-
ties, eliminates uncertainties and
random decisions, and leads to reliable
software.

Research Results

The major results of the CIP group
are discussed below.

As noted earlier, central to
Bauer's research was the development of
a "wide spectrum language," now called
CIP-L. The expressive facilities of this
must range from descriptive, nonalgo-
rithmic definitions to machine-oriented
formulations. Since the methodical aim
of the CIP project was to carry out
every program-development step by valid
transformation rules, the design of
CIP-L had to be coupled with the estab-
lishment of suitable transformation
rules. This approach led, in a natural
manner, to a method which defines the
language relative to a kernel language
by axiomatically given--that is, defini-
tic l--transformation rules.

So far, the essential foundations
tor a language that enables program con-
struction by transformation have been
firmly laid by work that included inves-
tigations on abstract data types and on
strictly algebraic descriptions of pro-
gramming languages. The work on semantic
relations in nondeterministic program-
ming languages, on data-flow concepts,
and on parallel programs has been also
successfully carried out. Now, the wide-
spectrum CIP-L language is given by an
abstract syntax based on abstract data
types, and it allows several "concrete"
dialects. Conceptually, CIP-L is divided
into the strictly applicative kernel and
a hierarchy of extensions which are
reducible to the kernel via definitional
transformations,

Recently, work has been also com-
pleted on a pilot system for program
manipulation and transformation. This
system, called CIP-S, operates on the
abstract CIP-L language. The prerequi-
sites are now available for developing,
under computer assistance, a formally
checked transformation system from its
specification to a level that allows an
immediate transition into an efficiently
executable {(and even portahle) sublan-
guage of PASCAL.
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Summary complicated, structured abstract dynami- -
The development of polymeric hydro- cal physical systems--have a distin- :
gels by British scientists in Glasgow guished place in the academic establish- .
and London has led to the formation of a ment of West Germany. Along with large- -
company to manufacture and license them scale central government research insti- -
for use as controlled-release systems. tutes, many specialized university de- -
The hydrogels can be used for stabiliza- partments contribute work that is often .
tion and delivery of drugs in treating pioneering. (Interestingly, unlike in US B
humar ard animal diseases and in agri- and most UK universities, information .
culture for delivery of pesticides and sciences are not organizationally lumped .
insecticides. The hydrogels can be together with departments of computer
tallored tc give sophisticated release sciences.) -
rates of the incorporated drug over Among the oldest and most respected
periods of hours to years. There are a university centers in information sci- -
number of possible wuses in military ences 1s the Institut flr Mathematik und )
medicine for which these polymers should Informatik at the Technische Universitdt .
be explored. Minchen (TUM). One of the first "big” B
mainframe computers in Europe was built f
References in this institute, using thousands of —
Akkapeddi, B.D., et al., in Controlled electron tubes., (Even though the compu- 4
Pelease cf Fiologieally detive ter has been moved from its original f
Agernts, ed. A.C. Tanquary and R.E. location--which currently serves as the L
Lacey (London: Plenum Press, 1974), director's office--it 1is still on dis- 'j
165. play on a corridor, presumably waiting .
Ciba-Geigy AG, British Patent 1,511,563 for transfer to the Deutsches Museum.) -;
(1578). And it was in this institute that one of -
Davis, B.K., Proceedings of the National the first high~level computer languages, {
deademy of Uceience, 71 (1974), 3120, ALGOL, was devised by the director, Pro- -
Graham, N,B., personal communication fessor F.L. Bauer, who, perhaps signifi- .
during visit, 1984, cantly, switched to information sciences O
Hcsaka, S., H. Ozawa, and H. Tanazawa, after a successful career in theoretical -
Jourmal o Applied lolymer Science, elementary particle physics. 5
23 (1979), 2089, While ESNV has reported on various j
Peppas, N.A., "Contact Lenses as Biomed- aspects of computer-program development,
ical Polymers," in Fxtended-Wear Con- I learned from casual discussions (with .
tacr lerses for Aphatia and Myopia, physicists, for that matter!) that TUM <
ed. J. Hartstein (Saint Louis: C.V. is doing something very wunusual and
Mosby Co., 1982). exciting--both in the philosophy of the .
Song, S.Z., et al., Journal of Pharra- approach and in the promise of cost- Ol
centiog’ Jeience, 70 (1981), 2160. efficiency as well as reliability. Since o
wood, D.A., International Journal of both high reliability and cost savings )
Fharmacolegy, 7 (1980), 1. are priorities for the US Navy, I .
decided to visit Bauer's institute. It -
turned out to be a profitable trip. R
N IeVEY First I discussed with Bauer the . 4
.

principal thrust of his special work
group within the institute. This group,
which calls itself Programmiermethodik -
Gruppe or CIP (short for Computer-Aided, .

] Intuition-Guided Programming), has more

: than 20 scientists. The group has been - 4

Computer SClenCeS supported for the last lg yezrs by the g

Deutsche Forschungsgemeinschaft, the e

German counterpart of the US National N

ALGEBRA, TRANSFORMATION THEORY, AND Science Foundation, through its _.j
KNOWLEDGE ENGINEERING REPLACE ALCHEMY AT special-focus program, #Programmiertech-

MUNICH'S TECHNICAL UNIVERSITY nik. The participants in the program B

are with the TUM, the Computing Center )

by Pau! komar, [p. Roman a5 the iaisor of the Bavarian Academy of Sciences, the g

DCetentiaot fop (byries in Furcpe and the Faculty of Information Sciences at the :

MiddTe Fuet  Jor the ffice of Naval Military University of Munich, and the d

kegearon's londow Franch OFffice, He io Institute for Reactor safety. »

en aqasignment unt 1l Ceptember [Un. . {

Theoretical Framework >

Information sciences, 1interpreted Bauer explained that program 1

in a very broad sense--including also construction methodology as viewed in 9

crvhernetics and the study of certain his group 1is essentially a branch of )

R |
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The crystalline-rubbery hydrogels
are made ‘rom a  liquid mix which 1s
voured or forced into melds. This 1s
similar to "reaction intection mclding.”
Thus, blocks, slabs, sheets, cylinders,
Fellow cylinders, and indeed virtually
any shape can be molded, In addition,
subsequent to po.iymerizatior, the mate-
rrails can be sliced or powdered. The
ability to slice is particularly impor-
tant as the release¢ rate is critically
dependent  on  the thickness in  such
shapes as slabs. As an example, a 4-mm-
thick slab device containing a drug of
rolecular weight 350 and diffusion
coefficient of 2.5x107° cm? s~! in pure
water would be expoected to reiease the
contained drug over a 24-hour period.
This means that almost any drug can be
forrulated in these crystalline-rubbery
hydrogels to deliver on a once-per-day
basis. In addition, if reasonably
constant cdelivery is also desired, this
can be programmed by the design and
polymer composition of these materials.

Another unusual feature of these
polymers is their ability to stabilize
otherwise unstable materials such as
prostaglandins. Working with M.P. Embrey
of the John Radcliffe Hospital, Oxtord,
UK, Graham has shown that prosta-
glandin E2 when incorporated 1into a
specific dried down crystalline-rubbery
poly (ethylene oxide) hydrogel is stable
for at least 1 year at 4°C and provides
for the first time the possibility of a
stable, distributable pharmaceutical
dosage form of this material.

Graham and Embrey hope that this
ability to stabilize unstable substances
will apply to other druags; and 1if pro-
staglandins in genveral can be stabilized
and administera.. s nydrogel dosage
forms, then the replacement of intraven-
ous prostaglandin therapy by oral,
transdermal, rectal, or vaginal applica-
“1ons beconmes possible. The Office of
Maval Pesearch (ONR), Arlington, Virgin-
1a, has heen  supporting research to
synthesize prostaglandin Bx (PGBx) for a
ruinhber  of  years now, These hydrogels

may have  oome  aoplication  for con-
tainment and delivery in PGBx
therapy.

These hyedrogels are based on food
vl pharmaceutical agrades ot polylethyl-
ene alyenls) registerad with the US Food
and Drug Administration, and are linked
by poiy(urethanes), which are conponents
~t a number of established prosthetic
implants., So  the hydrogels are not
materials that orne would expect to pre-
sent rator toxicity or biocompatibility
problems., irdeed, this has been shown
tn be the case, All tests to date show
that these hydrogels are very biocompat -
Thile, t hongh not hiodeqgradable.,

Biodegradable drug deliverv systems
present a rather different range of
regquirements from most of the hydrogel
devices discussed above (Wood, 1980).
Biodegradable systems are those designed
to be implanted or injected and which
after a given period of time degrade to
soluble products that are taken up and
nxcreted by the body. The hydrogels
nentioned above do not break down and
must be physically removed if implanted
under the skin or in the vagina. How-
ever, 1f given orally or inserted rec-
tally, they are easily passed via the
bowel. Research is continuing both in
Graham's laboratory and in a number of
other places to develop suitable biode-
gradable hydrogels. Indeed, some have
been found and have been tested for
delivery of contraceptive steroids in
third-world countries. Some have the
potential of controlling fertility for
as long as 2 years.

It appears that the research on
hydrogels may lead tc truly programmed
delivery as opposed to essentially con-
stant delivery from monolithic devices.
It now seems that it will be possible to
provide delayed drug delivery under cir-
cumstances that require an increasing
blood level of a therapeutic agent at a
particular time of day--e.g., 5:00 to
6:00 a.m. One need of military medicine
could be met 1if a system could be
developed that would release its drug
v~ the detection of a triggering
«.. jnal. Such a signal might be the
presence in the bloodstream of a par-
ticular toxic agent or antigen, or it
might be a signal sent in from outside
the body by some telemetric method
(e.g., an electromagnetic signal).
These are problems that have been seen
as needing solutions by the ONR program
managers. Finally, these hydrogels have
been formulated as 10- to 50~nm par-
ticles which have some potential for
intravenous drug targeting.

Howells not only has been using
Graham's hydrogels but also has devel-
oped some of his own. Some of these are
very slow releasers, providing dosaqge
over a period of a vear or more. Howells
has recently found that the frequency of
administration of antimalarial drugs,
such as pyrithamine, can be reduced
from twice weekly to once every {4
weeks using an appropriate hydrogel
containing pyrithamine pamoate. Tests
on humans, organized by the World
Health Organization, have already given
good results. This is another area that
has significant potential for military
use, in that personnel going into
tropical areas where malaria is
present c¢an he more effectively pro-
tected.
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other drug delivery systems, and how
they may bencftt military medicine.

GCeneral Concepts

The use ot pelvmers in pharmaceuti-
caLr preparations iIs certainly not new.
poth synthetic and natural polymers have
sven extensive service as carriers or
additives for some time now., Polymeric
materlials  that swell rapidly when in
contact with gastric fluid are often
nsed as tablet disintegrants, pH-sensi-
cive polymers are used as enterlc coat-
ings, and "inert" plustic (e.q., poly-
vinyl chloride) matrix tablets have been
veed for sustained release of drugs for
a  number  or o years, The  high  cost
($I0 millicn to $50 millien) oI bringing
a rew druy onto the market in a sultable
dnsacge form has led to a areat deal of
research into providing improved therapy
naina existing druys in controlled
deliver, svstems.

There Qre areas, other than human
medicine, 10 which controlled delivery
«f chemica.s 18 important. One 1is in
vererinary medicine and the cother is in
agriculture, wheore insecticides and
pesticides ~an be delivered 1n appropri-
ate  dosages  using polymers and  other
1ipproaches o controlled release.,

There are *hree things to be con-
sidered 1n therapy using controlled
de livery: (") the  duration of  the
telivery, (2) <he delivery site, and (3)
the rate of delivery at anv given time.
tach or 0 these:  varies in impourtance
derending on the physiochemical proper-
5 of the drug and 1ts pharmacokinetic
and  pharmacondynamic [ roperties 1n the
sherapy regime,  Cortrolled delivery has
three major advantages: (1) better con-
trel o f systemice hlood levels of  the
Aruqg bedng adrinistered, generally with
a derrease i oaidverse side effecte, ()
cocalieatiorn of the action of the drua
otttk taraget organ, and () rmproved
corplian e with  the  therapy
reime ., The desyred duration of deliv-
crvooan he saploredd ta o ovary trom several

Poosro, a1 the case of osral custalned-
vt e tormulatiorns, tao months oor years
R gesme oo, Thee s most aought-after

de Dieery ratee o constant  one In oat

I L archirewe oconstant plasma
coeel e ot thorapeitic eftect,
fowe e, it mants cases 1t 1y nost o desir-
it e b vhe drug o docalized inoa

e argan,  where 1t oacts o owithout
toercoy o ocarraed throughout tae hody. Thus,
cvorere leyels, o are minimized and so todo
irss 1l o fferts, Several military medi-

nditiens may lend themselves too

v

el led de livery approach which wonld

proosade a0 mayor  advanece  over  current
*hoerapenatye nodalities. A US Navw pro-
grarosc ceeklng to develop a svatem that

not only will target the drug to a par-
ticular organ, but also can be activated
on demand, and, when not needed, can
hold the drug within the confines of the
carrier, isolated from the body.

Hydrogels

Essentially, hydrogels are long-
chain polymers that are cross-1linked to
form a mesh that c¢annot be dissolved
even by highly reactive binlogical com-
pounds (diiute hydrocihloric acid, for
oxample) . Most materials found in living
organisms have some degrnee of water
content and c¢in be corsidered natural
hvdrogels (Graham, 1984) . Suitable
hydrogels for druqg delivery should be
mecharically strornqg but not brittle in
the dry state, swell ut a reproducihle
rate, and be relatively strong in the
swollen state. Among biomaterials scien-
tists, there 1is a lot of interest in
using synthetic hydrogels in manufactur-
ing prosthetic devices and for coating
tubes to be inserted into the human body
for use as blood vessels. The largest
use of hvdrogels to date has been in
soft contact lenses (Peppas, 1982).

Svnthetic polymers tend to be
better than natural ones for use as drug
deliverers because they can be designed
to meet specvific requirements and are
more reproducible. They can be either
of a thermecset or thermoplastic nature,
but care must be taken to eliminate
toxic residurs of monomer, initiator,
stabilizer, or drug modified by the
polymerization or sterilization process.
The most-studied polymers thus far have
lbeen those based on acrylamide (Davis,
1974) and its N-sugar substituted deriv-
atives (Akkapeddli et al., 1974), N-
vinvipyrrolidone (Hosaka et al., 1979),
hydroxyethyl methacrvlate (Song, 1981),

and  poly({ethvlene oxide) (Ciba-Geigy,
1978) .

Graham and his coworkers in Glasgow
have tocused their attention on

poiviethylene  oxide) hydroagels cross-
Itnked with multifunctional alcohols and
diisccyanates which are typical polyure-
thares, When thev used poly(ethvlene
glycois) of  mole-ular weights  above
L0060, the polymers had up to 50-percent
crystallinity an the dry «tate, The
creatalline polymer is a material simi-
tar t+ low-density polyethviene in its
physical properties.  Graham fournd that
tn the  swollen state this  hydrogel
released contained drug at a rate pro-
portional to time™7 as predicted by the
theory  of  simple  diffusien from  the
aevice  inte an infinite  sink. It is
povsible to vare the initial and long-
term rate of diffusion of drugs from
sach  polymers simply by altering the
physical shape,
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rhythms are Jjointly controlled by two
endogenous oscillators, one of which
controls body~temperature rhythm and is
uraffected by exogenous factors, the
other controls the sleep/wake rhythm and
can be affected by exogenous factors.
Nermally beoth run with 24-hour periods,
but with altered sleep/wake cycles or
temporal isolation, internal desynchron-
ization occurs and the two rhythms sepa-
rate ard run with different periods.
Other physiclogical rhythms appear to
run with one or the other of these. How-
ever, working-memory performance rhythm
appears to separate from both and run
with & 2l-hour period.

The research technique involves
isclating volunteer subjects from natur-
al time cues and then progressively
Tengthering or shortening their days
with artiricial time cues over a period
cf many days (28 in one experiment).
Various physiological and psychological
variables are repetitively measured over
this period.

It is found that
simple letter cancellation
to run with body temperature.
al reasoning tasks, however, some sub-
jects show systematic departure from
this rhythm, to reach a period of 21
hours. Subsequently performance for some
subiects 1s resynchronized to the tem-
perature rhythm; for others the 2l1-hour
perliod 1is maintained, at least within
the string of days so far studied. The

performance on
tasks seems
With verb-

implicaticn of the individual differen-
¢es here is that some subjects are more
taxed than others by the given task
dernrds, bacause of differences in

mental abiliity.
In further work with the same para-
Folkard reports again that work-
tasks depart from serial
search and body-temperature rhythms.
Furthermore, it appears that different
sul;jects use different strategies in
tasks at different times of day. And on

di!.’f’l,
ing-memory

a4 syllogisms task, subjects divided into
those whose rhythm seemed to follow a
?1-hour cycle and those whose rhythm
seemed to follow a 27-hour cycle; nei-
ther matched the physionlogical cycles.
Further anaivees of data collected by

another irvesticator in Sweden also sug-
gested  the "post-lunch dip" in  both
adrenalin ard oral temperature that is
often experionced, but this occurred 1in
subjects who had not had lunch.

It is clear that both physiological
ard psychological rhythms can be associ-
ated with performance variations both
within and bhetween persons. The varia-
tions appear substantial and thus of
practical concerr. in military and civil-
i in which performance in-

ian situations
volving working memory load is critical

even though sleep/wake or time-zone

shifts are also inevitable.
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HYDROGELS FORM NEW BASIS FOR  DRUG
DELIVERY IN SYSTEMS BEING DEVELOPED BY
SCOTTISH FIRM

by Thomae . Frzzel’, Ir. FRozzell <¢
the L7afson Sedewnrciet yeor iticlogical
Jefences In Furore and the Mi{ddle Fact
Jor trhe "ffice of INunal rfeseurch’'s
Zondown Franch Cffice, e {8 c¢v reas-
signrment  until August 1458 From  the
GEMee o f Naval  Fecearch, Arlirveton,
Yirgivnia, wkere he fe¢ Frogram Narager
Ser Filoelestreomagnetioc.

The British Technology Group and
the University of Strathclyde (Glasgow,
Scotland) last November jointly invested
250,000 in Polysystems, Ltd. This new
company was formed at Strathclyde to
manufacture and 1license hydrogels for
drug delivery,.

Hydrogels are polymeric materials
that have the ability to swell to a high
degree in contact with water, yet do not
dissolve in water. They have been the
subject of intensive research for sever-
al years by a team led by Professor Neil
Graham 1in the Department of Pure and
Applied Chemistry at the University of
Strathclyde and by Dr. Rolbert Howells in
the Liverpool School of Medicine ir
London. These polymers have a number of
uni,Je properties that make them poten-
tially suitable for delivery and con-
trolled release of a number of drugs,
Many of the techniques that are being
explored could be of significant value
in several areas of military medicine.
In this article, I will discuss the
characteristics of hydrogels, how they
are used, what advantages they have over
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Table 1 (Cont'd)
Senior Author Ilnstitution Presentation Title

D.wW. Heeley Univ. of St. Andrews

E.C. Poulton

M.A. Georgeson Univ. of Bristol

L.J. Evett
Unit

A.W. Young Univ. of Lancaster
F. Watts

D. Resner

MRC 2pplied Psychology Unit

MRC Cognitive Development

MRC Applied Psvchology Unit

Univ. of Waterloo, Canada

Meridional anisotropies of orien-
tation discrimination in human
vision.

Geometric illusions ir reading
graphs.

Spatial freguency masking: inte-
gration, non-linear compression or
adaptation?

Orthographic scgmentation process-
es in visual word identification.

Interference between faces and
written names.

Processing of phobia-related
words.

Orthographic and phonological
codes in oral reading of Japanese
Kana.

and reading ability, but with a substan-
tially impaired auditory memory span not
due to apparent input or output defi-
cits. The impairment was shown by vari-
ous tests to be functionally 1in the
phonological store necessary for main-
tenance rehearsal and phonological
analysis. The deficit did not impair
langyuage comprehension. The suggestion
1s that the normal storage mechanisms
involved in auditory memory span tasks
are rot necessary for fluent speech pro-
duction or comprehension and that the
subject's deficit ie more a problem of
abstract phonemic awareness and manipu-
lation than it is a structural problem.
The results are consistent with Badde-~
ley's working-memory hypothesis.

Slobuda reported a case study of -n
autistic person of exceptional musical
talent--who can memorize and perform
complex piano music after only a few
hearings, but shows only low normal
verbal memory. Most evidence on musical
memory suqqgests that many errors occur
ir learning and many reconstructions are
reguired; memory appears to be for the
gis* of a piece, as in verbal memory for
text, However, there is sketchy evidence
from some musicians and some idiot sa-
ants that special memory abilities are
:nvolved, and there 1is the claim that

Mozart displayed almost perfect tonal
remory. Sloboda  compared the autistic
individuai with a professional pianist

in learning complex piano pieces. The
comparison was designed to show whether
the autistic person had abnormally high
menory span for tones, or normal exper-
tise coupled with a narrow window of
attention. Thus, tonal (Grieq) and
atonal (Bartok) pieces were chosen for

learning. The autistic subiect learacd
the Grieg in four repetitions requiring
only 12 minutes, with only minor melecdy
errors, whereas the professional pianist
showed good recall of the first eight
bars but massive retroactive interfer-
ence--new sections destroyed memory for
earlier sections--and many major harmony
errors. However, the autistic subject
did relatively poorly, while the profes-
sional pianist did relatively well, with
the atonal Bartok piece. Analysis of the
performances suggested that the autistic
subject's ability involves extremely
accurate tonal memory, large span, and
an internal representation of the music
that is highly structured.

Working Memory in Relation to Circadian

Rhvthmicity in Performance

Folkard discussed new research on
circadian rhythms in human performance
in the context of his previously pub-
lished studies (see Folkard, Wever, and

Wildgruber, 1983), It 1is appropriate
here to summarize both.
Circadian rhythms are known to

exist not only in physiological process-
es but also in many measures of human
performance. The demands placed by a
task on the performer's working memory
appear to play a large role in deciding
the time of day at which it is best per-
formed. Such task demands may also re-
late to the speed with which performance
rhythms adjust to the sorts of changes
in sleep/wake patterns involved in
shift-work and time-zone <changes. A
multioscillatory model that applies to
physiological rhythms may also apply to
these psychological performance rhvthms,
This model assumes that all circadian
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R. Campbell
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D.M. Faulkner
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D. Christie
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Table 1

Institution
Univ. of Keele

MRC Applied Psychology Unit
MRC Applied Psychology Unit
Univ. cf Cambridge

Univ., ¢of Sussex

Univ. of Nottingham
The National Hospital

Univ. College London

The National Hospital

MRC Applied Psychology Unit

Univ. College London

US National Institutes of
Health

Open Univ.

Univ. of Leiden,
The Netherlands

Univ. of St. Andrews

MRC Neural Mechanisms of
Behavior Unit

Univ. of Sussex

Univ. Louis Pasteur,
Strasbourg, France

Open Univ.
MRC Applied Psychology Unit

Univ. of Manchester

Abstract of the Meeting Program for the Experimental

Psychology Society, 3-4 January 1985

Presentation Title

An exceptional musical memory.

Periodicity detection and the form
of musical scales.

Melodies and the inner ear: a
study of musical working memory.

A major breakdown in auditory
intensity discrimination.

Towards a causal nexus of human
psychophysiological variables
based on their circadian rhvthmi-
city.

Why we need graphs, maps and
diagrams.

Category-specific phonological
dysgraphia.

Phonological dyslexia and dys-
graphia in a highly literate
subject.

The selective impairment of verb
retrieval and verb comprehension:
a single case study of an agram-
matic patient,

Brain potentials and information
processing.

The uses of immediate memory.

A neural hierarchy of memor::
recognition, recency and recall
(the Thirteenth Annual Bartlett
Lecture).

Fact and fantasy: reality monitor-
ing in the elderly.

Authorities, risk and the deep
structure of decision problems.

Stereospecific impairment of
spatial learning by APV-5, an NMDA
receptor antagonist.

The effect of callosum section onr
motor guidance strategies in a
visual discrimination task.

Effects of amygdala lesions on
taste aversions produced by lac-
tose and lithium chloride in the
rat.

Strategies and cues in the Olton
maze.

Wild rats in the wild.
The effective context for priming.

Age, speed and stupidity as
determinants of recognition
memory.
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; areatest etfect even though the Al con- processing of materials. These models
v tent of the particles is only 1 percent. have been shown to be very useful in ‘
' The Ccoarsening rate of the (Ti,Al) N understanding the metallurgical changes f
' ta. loles is much greater than that for which result from some very complex pro- .
v TN, cessing methods: welding, HIP, and sur- :
" .. The composition of the precipi- face hardening. With the use of these 5
b “ates 1n Ti+V o oand Ti+Nb steels varies mcdels, especially when they are presen- !
: wirth +he size of the precipitate. The ted in the form of maps or diagrams, :
) 71 corntent increases with particle size basic science 1s brought tc engineers in :
. Tor the Ti1+V stee’s, but decreases with a format that will help them seclect ‘
> s1ze tfor the Ti+Nb steel. parameters of a process to achieve the -
' 3. Fellowing welding, the parti- most desirable material properties. ) ;
Ii - “ivsooin the HAZ approach pure TiN for There are many complex processes still J
beti, Ti+V and Ti+Nb steels. Strid shows to be handled in this way (solidifica- o
that this behavior is predicted by the tion 1is an excellent example). I hope .
ecuilibrium conditions of a regular that Easterling will continue with his .
solution model 1involving one intersti- research on mechanism mapping in order .
t tial and two metallic elements. for the engineer to take advantage of o
4. He developed a kinetic model the materials scientist's understanding K
" tor the dissolution of particles con- of the reactions and mechanisms of many !
L taining two metallic elements. By using different phenomena which occur during 4
this model he shows that significant the processing, fabrication, and actual
deviations from eqguilibrium particle service of engineering materi~ls.
cempositions can result. Particles con- .
tainirg elements with widely varying References .
diffusivities (Ti and Nb) are governed Arzt, E., M.F. Ashby, and K.E. Easter- )
by kinetic considerations more than par- ling, Metai urgical Troncacstions, 14A )
ticles containing elements of similar (1983}, 211-221. {
diffusivity (Ti and V). Ton, J.C., "Modelling the Microstructur- ;
5. This model can be used to de- al Changes in Steels Due To Fusion ‘
scribe the coarsening/dissolution kinet- Welding," Doctor of Technology 5
ics, and thus the grain growth kinetics thesis, University of Lule&d , 1984.
during a welding thermal cycle. This Ion, J.C., K.E. Easterling, and M.F.
model predicts that as long as the cool- Ashby, Adcte Metalluvgica, 32 (1984),
1ing time between 200°C to 500°C, at, is 1949-1962.
areater than 100 seconds, the particles Li, W., "Laser Transformation Hardening -
will reach their equilibrium composi- ot Steel Surfaces," Doctor of Tech-
tions. nology thesis, University of Lulea,
6. The study clearly showed that 1984,
hecause of the high temperature stabil- Strid, J., "On the Chemistry and Stabil-
ity of TiIN precipitatcs, they are more ity of Ternary Precipitates in Micro-
effective 1n grain size control during alleged Steels," Doctor of Technology
high-energy-input welding. This may be thesis, University of Lulea, 1984.

degraded if other nitride forming

e lements are present without sufficient

N to assure that all of the Ti reacts to

torm TiN fand not the lower temperature 2/138/8¢
carbides). If the C/N ratio is too high,
carbon-rich precipitates form which

' reduce the dissolution temperature of

L the particles.

) The role of inclusions and other

" precipitates in controlling the micro- MeChanlCS
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. structure of steels, especially welds,

o is finally beginning *to Le appreciated

u‘ and understood, Studies like this one FLUID DYNAMICS AT THE VON KARMAN INSTI-

I Ly Stride are making a great contribu- TUTE

- ti1on to the development of better mate-

; rials. by Charles J. HolTand. Ir. Hollurd s

N the Liaiscw Uefentiet For Appiliel Mithe-

A Summary matiee/Computationa’ Uefance In Durope
All phases ot Easterling's research and the Middle Fact For the (77 oe 5F

have a common theme: Use basic funda- Nave? fcsearch's [Towdoan Rraneh 7700,
mentals of thermodynamics and kinetics e o s om peacaijument ot Tesember

to develop csemiempirical models of JEL from the Cffice L f Vool Aesearek,

various phenomena that occur durinqg the Arl<ngton, Virginia, wherc he o tie
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T piafer Dlrector o the Mathermo- Educational Programs
rol o edaneeg TinloTon, The activities at the VKI concen-

For nearlv 30 years the von Karman
rstitute for Fluid Dynamics (VKI) has
been an internatiornal center for educa-
torr. and research irn fluid dynamics.

article reviews the organization
. cducation programs of the VKI and
then concentrates on the recent research
itirections in aerodynamics. This aero-
yram:ics vesearch, for the most part
cxperimental, 1s on hypersonic, super-
wio., and high =subsonic phenomena in
tyr Lioaticns of high military and indus-
X Lol

e, located at Rhode-St.
« .o o1 the sulbburbs of Brussels, Bel-
o, was estahlished in 1956 through
vttt s 3f Professor Theodore wvon
», wher was then chairmar of NATO's
i te.r Aeronautical Research

L. He served as chairman

. T 1= death 1in 1962, when the

Lot o renared in his honor. The

LRI was created to hring the European
oo v capabilities in fluid dynamics
G SR the 18, With current
rors capabilities challeng-

SRS T Y Us, as illustrated by

ceevecrobers such o ag Dr. Art Rilzzl oat the
: : ¢ soarch  Institute  (FFAY,
AR ST S Qwender,, and Dr.

wolfgang

1t ar terrmer, perhaps that need no
Toneer el Nevertheless, the VKI
Lo i 4 importart  center  for

5\

proarams  in fluid

urrent director of the insti-
i-r Jean Ginoux, who has
itk the U¥I gince its

odnnon. noux oandg brofessor  JUF.
T R tofaealty and head of the
. : . b Acrornautics bepartment,
eerr e e lcgtional and research
proar . st three departments of
I o Seersarauti1os, FEnvironrental
: R LN Loviam: s, and Turbo-
B Treove oare 10 Taculty memboers
cre e e et with g tatal
P ¢ S A R v, oanetuding 17
, : w ! T, IR L I

' R g D Candg

. R ‘ G ooty
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trate on advanced educational programs.
VKI provides three programs for students
holding at least an undergraduate degree
in science and engineering. Additional-
ly, VKI provides a short training pro-
gram for qualified urdergraduates as
well as a  lecture series of l-week
courses. Tuition 1s free in any cof
these programs, except for the lecture
series, for students from NATO countries
providing support to the VKI.

The basic course 1is the l-year
diploma course comprising lectures, lab-
oratory sessions, and independent re-
search in one of the areas represented
by the three departments mentioned
above. An independent research project,
elther basic or applied of an experi-
mental or theoretical nature, forms a
major part of the program. Past pro-
jecte, for example, have dealt with
characteristics of low speed wings 1in
slideslip, and rotating stall in axial
compressors. Approximately 30 students
per year participate in this program,
which 1s intended to prepare students
for industrial work or for participation
in either of the two advanced programs.

The Advanced Program in Basic Re-
search is a 2- to 3-year program intend-
ed to lead to a doctoral degree. The
doctoral degree 1is not awarded by the
VKI but rather by a university having an
affiliation with the VKI. In most cases,
attendance in the VKI diploma course is
a requirement for entering this program,
although students with a strong back-
ground in fluid dynamics may waive this
reg-irement. Approximately 15 students
per year participate in this program,

The Advanced Program in Applied Re-
search 1s a l-year program for engineers
with a doctoral degree or equivalent
experience to conduct an advanced pro-
gram in applied research. This program
is intended to develop the skills needed
in solving complex fluid dynamics prob-
lems of an industrial nature. Typically
10 people are involved annually.

The  Short Training Program for
wndergraduate students, one of the VKI's
newer programs, has become the most pop-
wlar, attracting approximately 75 stu-
aente for o a period of 1 to 3 months.
Students beceme acquainted with the work

t o fhurd dynamicists through participa-
t1on 1noa speclal research project.

Fecarch in Acrodynamics

The Aercspace  and Aeronautics De-
i srtment , hoaded by Wendt, is undertak-
1na a series of research projects in the
bepersonic, supersonic, and high subson-

1 teaions, Most of this work i1s experi-
raent ol which is a reflection of the

PP S T EN Sy S

ar

PR

o

Y L -



RS N S St g

YT Y

v

ESN 39-5

(1985)

research interests of the personnel and
the presence of substantial experimental
facilities. A new appointment, to be
made soon in computational fluid dynam-
ics, will broaden the research capabili-
ties of the department.

Research in hypersonics is being
increased as a result of the desire to
investigate issues important to the de-
sign of proposed new vehicles. Although
this research is not funded by specific
contracts, 1t is spurred by several
factors. Among these are the French
HERMES concept for a manned reusable
craft which would ride into orbit on the
Ariane 5 launcher, and plans in the US
for a military spacecraft which can take
off and land horizontally (called the
transatmospheric vehicle). Both of
these vehicles involve hypersonic speed
in reentry for which heat-transfer
effects will be extremely important.

A benchmark experimental study on
shock-wave and boundary layer interac-
tion is being conducted in the superson-
ic regime. This experimental research,
supported by the US Air Force Office of
Scientific Research, is intended to
provide accurate experimental data in a
complex flow situation to test the
validity of wvarious existing computa-
tional algorithms. In the past it has
been difficult to obtain both experi-
mental and numerical data under the same
initial and boundary conditions. In
this experimental work, Wendt reported
that he had been able to obtain laser
Doppler velocimetry measurements within
0.1 mm of the surface of the object.

The high subsonic research is in-
vestigating the effects of compressibil-
ity on vortical flows from a delta-wing
structure. Even at free Mach stream
numbers of only 0.5, they have observed
embedded shock structure for flows over
the wing surface. These experimental
observations are consistent with some
recent computational work of Dr. Art
Rizzi of FFA, who has also "observed"
these embedded shocks using his three-
dimensional Euler codes.

There has also been some recent
work on reducing after-body drag due to
vortex flow fields with a consequent
decrease in fuel consumption., Military
transport aircraft, such as the CC-130
and the C-141, are particularly suscep-
tible to this problem because of the
highly upswept afterbody. Wendt stated
that their experimental results had led
to some retrofit plans by lockheed-
Genorgia on the C-130,

Conclusion

' The VKI server an  important dual
role of training and rescarch in
fluid dynamics, In particular, important

experimental! work in aeronautics is
being conducted; the results should be
useful 1in the design and operation of
future aeronautical systems.
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by Patrick eekey. Dr. lechey 1o the
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and Arplied Me~nanics in ZFurcpe and the

Miadle ftaet Ffor the (CFfiz2e of Nava!
fecearch's london Eranch C7f7ce. He “¢
orn leave wunti! Jeptember 1558 frem the
Massachusette netitute of Techrology,
where he is FProfessor o lechanical and
Ceean Zngireering.

Large eddy breakup devices (LEBUs)
were a principal topic for discussion at
the EUROMECH 181 colloguium. Thin rib-
bons placed in tandem across the outer
portion of a turbulent boundary layer
provide marked reduction in frictional
coefficient, but a total drag reduction
of at most 5 percent experimentally to
date.

Background

Drag reduction in turbulent bcund-
ary layers was the topic of EUROMECH
181, held at Saltsjobaden, Sweden, from
29 through 31 August 1984. EUROMECHSs
are scheduled by an applied mechanics
colloquium committee chaired by Profes-
sor G.K. Batchelor of Cambridge Univer-
sity on wvarious special topics in
applied mechanics at various research
activities and universities throughout
Europe. They are intended to encompass
a specific topical area of current
interest and to be limited in attendance
to people involved in ongoing investiga-
tions related to the subject. The meet-~
ings are quite informal, and it is not
customary to publish the proceedings of
the meetings. Attendees are encouraged
to present ongoing research which has
not vet reached completion. Approxi-
mately 40 1nvestigators attended this
meeting; nearly half came from Sweden,
but there was good representation from
West Germany, Enaland, The Netherlands,
and  Switzerland. I was the orly US
participant.

Drag Reduction

Various techniques for drag reduc-
tion are currently being investiqgated.
I reported on techniques for delaying
transition from laminar to  turbulent
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rlow 1IN 39-3:96-99 (1983), ard on thicknesses (Corke, Nagib, and Guezen-
the use ! longitudinal riblets 1n 2000 nec, 1982). The results further indica-
3G-2:R8N=-HY (19,7)., These were also dis- ted 15- to 20-percent total drag reduc-
ussed at EUHOMECH 181, Lut Tittle tion. The TIT experiments were repée-ated
tevond the previously reported informa- at NASA, Langley, by Bushnell ard his
ticn developed. Nothing was reported at colleagues. They could not reproduce
neeting or the use of long chain thee ITT results, finding 1nstead orlv
'mers in the boundary layer or on the t-percent  total drag reduction, More-
S or cormpliant cnatings beneath the over, the rictional! resistance reduc-
Loundary laver, There was iy oone paper tiorn immediately behind the device de-
roelated £ suction., I sha.] therefore veloped gradually rather thar abruptly.
reroort here L the papers related to the Nevertheless, the tandem contiguration
nf large eddy breakup (LEBU) devices today seems to he the most promising and
the reduction of turbulent boundary was the sole type oI LEBU discussed at

ey drag., Here o the  European  fluid EUROMECH 181.

STATLeS Sorrunity 1S gulite active.
1. its earliest concept, a LEBU was The "oint Swedish-Swiss 1L.LEBU Program

its
< overs o porous structure placed in the

wuter portiorn of a  turbulent boundary
cayer.  The purpese of this device was
to breas ur the large-scale oddies which
iree considered t o be responsible for the
sukb 1njection of  irrotational
Tl its1de of the heourdary laver
o houndars laver., It was

17 thls process could be

the frictional drag at the

substantially reduced.
the earli¢at investigations

eed gt the Il1linols Institute
: (IIT) by H.M. Naqgib and
Wle  cowoOrkers (Corke, Guezennec, and
Naagib, 1Y9s0), and bv D.M. Bushnel. and
his collearnues at the National Aeronau-
ti1cs  and Space Administration (NASA),

Langiey, Virginia (Hefner, Weilnstein,
and Bushnell, 1980). Both groups found
that & lattice-like structure of ribbons
stretched laterally across the outer
portion of a turbulent boundarv layer
resulted in some reduction 1n the local
tfrictional resistance coefficient suffi-
ciently far downstream behind the de-
vice. The local skin frictional resist-
ance coefficient is defined as the ratio
of the local shear stress on the bourd-
ary to the free stream dynamic head.
Reduction of frictional resistance 1s
not the whole story, however, for there

is drag on the LEBU itself, For these
car.ier lattice configurations, the
device drag greatly exceedrd the reduc-
tion in the streamwisc-integrated wall
rrictional resistarnce, [t then appeared
that a tandem twn-ribbon configuration

device
ribbon

lower
after

ticnre

the

should

Lecmse

dray, partly
wenld be in o oa

lewer speed wake created by the forward
ribhbon, Figure 3, discussed in detarnl
Tater, shows o tanderm LEBU in place 1n a
turtciient bhoandare layer, ITnitial teste

2 roandep LERD Ly the TIT group showed
arer 3 -percent reduction in the local
frocvinnal o drag coeeffacient O, commeno-
cnoroarmediately behind the deviee and

comteerdroy Arst aree

Layer

downstream tor b
Coquroaent g v Teast s boanddar s

A joint
development
bering

program 1investigating the
and application c¢f LEBUs is
conducted by the Aercnautical Re-
search Institute of Sweden (FFA) ,
Bromnia, Sweden, and the Laboratoire de
Mécanique des Fluids, Swiss Federal
Institute of Technologvw (EPFL), Lau-
sanne, Switzerland. Figure 1 typifies
one of the earlier experimental results
obtained in the EPFL subsonic wind
tunnel using tandem LFBUs, In Figure 1,
dx 1s the separation between the ribbons
tralling c¢cges, L is the length ot a
¢inagle ribhbon, t 1s the ribbon thick-
ness, and h 1s the height of the tandem
ribbons above the wall, all expressed in
millimeters. The local skin-friction
coetflcient 1is given in the ordinate,
and the distance downstream of the
trailing edge of the LFEBU 1n millimeters
1s given in the abscissa. The tunnel fan
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_Figure 2.

MM

Rati1o C¢ at 2.45 m for different configurations, L/DX/T/H = 15 mm.

t;r's are directly proportional to the
fyes gstrear velocity in the wind tunnel.
The 1.oal frictiornal coefficient Cp was
determined us:ng Preston tubes., This 1s
sati1sfactory sufficiently far downstream
7 4 LEAI where the flow has returned to
similarite., In principle, the measure-
~ent or the streamwiss gradient of the
poorertur *hickness of the boundary laver
weiileh Yo correct everywhere hehind the
LR, Such a measurement was not used
ecnee a4 Jdifferent run would be requir-
f oty medasnre a velocity profile at each
Lwhstream position. Thus, repeatability
¢ resalts would be in gquestion. It is
iyfficult t. get arn 1ccuracy better than
o ¢ percent by either method. More-
cer, the measurements are also plagued
vy dirfhiculties with transverse varia-
t1on oan the skin friction coetficlent.
Seerertheless, 1t o1s guits evident that a
vrolenged regiorn of sianificant reduc-
*i1or 7 the sxkin Sriction cocfiicient
o be shirarned,

M, Vews and T.V. Truony presented
intornation from  FPFT
which resnlted from o wystematic veria-
tandem  TEBU dimensional
j o oretrers,  The results of this recent

Coteest lepat sor iree sumraraized 1n Flg-
nre 0o Hexe t he ratio ot the lncal

i reent recent

D R S *he

frictional coefficient with the LEBU in
place to that without is given in the
ordinate. The abscissa 1is the gap DX
between the two ribbons. Data are given
also for various ribbon lengths L and
thicknesses T. All data are for a ratio
of height of the LEBU above the wall to
the total boundary layer thickness equal
to 0.68. We see the following facts from
Figure 2: (1) 5~ to 20-percent reduction
in local frictional coefficient C¢ was
obtained; (2) the ribbons with the mini-
mal thickness T performed better; (3)
the results for different ribbon separa-
tions DX were inconclusive; and (4)
there is a spatially periodic variation
in the local frictional coefficient Cq
going downstream. Tt is of interest that
this period is essentially the same as a
separation DX of the ribbons. In the
carlier experiments at EPFL, one tandem
configuration gave 5S-percent net drag
reduction, based upon a comparison of
momentum thicknesses 6 at the furthest
downstream measurement position of
2.45 m from the LEBU trailing edge
(Rertelrud, Truong, and Avellan, 1982).
This configuration had dimensions
L/DX/T/H = 10/27/.05/15 in millimeters.
Total drag change was not reported for
the most recent test configurations.

CONE A SUEPU LI SEL VY SNY WA WON

At B

s hasmsh 4

POy T

. od

P |

k|




—r—r

L A Senin SEAcEnaiioatiE Shallunl bl AR A S

WTWEON Ty TETR TN, &8

ESN 39-5

(1985)

Truong and Veuve of EPFL and A.
Bertelrud of the FFA reported their most
recent results 1in the construction of a
gimi.arity scheme for determining the
mean velocity profile development behind
a LEBU. This semi-empirical scheme
involves the use of: (1) a law-of-the-
wall representation attributable to
van Driest, (2) a Gaussian ribbon-wake
preirle, and (3) for the outer boundary-
layer wake recion, a Thorpson profile
modrticed by  Sarnecri's intermittency
function. This scheme 1s not used to
predict drag reduction, for the local
friction coefficient C; 1s an input to
the scheme; 1t is intended rather to
favilitate comparisons between various
LEBU cenfiqurations, to provide an
initial input tc a computational fluid
Advramies study, and finally to estimate
the effect ! mean pressure gradients on
LEB!U performance. Their results show
that a remarkably good comparison was
obtained between  the calculated mean
profiles, in accordance with the simi-
larity scheme and experimental results,
spanning the range from directly behind
the LEBU untirl the LEBU wake was no
longer discernible.

Pertelrud reported on a very
interesting series of full-scale experi-
merts with a LEBU on a SAAB 32A Lanson
swept wing attack aircraft. The wing of
this alircraft has o leading edge sweep
»f 39 degrees and a symmetrical NACA
$4AC10 sectlon normal to the 35-degree
swept 25-percent cord line. It has zero
twist. A tardem LEBU was installed at
!h=percent chord paralleling this chord
(it over approximately a guarter of the
wing span. Frictional coef: . cients were

measured back to R0-~percent chord.
Measurenents were made from a flight
Mach number M = 0,92 down to stall. The

LERT elements were not tlat ribbons but
were cambered airfoil sections with the
irft directed toward the wall. This 1is
+4 very desirable feature to reduce the

eLrerent drag. Depending  upon  flight
crenditions, the LEBU was installed !rom
44t A0 percent. of a boundary layer
thickness, Untortunately, t he Gap
retweern o lements was less than 3.7 times
the beundary  laver thickness, whereas
tie preferable value is or the order of
Looasrding to NASA, Largley, experi-
Tente.  However,  the nmajor purpose of
i test o owas ot determine the charac-
fergatios ot LiBUs o an full-scale opera-
taan to Leee whether the devicos are 1n
ANy Sersee unsultab e The  principal
revsantn b the Tull-scale flight program
ddate aree a0 followes

Abous  10= teoo [Sepercent loceal
frooctional ot fayopent Coos reduct ron
was o bt ained, (1t shouid  be noted,

however, that this was obtained at very
high Reynolds number, Reg, based on
momentum thickness, 6. The values ranged
from 8000 to 14,000, which should put to
rest conjectures made in the past that
LEBUs might be totally ineffective at
high Reynolds number).

2. Pressure gradient compressibil-
ity and small three-dimensional flow
cffects did not adversely affect local
friction reductions,.

3. Overshoot occurred on the air-
craft--i.e., the local frictional coef-
ficient sufficiently far downstream be-
hind the LEBU was in fact higher than it
would have been without the LEBU pre-
sent. As a result no total drag reduc~
tion was obtained with the deovice as in-
stalled.

4. No effect on handling charac-
teristics of the aircraft in any part of
the flight envelope developed. This was
significant because it had been feared
beforehand that the LEBU might adversely
affect shock/boundary layer interaction,

Experiments at the Cavendish Laboratory

A.M. Savill reported on LEBU exper-
iments conducted at the Cavendish Labo-
ratory of Cambridge University, UK, in
two different wind tunnels. One was
equipped with a skin friction balance
for direct measurement of skin friction
downstream of a LEBU. The balance was
in fact fixed in the tunnel and the LEBU
located at various positions forward of
the balance. The other wind tunnel was
equipped with a combined laser sheet and
white-light-beam, smoke-flow visualiza-
tion together with a capability for hot-
wire measurement for performing detailed
studies of the flow behind a LEBU. Al-
though no net drag reduction has been
found as yet in the Cambridge experi-
ments, the flow visualizations give pos-
sibly one of the clearest pictures of
the mechanism of the operation of the
device yet obtained.

Figure 3 shows how a tandem LEBU
placed in the outer portion of a turbu-
lent boundary layer operates. First we
consider a turbulent boundary layer in
the absence of a LEBU. Its outer struc-
ture consists of a row of horseshoe vor-
tices inclined approximately 45-deqgrees
downstream to the flow. These vortices
interact with a slow mutual overturning,
causing an entrainment near their peaks
with the outer irrotational flow, The
horseshoe vortices themselves develop
trom the longitudinal streaking occurr-
ing at the wall boundary layer and the
subsequent bursting in the sublayer. The
entrainment of the outer irrotational
flow is considered to form an essential
part of the fecedback mechanism by which
the sublayer bursting 1is maintained.
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portion of turbulent boundary layer

(Precisely how this occurs is a matter
of some controversy.) Next, suppose
that a tandem LEBU is installed in the
outer portion of the boundary layer.
when a horseshoe vortex encounters the
leading edge of a ribbon element, it is
stretched over the element to such an

~xtent that it 1is effectively severed.
Tt is this action that gave rise to the
name LEBU itself. However, Savill and
his coworkers have found that the wake

»f the element or elements of the LEBU
is e©qually or more important in the
overall process, A ribbon element devel-
ops a very finely spaced vortex street

wake . It 1is this wake that forms a
barrier between the outer portions of
the cut horseshoe —ortices and the inner
residual structure (Figure 3). Two

things happen: first, the intermittency
of the outer portion of the boundary
laver 1is greatly reduced with a conse-

guent reduction in entrainment of irro-
tational flow; second, the vortices
cause an upwelling of flow in the imme-
diate vicinity of the wall, with conse-
quernt reduced frictional resistance, It
is for this reason that the Cambridge
group dislikes the word LEBU, and pre-
fers the term manipulator. Tandem LEBUs
appear superlior to a single one because
the vortex street from the upstream ele-
ment impinges upon the after element,
creating a double vortex wake which pro-
vides a more effective barrier than a
single one., On the other hand, the fric-
tional resistance of the two elements
that are separated 1s 1in fact higher
than it would have heen if the two ele-
ments were without gap, the device drag
being increased by approximately 32 per-
cent, There is, however, the possibility
that the vortex street from the upstream

wing element can produce just the right
oscillatory effect upon the after ele~
ment such that a thrust component on the
after element evolves reducing the total
device drag. This is sometimes termed
the Katzmayr effect. It is readily cal-
culated from linearized unsteady airfoil
theory by determination of the net
leading edge suction.

Concluding Remarks

Although European efforts at turbu-~
lent boundary layer manipulation by
LEBUs have been intelligently developed
with very considerable physical insight
into the process, results in terms of
total drag reduction to date, about 6
percent, are somewhat meager. Separa~
tion of the various drag contributions
is quite difficult, and it is complica-
ted by transverse variations. The over-
shoot effect is particularly trouble-
some, and it may well be necessary to
install additional LEBU devices every 80
to 100 boundary layer thicknesses down-

stream in order to prevent this. Occa-
sionally the investigators get a bit
discouraged about the ©possibility of

recouping the device drag and obtaining
net reductions. Mumford and Savill
(1983) state that "estimates of potenti-
al gains are such that one is beginning
to wonder if there is some overall prin-
ciple involved which prevents this."
This was just temporary discouragement.
Certainly more attention can be given to
the reduction of device drag by the use
of proper thin-airfoil sections. It
might be helpful to mount the manipula-
tors directly on a floating-element drag

gauge 1in order to determine the local
combined effect of device draq and
immediate downstream wall frictional
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crefricient.,
cral applications

Finally, there may be spe-
in which the manipula-

tors will really come 1nto their own.
Jar1ill points out that for flows with
very large tree-stream turbulence, the

huffer crtect of the wake of the manipu-
lator could possibly prevent the normal
.ncrease 1n friction coefticient Cg due
t¢ the free stream turbulence. This
z1ght  be quite important in  internal
Jluow appiications. Further, since the
LERIY operates in the outer portion of
+he boundary laver 1t appears that 1its
~ffects can supplement those of riblets,
wise mecharism clearly depends on inner
V1ISCOUS

scales {see AEN 39-2:60-61
T1oes ). Thus, the two devices, opera-
ted together, could possibly produce a

re-t drag reduction superior to each one
crerated individually. Apparently work
in this direction is already under way.
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1984 SHIP-HYDRODYNAMICS MEETINGS

Two important technical meetings on
ship hydrodynamics were held in Septem-
ber 1984. This article covers highlights
of the 15th Symposium on Naval Hydrody-

namics, held in Hamburg, West Germany,
and the 17th International Towing
Tank Conference, held in Géteborg,

Sweden.

Naval Hydrodynamics Symposium

The main purpose of the symposium
was to provide an international forum
for the exchange and discussion of ad-
vanced research results in the field of
ship hydrodynamics, with emphasis on
four topics of current interest: (1)
seakeeping problems, (2) hull-propeller
interactions, (3) nonlinear free-surface
problems, and (4) frontier problems in
hydrodynamics,

The symposium was sponsored by the
US Office of Naval Research (ONR), the
US National Research Cocuncil, and the
Hamburg Shipbuilding Research Institute
(HSVA) .

One of the technical highlights of
the symposium was the Weinblum Memorial
Lecture, presented by Professor Marshall
Tulin of the University of California at
Santa Barbara. Tulin discussed surface
waves from the point of view of rays.
The ray theory, which made a significant
contribution in the physics of optics,
can be applied to explain the complex
wave systems generated near a ship bow.
A brief review of the state of the art
in the application of geometric ray
theory to ship waves was given. Tulin
then offered suggestions for avenues of
further development of the ray theory
that may shed light on nonlinear ship-
wave reflections.

In the sessions on seakeeping prob-
lems, several new and impressive devel-
opments were reported. A paper by Lin,
Newman, and Yue discussed an innovative
numerical scheme which can correctly
demonstrate the process of the detach-
ment of the free surface from a vertical
wave maker in horizontal oscillation.
The free-surface breaking as the conse-
guence of the flow detachment is a com-
plex nonlinear phenomenon which never
has been satisfactorily modeled by the
existing theoretical/numerical methods.
The investigation is being supported by
the ONR Ship Hydrodynamics Special Focus
Program, and further extension of the
investigation will be continued under
ONR support.

In the sessions on propeller-hull
interactions, one of the highlights was
the paper given by Jessup, Schott, and
Jeffers (David Taylor Naval Ship Re-
search and Development Center [DTNSRDC],
US). The paper described the method of
measuring the local propeller blade
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“lows by ousing o laser-Doppler-veloci-
r+ter (TDV) technigue. It 1is not easy to
moeasire e flow velocities by an LDV
Acclce and the pressures by minlature
on a raridiy rotating model-pro-
ler bLlode. The authcers mainly pre-
sented sample results obtailned from a
thoer-bladed  standard model propeller
and compared scme of the results with
cemputed results. The fact tha+* such
measurements  can be made on  rotating
propeller blades impressed the audience
a great deal.
Full-scale ship wake measurements
in front of rotating propellers by an
LDV device were reported by Kux  and

Laudan of HEVAL The measurements made
on two cavrgo ships--the Jyinc. Jorrecss
and the .7+, ok TYc0, owned by German
shippina coumpanies--were comparnd to

thuse obtained from the model tests.
Snly o gualitative ag eemert between the
two results was obtained, indicating the
need  for further extensive investiga-
tiors to resolve the complex scaling law
between the model and the full-scale
shiip wakes. in the discussion of this
paper, it was clear that many full-scale
sh1p wake measurements have been under-
*aren by the British Ship Research Asso-
ciation and the Canadiar Research Coun-
~i1l. DINSRDC sent an observer to those
full-scale measurements. Power-efficient
and  guiet propulsors are much desired
ror commercial as well as naval ships.
Wi*hout knowing the actual flow field in
which o+ propeller is to be operated, it
is difficult to design with confidence a
propeller which meets the ever-narrowing
rargins tor powering, noise, and vibra-
tion., Thus, major maritime nations
probably will contirzue vigorous research
on predicting full-scale ship wakes.

In the cossion on nonlinear free-
surtace problems, a majority of the
napers were related to ship-bow flows.
Fry and Kim (DTNSRDC) presented exten-
s1ivee bow-flow measurements by an LDV
devics, along with calculated results
based on  the linearized free-surface
boundary  conditions, The LDV  device
need was capable of measuring simulta-
reously all three vector components of
flow velncitles at a point in the flow
field, It was the £first result cver
presented  showing all  three velocity
components ot the bow flow-field of ship
. The agrerement between the meas-
ured and  computed results was impres-—
sivre, particularly for the cross-flow
elocities, 1in  the bow region up to
ibout 7 percent of the model length aft
cf the bhow, The streamwise velocities
and the free surface elevations on the
hull were not in such good agreement as
in the case of the cross~flow velocities
after 4 percent of model length.

moddels

Mori (Hiroshima Universitv, Japan)
presented an interesting paper on  the
neck vortex and bow wave arcund blunt
todies. One of his conclusions was that
the free-surface curvature ahead of a
blunt bow has a significant effect on
the breaking waves, By introducing a
submerged bow bulb, which reduced the
surface curvature, he experimentally
demonstrated that the breaking of waves
can be significantly reduced. His re-
search 1s a good example of a successful
combination of theoretical and experi-
mental investigations.

Tuck (University of Adelaide, Aus-
tralia) and Vanden-Broeck (University of
Wisconsin} presented a theoretical paper
on searching for a bow shape which does
not create waves in  two~dimensional
flow. The main objective of the paper
was to demonstrate numerically that
there exists a bow geometry for a given
two-dimensional uniform flow which does
not create bow waves. The bow shape they
found has a bulb-like geometry below the
free surrace.

Takekuma (Nagasaki Experimental
Tank, Japan) and Eggers (Institut fUr
Schiffbau, West Germany) investigated

the effect of bow shape on bow-wave
breaking. Both theoretical and experi-
mental investigations led them to con-
clude that a bow form with fine entrance
angle and protruding bulb is effective
in reducing the necklace vortices around
the bow.

Dagan and Miloh (Tel Aviv Universi-
ty, Israel) presented a highly mathemat-
ical paper investigating nonlinear re-
sistance by a 2akharov-type integral
equation. This paper showed a potential
theoretical approach in tackling the
nonlinear wave resistance of a ship.

Ertekin, Webster, and Wehausen
(University of California at Berkeley)
presented a paper on ship-generated
solitons. The theoretical results ob-
tained by using the Green and Naghdi
tneory on directed fluid sheets were
compared with the computed results of Wu
of the California Institute of Technol-
ogy for a two-dimensional pressure patch
moving on the free surface of a rectan-
gular tank of verv shallow water depth.

In the session on frontier hydrody-
namic problems, Isshiki and Murakami
(Fitachi Shipbuilding Co., Japan) and
Terao (Tokai University, Japan) pre-
sented a paper on an innovative concept
of the so-called "wave devouring propul-
sion." The c¢oncept 1is based on the
principle of fish locomotion and bird
flights by an oscillating lifting sur-
tace. The researchers have shown by
towing tank experiments that a floating
body with submerged hydrofoils can pro-
pel itself in the opposite direction to
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the wave propagation, The authors sug- progress 1in ship hydrodynamics research L
Jest that such a device may be applica- for commercial ships. j
bie  to  floating ocean platforms to -
counteract the wave-induced drifting. Towing Tank Conference .j
Cher and Patel (University of Iowa) The primary objective of the Inter-
showerd thelr new approach to computing national Towing Tank Conference (ITTC) 3
the thick bourdary-laver flows in the is to stimulate progress in solving 1
recion of a ship's stern. They used a technical problems associated with tow- 1
time-marching soclution of the partially ing tank experiments and also to stimu-
parabelic version of the Navier-Stokes late research in all fields in which a {
vauations. The budy grid generation and better knowledge of the hydrodynamics of
the "finite-analytic" numerical scheme ships and marine installations is need- -
ir. solving the partially parabolic equa- ed. To help fulfill this aim, the fol- i
ti1ons were elaborately described in the lowing actions are normally taken: (1)
vaper., It appears that before a practi- recommending standard procedures for
i numerical integration of the full general use in carrying out ship- and
LNavier-Stokes ecuations is  available, marine-installation model experiments,
such 4 approximate  approach by the (2) formulating collective policv on
vartially parabolic method mey be an matters of common interest, and (3) pro-
iwprerriate means to satisfy our immedi- viding an effective organization for the
ste teeds  for understanding the flow interchange of information on such
pehavior near ship sterns., matters.
The somposium revealed that sub- The major events of the conference
stuntial advances are being made inter- were the sessions featuring reports from
ationall in ship hydrodynamics re- 10 technical committees: Resistarnce,
carch. New numerical schemes for Propeller, Cavitation, Performance, .
solving the nonlinear free-surface/body High-Speed Marine Vehicle, Maneuverabil-
interaction are now beginning to emerge. ity, Seakeeping, Ocean Engineering, :
The 1DV device 1s providing a new ap- Information, and Performance in Ice-
proeach to Iiow zones that so far have Covered Waters. The reports presented by
Lo cuntenchable--such as the ship bow each technical committee were products
revgrun e the zone hetween the propel- of 3-year investigations of the subjects
ver ana thee hull, The nonintrusive na- chosen by the previous conference, held
trre 8 the devrrice makes it possible to in Leningrad in 1981. The subjects cov-
Tessure the  tlow velocities in these ered almost all ship hydrodynamics prob-
T Such L device with further im- lems of current interest, ranging from
rreverents appaiwedd to the measurements traditional problems such as ship re-
£ e around tull-scale ships will sistance to pioneering problems such as
crrriburte oigniticantly to the under- ice modeling 1in towing tanks. (The
Stuanding of the law of dynamic simili- details of the committees' reports are
vice hetweer. a4 model and  1ts  mother given 1in the proceedings of the 17th .
b Thee «current ship hydrodynamics ITTC.)
:vovarch appears to o be  placing  more One 1interesting problem involves
. : eor the  local tlow phenomena the uncertainties in the governing
' tte wrual global quantities such hvdrodynamic similitude laws between a
heedrodynamice forces acting on a prototype and its full-scale ship. Such
“his o trend 1s demonstrated by the problems are more frequently encountered ]
iur participants' keen interest in in modeling the viscous resistance,
: cwooard otern flows, The free- cavitation, and propeller inflow. The .
toe bregbinag by o abip bow not only scaling problem 1s also found in ice
oo the Adrag it also significant- towing tanks. In the past few years, a
Lot te st e Tiow around the entire number of ice towing tanks have been
boor. Fer o arstance, the bubbles genera- built throughout the world, reflecting
ool re tren =nariace bLireaking can flow the need to learn more about ship per-
. the wteqrr of a3 ship arnd could formance 1n 1cy waters. However, many
HE I certion of propeller scientific guestions-~for example, about (
AL t appeears that in 5 to 10 ice modelina and scaling--reed to be }
ropee ey desgpaners will have bet- answered before any standard model test- {
: s ocraptaone 7 propeller inflow so ing techniques can be established inter- |
vt s wdesqar fully wake~-adapted nationally. |
T The problem of ship recsistance in i
TR U0 s marrtaining its leader- shallow water drew lively discussions. ]
! s hydrodynamics research; The phenomenon of generation of solitary {
werrer o traditionalle strong maritime waves by a ship in a canal of
ey woboas Japan and the northern shallow water depth and the associated ]
P it rres o are achleving rapid unsteady resistance seems to be drawing i
208 J
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a great deal of scientific interest
internationally among the ship-hydrody-
ruarmivs researchers. New measuring tech-

nmigues in cavitation tunnels were re-
ported. Measurements of the size of
microparticulates 1n water tunnels and

cavity thickness by
Japan) and light
indicated a promising advance
tion research.,

The conference plays an important
roie--it  helps promote internaticnal
cooperaticen in investigating the techni-
cal problems of common interest in
marine hydrodynamics and 1n reporting
firdings. The l&th ITTC is scheduled to
pe held in Japan in the tall of 1987.

LDV (West Germany,
scattering (Japan)
in cavita-

Physics

LASERS AND LASER ACCELERATORS AT RUTHER-

FORD APPLETON LABORATORIES, UK

oy ! Foro lr. Fomew Te the Tiaicon
s & Furcpe

Advanced methods for generating
rront-line laser systems and ultra-high-
energy and high-intensity beams of
chargyed particles are the focus of
several rprojects of the Central Laser
Facilities (CLF) at the UK's Rutherford

Appleton Laboratories (RAL). During my
vigit in  late November, 1 talked to
veople bhath inside and cutside the laser
sroup who are developing these novel and
hopefully revolutionary methods.

Background

FAL, near Didecot, Oxfordshire, 1is
tocated on a modern site adjacent to the
historic Harwell atomic enerqgy estab-
vishment, employs over 1500 permanent
perernnel, and has an annual expenditure
ot mrore  than k52 million (about $62
million). The laboratory's major respon-
s:bi1lity 1s to act as a large-scale cen-

tral faciiity in service of nationwide
university  research.  Many scientists
trom beth British and foreigrn universi-
fies spend extended periods of time car-
reing out projects that require equip-
ment o not available  to single  academic

institutions. Many projects, as well as
the operation of RAL, arc directly spon-
sored by the UK's Science and EkEngineer-
ing Research Council (SERC).

Laser Development and Kesearch

The SFPC-supported CLF was estab-
lished in 1975. The main themes of cur-
rent research can be broadly summarized
as follows:

1. Laser development., Improvement
and enhancement of an ultra-high-power,
versatile, Nd/glass laser system
(VULCAN)} . Further devclopment and en-
hancement ©f a high efficiency fluoride
gas laser (SPRITF). Expansion and main-

tenance of an ultraviolet (UV) radiation
facility.
2. Plasma physics. Study of ultra-

dense, strongly interacting plasmas of
high net 1ion charge. Nonlinear interac-
tion of high-intensity laser beams with
matter, parametric instability, relati-
vistic corrections. Enerqgy transport in
plasmas, heat flow studies, photonic
energy transport. Laser generated implo-
sions, dense plasmas, inertial confine-
ment.,

3. Short wavelength research. Ap-
piication of UV lasers in plasma phys-
ics., Multidisciplinary work with repeti-
tively pulsed and frequency tunable UV
lasers in physics, chemistry, biology,
and materials processing. Application of
LV lasers to lithography and related
problems i1n nonlinear integrated optics.
X-ray laser development using inversion
in laser-generated plasmas or induced by
x~ray pumping from another laser-pumped

plasma.

The following discussion 1is re-
stricted to recent developments and
plans 1in connection with the laser
facilities, since most of the particu-
larly interesting research with laser
beams 1is done by university research
groups using the RAL facilitiecs. This
rescarch will be reported in later &0
articles in connection with specific

visits to the relevant universities.

The VULCAN Nd/glass laser was de-
signed primarily to be a very versatile
machine. At its heart are two synchron-
ized oscillators, so that simultaneocusly
a "long" pulse (with duration hetween
0.1 and 25 ns) and a svnchronous "short"
second pulse (with duration that can be
varied between 70 ps and 1 ns) can be
produced. This feature makes the syvstem
unique. The two pulses are independently
amplified and can be fed in any confiqgu-
ration into two  output channels. 1In
one prepared taraget arca these two out-
puts appear as a six-bheam, symmetrically
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place:? output  (for uniform, symmetric Japanese scientists, made their approach N

plasm: experimentatlon) pius one sepa- both prudent and successful. :

beam, while for another target area The second remarkable lascr at RAL .

are *wo single-beam outputs avail- 1s the very-high-power KrF gas UV laser .

A nmacor  lmprovement project 1§ SPRITE. It is pumped by an electron beam i
crently being implemented: the re- of 0.75-MeV energy. This UV laser 1is a
hers are gulng to a l2-beam system pioneering machine in a worldwide con-
is hcped to be fully operational text. Currently it produces 250-J pulses

te spring this vear. After improve-
made in late 1983. the researchers
nowo o use twe chains of rod amplifiers,
eac~h  containing six  stages, and then
»30h of the six beams (12 within a year)
nr +hrough separate disk amplifiers.
of the current seven output beams
a similar performance with up to

7 available 1n 1-ns pulses f{or 50 J
in  100-ps pulses), Thus, a total of
! ’ maximal energy can be concentra-
t the present multi-beam system,

LVonseguently, power levels of 4 TW have

Leeern achieved, which makes VULCAN the
mrst rowertul laser system in  Europe.
with <he alterations 1in progress, a
total enerqgy of 30 kJ will be soon
achieved 1nn the 12 beams so that only
*hee Livermore NOVA  (which Jjust became
speraticonal)  will  supersede  it. The
repetition rate is 1 in 30 minutes in
reqular operation. The fundamental
woaeeleenmath 15 10083 um (nominall). But the
© um)  and third (0.35 um)

now also routinely used,
«rd the fourth (0.26 um) 1is soon likely
e iexoome more than  an  oxperimental
achitevement The proper operation of

the . 53-um-wavelength setup 1s particu-

important for x-ray laser experi-

ccheduled for next year. An-

oth improvement, now in progress, 1is

s installaticn of more efficient

Line focus optics, This 1s also impor-~

tart fr the planned x-ray laser experi-
ments

TYomayv be
2AL

procect of
ASTEFIA project at

interesting
ultra-hiqgh-power laser develop-
YULCAN to that of the
the Max Planck Insti-

to compare
s

ment

st (MPID) at Garching (P00 39-4:165-169
Cwuk5') . The MPI--after previous work
with a larce Nd/qglass laser system--felt

*het while enerqgy increase is possible,
efficiency would soon reach a limit.
Therefore, researchers at MPI decided to
develop a new idea--namely, that of the
1odine atom laser,  They succeeded, and
theyr «opectatinon ot greatly increased
Ul ierency weo Justified. On the other
Band,  PAT O followed the evample of the

of approximately 60-ns duration. This
corresponds to about 4-GW average prwer.
The wavelength is 249 nm. The availahle
power supply limits presently the repe-
tition rate to 1 per 5 minutes. The beam
has a large, 25-cm diameter and, by
using an unstable resonator cavity, RAL
has succeeded 1in producing a liighly
focused beam of only 10C-urad diver-
gence. There are ambitious plans to con-
siderably improve the svstem in the near
future. In this work, SPRITF wil!l bLe
used as the main power amplificr in a
new laser system currently under corn-
struction. The goal is to produce 1=
to 200-J pulses of only i-ns lenctt,
corresponding to about 200-GW powsr. The
output will be divided into eight bcams,
cencentrating their enerqgy in a symret-
ric arrangement onto a target+. The fea*
will be achieved by compressing the pi.-
sently available power by a combirat: :
of angular optical multiplexinrg
Raman amplification in gaseous

el

HIER SR APER AT I

The output wavelength will be increos.
a bit to 268 nm since this 1s the ..
Stokes—-Raman wavelenath of CH,. I t.er.
are long-range plans to uitirat

achieve an output of several kil - .l
The current interim sveter hoas
tested successfully and appliedd 00 -
ly, for example, for producing wer, .

ficiently x-rays in laser plasreas.

Dr. R. Evans, a senior rerian
the group who showed me around, 17,
an interesting aside; he said the 13t
got into fluoride laser devclopmert
because the US Department of Lneroy
stopped anticipated further development
in this area, and "somebody had to
it."

Yool

Ao

Beat-Wave laser Accelerators

It
century

1s now almost a quarter of a
since the first proposal was
made to use a laser for acceleratina
charged particles to extremely high
velocities. Subsequently a larye variety
of proposals were put forward. These can
be grouped into categories like near-
field accelerators, far-field accelera-
inverse

Frarce, and in  particular tors, Cherenkov accelerators, |

ruch on  the aglass laser and beat-wave accelerators. Many re-

a* Livermore., They felt that searchers--including Dr. J.D. Lawson in J
toar ther, it was safer to follow and the Technology Division of RAL and a {
vprews existing designs than to develop noted accelerator scientist--beliove
v cntirely row laser. The availlability that t he best and perhaps only

internatinnal  expertise, including chance of really achieving spectacular F
210
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4
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cerating fieds  1s
rope 2f devic

ottered

b the

L1 Lwes erlectromannoetic waves--spe-
', rwo o energetlc  laser  Leams
reouency woand w+le--are simualto-
=i directed inte a piasma,  thern
[ORTE is egqual to che olasma fre-
: (nes/m )72, a beat-wave will
jootecr gt owhoioth o has s lengotudlhas
tr cieel i 4In o the normula, i
Dol ar Lersat, oo the particas
. ! T rest faso.)
1 conairudanally pelarleed
v owirol rravels with
oL [IRNCR SRR SO the arowvg
: NI o iviua TrANEVET S
DT Tl ClelG arlses e
. N oo raretfaction of
: . ruyoand has Timitng
Wit rarefact Lorn has roauced
¢ - R N A The wave
. : is less tihan that  of
. Claeowery SDdale Iraction ,2/2.3.

Crteresting to note that

P ooriten o t he
Lnootarn 1S
nroof the

plasma

averaged Sqgua

the Lang-

e 1s gererated by the ponderomo-
particles,
prop.rtictal to the

re of the

oL Yield strength. (The aradient
T o beatirg of the twoe laser
) i, we hure 1 second-order
- 1onu. o the sguare of the
The  Tanagmuir  waves are
ceear near the limitina am-
e rerreeboro above), and it can
cror o vy raximum value of the

: ol e ctrie rield is

: t 'y‘ (e )Lzl
: r.otont onmear unitt, Thus,
e cst o lonagitucinalr fieid  in
can e gyt epectacular,
. cat o paaster Jdenmsitie s, Untor-
, thee oy olasma densiey cannot be
. Parge Leoanse thar amplies o
o ter A s that  the
T ctweets the o oware and Tiaht
i e ocemesn larger, To o avoid the
[ RS R i ¢ , the aooelerator
i vcorer ddown it stages r ‘he
et na {rwe Laser oand one particle)
Peonade temo o linear.,

practio b ity o this exciting
Ve kY Vo terator I 15
, partircoular, o link
e between  the  wel-
vk process and o credi-
sty realivaboe device, T
witiho o thio anwiety=mixed enthusiase
cower ‘gl ot udy groun how? been s
oo AL A Tirat report has alreads
pablished, Tt studied the poassit e
Teeteern bt o nmachine  for approsxa-
e =Tt e o and looked carefusly
v ers Geoaa Row 1o proochaers Py

factors determine luminosi-
arrange  for "staging.”
vther guestlions raised were: wWhat can be
assured tbout the laser opfics?  For how
Ionyg a pulse can the chanrcol be sustain-
ed with resonant plasmae? What are the
power, pulse length, and repetition rate
necded to osat isfy basic design require-
What ic 1 effect of multiple
scatter ire oand plasma noise on the beam
fmittar e 2 And so forth.,  So tar there
Pare been no satlstactory ancswers. Mean-
winile, cuperiments are planned in the US
to try setting up and detecting a beat
There was alsu a lot of enthusiasm
international accelera-
tor  cotierence  at Frascati, ltaly, at
the wrd of Tast Septenmber.

Trere v now hopes that despit
gJloony tone of the RAL study group's
:rst repert, an expoerirent with bheat
waves wil. alsc be set up in the Ur., But
{ewsw warns: Tf{ the avcelerator commu-
rivy 1o toe make progress, then it owill
he necessary that accelerator physicists
acauire  some understarding of plasma
physics, and also that plasma physicists
find out what s it that accelerator
people neod 1o know and what they arc
Lry1ng to o

“lasra, whaot

ty, and how ot

~

et =y

WA,

CaNprossed at o o

LASER
LUNDON

RESLARCH AT

IMPERIAL  COLLEGE,

wWhile optics 1s probably one ¢f the
earliest explored subfields of physics,
the last 25 years have Jled to a new
golden age. The advent of Jjuantum optics
and gquantum electronics opened up new
vistas both in our basic understanding
of  phenomena and also in uncountable
fields of applications. 1Indeed, lasers,
for example, are now used iIn areas as
diverse as military and weapons applica-
tions, communication, metrology, sur-
gery, nanufacturing technology, spectro-
scopy, and entertainment., These appli-
crucially on continuing
research, Nonlinear optical
come more and more into focus
as  the make lasers "deliver"
newer  tasks, Problems like shortening
laser julses to 1071Y second durations
~r developing highly tunable lasers with
sufficient enerqgy output and efficiency
for usne an optical communication (basoed
cither on semiconductors or color-cen-
ter-containing crystals)  are frontier

depend

front-11ne
vhonomena
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T . v dynamic research Croonegative., .
SenTeers o s L ! these Py Hutohinson -
voer ce o are for WUV aerne fforerce Tre-
LT i the Optics Soo- cuenoy mixin crreray Toon] <
R - jon) parement  at A1aGran i ) in Flgure 1. )
Trrer i . Vo A report on The =usceptibrlity Sor four-wave mixino ]
! coand on i Dowork oat 1nsti- war cerkanced Lootuning to the Spc S o= 1
: : ! - ¢ both practical O two-photon rransiticn owithoo
g e ne toa o readers of 249,06 nm, Continvously tunable rodiation ;
was ohtained by omixirg  with turable 1
. Dot o 4 Gt the radiation fronm rond dye laser. b
e Ui s and Technol- The . Puperinental arranoe- !
s e high ment i3 sketched in Figure 2. A com-
el : among mercia:  discharge-pumped  XeC:  excimer y
oy g . . statistical (x = 3083 nm) was u-=ed to pump twe
' crrent e o Nobe !l laureate and narrnw-tardwidth dyve laser oscillators,
R RN S la. Feeral Socuiety are each naving a chaeln of amplifiers. One
oo v Toirs rooulte, Gye oscillater (with Coumarin 307) was 4
DAoa hetan nly hrghlight tuned to 1°%¢ nr, and the other (with {
Lot seonoarch D learnsd about Fhodamine 101) was tunable hetween 610 4
: ; v ty she dopartment's and 650 1o, The oscllilators used a 1
. e vosectror L4 headed by grazing :incidence grating for both dis- J
. oo .+ nsists o about prerosion  and bear. expansion  {(but  the 1
: : : Lity, UL rescarch cecond laser oalso included a four-prism 4
. ! - crral support ear expander) . The remaining 90 percent 1
- ' il ring Re- of the Xell pump beam was used to pump 1
, Voolarrowr Dertence, two anmplifiers in ~ach arm of the dye 5
. . roiipt. The maror laser svstem. The amrplificetions were h
: ' o . : vl aspects 80 and =8, giving outputrs ot 2.5 mJ and ]
- . Seh heavy emphio- 1.5 mJ, rwespect:vely. The pulse duration 4
s loroe neoand dmprove- wag 10 re, Next, the 499-nm beam was f
: N ti division focuged 1nto  a potassium pentaborate 4
i - FEE . = ointeres- trecuency-doubling crystal. The second 1
- e : , oEpestally omulti- harmonic [(generated with an efliciency !
. . S owWerlLooa crrrutor of about 1 percent) was recollimated and ]
v, ot idoulars s he passed throuah a Krl excimer amplifier, K
: Do gervorarion, The giving a single pass gain of about x100. "
. R tws foval (Propeur synchronization between the
N () and jurping XeCl laser and the KrF amplifier
oL e s, pulse was  achieved using cleverly arranged ]
, i concadation thvratron switches,) With the use of a [ |
joneration dielectric ceated mirror, the amplified ]
: S ul*rushort pulses, 249,6-nm beam and the 630-nm beam were
: , Yo Ggqatior studies in combined and collimated. The combined ]
o , WLt o ey yon J
' . e oot ion bt italy 4
npedltinr. Some vt vitles of
CTeerITe b gY.oup. v osurvevod ’
K HEEN LLeations !
Yy wldtn T TUV st ey
iy Tt ohinson and associe } - > ?(_—[: by ]
v e 1 oand  are cmrrently per- te A0 e S
. Vel ter generat ing, \:'L‘}'; ‘ >(( 249.6 nm 1
e BTN ; LoUersioar e ipclency, i \\ 1‘
S W Corteie ks oand widery tunable N .
) LU yooloaedon. The basio adee \‘\ S S
e caiLooro R meare uveual 1575 nmw N
C ‘ . . . the 2406 nm 1
RN o Giogoeeralernn o b the 1
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inl productiorn capabilities have devel-

Cf
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.

ulrements,

“nomic and  socie

&
from a  sound national research

defense, scientific,
tal techrology re-

. ]
Space Sciences

pUTIRE PROGR

AM IN EAKTH OBSERVA-

The Hurvpean Space Agency (ESA) has
¢ ocumpleted o study and published a

repoort  entiltled

i - 4.
g Lown, LO0KINg

7, which presents a perspective on
+s o Cature sclentific and application

t.roarar on bBarth o

Lservations. This 1is

ooptioral program within ESA, as dis-
sirnot trom the mandatory sclentific pro-

irar, whoese future

was discussed in &£V

$9-4:169-173 (1985). The term optional
eoans that  member  states can  decide
rdirvidiariy whether or not to partici-

it

Hacxground

During the past 25 years, a new

ioobal perspective

of man's environment

s developed, As a result, a better
sderstanding has emerged of the complex
tnreractions  which  occur  between  the
stmasphere, oceans, lLCce  regions, and

i surtacesn, Already observations
‘1o e lar orbitiny  and geostationary

st lites anrch as ESA's METEGSAT are
ool routlinely within Eunrope in develop-

rp perrational met

eorological forecasts

whith are nseful for up to 5 or 6 days.
Poricte sensina techniques have been de-
veveped  +o 0 ohserve the sea state  and
will be nied on ESA's first remote sen-
s1ing satellite, FRS 1, to be launched in
(989, Its data will be exploited for
shipping, commerce, the offshore indus-
trvy, and other applications. In addi-

tion, remote sens

hrnad electromagnet
1s now used in many

ing of 1land over a
ic~-frequency spectrum
fields such as agri-

culture, forestry, geclogy, hedrology,
land utilization, topoygraphy, ard alaci-
oclogy. Studies on a global scale of the
structure and composition of the middle
atmosphere have improved our underctand-
ing of the interplay hetwseen solar radi-
ation, <r-s77x chemis-rv and dynamics,
and, as a vresult, .ave enhanced the
assessment of their influence on the
critical ozone layer. Finally., precise
and accurate tracking ¢t satellite tra-
Jjectories has improved our knowledge of
the shape of the Earth, its agravitation-
al field, and the relative motion of its
land masses.

In all these areas, the potential
for future development and exploitation
of remote sensing observations from
space 1is immense. The principal c¢onsid-
erations which have gone into the ESA
program for Earth observations are as
follows: a strong scientific and indus-
trial base exists in Europe in the high-
tech and communication areas of optical,
infrared, and microwave technology such
as radar and lidar; a continuing need
exlsts for future flight opportunities
to test new instruments for remote sen-
sing which may be developed by universi-
ties or research institutes (through
funding by national sources); the pro-
gram must be closely coordinated with
existing and planned international acti-
vities 1in Earth observations; and a
demonstrable requirement exists for
routine monitoring on a global basis in
order to study temporal variations of
critical parameters.

As was done 1in the Horizon 2000
program document (F38 39-4:169-173
[1985]), the ESA Earth-observation pro-
gram 1s based on four cornerstone mis-
sion areas: (1) enhanced European par-
ticipation in satellites for meteorolog-
ical research, and in particular devel-
opment of a second generation METEOSAT
to be placed in geostaticnary orbit; (2)
the establishment of a balanced program
of research, «~velopment, and operations
in ocean/ice observations following the
first European Remote Sensing satellite
mission, ERS 1; (3) a major mission for
all-weather monitoring and optical ob-
servation of the land surfaces; and (4)
a major mission which can exploit pre-
cise measurement techniques for solid-
Barth geophysics.

It is also hoped to be able to con-
duct several flights of the retrievable
EURECA platform, providing in-orhit
testing of advanced instrumentation and
launch opportunities for other areas
such as middle atmosphere research, 1in
which a dedicated ESA mission has not
vet been developed. ESA considers it im-
perative that Furopean mission plans be
coordinated with other countries, such
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industry which also manufactures the
materiel, except for a small portion
which may be procured from foreign
SOUTYCEeSs ., The FMV's research nreeds are

largely met by  the National Defence
search Insritute, but FMV's role

oughout the research and development
syole s ro exercise gqualified program
raracement and direction.,  Of the total
Swerlpsh military defense expenditure for

L e TOU -84 fiscal vear of over
s¥ron o bkillion, research and development
At amounted to nearly SKr2 billion or
less thar 1U percent of the

lelense budget,  More than 90 per-

this R&D expenditure goes to

L , mainly in the form of develop-
- rs for special projects or
HO In this way the Swedish
Yooy wthorities contribute to

st ririna Sweden's high technological
s ourrards, The SKrl,92! million R&D

cobrrures in fiscal vear 1983-84 is
e b oaa shiowne
Millions
of SKr
cieeee... 250
Yy et e 94

ntonurhority oo, 326
Sl e e e 1,921
v emphasis on alr force R&D

re 18 based on the full-scale
iy ddestgn and development ef-

Topoana in 1984 on the JAS-39
oo vl s-role combat aircraft.,  Five
IR are under construction at
o~ ceriroun linkdping and will first

i~ 7. Without seriously impact-
=19 development effort, how-

. chee o Gwedish government plans  to
i+ letense spending in the area
a dorarine wartare (ASW) based on

v ntrsions into its territorial

i "unmidertitred” submarines and
ke seb o les, In his program
ctary e fense for 1285-1990, the

't oo s Chuprene Commander General
v T e P asked the Swedish gov-

- oonowvdditional SKr900 million
; awe of urnderwater alarms,
sae don e, light ASW atrcraft and

Doiromes ol propesaed the procurement
St et tes, General Lijung

A s AW o defense measures to be
tinar © urqgent” and plans  to

1 , Frl millicon from the army

crees o2t hat o the navy, plus a sim-
rr v trerm the atr force budget, in
R v tor the upgrade of the ASW

sty Tt Pesearch Activities

~ther centers of excellence
ooarer oare lacated in Sweden. With-

RERLATSUEN I

in the university academic structurec,
the Royal Institute of Technology in
Stockholm is preeminent in the engirneer-
ing and physical sciences for defense-
related research. The University of
Goteborg and the University of Lund are
involved 1in high quality research in the
human sciences and pyschology for de-
fense-related efforts in complex know-
ledge organization and training and
testing analysis. The Uppsala Universi-
ty 1s strong in mathematics and computer
science, as 1s the University of Link&p-
ing, where research in artificial intel-
ligence as well as very high speed par-
allel processing has resulted in the
development of high speed, high through-
put computer processing hardware. In
the areas of aerospace research, the
Aeronautical Research Institute (FFA) in
Bromma is the primary government aero-
nautical research organization. Addi-
tionally, the Chalmers Institute of
Technology in G&teborg 1is strong in
fluid mechanics,

Conclusion

If there is still question or doubt
concerning Sweden's rescarch and tech-
nology capabilities in the are:.v  {
defense and scientific endeavor, consi-
der the high quality, high technoloyy
manufacturing output from this relative-
ly small country of less than 10 rmi1llion
people. Saab and Volve bothk manufacture
high quality vehicles in larae oarti-
ties that are exported all o vy the
world. Ericsson and Philips
highly regarded communications a0
electronics firms 1in the worid marke -
place., Bofors is well Krniwn for prec:-
sion optics, electro-cptics arnd
systems as well as for *ire Contre
gun, and other weapons
ment and manufacture.
among  the  deading  Fororegn PeToon e
companies capable ot e, e T -
ing, and manufacs o AR . .
well as high
fighter ailrcraft. Co
significant XL ey o : S
materials and cesign o
plete marufacturi:: A ' '
duce major peortions
for the JAS-:T i - st
Volvo Flygmotor
signing ard dewveloy oo oo v
combustion chambiers tor ot T Do
rocket  engine  for  the
Agency., Sweden 1s arernoc : .
ers 1In ferrous metaioaragy  and tab o a-
tion of high quality steel alioys.  Thes
are also highly reqgarded 11 v forreoe
alloys and welding technigue:s. ASFA
become the FEuropean leader n 1
and automated manufacturing oo soes,
Many of these high quality manufacturing
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scientliflec disciplines of mathematics, FOA~-5 is the Human Studies Depart-
chemistry, and physics and pursue re- ment, which has two of its divisions
sear~h in the areas of explosives and located in Karlstad, some 300-km west of )
‘uels, projectiles and rockets, weapons Stockholm. It is planned by the mid-
taunchers and platforms, propulsion and 1980s that the remainrder of the insti-
midance, weapons effects to materiels, tute, which is now in Stockhelm, will te -
nd materliels vulnerability and surviv- relocated to Botkyrka, a Stockholm sat- .ﬁ
b ility, including protection by armor, ellite community 20 km to the scuth-
ameaflaage, smoke, ard obscurants. This west. This department 1s invalved in ‘
derortment 1= the larqgest in FOA, research on the human condition in war .
el cver 400 persons in and around and on the man-machine interface. Thoe -
Sroexholr area.  The department has personnel are mainly involved in medical :
RPN responsibility assocliated and behavioral scientific research. The .o
o nternational development 1n nucle- department 1is divided into units  for p
rowearons  technology and thus gathers army medicine, raval medicine, aviatiorn :
1o “wledge tor design and evalua- medicine, behavioral scierces, bilioteorh- ,
ot various nuclear weapons protec- nology, ard environmental technologv., :
d measures. The department also The ultimate aim ot the research is to
vperates 4 seilsmological array station improve the condlitions and functions o f ‘
within the country, the human in the defense environmernt. 4
The Apnlied Blectronics Department, |
roA-3, employs somewhat less than 400 The Defence Materiel Administrataon 4
versonnel working in the areas of elec- FMV also is directly subject ¢ -le '
rronic and optical methods for collect- direction and qguidance of the Owearsth ;
ng, processing, and interpreting infor- government through the MOD, as <howrn 1n
mat1on oubtalned by electromagnetic and Figure 1; but 1n 1ts dailly routine, MV :
Aacoustic wave propagation and detection. follows directives and guidelines (soed 1
Military applications include communica- by the Supreme Commander o:! ‘the Armed
Lion, reconnalissance, guidance, and Forces, his Defence Staff, and tire -rr- 1
ravigatlion systems as well as the coun- manders-in-chief of the three mili. o .
termeasures against such systems., The services, FMV's mission 1s to proo, o 1
departrent is alse involved in the study the national defense wich the wioaponr, :
5¢ ettects and protection against the and other defense supplies nccessary @ox ‘
—loctromagnetic pulse (EMP) generated by effective res stance against anv well- \
o lear explosions and the study of the equipped and well-trained enemy, and @ -
Yoty of radiation on electronic com- see that this materiel TS prepe !
sinent s and systems.  The department has maintained and stored. The total il 1
ceveeral divisions, including information of defense materiel for which FMy q
Lprocessing,  optronics, communications, responsible exceeds SKr100 baillirn, i
oRponentd and circuits, radar and this equipment consists of more tho e J
goctinn infoarmation, guidance and  sen- million different types o!f artic.ec, 1
zers, cdecoand countermeasures, hydro- FMV is divided into six departrorts 4
twousties, EMP o protection and electro- that employ over 3000 pecple, oo ¢ {
maaret vave propagation, whom  are military perscnnel. PMY s
ABC Research Department, FOA-4, governed by a manaqgement beard, ard o the
is rainly located  in Umea, which  is director ceneral of FMY 15 Mr. Carl-olof
sDout S0-wm north of Stockholm. The Ternryd, who 1s chairruan of the manage-
dersrtment i3 involved in analysis of ment board. The Central Manacement De-
itomic, bLiological, and chemical warfare partment 1s  charged with the overal!l
Arents and their effects upon the human directicn of FMV's gctivities. Y the {
Pecle, The eoffects of conventional wea-~ remaining five departments,  three o e i
tons are  alse studied. This research mainly responsible for systems planning,
e ffort 1nvolves personnel in the scien- materiel development, and raintenaoe
‘.Y ie disciplines of organic chemistry, tasks related to their respective =erv-
Hiorhemistry, toxicnlogy and pharmacol- ice branches--the Army, Navy and Al )
A microbinlogy, radiobiology an Materiel Departments. Lach is hesdod by J
radroecology, as well as applied phys- a major general or rear admiral, The
oow, Htudies in these fields resnlt in other two departments are the Commercial 1
taasis krowledge which may be applied in Activities Department, resporsible  $og ]
‘tve develnpment. of antidotes and of commercial and lecal matters, and the i
o :rrent for detection, protection, and Joint Support Activities Department, 1
A crarination, Knowledge gained by which is located in Karlstad and reopon-
sioooee mtudies, and by constant surveil- sible for supply, workshop, and supjpeort
.anoe o internatioral trends, is also services,
waevd ter *rechnical assistance to Swe-~ Defenso materiel development,
e e deleqgation at arms limitation together with requisite research woerdk,
terenoe, is primarily carried out by Swesloo)
224
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Overall defense organization in Sweden.
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) Figure 2. FOA organization.
of the departments have support units independent studies, provide systems
lucated outside  Stockholm, and the analysis on various research projects,
entire FOA-3 Applied Electronics Depart- and plan research activities, The
men is located in Linkdping, some actual projects range from studies on

2n0=-km south of Stocrxholm.

The Central Plarring and Admini-
stratiorn Unit assists the Managing Board
aned Director General of FOA, Dr. Lars-
Frairw Tammelin, who had previously been a
receearch director within the organiza-
. This Central Planning Staff Unit
recpensible for research planning,
Caraneyal ind personnel planning, and
pIr st ration. It also provides cer-

furctions to the various
general

such as
assistance, 1internal

oy,

Yain erice
departrernts,
ooountang,  Legal

weapons systems to security policy and
general development outlines for defense
policy. The department is also respon-
sible for the operations research and
systems analysis organizations for the
total defense effort and for recruiting
and training its personnel. This depart-
ment has a war-gaming laboratory and
works closely with other operations re-
search/systems analysis personnel at
other national institutes and universi-
ties.

The Weapons Technology Department,

o ticat e and trainina, and security. FOA-2, conducts research on weapons and

Fri- 15 the: Systems Analysis weapons systems, weapons effects and

s arrrmernt . erploying some 125 person- the protection against such effects.

sel, o e narn tasks  are to conduct The research scientists cut across the
223
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through the Skagerrak and Kattegat, Swe-
den 1s located 1n a strategically ex-
posed position between the Soviet north-
ern front and the NATO alliance nations
on the northern flark of western Europe.
In this geopolitical situation, Sweden
maintains a strictly neutral, nonaligned
posture in foreign policy, supported by
a strong majority of the political par-
ties and the people. Because of her
avowed neutrality, Sweden cannot rely
upon assistance from other countries for
defense, The country must be prepared
to defend against various types of ag-
gression, which calls for a total de-
fense system comprising the armed for-
ces, civil defense, psychological de-
tense, and economic defense. The total
defense force must be strong enough to
deter any potential aggressor  and,
should Sweden be attacked, to withstand
the first onslaught, even 1f it is a
surprise attack.

As a result of this alliance-free
peclicy, Sweden must primarily rely on
her own resources for the development of
the wvaricus parts of this defense
structure. Fortunately, Sweden is the
iceadirg 1industrial, economic, scienti-
tic, and military power in Scandinavia.
This accounts for the expenditure of
abeout 20 billion Swedish kronor (SKr),
about $2.2 billion, for defense, or
about 7 percent of the total government
budget in the 1983-84 fiscal year. This
amount must be viewed against the back-
ground of the country's chosen foreign
policy. Because Sweden's nonaligned
rosture precludes reliance on defense-
system prccurements from foreign na-
tions, the government must fund and
carry out extensive R&D efforts for
defense within the country. Because of
this, a sizable portion of the Swedish
defense  budget must be allocated to
research, development, and procurement
~t defense materiel and weapons systems.,
The cnsts for such materiel run high due
tG the relatively small quantities
procured or manufactured. Defense
materiel accounts for about one-half of
the total budget of the armed forces,
and of this amount about 90 percent is

spent on  domestic  production. The
uncertainty and diversity of conditions
under  which  Fweden's defense forces
may  be engaged recessitates  planning
tor research and technelogical develop-
rents  with  borh short-term and long-

term ohjectives, A short-term objective
development  of new defense
ma*eoricis  and materiel  processes. A
lmna-terr objective is forecasting the
progress  in technological fields that
gy hecome signitficant for military
ipplicat ions,

15 t i

Swedish Defense Organization

To conduct this required planning
and development strategy for procurement
of military defense systems, the Swedish
government, through the Ministry of De-
fence (MOD), relies on the Supreme Cnom-
mander of the Armed Forces and his De-
fence Staff, the National Defence Re-
search In.stitute (FOA), and the Defence
Materiel Administration (FMV}) to meet
the country's defense requirements. This
overall government organization 1is shown
in Figure 1, which illustrates the
interrelationships of the various agen-
cies and major institutions involved in
planning and executing Swedish defense
policy. The Riksdag, as the supreme
legislative body in Sweden, appropriates
money for public expenditure, and thus
exercises some control over decvelopment
of national defense policy. FOA, like
other defense organizations, reports
directly to the MOD; however, the
Supreme Commander has the right and
responsibility on behalf of the total
defense effort to assign priorities to
the various research areas and studies
being conducted by FOA. FOA is respon-
sible for Swedish defense research, and
the scope of the institute is according-
ly very wide, covering disciplines such
as chemistry, physics, medicine, mathe-
matics, information technology, psycho-
logy, and social sciences. The primary
purpose of FOA's work 1is to provide
basic and applied research in support of
the Swedish defense effort; however,
many of the results of such basic and
applied research benefit the civilian
sectors of the society as well. As the
chief agency of Swedish defense re-
search, FOA also has the program-manage-
ment responsibility for defense research
produced by other agencies. Contrary to
what is common in most other countries'
defense organizations, however, FOA 1is
not concerned with developing defense
materiel. This generally comes under
the purview of FMV, which has the re-
sponsibility for the development, test-
ing, procurement, maintenance, and stor-
age of military weapons systems and
other defense materiels and supplies
needed to equip the nation's defense
forces. Each of these organizations and
their associated defense research and
development efforts will be described in
more detaill beiow.

The National Defence Research Institute
FOA is organized into five depart-
ments and a staff unit (Figure 2). The
main FOA organization comprises some
1300 personnel in the staff and five
departments. Most of the organization
is located 1n Stockholm, although some
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seems  to have maintained 1ts share of
funding in  the early 1980s after a
steady decline during the 1970s, Despite
this continued support, university R&D
is stagrating. For example, the propor-
tion of natiornal Rs&D performed by higher
educaticn is fallirng in almost all coun-
tries for which comparable data are
available,

The increase in US defense R&D
spending (from 50 percent of total gov-
ernment R&D expoenditures in 1980 to 70
percent 1n 1984) has ncot heen mirrored
in France, the UK, and most other coun-
tries with significant work in defense
R&D. Fver before the upturn, the US
Department ot Defense was by far the
largest single Rs&D funding body in the
OECD countries, spending the equivalent
ot the whole West German national R&D
effort, or seven times as much as the
largest individual firm. At the same
time, private-sector R&D  tunding now
excends total government military and
nonmilitary R&D spending 1in the US.

On energy Rs&D, the US government
cut iederal spernding to 5 percent of
total government R&D in 1984 (12 percent
in 198G)--largely by eliminating costly
demonstration plants. There are signs
that funding is leveling off elsewhere.
Italy spends more than France or the UK
on guvernment support for energy R&D.

Industrial R&D

In almost all OECD countries, the
amount of R&D financed by industry grew
more rapidly than that funded by govern-
ment . In addition, company-funded Ré&D
centinued to grow more rapidly in the
early eighties than total industrial
activities. Company funds represent
more than two-thirds of all industrial
R&D in almost all countries, The main
exceptions are countries with bLig de-
fense and acrospace programs.

In the early eighties, governments'
contribution to industrial R&D picked up
again after a decade of decline. In the
"S, this reflects the recovery in de-
fense RsD programs, whereas in the other
countries the funds are from programs to
stimulate economic development,

The main feature of industrial R&D
is its concentration in a few countries,
with ahout 90 percent of the total per-
tormed by the US, Japan, West Germany,
Frarce, and the UK. Industrial R&D con-
tinues to be performed mainly in manu-
facturing 1ndustry and within manufac-
turing in the engineering and chemical
industries (during the 1970s, the elec-
tronic and electrical industries over-
took aerospace in spending on R&D) .

The CECD report identifirs another
s1qgrificant aspect of industrial Ra&D--
the deqgree to which large companies,

many of them multinationals, determine
the pace and direction of company-
financed industrial R&D. Such companies
are responsible for perhaps two-thirds
of all industrial R&D. For example,
General Motors in the US commits about
as much money to R&D each year as indus-
try in Italy or as government and indus-
try combined in Sweden.

Ordering the Report

The OECD report is intended to set
the scene for later reports that will
evaluate the impact of R&D on society.
The report is divided into five chap-
ters; the first describes general trends
in OECD countries, and the other four
deal with OECD member countries grouped
according to the size and structure of
their national R&D efforts.

The report examines trends in the
total amount of financial and human
resources for R&D, the contribution of
the public and private sectors to the
financing of national R&D efforts, and
the varying roles of industry and the
universities., Public support for R&D is
further analyzed in terms of socioceco-
nomic objectives, with special attention
being given to energy, health, and de-
fense programs. The report also presents
trends in R&D by the major industry
groups~--for example, engineering and
electronics, chemicals, and aerospace.

To order the report, which costs
€27, write to: OECD Publications and
information Center, Suite 1267, 1750
Pennsylvania Avenue, NW, Washington, DC
20006-4582.

275136

SWEDISH DEFENSE POLICY AND R&D ACTIVITY

by CAPT L. laddie Coburn, UK. cArT
Toburr o the Director of the Naval
Applicaticne I'ivision and the Aerocpace
Jystems OfFficer fer miidltary aerospace
recearch and technology (n Furope and
che Migddle Faet for the CfFfice of kaval
Fegeareh's london ifranch Qffice.

Sweden, although relatively small
in population with approximately 8.3
million people, is quite large in area
and 1is geographically located in a cri-
tically strategic military position 1in
the Scandinavian northern flank of west-
ern Furope. With her entire eastern
shoreline on the Baltic Sea and her
southern approaches flanking the only
warm water eontrance to the Baltic Sea
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L
Science Policy

R&D SUPPORT INCREASING IN OECD COUNTRIES

s}

Shartfer, Zr. Saa’fer s

Tror o Gurop.ar feience Votes.

Funding for research in some West-
ern countries is recovering from a
10-year slump, according to a report
rublished by the Oraanization for Eco-
nomic Ccocoperation and Development
(OECD) .

T Tadance and Technology Trdica-
rora--Recources Neveoted o Fsl focuses
o trends in the funding and structure
~f national R&D efforts during the 1970s
and examines prospects for the 1980s.
The report is concerned with R&D in OECD
member countries; funding in countries
such as the USSR and Fast Germany is not
included.

National R&D Trends

A general recovery in R&D spending
in the late seventies has continued into
the eighties, according the the report.
R&D has grown more rapidly than gross
domestic product (GDP} in all major

R&D is concentrated in a few large
countries, with nearly half the overall
effort performed in the US. The US,
Japan, West Germany, France, and the UK
account for about 85 percent of the
total spending. The US, West Germany,
the UK, Japan, Switzerland, and Sweden
now devote the highest percentages of
GDP to R&D.

R&D has grown quickly in Japan,
averaging 8 percent growth a year at
fixed prices during the 1970s and 10
percent a year during the early 1980s.
Japan's share of all OECD R&D funding is
about 17 percent, up from 10 percent in
1969.

The countries of the European FEco-
nomic Community (EEC) are increasing R&D
spending at only about 3 percent a year
at fixed prices. The ELEC countries spend
about 30 percent of the OECD countries'
total bill for R&D, but this share is
now declining after some growth in the
early 1970s.

In the US, total R&D expenditures
fell in the early 1970s but then recov-
ered strongly. Recently, the US has
been increasing its R&D support by 5
percent a year. Still, the US share of
all OECD R&D funding fell from 55 per-
cent in 1969 to 46 percent in 1981,
according to the OECD report.

Government Support

economies ard most Nordic countries Although most OECD governments are
(Figure 1). trying to limit budget increases, R&D
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supported by JOERS falls into two main
areas:

1. Investigation of the nonlinear
optical properties of materials suitable
for drawing into fibers on which distri-
buted fiber sensors could be based.

2. Development of novel, high-
speed, data acquisition and signal
rrocessing techniques suitable for use
in distributed sensor applications.

In pursuing these goals, the de-
partment 1is expecting substantial coop-
eration with the Civil Engineering and
Physics Departments of Kina's College.
Close cooperation with the Central
Electricity Research Laboratories (CERL)
is envisaged.

One of the first pieces of research

along the new lines of interest (M.C.
Farries and A.J. Rogers, currently at
CERL) 1is concerned with the development

of a distributed optical-fiber stress
sensor with a measurement path length of
25 m and a spatial resolution of 1 m. In
principle, these figures can be extended
to a path of several hundred meters and
to a resolution of less than 0.! m, the
only limitation being given by the pump-
laser pulse width and the response of
the detection electronics. This unicue
sonsor uses stimulated Raman interaction
betwern counter-propagating pump and
Stokes waves. A narrow pump pulse 1is
launched 1nto a monomode optical fiber.
A  counter-propagating continuous wave
(probe) at the Stokes wavelength then
experiences gain which depends on the
rejative polarization states of the two
counter-propagations. The power level of
the probe light emerging from the fiber
is monitored as a function of time. Via

the Raman interaction, this function now
provides information on the distribution
of the polarization properties of the
fiber. If these properties are influ-
enced by an external agent to be meas-
ured (stress in the actual device, but
it could be, for example, temperature,
vibration, magnetic or electric field),
then the measurand may be mapped along
the length of the fiber. The output
signal provides a real-time indication
of the distribution of Raman gain with
fiber location and does not need the
processing required, for example, with a
back-scatter technique.

In their experiments, the research-
ers obtained a power gain of 2.9 dB for
a pump pulse of 48 mJ. (They note that
due to pump absorption and forward Raman
scattering the gain falls with distance
from the pump input end.) The optical
pump was a 9.5-ns pulse from a dye laser
(pumped by a Nd:Yag laser) tuned to
617 nm. The probe beam came from a 5-mW,
CW-operated HeNe laser at 632.8 nm. They
used a low birefringence, "spun-preform"
monomode fiber with both a primary and a
secondary coating. Stress was applied by
a manual vice.

Conclusion

This article focused on the two
areas of research which put the depart-
ment in the forefront of international
efforts in two areas that are followed
keenly in centers of US Navy research.
Possibilities of cooperation are strong
and desirable.
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- Figure 1. Operational scheme of a gyrotron. -
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Lﬂ scale were so much ahead of theoretical other is due to the magnetic component %
understanding that confidence in the of the radio-frequency field (also a
2 practical development waned considera- relativistic effect). He also shows that
{ bly, since by theory "the thing just when a gyrotron is operating near the
L couldn't really work." Consequently, cutoff frequency of a TE mode, then ef-
. when the financial crunch hit the fFects due to the relativistic variation
f universities, work was dropped--except of the electron mass predominate, and 1
;,. in the USSR where, either because of the amplification process 1is at its -
[ inertia or foresight, intensive studies maximum.
§ were continued. These eventually led to Even though, as noted above, the
a partial understanding of the mecha- importance of relativistic effects has .
nism. In fact, it turned out that subtle been known for some time, Lindsay's com- .
y relativistic effects play a major role. plex picture is guite revolutionary and 1
b If these are properly taken into ac- needs definitive experimental confirma- 3
#fy count, efficient performance <can be tion. As one important test, he suggests
s predicted with confidence. As a result the study of gyrotron amplification as a ;
. of these achievements, Western work function of the transit angle. .
! started again to flourish. In particu- K
2 lar, Lindsay and his coworkers first Optical Fibers and Sensors 3
' developed a theory of gyrotron amplifi- These topics were for quite a while ’
f ers based on strictly microwave con- high-priority areas in Lindsay's group, -
" cepts, whereas earlier theories were and originated from extending research _1
largely based on the concept of plasma in modern optics. A particular line of 1
instabilities. As far as gyrotron oscil- research, followed by Lindsay in con- N
lators are concerned, special emphasis junction with Dr. A.J. Rogers and Mr. M. ]
: was placed in these studies on the gene- Farries, concerned the development of ;{
g ration of spurious modes of oscilla- distributed sensing techniques. This T
b tions. rapidly growing area of research, with
{ ° Lindsay's gyrotron research is sup- many practical applications, allows the {
- ported by the UK's Science and Engineer- determination of the spatial variation N
s ing Research Council as well as by of a given entity along the length of an
d industrial companies and is conducted in optical fiber. For example, the measure- ]
{ close cooperation with the national Cul- ment of electric and magnetic fields, 4
L ham Laboratory. In his most recent work, stress, strain, and temperature in large N
2 he and his associates, Drs. R.M. Jones structures (ships, bridges, power lines) ;
and R.J. Lumsden, achieved a clear and or 1in hostile environments calls for
o compact model of the gyrotron interac- these approaches. One interesting, typi- -
L tion mechanism, based on the concept of cal basic-research result in this area ]
1 filamentary and tubular "beamlets" and was published by the group last year; it ]
{ their interaction with a waveguide or was demonstrated that the electro-optic :
> cavity electromagnetic field. Contrary Kerr effect 1is potentially wuseful in h
- to currently accepted views, Lindsay optical measurement sensors., Low volt- ]
] shows that five different energy-trans- ages can be used and electrostriction
® fer mechanisms are operative, three of effects can be avoided. :
{ them acting in the transverse and two in Recently the department received a 4
the axial direction. In particular, one substantial development grant from the 1
. mechanism 1is due to the relativistic government's Joint Opto-Electronics Re- ]
o variation of the electron mass, and the search Scheme (JOERS). The program to be N
} 1
L
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at 15,5 degrees from the crystal axis.
The diode 1s mounted onto a copper heat
sink. Because of the Brewster angling,
the laser diode was put into a condition
of frustrated feedback and was trans-
formed into a gain medium only, so that
no evidence of lasing was observed, cven
urder the extreme condition of 1injec-
ticn~currents 2.5 times the threshold
current for zero-degree laser diodes.

The diode device was put into a
resonator configuration so that one of
its facets was at the center of a 5-cm
radius of curvature semispherical mir-
ror. This led to obtaining maximum feed-
back. A 20-magnification microscope ob-
jective collimated the laser diode emis-
sion from the other facet. A broadband
dielectric mirror was used as the output
ccupler (in later arrangements, x40 mag-
nification microscope objectives were
optically coupled to both facets of the
diode). A Fabry-Perot was inserted 1in
the cavity to limit the laser spectral
width (in another arrangement, the mir-
ror and the F-P etalon were replaced by
a diffraction grating).

In a series of already completed
~xperiments, peak power of over 0.5 W
has been observed with no evidence of
any temporal or spectral substructure.
Pulse durations in the neighborhood of
9.5 ps were observed, and tunability
~wer more than 15 nm was confirmed.

The group expects further, probably
spectacular progress in performance of
this unique mode-locked laser system.

NEW DIRECTIONS AT AN OLD DEPARTMENT:
GYKOTRON AND FIBER SENSOR RESEARCH AT
KING'S COLLEGE

. .
v P Roman.,

The Electronic and Electrical Engi-
neering Department at King's College,
lLondnn 1is rapidly moving into the fore-
front ¢ research in gyrotron theory and
fiber sensors. This increased activity
tras been encouraged by renewed support
Ly the UK government.

Scoience and engineering have from a
et early stage onccupied a prominent

poositaon in the college: indeed its aca-
e engineering school is probably the
ldest an England, dating back to 1838.
iants like Charles Wheatstone, James
Lerk Maxwel!, and Sir William Siemens
we e ansociated with this school, and

e tattrer made an ondowment  which, to

this day, supports the chair assigned to
the head of the Electronic and Electri-
cal Engineering Department. The incum-
bent is Professor C.W. Turner, a noted
scientist and educator, who, among other
degrees, holds a PhD from Stanford.

The department is a somewhat small
but well-integrated wunit, with strong
interdisciplinary links to other engi-
neering and science departments. There
is a staff of about 20 people, and the
undergraduate student body numbers over
250. In addition, there are well over 60
graduate and research students.

For convenience, the research done
at the department is divided into three
main categories: (1) devices and model-
ing, (2) sensing systems/devices, and
(3) microprocessors and microelectron-
ics.

The senior professor, and holder of
a personal chair in physical electron-
ics, is Dr. P.A. Lindsay, known to many
US scientists both from international
conferences and from his past extended
work in the US. I recently discussed
with him two unrelated major thrusts of
research under his direction; these fall
in the first two research categories
listed above. The work concerns theoret-
ical gyrotron research and the use of
optical fibers as sensors. Both are cur-
rently hotly pursued topics worldwide.

Gyrotron Studies

Gyrotrons, also called cyclotron
resonance masers, are novel and very
promising members of the family of ad-
vanced microwave generators. Their oper-
ation is based on the cyclotron reso-
nance coupling between microwave fields
and an electron beam in vacuum. The
operational scheme of a gyrotron is
sketched in Figure 1. Note that this is
a cross section, so that the entire
electron beam is really a hollow beam
with all electrons having helical
motion.

Gyrotrons currently can produce
electromagnetic radiation in the range
of 20 to 1000 GHz, with peak power out-
puts from 1 MW to over 100 MW, and thus
are greatly superior to conventional
microwave tubes in regard to power out-
put at very short wavelengths. Gyrotrons
have a great potential for applications
in millimeter-wave radar and communica-
tion systems, energy-beam weapons, and
microwave heating of magnetically con-
fined plasmas.

Gyrotron research has a curious
history. Work started about 20 years
ago, with King's College's electrical
engineering department in the forefront,
together with US and Soviet research. At
one point, preliminary experimental work
and actual wave generation on a small
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. scurve o!f hypershort pulses was o pase- tw Speetroal etk [ T N D ¢
ivery  mode-locked ring CW o o dye  laser vt rared) G B S S L S SRR &
(with ki 6G) in which an 1ntracavity di- of e ad puer o pirper D rhae tre-

. electric tuning wedge provided limated aeray=dooan Je St i : SR B!

- tunability. At an cperating wavelength NdrYag  Dasmer s The  Lovegrobe s Peerued

;n of e nm o they managed to get  rulse aroinatias o bealloag TR I

. durations of 200 ts. The laser pulses the Tl -0 qrea wtnv werh Yl we d,

) (10-W peax power, &83-MHz rep. r.ate) biowe e, beo 0 per oo e e L e
were  amplified to O-OW peax power 1noa intensyts ot he e e S e vt

- four=-stage Jdye amplitier pumped by the prak; oas 1t o decrease 0 e Trorent

4 cecond harmonic of a QO-switohed Nei:Yoo 1t the oqo=nm orarcie oo Do T o
Laser . amplified output was fooused at o thrs antraced s e e

L Lt rarrow  bore caplllary (02 or 1t aLost oyt ant oo E La=teers

. LT o mm) o accurately lecated along the statle cprerat pon ol b oy e g

- N of A l-m-long RFaman ool Imitialay The auvt e ot Wt A

v they sed hydrogern as the Ramar medium, el femm s g [ DOUE

P Twao—pnr ton flunrescence meagsurement s of ymrays. Thie poamp - .

’ ¢ duraticn o8 the ampiified  laser Lens pulses cor T i as
Lulaes tIter  transmission througl. the Kij=m.  eereraay gt S =hHr o reer

'N waieguide withnut any Raman medium  and light was tocueed I

1 ¢ the first Stokes pulses i1ndicated Gnton the 1deme fae n g
it the latter were shortened (S8 purmp Ing geome® o
aettors hetweern 05 and 2.9, In later The resu.ts =umrars e gleeve have

: txrrriments the researchers used methane encouraged the grooup ot Cerocis Yo more

b foor rthe Faman mediur. Recause »f the stable ard versat o le alka!l:-halide tuna-
woer short phonon litfetime the enhanced tle panosecond  Taser scuroes ot longer

® 7iin now enables the first, second, and wavelengths, whi-b could operate stably
cven third Stokes orders to be observed inoa pulsed mode, at rocm temperature,

' tat 50, 9¢4, 1340 rr, respectively). Mode-Locked  semlconductor  Lasers,
1 the tirst- and seccrd-order gains, a Ancther, and more traditicral, although
chortening tuctor of .7 was found, cor- less tunab.le, sourve for experimentation
resprrddiag to 150-fs duratien, It was {fard ultimate commercila: use) in optical
al=e stablished that these were trans- communication is the class of semicon-
form limited  duratlions. FEven 1if  no ductor diode lasers. These provide a
‘urther pulse shortening is assumed 1in variety of means for compositional
the third-order Stokes output, the peak tuning, and for a selected composition
powers at 1.34 um still exceed 5 MW, limited temperature tuning can be
with these pioneering advances 1t became ~rmployed. towever, these lasers do not
poesible for the researchers at Imperial possess sutf{icient phase coherence for
College to carry out time domain studies use 1in very-high-performance, coherent,

an a femtosecond scale 1in  the
infrared: research possibly crucial
cptical telecommunication.
Color-Center Lasers. Once
sheort pulse reduction techniques
mastered, 1t bhecame of paramount
st to search for apptropriate
both to feed experimental
explorinag fiber transmission of band-
width limited pulses (digital data
tronsmission) and, ultimately, to be

near
for

ultra-

were
inter-
lasers
devices

liaght sources for optical communication.
Color-center lasers are attracting
increasing interest as very efficlent

sources of easily tunable, optically
pumped sources of coherent radiation irn
the: wvi1sible and in the near infrared.
maintaining of the orientation
~f the color centers reguires cooling of

Heowever,

optical communication systems, and when

operated with RF 1injection currents,
they do not produce sufficiently short
pulses for use at ultra-high bit rates.

To achieve sufficiently high bit rates,
picosecond optical pulses must be pro-
duced in a mode-locked configuration.
This suggested to the researchers the
use of a semiconductor laser coupled to
an external oscillator. However, reflec-
tion from the diode facets (even if they
are antireflection coated) causes diode
mode structure and so introduces addi-
tional temporal structure on the mode-
locked pulses,

Not long ago Drs. Sibbett, J.I.
Vukusic, J. Chen (now back at Sichuan
University, People's Republic of China)
and coworkers came up with the »ioneer-

i *he active medium to cyrogenic tempera- ing idea to use oxide insulated GaAlAs
s tur<s., This may be an anrnoying restric- stripe geometry diodes, where the stripe
) ti1on for the operation of CW laser sys- was tilted at an angle from the crystal
° tems, hut it also was demonstrated a few axis which is nearly equal to the Brew-
t vears ago that pulsed laser action could ster angle for GaAs. In this way, they
N bhe achileved at room temperature., Sib- achieved a unique solution for near-per-
b bett's photonics group recently achieved fect mode locking. Their 500-um-long
\ tunable room-temperature laser opoeration dindes have a 1S-ym=-wide stripe tilted
6
° b
i ) .
ry Py a A A - - e - LN b ~ U — - A

B WS W R R Ll P Ut DA,

X
(
1
q
!
1
{
{
1
%1
1
1
1



i o~ AR e

——— AR AL e tase

_FSN_109-%5 (1985)

also  reduce  the Brillouln gain--even
though they produce significantly shor+t-
er durations. In summary, it scems that
the use of a B-cavity could provide a
use'u! technique for producing short-

durartion pulses of high irtensity from
laser svstems where nore conventional
methods  are not  convenient, allowing

high beam gquality at the same time.
Current pians include the svnchron-
1zation of the Jenath of the pump cavity
+o that of the B-cavity. Furthermore,
experiments are under way to optimize

the degree of phase-conjugate fidelity
(which, incidentally, 1is less in SBS-
based methods than in four-wave mixing
techniyues). A  new approcach using

heterodyning to measure the phase-con-
jugate traction of the reflected signal
will be published soon.

Miscellaneous Plans. The nonlinear

el fects researchers also have a few
other plans which I carn mention but
briefly. One 1is to develop distributed-
feedbacx dye laser svstems which, they
think, will produce {because of the
sma.lness o:r the volume) nanosecond-
tu-picosecond compression in a simple

device, allowing also for great tunabil-
tty. In addition, frequency doubling and
reinjection 1nto an excimer may then
lead to very strong and very short VUV
pulses.

Another, more technical, research
tlhe ailms at increasing  from the usual
! percent to 3 percent the efficiency of
Xx-ray preionized e€xcimer lasers, by
means of a backcour ling mechanism that
leads to optimal operating conditions.

Ultrashort Pulses

) Dr. W. Sibhett, who  showed me
around the labs where these efforts are
concentrated, explained that their work

Mode-l.ocked Ring (W  Dye Lasers,
Several years ago, passive modre lrcking
of continuous wave (CW) dye lasers was
established as a reliuable means for ger-
erating ultrashort light pulses. Sib-
bett's group used a particular version
of previously suggested arrangements te
make careful studies of both pulse width
and interpulse jitter. They built a rirnag
CW dye laser, where a solution of Kkhoda-
mine 6G was pumped by the 514.5-rm line
from an argon ion laser with 3- to 6-W
output. The saturable absorber was a
solution of DODCl in a free-flowing jet
stream of about 100-um thickness. The
output beams were taken throuah a mirror
and freguency tuned by an intracavity
dielectric tuning wedge. The average
power in each beam was near 10 mW. The
cavity transit time was approximatelv
12 ns, corresponding to a pulse repeti-
tion freqgquency of 82 MHEz. For the meas-
urement of pulse width, one of the beams
was directed to an autocorrelator with a
second harmonic generation crystal, and
the other beam was subdivided to provide
a trigger signal to the radio-frequency
(RF) circuitry; the remainder illumina-

ted the 1nput slit of a synchroscan
camera used to determine the long-term
jitter. It was found that single pulse

operation cculd be maintained for pump
powers only 50 to 70 percent above
threshold and that pulse durations de-

creased rapidly with increasing pump
power (and then stabilized). Pulses not
inrnger than 0.18 ps have been observed

(using pump power just over 45 W only).
In summary, the advanced streak results
demonstrated that both the laser-pulse
duration and the jitter (accumulated
during the approximately 1l-second-long
recording period) are substantially less
than 1 ps. The low value of the jitter
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3 ~oncerns, foremost, generation of ultra- (accumulated during 108 cavity periods!)
t short laser pulses (i.e., construction is attributed to the mechanism of the
+ v highly specialized laser systems); colliding pulse mode locking because the
second, measurement techniques, devices, propagating pulses experience minimal
- orel actual measurements adapted to such loss in the saturable absorber when the :
time scales; and third, exploration and difference in arrival time is zero. The -
4 application of phenomena on this time authors add that this may be complemen-
. svale., Their research is supported in ted by a transient-absorption grating }
part by British Telecom and by Phillips, which would tend to couple together the !
Leranee the current emphasis of the work “nunter-propagating pulses and therefore .g
15 on  the physical basis of optical -.shance the precision of the synchroni- (
4 toelecomranication.  This involves study zation. -
L -7 both solid state systems such  as In their further push for shorter :
3 o lor-center lasers as well as semicon- and shorter pulses, the research group
: dactar research in the area of diode experimented also with transient stimu- ;
! lasers,.  Getting ultrashort pulses in lated Raman scattering of femtosecond b
ditierent ways, studying the propagation laser pulses. They based their work on 1
U sueh pulses in fibers, and developing the fact that stimulated Raman scatter- i
irstrureentation (such as strcak cameras) ing of mode-locked CW dye laser pulses 3
are all topies that have both basic and provides a convenient mechanism for the 1
i lied reccarch aspects. Some of  the production of frequency-tunable femto- l
recent accomplishments are described second pulses in the entire region from i
[ e leow., ultraviolet to near infrared. Their i
{
. )
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. sodvtd-trder S0k radraticn 13 not g
serlous prabler Since JEsops cnlyoin the
Poaoxward  dJdirection, Ir addrtioen, the

mantur e ficlency or SBES o1s almest DL
rercent  saince the  Dtokes
rately  wne
v, and therefore chee Stokes pulse
ey be fuyrther amplified 1n a laser ar-
Itfier., Also, sineee the Brii.ouiln pro-
cesms e initlatea spentanccusly in the
here 1+ na necd tor an injected
stem 18 remarkably
Ttoonly needo o tube filled with
priate Ilguid in which the large
wave 18 drivern. une  other
g characteristic of Sg&5 s that
appropriate corditions the Stokes
wave 18 a phase conjugate of the input
ware. (Ploneer il work In this area was
ione first by Soviet authors.) hpart
from other uses of phase conjucation,
this ailows for compensation of optical
1nhomegenelities in laser amplifiers. One
price to pay for all thesce {ine features
r{ &BS applications is that there is a
threshold Lbelow which no scattering
GCCUrs.

After earlier experiments with dif-
ferent arrangements that demonstrated
the cofficiency and versatility of the
Erillouin mirror for pulse conpression,
bamzen and Hutchinson recently concen-
trated their efforts on achieving pulse
compression in a phase-conjugating Bril-
louin cavity. Phase conjugate signals
are usually produced by degenerate four

s freguency 1s
to the luser tre-

-
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the pulse-~-if one uses suitable inter-
action geumetry, and 1f one carefulls
atousts the  transient and  nonlinear
characteristics of the process. wWith
these polints in mind, +the authors built
a cavity formed by o pair o! biillouin
mirrors, taking advantage of botn the
rhase-conugating and pulse-corpressing
mechanisns of the SBI process, In this
manner, a phase-coniuaate resonator was
produced which emits a train «f intense
pulses of subrancsccond duration.

The sctup 1s sketched in Figure 3.
The output pulse of a (Q-switched ruby
tarer  was arplified  to  akbocut  105-mJ
pulse erergy. The radilation was focused
tnte a  157-cm-long chamber containing
methane ot ¥(C atm pressure, and a sccond
freus was Yormed by o sccend lens inside
the chamber.  The two focal reglons act
at Brillouin mirrors, sc¢ that a cavity
(the "B-cavity”) was produced which was
capable of cecillaticn. The purpuse of
the ruby oscillator in +he entire laser
system, which consists of the PB-cavity
coupied tc the » irp Zavity, Is camply to
inject the input nurrow-l_ne-width pulse
so as to reach the: threshold for SRS and
to initliate the oscillations. 1t does
net play a role in the subsequent dynam-
ics since 1ts gain 1Is depleted when the
reflected Brillouir pulses return. (But
1ts output mirror serves as a resonator
mirror for the ruby amplifier.)

The ocutput of the system was moni=-
tored by a photodiode that obtained
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wave mixing (see also 77 39~3:101-104 illumination €rer a beam splitter placed 1
r1985]), but the Imperial College scien- between the ruby amplifier and the ]
tists assert that the use of SBS pro- entrance lens. Broad pulse structures T
vides a more efficient and convenient up to 50-ns duration were seen when h
phase-conjugating mirror. 40-ns-long input pulses were used. The 1
High reflectivities can be achieved shortest pulses seen in the train were 1
without the need for the strong pumping 300-ps long. The researchers say that if b
beams (or other exciting mechanisms) of narrow-bandwidth pressurized XeCl or KrF
the four-wave mixing process. The tricky lasers are used, pulses as short as )
requirement of critical alignment and 100 ps could be produced by pulse com- )
good-quality pump beams is thereby elim- pression. Even shorter pulses are expec-
irated. Furthermore, in addition tn con- ted with transparent Brillouin active
trolling the transverse features of the liquids for which the acoustic frequency ]
pulse by phase conjugation, the Brillou- is relatively large. In this case, l
in mirror can tailor the time profile of transient 1nteractions may occur which 3
K
SBS chamber 4
(
Ruby Ruby N '
—_——— !
[ S e e
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Figure 3. Phasc-conjugate resonator. «
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Figure 2.

Experimental setup.

beam was then focused into the center of
an 8-cm~long xenon cell mounted on the
front of a commercial VUV mcnochromator.
This 1is the place where the process
wyyv = 2w,y — wy;s took place. The UV
pulse at 249.6 nm had 30-kW power; the
visible 630-nm pulse had 25 kW. The
resulting 155-nm VUV radiation had up to
100-w peak power and was produced in
about S5-ns pulses. The tuning of the VUV
radiation was achieved, of course, by
tuning the 630-nm dye laser. The VUV
radiation was detected by a photomulti-
plier, and the signals were processed by
a standard transient digitizer and
minicomputer.

In summary, the experiments so far
have demonstrated that two-photon reso-
nantly enhanced four-wave frequency mix-
ing in xenon offers a good method of
rroducing continuously tunable, very-
narrow-bandwidth (near 1 GHz) VUV radia-
tion of relatively high power and a wide
spectral range, with an efficiency near
to 0.2% percent. On the other hand, sat-
uration effects were  observed, leading

tions.

to some spectral broadening. Current
experiments are therefore being conduct-
ed to investigate these effects by means
of a detailed study of the ionization
process (rates) in the ionization cham-
ber. Other experiments are under way to
develop an automatic computer control of
the entire system. Finally, tuning be-
tween modes will be also investigated.
Brillouin Scattering and Applica-
Since the early 1980s, there has
been considerable interest in the pro-
duction of pulse compression by back-
ward-wave anmplification. There are two
popular routes: via stimulated Raman
scattering or, more recently, by means
of stimulated Brillouin scattering
(SBS) . The Imperial College group,
especially Drs. M.H.R. Hutchinson and
M.J. Damzen, strongly advocate the lat-
ter. They have demonstrated not only
that it can be donc easily, but also
that it has many advantages, such as
permitting considerably higher efficien-
cies at higher <compression ratios.
This 1s so because the production of
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as the U& and Japan, and anticipates aperture radar data set fron SEASAT was
participaticr in the polar platform com- undertaken jointly L+ the ESA and the
porent of the future US space station. European Economic  Communit:  in thear

tarth Ubservations

achilevements have been
olbserving the Marth from space.
with very rapid developments 1n
technology, such satellite ob-
have had a major impact on
the research and operational field of
neteorology. The international Global
Atmospheric Research rrogram (GARP) was
established jointly by the World Meteor-
clogical Organization and International
Counc 1 of Scientific Unions. Its main
cbjective was an understanding of the
tasic phyvsical and dynamical processes
wI the clobal atmosphere, and its ulti-
mate goal was to improve medium- and
extended-range weather forecasting. GARP
culmirated with the Global Weather Dx-
periment  in 1979, Five geostationary
spacecraft of the US, Japan, ESA, ard
the USSR ailong with two polar orbiting
catellites of the US and USSR, as well
as drifting buoys and balloons and air-
craft, rprovided continuous observations.
The European Center for Medium Range
teather Forecasting (located in Reading,
UK) was responsible for analyzing the
data of the year-long experiment. ESA's
~ontribution was METEOSAT, and it is
that spacecraft which now provides rou-
tine images that are u-~d by most Euro-
vean weather services for short-range
forecasting. The US spacecraft, Nim-
bus-7, included a number of instruments
to provide global measurements of the
structure and composition of the middle
atmasphere Zor the first time, Two of
these, the selective chopper radiometer
and the passive modulation radiometer,

were provided by European laboratories.
Since more than 70 percent of the
tarth's ocean 1s covered by water or
ice, an understanding of the ocean-ice
Jdistribution and interfaces with the
atmosphere are essential for climatic
studies as well as exploitation of re-
snurces 1in and beneath the oceans. In
~ortrast to the transparencies of the
atmosphere, the interior of the oceans
i¢oimperetrable by remote sensing. De-
‘alled meassurements of the sea-surface/
gy -atnasphere interface are critical to
" inicrmation on subsurface struc-
‘ramics., Although ESA has not
.ved directly 1n the spacecraft
osuinn GRASAT, which provides critical

rade in
Coupled
computer
servations

oty ' r +these studies, it has partici-
pated on +he exploltation of these data
with the  developrent of analysis and
irrerprotat jon methods, Several users

gqroups hoere been formed within Europe to
decanp !l ish this. In particular, a
specirtiic effort  +to use  the synthetic

SAR580 campaign.

For the remalning 3
Farth's surface, which s land-covered,
effective management of rescurces 1s the
main challerge f the future. Spectral
reflectarce measurcments 1n the visible
near-inirared portion of the elec-

rercert of the

and

tromagnetic spectrum  and radiometric
measurcrents in the thermal infrared and
ricrowave portion of the spectrum have
been made oY the land surfaces. A metric
camera evperinent provided Ly West Ger-
rars Yoo rlisihe on Spacelab 1 demonstra-
ted rhe b olity to obtain high-resolu-
tior e rang cuata  from space. The
ab clity ot i Tharrle Imaging Radar to
peletrats Soad Sover has provided
weather- e end daytime and night-
tlime obseratilcone, Jdone by SEASAT.
Arcivels of the spectral signature
nf the back-:scattered enerqgy can provide
useful data con the chemical composition
and microscopic structure of the land
surtface and its vegetative cover. How-
ever, such spectral signatures can be

affected hy
as well as

both atmospheric conditions
the 1illumination angle, so

further rescarch 1in the interpretive
area 1s critical. Tt is expected that
application of such land observations

will benefit both renewable and nonre-
newable resources, the environment, and
finally hydrographic and land-use plan-
ning.

benefited
applica-

Solid-Earth physics has
primarily through the careful
tion of geodetic techniques directed
toward studies of plate motion, Earth
rotation, the Earth's gravity field and
its geoid, the Earth's magnetic field
and its secular change, and finally the
dissemination of accurate time. These
separate areas are, in fact, very close-
ly intertwined since wuse 1is made of
satellite trajectories, Thus, future
research in these areas will deperd on
parallel advances in each area.

The last area in which significant
accomplishments have been made relate to
climate and environment. The question
of man's impact on his environment is no
longer unanswerable. It is demonstrably
clear that there is now a critical need
to properly assess the adverse impact
which economic development and industri-
alization have had and will have on the
environment. In addition, spacecraft ob-
servations have provided useful data to
understand naturally occurring events--
for example the extreme El Niflo event of
1982-83, which was responsible for anom-
alous weather patterns throughout the
world. A critical question has arisen
in connection with the increase in the
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concentration of CO, in the atmosphere
due to burning of fossil fuel and defor-
estation, There are predictions that
ke mean glohal temperature may rise by
15 mmuch as 2 or 3 degrees during the
rext 50 years, which 1s a warming com-
parable in magnitude to the change from
the last ice age to our present climate,
i such predictions of both magnitude
ind rate ~f change are not yet fully
voliabile and are difficult to determine
Pecsuse of the naturally occurring vari-
1t of the Farth's climate. The only
answer tno these important questions is

etul o and cvontinuous monitoring of all
rmatic variables  such  as  mean  sea

-1, height of ice caps, atmospheric

ition, and so on.

Paropean Program

iiring the last 20 years, European
vooiesrry has developed its space capa-
bilities considerably. With respect to
farch observations, it has developed a
METEODSAT satellite with a sophisticated
optical payload, the SIRIO and MARECS
compunicaticns satellites, with a pre-
~ise~time-dissemination payload LASSO,
1n:d  the STARLETTE geodetic satellite.
France 1s developing the SPOT satellite
with an advanced optical payload, and
£LSA 1s developing the ERS 1 satellite
with its advanced microwave payload. 1In
addition, individual instruments or sub-
systems have been developed for flight
or a number of US missions.

Since the Earth sciences require
continuity of observation and permanent
monitoring of the entire globe, polar
orbiting or geostationary spacecraft are
essential., Moreover, a multisensor and
a multidisciplinary approach are both
recessary. All the proposed missions in
the future programs also require ground
truth or im-2-7tu measurements by rockets
to calibrate or complement these remote
sensing observations from space. There
is a pressing need for both substantial
international cooperation as well as
strong national programs within mem-
ber states to complement the ESA pro-
gram.,

In the first of the proposed pro-
gqram's cornerstone areas, atmospheres,
FESA has recently decided to invest in
three additional operational METEOSAT
satellites to be launched in 1987, 1988,
and  199G. This 1is expected to extend
the Enropean METEOSAT's service to the
various meteorological offices and re-
search 1nstitutions urtil 1995. Opera-
tinn of these satellites in Europe will
be a responsibility of the EUMETSAT
arganization. The principal task for
ESA will be the development of a socond
jeneration METEOSAT utilizing more ad-
vanced instrumentation.

In the second cornerstone arca, ESA
has a near-term flture missiorn, FRS 1, a

I
Luropean satellite for observing the
oceans and ice under all weather condi-~
tions. it is scheduled for launch in

1989. Tn the future not orly must these
observations be continued, but an im-
proved means must bhe developed for
flight in a follow-up mission, FRS 2, to
be launched in approximately 1992. The
exploitation of the ocean and ice obser-~
vations could become a responsibility of
the same orgyanization, LUMETSAT.

The third cornerstone area--optical
and all-weather land observation--began
with the successful shuttle-SPACELAE
rlight of the Modular Optoelectronic
Multispectral Scanrer of West Germany
and will continue into the operational
SPOT program of France, to he launched
in 1985. A future high-priority mission
representing this area 1is that of a
Synthetic Aperture Radar, which should
be launched in 1994--1995 at the latest.

The last area of interest for re-~
mote observations 1is that of the solid
Earth. Here ESA plans the development
of a precise point-positioning geodetic
satellite for Earth dyramics research
(POPSAT) . While some of this payload
could be accommodated by EZURECA, an
early flight opportunity on a shared
launch with ERS 2 in 1996 is considered
ideal.

The above kev measures will be
augmented by Flights of Opportunity on
US platforms such as those of the Na-~
tional Oceanographic and Atmospheric
Administration or the National Aeronau-
tics and Space Administration. Since
the investment of tane ESA member states
in the ERS 1 mission will peak in
1986-87, the new missions can only be
considered for launch in the decade of
the 1990s. However, there is a critical
need for the scientific-technical com~
munity to be properly prepared in
advance. The launch program is based on
use of the expendable launch vehicle,
ARIANE. It is expected that the program
can be oriented later toward use of the
polar platform element of the forthcom-
ing space-station program. However, sev-
eral critical questions need to be sat~
isfactorily resolved before it can be
shown that this is cost effective. Among
these are automatic versus manned
servicing, frequency of servicing, and
rendezvouz concepts,

The proposed ESA program is felt to
be both balanced and integrated and to
address the many different reguirements
in the various Earth-observation fields
of remote sensing. This helps to pro-
vide a good balance between science and
applications. The proposed program re-
quires a budgetary level of 220 million
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sccountirg units (MAU) by the end of the
decace (ore AU = $0.81). For compari-
son, the mandatory sclence program
budget will reach only 160 MAU by the
same time,

The adviscory committee for the
Earth-observation program was chaired by
J.P. Houghton of the UK. The individual
working groups and their chairmen were:
land Applications (J. Rodechtel), Ocean

Colcr (R. Frasetto), Solid Farth
(P. Pacyuet), and Atmosphere (L. Bengts-
son) . Copies of the report Locking

R Dok ivg Tervard (ESA SP-1073,
canuary 1985) can be obtained from ESA,
65~10 rue Mario Nikis, 75738 Paris CEDEX
15, France.

News and Notes

ACOUSTIC RADIATION IMPEDANCE STUDIES AT
TMPERIAI. COLLEGE

Professow Frank Leppington and
Visitinag Prcfessor Harold Levine (Phys-
1cs Department, Imperial College, Lon-
don) hawve recent results on acoustic
radiation efficiency and added mass for
asymptotically large values of nondimen-
sional wave number. I recently dis-
russed with them theoretical work on the
calculation of acoustic radiation effi-
ciency and added mass of modes of a
vibrating panel installed in an infinite
batfle,

Levine has published asymptotic
tormulas for radiation efficiency of
simply supported panel modes at high
reduced wave numbers (Levine, 1984). It
is significant that he worked 1in the
spatial domain rather than in the wave-

number domain. This simplified some
quadratures. Leppington has also
established similar results in unpub-
lished work. It is of particular inter-

est that for large mode numbers, he has
found the radiation efficiencies at high
valurs of ka greatly exceed unity. Here
k is the acoustic wave number and a is
the effective diameter of the panel, The
terms are of order log ka. Leppington's
rosults were 1in apparent contradiction
to my thenretical and experimental re-
sults regarding the mass law for a
finite panel (Leehey, 1982). After con-
siderable discussion we determined, how-
ever, that the matter related specifi-
cally to the evaluation of the radiation
efficiencies of the nonresonant modes
participating 1in the response of the

panel. In my case the c¢xcitation was by
a normally incident plane wave, and
this response therefore dominated by the
very lowest modes of the panel. How-
ever, had a point excitation been used,
it 1s quite likely that a higher mode,
one for which the log ka behavior was
important, might have been the principal
nonresonant response.

Leppington has also completed a
very recent paper in which he evaluates
asymptotic results for large wave number
for a panel that is clamped at the edges
(Leppington, 1984). The lead term yields
an increase of 3-dB radiation efficiency
over that for simple supports. This is
well known, but additional terms have
been determined by Leppington.

Leppington and Levine are jointly
participating in research in two addi-
ticnal areas:

1. They are calculating the radia-
tion from vibrating bodies in a mean
flow. This is a different approach from
that used by Dowling and Ffowcs Williams
(1983) . They feel that the work of Dowl-
ing and Ffowcs Williams is somewhat com-
plicated and are endeavoring to evolve
simpler formulations stemming from some
work of K. Taylor (1978). Basically,
this work involves the use of pointwise
Lorenz transforms. It is valid present-
ly only for steady mean flows.

2. They are also commencing work
on the basic theory of porous or fibrous
materials used for sound absorption.
They are particularly interested in the
case where the material is near a vibra-
ting plate or panel and where the mate-
rial itself undergoes vibration.
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UK SETS UP SPACE CENTER, GIVES &7M TO
FUROPEAN PROJECTS

The UK 1is planning to set up a

® British National Space Center to improve

the development of space technology and

to coordinate space policy more effec-

tively. This move comes at the same

time as a government decision to spend

b7 million ($8.1 million) over the next

2 years on feasibility studies for Euro-

4 pean space projects 1in the COLUMBUS
| &4 program.

The center will help manage any
contribution the UK makes to COLUMBUS,
the space platform that is to be part of
the US manned space station. According
te 'ne T meg (London, 30 January 1985),
1 space experts 1in the UK are eager to use
® this unmanned platform for experiments

in microgravity and for Earth observa-
tion missions.
At the European Space Agency's
(Esa) Council of Ministers meeting in
January, the UK recommended that Europe
F respond positively to the US invitation
a to participate in the space station pro-
t ject. Geoffrey Pattie, UK Minister of
t State for Industryv and Information Tech-
b
2

MBS Juit gute amm L ame

nology, said, "The British contribution
in FEurope's COLUMBUS program will be
distinctive 1n that we are aiming to
lead on the design of space platforms.

() This elerent of the program has been
chosern because of its commercial promise
L and because 1t is particularly suited to

the needs of British users.”

{ Pattie said the UK's new space cen-
! ter is needed because "the responsibil-
ity for space has been scattered around
government departments, academic insti-
tutions, and industry. There is clearly
a4 need for a much sharper focus for
Britain's space effort.”

For background on the ESA's long-
term plans in space science and on the
January Council of Ministers meeting,
see 0V 39-4:169-173 (1985).
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SPECIAL_ ISSUE ON SCHOOL PSVCHOLOGY

The [rnterne*ionzl keview of Aprlied
loyeneicogr has devoted its first number
of 1985 (Vol 34, ¥o, 1, January 1985)
to school psychology, with particular

' ESN 39-
e 9-5 (1985)
3 S tey  ooniow, A363 0 (1978), 271- emphasis on the French-speaking world.
L 281. Contributions include: a review of the
t origins and early days of scientific

psychology in education theory; the psy-
chologist's influence on teachers and
the teaching process; measuring class-
room climate; effects on performance of
teacher evaluative comments in guided
discovery learning; attitudes toward
mathematics; interactive regqulatory pro-
cesses in small groups working on mathe-
matics games without teachers; interac-
tion in learning groups and the develop-
ment of measuring skills; assessment of
listening skills; hypothesis formation
and revision during the process of read-
ing comprehension; the social-psycholog-
ical impact of school selection and
failure; the causes of success ard
failure in primary schools. Five contri-
butions come from French-speaking Bel-
gium, three from French Switzerland, and
one each from France, French Canada, and
England.

Richard F. Snow
/15788

NATO ADVANCED RESEARCH  WORKESHOP ON
STRESS AND TASK DEMANDS

NATO will sponsor an Advanced Re-
search Workshop on adaptation to stress
and task demands, emphasizing new re-
search on the energetical aspects of
human information processing. The meet-
ing is scheduled for August 1985. For
details, contact Dr. G.R.J. Hockey,
Department of Psychology, University of
Durham, South Road, Durham DH1 5YN, UK.

Richard F.
)18 /8¢

7
)
€

COGNITIVE PROCESSES IN STUDENT LEARNING

An international conference on cog-
nitive processes 1n student learning
will be held at the University of Lan-
caster in the UK from 19 through 21 July
1985. The aim is to bring together basic
theory and research in cognitive psy-
chology with new research on knowledge
and skill acquisition in the academic
disciplines of college level study. The
conference 1is sponsored ijointly by the
Cognitive Psychology Section of the
British Psychological Society and the
Society for Rescarch into Higher Educa-
tion. Proposals for papers, symposia,
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PURNDEAN

ATVUAL
MAKINC AND MANUAL CONTROL

CONFZRENCE ON

The Fifth Furopean Conference on
Yuran Losrs.oorn Making and Manual Control
wli. i+ held frep 3 through 5 June 1985

1 Weest Ferlin. Tt 1+ organized this
vedr b the Institute of  Automotive
Frigrreering of the Technical University,
Fer i, west Cermany. The meeting and
hotel “acilities are ot the Conferernce
Tenter Veolly Borsig, Relherwerder, at
She o larke o Tegel in North Berlin.

Toptes will oirclude: man-machine inter-
avtlon, noar-computer Jnteraction, manual
vt rul,  supervisory  control in deci-
Sren=raxing oand faust management, human
i rformance, aond modeling., There wiil be
SpfclaLr o erphasis on: jndustrial process
Ontre L hardware  arnd  software  human
tacters, wehiole vontroul, manipulators,
Station, For informatien and
reglistiat iorn, contact Institut fir
Fahrzeugtechnis, Techrische Universitdt
cerlin, Sekr. FKl, Strasse des 17 Juni
135, D=1400C Perlin 12, Federal Republic
vt Germany.

i rerlab ]

BRITISH PSYCHOL «GY L LFVEY

The: British Psvchological Society
mas taken over the continuing publica-
*ion ot thiis series, The current volume
e oL T ey <, Each chapter of
el rodume ailms to describe  for the
ceneral roychological community the cur-
reent ostate o: research and theory in a
tortiovlar demain of inguiry. The vol-
iees are particularly useful for keeping
;v qiate with British psychology.

A NPW JOURNAL Fof SURMICRON SCIENCE

entitled
. . L M e i st s has
P, Tust Launched by Academic  Press
(' ortanda, Florida, 12887 Furope:
Sa-ss ioval RKoad, Tondon NWDOTUDX) .

A Lamont bl inurnal

IR o 3

There are two fascrrat ing phenomena
ot chanae 1n scale that came together in
the brirth or this pericodical, For one
thing, microminiaturizing has dominated
the scene for many years now, rot only
in informatiorn and comrunication tech-
noloyy, but also in rather basic areas
of physico-chemical resecarch. 0On the
other hand, a less joyrus proliferation
in the number of very stronagly special-
ized research journals can be  also
> rved. In any casc, we have now o
¢ ongly focused jJournal that concen-
trates on submicron structures,

By the very nature of the proper-
ties, basic theory, manufacturing pro-
cesses, and applications of such struc-
tures, the jourrnal 1s interdisciplinary
and covers areas of phliysics, chemistry,
materials science, electrical and opti-
cal engineering, computer elements, sen-
sors, circuits, devices--all based on
the peculiar world of submicron-dimen-
sion systems. Theuse are particularly
important 1in semiconductors. To cite
just one example, superlattices--that
is, semiconductor crystalline materials
where an artificial extra periodicity is
imposed--exhibit remarkable quantum pro-
perties that may revolutionize the tech-
nology fer the fifth generation parallel
computing machines.

However, the new journal will cover
not only semiconductors but also materi-
als which have metallic, insulating, and
surerconducting properties. It will pub-
lish articles on the electronic and
mechanical properties of synthetic
structures as well as on the transport
and dynamical properties of heterogene-
ous solids. Articles on microstructures
dealing with surface phvsics, crystal
growth, 1interface phenomena, devices,
and all applications are encouraged.

The subscription price 1is 875 or
$132, and sample copies can be requested
from the Journal Marketing Department of
Academic Press.

1
i
1

ONRL COSPONSORED CONFFRENCES

ONR, London, can nominate two ogi-
stration-free participants in ‘he
conferences 1t supports, Readers w. »
are interested in attending a conference
should write to the Scientific Director,
ONRL, Box 39, FPO New York (09510,

The Role of DNA in Brain Activity,
Naples, Italy, 27-29 May 1985,

Growth Factors in the Nervous
System, Oxford, UK, 3-5 June 1985,
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First European Conference for Symposium, Bologna, Italy, 24-29 June .]
Research on Learning and Instruc- 1985. K
tion, Leuven, Belgium, 10-13 June Inaugural Meeting of the European <
1985. Society for Cognitive Psychology, "
Seventh International Symposium on Nijmegen, The Netherlands, 9-12 Septem- 'j
*he Mathematical Theory of Networks and ber 1985. -
Systems, Stockholm, Sweden, 10-14 June Technological Application of 9
1985. Bilayers, Vesicles, and Langmuir-Blod-
Influence of Electric and Electro- gett Films, Denerja, Spain, 25-29
magnetic Fields on Biological Structures November 1985.
4
]
FUROPEAN VISITORS TO THE US SPONSORED BY ONR, LONDON 4
.
Organizations Want Information? -

Visitor Areas of Interest

Lr. Phiiip M. Hayes Thermal Physiology

virinmental Sclences [iv,

val Arr Force Inst, of
Aviaticon Medlcine
Farrhorough, Hants GUL4 €872

Professor Kenneth Easterling
. . . o
miversity of Lulea

-
d=uS1 R7 Lulea

Metallurgy/Ceramics

swedern

LT Arncld Bohrer

rekruterings on
ftelectiecrntrum

Sect e Psychologisch
“nderzoek

Fazerne Flein Kasteeltje

ade [inlelaan

Military Fersonnel
Psychology

to be Visited Contact at ONRL .

:

PP I P

Hyperbaric Medicine
Program Center
Naval M~dical
Center, kethesda
(June 1985)
Univ. of Texas
at Austin
(June 1985)

CDF A. Manaluysay

ONRHQ Kenneth Challenger

(18 July 1985) 1
DTNSRDC

(19 July 1985)

NAVPERSRANDCEN
Univ. of Minn.
ONRHQ

(Aug.-Oct. 85)

James W. Daniel

O

: .

1000 Brussels
. Belaium X
L
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SCIENCE NEWSBRIEFS FOR FEBRUARY AND MARCH
b The following issues of Secience Ncwekrief were published by the ONR, London, )
] Scientific Liaison Division during February and March. Science Newsbrlef provides
PJ’ concise accounts of scientific developments or science policy in Europe and the |
Middle East. Please request copies, by number, from ONR, London. =
1 R * Number Title
{ International Conference and Exhibition on Advances
s in Command, Control, and Communication Systems, by
3 Paul Roman.
® 3-8 Physical Chemistry Meeting Set for Strasbourqg, by
b David Venezky. )
t 1~9 Meeting on Fast Reactions in Solution To Be Held in 4
A UK, by David Venezky. R
b 3-10 AMPTE Space Mission Has Setbacks, Successes, by R
) Norman F. Ness. .
L 3-11 Scottish Firm Set Up To Develop New Controlled-Re- 3
PY lease Systems Based onr Hydrogels, by Thomas C.
Rozzell. B
3-12 Ocean/Atmospheric Research Group Formed in UK, by

LCDR Rich Kelley.
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FERRUARY MAS BULLETINS
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- The following M7 tary Applioatione Jurmary (MAD) Fulletine were published by
n the ONR, lLondon, Military Applications Division during February. The M4, Ju’ wvtin
- is an account of naval developments in European research, development, test, and
} evaluation. Tts distribution 1is limited to offices with the US Department of -
4 Defernse, DoD organizations should request copies of the Fu! 'ering, by number, from 1

ONR, London.

MASB Number Title
) 12-85 Outbocard Hydraulic Drive Combination Rudder-Pro- -
1 peller =
; ' 13-85 European Aerospace Update ‘!
X 14-85 Dornier Advanced Technology for Next-Generation o
t Stand-0Off Missile Systems ]
3 15-85 Northrop/Dornier Next Ceneration Fighter Aircraft 4
9 Technology .
P 16=-85 Self-Foaming Fire Agent P
- 17-85 MM-Imaging Radiometry Developments at DFVLR in West y
Q Germany J
! 18-85 Edinburgh Instruments Ltd. Infrared Lasers and Laser
8 Accessories ]
i9-85 Experimental SAR Developments at DFVLR in West
1 Germany
20-85 Swedish Meteorological and Hydrological Institute
. (SMHI)
r‘ 21-85 New Polar Research Organization in Sweden 1
22-85 Ocean Surface Current Rada (OSCR) 1
: 23-85 Meteorological Systems From a Swedish Company
.- 24-85 Remotely Piloted Vehicles (RPV) Conference in
- Bristol, UK, 9-11 September 1985 e
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To request reports, check the boxes on the self-addressed mailer and return it
to ONR, London.
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C-1-85 Third Furcpean Jongrese on Fiotechnology, by Claire E. Zomzely-Neurath. The -l
Third European Congress on Biotechnology was held in Munich, West Germany,
from 10 through 14 September 1984. This report examines trends in biotech-
nology suggested by the congress as well as the congress papers on thermo-
philic microorganisms, biocsurfactants, immobilized cells and enzymes,
applied genetics, food and feed bioprocesses, and fine chemicals and

i pharmaceuticals--bioprocesses and down-stream processing.

>

i C-2-85 Sixth nternaticnal Tonference on Fracture, by Kenneth D, Challenger. The
- Sixth International Conference on Fracture was held in New Delhi, India, in
December 1984. This report discusses work on the mechanisms of fracture,
mechanics, fracture of nonmetallic materials, composites, and dynamic
fracture. US and UK scientists and engineers are setting the pace for
development in the field of fracture, but there are major research programs
in Japan, Australia, France, West Germany, India, and China. The use of
fracture mechanics for safety analysis and residual 1life estimation is
t widespread, but its use in design is still quite limited.
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"o CHANGE REQUEST -
V- NAVEUR - ONR - 3605/1 (Rev. 9.78 ~ B - , vy
SH0R/1 (Rev. 28} FOR YOUR CONVENIENCE - - -
Government regul8tion s requlre the maintenance of up-to=date fistriat o fists 0 wlil penodicats, This form is provided for your 9
cunvenience 1o indicate necessary changes or corrections. If w change 1n o mualing Lints shoald be made, or i you require any 9
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