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The year 1998 has been the most productive year

since the department was established in 1990.

The number of publications is the highest, the

industrial income is much higher than any

previous year and the same holds for the number

of licensing agreements. This upward trend

reflects a much stronger degree of interaction

with industry both in relation to strategic

research and as regards contributing to product

development. In all these areas we exceeded the

milestones set forward in our plans for 1998.

Major scientific results have been demonstrated

in such diverse areas as:

• fusion plasma diagnostics with spin-offs to 

other areas, 

• models for three-dimensional speckle with 

applications to measurements of dynamics, 

• phase conjugation with a potential for high-

power high-efficiency semiconductor lasers, 

• new materials for optical information storage, 

• novel schemes for spatial cryptography, and 

• new models for surface diffractive structures 

of importance to the miniaturisation of 

complex optics.

Our educational activities were as planned. We

were especially pleased to participate in the first

joint graduate school between the Technical

University of Denmark and Risø. It should also be

mentioned that strong endeavour was put forth

to the establishment of a collaborative effort

within biomedical optics between the Technical

University of Denmark and Risø. 

Economically the net result was better than

the budget. However, the income from especially

Danish research programmes was lower than

planned. This fact was more than compensated

by the increased income from industry.

Introduction
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Objectives
and strategy

A new type of annual report is introduced this year in which we give 

an overview of results - production - in relation to input - premises and

resources. Key figures for the performance are provided as well as

comments on the state of the department with examples of results and

impact. The traditional report, Risø-R-1100(EN), which consists of a

number of small articles written by the individual researchers, will be

published at http://www.risoe.dk/ofd only. 
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The research represents a combination of science and

technology with the following core competencies:

Physical optics 

Electromagnetic radiation in the visible and closely

adjoining areas. Its generation, propagation, interaction

with matter, and detection where diffraction, interference

and non-linear effects are essential. Materials with special

optical properties. Close interaction between theory and

experiments.

Non-linear continuum dynamics 

Fundamental processes such as self-organisation, pattern

formation, parametric oscillation and amplification,

soliton dynamics, turbulence and collapse in fluids,

plasmas and optical media. A close combination of

theoretical, numerical and experimental investigations.

Scientific computing 

Application of methods from applied mathematics and

numerical analysis for the development of exact algorithms

for the solution of partial differential equations with

complex boundary conditions, as well as effective

implementation of these algorithms on parallel

supercomputers.

Information processing 

Inference of information on the state of physical systems

on the basis of multidimensional data. Methods from

mathematical statistics, non-algorithmic processing

(including neural networks) as well as linear and non-

linear filtering.

As a part of an updated strategy, it has been decided to

enhance activities within polymer optics, biomedical optics

and microflows.

Scientific platform

Contents

Introduction 1

Objectives and strategy 2

Organisation, management 

and finances 5

Human resources 6

Laboratories and equipment 9

Network 10

New knowledge 13

Industry 14

Education 17

Government 18

The next generation 20



P R E M I S E S B A S I S

We perform basic and applied research within

optics and non-linear dynamics, including fluids

and plasmas. The scope is to understand physical

phenomena as well as to develop materials and

systems for specific applications. The activities

are often undertaken in collaboration with other

research groups or industry. The training of

students at a graduate level is an integral part of

the activities as is the dissemination of results to

research and industry. 

Risø National Laboratory operates under a

four-year performance contract with the Danish

Ministry of Research and Information Technology.

The year 1998 is the first year of the second

contract. An essential element in the new

contract is that Risø must demonstrate much

larger interaction with both industry and

universities. However, this must not take place at

the expense of the documented high level of

scientific research, as emphasised in the

evaluation report of the previous contract period.

The demand for industrial impact implies that

research to an increasing degree has to be

solution oriented. 

In summary, the scientific objectives for the

Optics and Fluid Dynamics Department are to:

• create the basis for new generations of 

opto-electronic microsensors, 

• establish a technological basis for optical 

components and systems in polymers with 

applications in sensors and information 

processing, 

• demonstrate a new type of energy-effective 

systems for the generation and transfer of 

images and patterns, 

Objectives and strategy
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• demonstrate optical systems based on 

diffractive optics for measurements and 

diagnostics in energy conversion systems, 

• develop and demonstrate a numerical model 

for electromagnetic propagation and diffraction

during interaction with elements that have 

characteristic scales that range from being 

much larger than the optical wavelength to 

scales smaller than the optical wavelength, and

• develop and demonstrate methods for analysis, 

modelling and design of microfluid systems.

Based on the evaluation report of the previous

contract period, areas that could enhance the

likelihood of exploitation of research results were

identified. It was decided that efforts in the

following areas would be enhanced:

• polymer optics,

• biomedical optics, and

• microflows.

Biochip

We have the vision to contribute to a better

understanding of physical phenomena and to

new and better sensing devices. Disposable

complex plastic chips exemplify this vision.

They may incorporate microflows, optics and 

lasers for biomedical diagnostics.

Scientific computing

It is our aim to exploit the possibilities emerging from 

the continuous increase in computational power to gain

deeper insight into such physical problems, where

simplified analysis is inadequate. The supercomputing

facilities at the national scientific computing centre 

UNI-C are expected to provide the basis for these activities.

3

Fundus images

Fundus images are commonly used

by ophthalmologists for diagnostic

purposes. When we combine

traditional images with novel

speckle and spectroscopic schemes,

we may obtain pictures from which

additional information is available

- like, e.g., blood flows, stiffness of

arteries and oxygen content.

P R E M I S E S
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Pump
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Department and programme heads must be

professionally active and participate in research

projects. Employment based on performance

contracts has been introduced for department

and programme heads as well as for the

temperature calibration activity. It is Risø’s

intention to introduce performance contracts to

other groups of employees.

Human development interviews are as a rule

carried out annually and are an integral part of

human resources development. 

Managerial, administrative and infrastructure

support accounts for the following use of

manpower:

• Managers (department 

and programme heads): 1.5 man-years

• Finances: 1.4 man-years

• Secretarial functions: 0.8 man-years

• Infrastructure: 0.8 man-years

Income is based on more than five hundred

invoices and a number of financial reports.

Benchmarking has become an integral part of

modern management, but relevant performance

figures for other similar organisations/insti-

tutions are difficult to obtain. However, a

comparison with Stanford University reveals that

over the last four years the department has

submitted 50% more patent applications than

Stanford - normalised with the amount of money

spent on research - and that we have obtained

the same number of licensing agreements.

However, the income from these contracts is

considerably lower than the equivalent for

Stanford University. 1

Organisation, management and finances

4 5

Expenditure and income of the department. We note a very satisfactory

income direct from industry. However, the external research support

through Danish research grants is unsatisfactory. In relation to

expenditure, it is noted that the investments are inadequate to achieve

the objectives for enabling technologies like fabrication of advanced

polymer optics. It is noted that administration accounts for less than

two percent of the turnover.

The responsibilities of the management can be

summarised as follows: 

• strategy, plans and allocations according to 

perspectives, objectives and results,

• interaction with the Risø management,

• marketing - external and internal, and

• personnel relations. 

Management of the department implies a delicate

balance between encouraging individual entre-

preneurs and adherence to defined objectives and

strategy. It is noted that the aim of externally

funded projects is not always in accordance with

perceived perspectives and objectives. 

In view of the enhanced emphasis on

activities that are industrially relevant, it must

also be observed that we do not currently have

complete coherence between performance criteria

for individual researchers and for the department

as a whole.

Projects and core competencies are organised

in a matrix since a given project may involve

several core competencies. There is extensive use

of information technology which implies that

secretarial functions are focused on planning,

finances, editing and linguistic support as well as

general managerial support. 

We operate our own servers, backup facility

and dial-in connections, and we are connected to

the Risø intranet for e-mail and internet

connections. 

Accounts are kept of resources (manpower and

money) used on different projects. 

Operating costs, 28%

Investments, 1%

Salaries, 44%

Risø overhead, 27%

Expenditure

Risø base funding,
61%

Industry, 13%

Research grants,
DK, 8%

Research grants,
EU, 14%

Other, 4%

Income

Organisation of the Optics and Fluid Dynamics Department. 

The programmes are defined on the basis of scientific subjects

while all activities are project-oriented. There is substantial

cooperation between the individual programmes on (1)

mathematical-physical modelling, (2) the use of demanding

numerical methods and (3) experimental activities. The

department is responsible for the Danish participation in the

European Fusion Programme under EURATOM.

Optical Materials

Per Michael Johansen

Polymer optics Sensor and
measuring systems

Scientific
computing

Lasers Information
processing

Non-linear
dynamics

Non-linear optics Temperature
calibration

Fusion energy

Optical Diagnostics and
Information Processing

Steen Hanson

Department Head

Lars Lading

Special task: EURATOM

Jens-Peter Lynov

Plasma and Fluid
Dynamics

Jens-Peter Lynov

1 The Stanford figures have been 

obtained from the Stanford Office 

for Licensing.
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The most important asset of a knowledge-

producing organisation is human resources. The

department has a very well-qualified staff that

covers disciplines necessary for combining

theoretical, numerical and experimental work.

Most of the scientists have a background in

optics and/or non-linear dynamics and have been

trained in physics, chemistry or engineering. In

addition to maintaining a high level of scientific

and engineering competence the members of the

department are also being trained in project

management. The technical and administrative

staff is given opportunities for maintaining

excellent capabilities in areas like electronics,

opto-mechanical implementation as well as

information technology, economy and adminis-

trative procedures. The enhanced effort towards

more industrially relevant research is generally

accepted. However, some researchers perceive a

problem in relation to explorative research and

personal merits.

Human resources 

6

The personnel total of 56 consists of:

• seventeen senior scientists and engineers 

(including department and programme heads) 

appointed on the basis of a thorough 

evaluation, such as assessment of project 

experience and scientific publications,

• seven scientists and engineers with a 

professional background within research 

and/or technology,

• ten technicians with vocational training and 

skills to perform independent experimental 

work,

• six post docs,

• two industrial post docs,

• ten PhD students,

• two industrial PhD students, and

• a small administrative group with sound 

knowledge of project and report preparation, 

of the layout of scientific papers as well as of 

financial control and financial records.

The average age in the department is 41 years

with a standard deviation of 12 years. 

It is a characteristic of the department that a

large fraction of the staff has low seniority which

reflects the high number of post docs and PhD

students. It should be noted that there is no

distinct peak in the seniority distribution as a

result of the fairly steady pace in the recruitment

of personnel. Some staff members do leave the

department to work in academia and industry.

Although this may cause problems at the time

they leave, it is considered a sign of healthy

interaction with the outside world.

7

Using a balanced combination of typical eastern and western

ways of thinking even small companies can successfully compete

against large multinationals.

During a two-year stay with Hamamatsu Photonics, a small

Japanese company of about two thousand employees, Senior

Scientist Jesper Glückstad has seen how this new philosophical

approach can function in practice. He now believes that Danish

and other western companies could benefit significantly from a

similar approach.

Japanese companies traditionally adhere to the principle of Kai

Zen, in which small enhancements consistently improve the

quality of their products as well as their competitive power.

Hamamatsu Photonics has furthermore been capable of

combining this principle with One Zen, the American One and

the Japanese Zen, in which they undertake bold and farsighted

steps into new fields and evolving technologies. This unique

combination of an innovative top level (One Zen) and the

traditional organisation (Kai Zen) has enabled the company to

pull the rug from under the feet of their competitors in the high-

technology electro-optical components and systems market. 

Whilst with Hamamatsu Jesper Glückstad worked with optical

phase coding, a method that could dramatically improve the

efficiency of optical projection systems. A co-operative

agreement between Hamamatsu Photonics and Risø National

Laboratory has led to the filing of a joint patent application.

Having returned to Risø National Laboratory, Jesper Glückstad

was the recipient of a three-year talent project by the Danish

Technical Research Council enabling the setting up of a labora-

tory and the employment of a post doctoral researcher. Building

on the work undertaken at Hamamatsu, the aim is to investi-

gate the practical incorporation of the phase coding into other

optical systems. Currently the adaptation of the phase contrast

method into the field of optical encryption is being examined. 
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• Class 1000 clean room with temperature and 

humidity control for spin coating of 

photorecording materials like photoresist 

plates, azodoped liquid crystalline polymers 

and photoablative polymer thin films. This 

room also houses a mask aligner and a 2D 

surface profilometer.

• Laser microplotter capable of transferring 

microstructures like computer-generated 

holograms onto most photolithographic 

materials.

• Surface characterisation equipment, e.g. 

scanning near-field optical microscopy (SNOM), 

atomic force microscopes (AFMs) and an 

imaging ellipsometer. 

• Spectroscopic equipment including a diode 

array spectrograph and FTIR spectrometers.

• IR-camera with 256 x 256 InSb focal plane 

array.

• FTIR equipment for spectroscopy on gases, 

solids and liquids.

• Vertical microinjection moulding machine.

• Particle tracking and visualisation equipment 

for fluid flow diagnostics.

• Set-up for modelling of viscous flows in narrow 

channels.

• Two set-ups for investigation of rotation flows.

• Two UNIX workstations for scientific com-

puting, visualisation as well as interfacing 

to supercomputers at the national scientific 

computing centre UNI-C. 

• State-of-the-art numerical codes for the 

simulation of plasma turbulence, vortex 

dynamics in fluids and wave propagation in 

diffractive optical elements.

• Advanced software and hardware for 3D 

visualisation and animation of scientific data.

Laboratories and equipment

8 9

The department has a number of laboratories and

various types of equipment of which the most

important are listed below.

• Seven optics laboratories with a number of 

different lasers ranging from low-power diode 

lasers to high-power ion lasers and two 

Ti-sapphire lasers. Furthermore, these labora-

tories contain vibration-insulated tables 

for interferometrical experiments. In addition, 

various types of equipment for laser beam 

diagnostics like beam scanners and spectrum 

analysers are available.

• Laboratory for laser-assisted deposition of 

optical thin films on polymers using a high-

power pulsed Nd-YAG laser.

• Fluid flow laboratory.

• Chemistry laboratory with darkroom facilities.

• Laboratory for thermocalibration certified 

according to DANAK (the Danish Accreditation 

Scheme).

Extreme miniaturisation of optical sensors necessi-

tates subwavelength diffractive structures. This is the

main reason for the newly started transition in the

department from "micro-" to "nanoplotting". The

ambition is to replace the first-generation holoplotter

– initially built with a 10 microns resolution and now

pushed to 2.5 microns – with a new nanoplotter with

a resolution in the order of 100 nm.

The holoplotter was initially built in 1993, and since then it

has been refined to accommodate the desire for better

resolution. In its lifetime many different diffractive elements

have been manufactured, among them calibration gratings for

NASA, transmission gratings with +/- 30 orders and masters

for CD-like mass fabrication of diffractive optical elements.

A major goal is to manufacture focusing grating couplers

where a surface relief is written on a thin-film waveguide

to provide controlled coupling between a guided wave

and a wave propagating in free space. For such couplers

to be efficient they must be fairly large, and for the

optical properties to be well defined high reproducibility

over the entire device area is required. At the same time

it is the desire to manufacture continuous (256 levels)

surface reliefs to achieve high-quality diffraction.
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Refereeing, Editors, Professional Societies

Interaction with the international scientific

community is an integral part of our research

activities. Refereeing for scientific journals is a

major task. Members of the department have

traditionally taken an involved interest in

professional societies. One is a member of the

board of the Danish Optical Society and also acts

as editor of the society journal. We also have a

member of the board of the European Optical

Society and another holds the position as editor-

in-chief of Pure and Applied Optics, a journal that

is published by the European Optical Society

jointly with the Institute of Physics Publishing in

the UK. Several staff members participate in the

organisation of topical meetings under the

Optical Society of America. 

The department is represented in the Danish

Academy of Technical Sciences and one member

has served on a ministerial committee that

investigated a new employment scheme that is

anticipated to cover academics and researchers at

both universities and governmental research

laboratories.

An industrial network is of increasing importance.

The department has expanded its network in this

sector considerably over the last few years and

members of the department have acted as

consultants for the management of several

companies.

Essential network indicators

Support to the scientific community:

• Refereed articles 91

• Editors 2

• Organisation of conferences 5

Resources for collaborate activities:

• Evaluation committees 

(academic/research positions) 13

• Collaborate activities with research 

institutions, man-months 174

• Collaborate activities with industry, 

man-months 132

• Guests, man-months 32

• Visitors at foreign laboratories, 

man-months 16

Network 
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The W7-AS stellarator at the Max-Planck-Institut für

Plasmaphysik (IPP) in Garching near Munich has

complex, 3D-shaped magnetic field coils. The shape

of these coils has been optimised to ensure good

confinement of the hot plasma used in the research

of fusion energy. Based on the successful results

from W7-AS, IPP is presently constructing the

world’s largest stellarator, the W7-X, at Greifswald.

The temperatures of the

plasmas used in fusion

research are several million

degrees. This makes

measurements of plasma

properties very difficult. The

department has developed a

novel remote sensing system

based on light scattering

from two laser beams. This

system has been installed on

W7-AS where it provides

essential information on the

plasma turbulence.

• Universidad Autónoma de Madrid - Spain

• Eindhoven University of Technology - the 

Netherlands

• University of Canterbury at Kent - UK

• University of Birmingham - UK

• Trinity College - Ireland

• University of Virginia - USA 

• University of New Mexico - USA

• Brown University - USA

• Australian National University, Canberra - 

Australia

• University of Sydney - Australia

• Beijing University - P.R. China

• University of Krakow - Poland

• Chernivtsy University - Ukraine

Universities:

• Technical University of Denmark - Denmark

• University of Copenhagen - Denmark 

• Aalborg University - Denmark

• Aarhus University - Denmark

• University of Oslo - Norway

• University of Tromsö - Norway

• Agricultural University of Norway - Norway

• Universität Erlangen - Germany

• Technische Hochschule Darmstadt - Germany

• Universität Osnabrück - Germany

• University of Konstanz - Germany

• Technical University of Munich - Germany

• Universität Stuttgart - Germany

• Institut d’Optique Theoreque et Appliqué - 

France 

• University of Pisa - Italy

Research institutes:

• Marselisborg Hospital/University of Aarhus - 

Denmark

• Copenhagen Hospital, Herlev/University of 

Copenhagen - Denmark

• UNI-C - Denmark

• Danish Institute of Agricultural Sciences - 

Denmark

• EURATOM

• FOA - Sweden

• IPP Garching - Germany

• Deutsche Zentrum für Luft- und Raumfahrt - 

Germany

• Gesellschaft für Mathematik und 

Datenverarbeitung - Germany

• CEA/Bruyéres-le-Châtel - France

• Vavilov Institute, St. Petersborg - Russia

• L.D. Landau Institute - Russia

• Kurchatov Institute - Russia

• Institute for Problems in Mechanics, 

Moscow - Russia

• Institute for Metal Physics, Ekaterinburg - 

Russia

• Institute for High-Performance Computer 

Systems - Russia

• Institute of Crystallography of RAS, Moscow - 

Russia

• Institute for Automation and Electrometry, 

Novosibirsk - Russia

• KFKI Research Institute - Hungary

• Racah Institute of Physics - Israel

• NPL Management Ltd. - UK

• Worcester Polytechnic Institute - USA

• USAF Academy - USA

• Nasa Lewis Research Center - USA

In order to devise and verify the distribution of

light for laser therapy, thermal effects are

investigated at Marselisborg Hospital. The lower

left forearm of a voluntary subject is illuminated

by laser light through a fibre, and diffusion of

heat is recorded by a thermocamera. 

Research collaborators



A parallel, finite-difference code is

under development for the purpose

of analysing the plasma interaction

with the topology of the magnetic

field in the complex curved

geometry of real magnetic

confinement systems in fusion

reactors. The transition from flat to

curved geometries is necessary as

the major phases of plasma

discharges are probably only

explainable when the real topology

of the magnetic field is considered.

In the code both curvature and

magnetic shear are taken into

account in the way they result from

the MHD equilibrium. Numerical

simulations up to now show the

build-up of large structures on the

weak magnetic field side and of

long correlations along the

magnetic field lines. 

Publications, Patents, Lectures 

The primary indicator of scientific results is

publications in refereed international scientific

journals. Despite the recognised shortcomings of

using publications as an indicator of scientific

quality, it is unquestionable that any group that

wishes scientific recognition must publish.

However, most important is the fact that

scientific publishing is mandatory to the

exchange of results without which science would

come to a standstill. The department is very

satisfied with the development in international

publications; the number for 1998 corresponds to

almost three publications for each scientist/senior

scientist. The total number of publications is 121

which corresponds to more than two publications

per staff member – including students and

technical/administrative staff. At this level of

publications we consider it important to work for

a larger impact, whereas increasing the number

of publications is not a goal in itself. 

Presenting results at conferences and meetings 

is an integral part of the information exchange

within the scientific community. Members of the

department gave 80 presentations at such

meetings in 1998.

The department has also been active in

submitting patent applications: eight new

inventions were subject to patent applications

this year, of which five were submitted by Risø

and three were submitted by industrial partners.

Three patents were granted (these were sub-

mitted several years ago). We do not consider it

to be an end in itself to submit and obtain

patents. However, it is an important part of the

transfer and commercialisation of new knowledge.

A list of publications is available at our web

site http://www.risoe.dk/ofd. Here we present

the specific activities of the department.

13
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New knowledge
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A new high-power single-mode laser diode array with unique

coherence properties has been invented enabling the use of

GaAlAs semiconductor laser diodes for high-power applications.

The invented array configuration overcomes the usual diode

array problem of a multimode non-diffraction limited output.

The new phase conjugate feedback system comprises a rhodium

doped BaTiO3 crystal, a Fabry-Perot etalon and a spatial filter

forcing the laser diode array to operate in a single spatial and

a single longitudinal mode. The coherence length of the phase

conjugate laser system has been increased by a factor of 70

and the output has become almost diffraction limited.

Furthermore, the frequency can be tuned continuously over a

range of 6 nm around a centre wavelength of 812 nm.

A patent application has been filed for the phase conjugate

laser array system and collaboration with industry has been

established.

A new improved high-temperature gas cell has been built for spectroscopic

investigations of the transmissive and emissive behaviour of exhaust gases from

aircraft. Based on Fourier transform infrared emission (FTIR) the gas cell measures

temperatures in the range from ambient to 1000 K (upper limit 1273 K). After final

testing at Risø the gas cell will be brought to Deutsches Zentrum für Luft- und

Raumfahrt for comparison of results. The stainless steel gas cell is spring loaded to

allow an expansion of the gas cell of approximately 10 mm during heating. A

uniform temperature profile, i.e. better than 3 K, is obtained with a three-zone

electrically heated furnace. The cell windows are tilted to reduce ripples due to

backscattered radiation from the spectrometer in the spectra.

results
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Licences, Income, Collaborative Efforts

The department has experienced a drastic rise in

direct income from industrial activities. Perhaps

more important than this is the fact that

activities in connection with transfer and

industrial use of new knowledge developed in the

department have increased drastically. We have

learned that it is a delicate balance to decide

when a research result or novel idea is ripe for

commercial exploitation and that dedicated

involvement in the exploitation is mandatory.

In 1998 the department entered into seven

new licensing agreements and participated in the

development of a number of innovative ideas for

commercialisation. 

The department had contractual agreements with

31 companies in 1998, of which six were related

to EU projects. The companies range from small

high-tech companies in the research park CAT to

large well established companies in Denmark,

Europe, the USA and Japan. 

Development in direct income from

industry. The numbers do not include

income as a result of, e.g., EU support 

to industrial projects.

Industry 
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The FreePen is only slightly bigger than an ordinary ballpoint pen, yet

can emulate completely the operation of a PC mouse. Though

cordlessly connected to the computer with no need for a special mouse

pad, the tiniest movement of the pen still immediately results in a

pointer movement on the screen. An idea that has become a reality in

a collaborative effort with the Danish company Kanitech A/S.

FreePen holds in its heart the first commercial incorporation of a

speckle-based miniaturised optical detector system, and this

achievement may pave the way for many other applications. The idea

behind the Risø-patented detector system is that two detectors track

the speckle-pattern movements resulting from the rotation of the

laser-illuminated ball incorporated in the pen tip. 

FreePen minimises the user’s risk of contracting the increasingly

widespread IT-work related musculoskeletal disorders. While traditional

PC mice force the user to apply the coarse motoric functions in the

wrist, FreePen utilises the precision-demanding motor control of the

fingers to create the tiny pointer movements on the screen.

A speckle pattern is formed when laser light is scattered by a surface -

here that of the ball. If you look at the spot on the ball, you get a

peculiar feeling that it flickers when you move your head and,

furthermore, that the pattern appears to be located away from the ball

itself. Both phenomena stem from the interference between the light that

is scattered from all the microscopic mirrors of which the ball is likely to

consist. The rotation of the ball is reflected in the movement of the

speckle pattern. The changing pattern is picked up by two detectors in the

pen from which it is possible to determine the angular deflection of the

ball in two dimensions. This detector system is based on a Risø patent.

Cavity coupled refractive index sensing

Measuring minute concentrations of matter relevant to the health and

well being of humans is essential. An example is refractive index

measurements in connection with, e.g., electrophoresis. Resolution

and applicability are limited by lack of sensitivity of current schemes.

Measuring inside the cavity of a very small laser appears to enhance

the sensitivity tremendously and at the same time reduce the

necessary volume of the sample under investigation. A key element is

to apply so-called light beating. Theoretical investigations indicate

that sensitivities close to the equivalent of single-molecule detection

may be possible. A patent application has been submitted. 

The department has well established collaboration with the company

Dantec Measurement Technology A/S, a leading manufacturer of

advanced laser-based equipment for fluid flow investigations. In 1998

a consulting task was carried out in co-operation with Risø’s Systems

Analysis Department. The project comprised an analysis of the

company’s technological platform, together with an analysis of

potential business opportunities based on this platform.

• JJ-X-Ray (CAT) - Denmark

• Kanitech A/S - Denmark

• NEG Micon - Denmark

• Nilpeter A/S - Denmark

• Nordic Laser Systems A/S - Denmark

• Rockwool A/S - Denmark

• Regstrup Vision - Denmark

• Rea Tech (CAT) - Denmark

• Ruha A/S - Denmark

• SK-energi I/S - Denmark

• Stensborg (CAT) - Denmark

• Aprepa A/S - Denmark

• DanDisc A/S - Denmark

• Dantec Measurement Technology A/S - 

Denmark

• DNP A/S - Denmark

• Giga A/S - Denmark

• Heat Transfer Tønder A/S - Denmark

• Honeywell - USA and Denmark

• Ibsen Micro Structures A/S - Denmark

• Intellix A/S - Denmark

• Ionas - Denmark

• Torsana A/S - Denmark

• Unisensor - Denmark

• Vestforbrænding I/S - Denmark

• WEA Engineering (CAT) - Denmark

• Aalborg Sunrod - Denmark

• British Aerospace Ltd. - UK

• Howden Laser - UK

• PERA - UK

• Thomson Training and 

Simulation Ltd. - UK

• Hamamatsu Photonics - Japan

• Alfa Romeo Avio, Societa 

Aeromotoristica per Aviazioni - 

Italy

• Heitronics Infrarot 

Messtechnik GmbH - Germany

• Raytek GmbH - Germany

• CEDIR SA - France

• Cimel Electronics (CIMEL) - France

• Sensor Partners (SPS) - 

the Netherlands

• VIDROPOL - Portugal

Collaboration with private companies



Overview of educational activities

Post docs 6

Industrial post docs 2

PhD students 10

Industrial PhD students 2

Master projects 9

Post Docs, Thesis Projects, Courses 

In accordance with a long-standing Risø tradition

we are actively training PhD students and housing

post docs. The importance of this contribution to

the education and training of researchers has

been emphasised in the latest ministerial con-

tracts. A member of the staff has for many years

given courses in plasma physics. We have further-

more given courses in non-linear optics and laser

physics. Contributions to summer schools and

extension courses are also regular activities. 

To address the challenges in modern non-linear

science, a graduate school has been organised in

collaboration with departments at the Technical

University of Denmark and the University of

Copenhagen as well as industry. The graduate

school is funded by the Danish Research Academy

and provides a Danish PhD programme at the

highest international level. Its aim is to prepare

students to exploit and apply recent advances in

non-linear science to outstanding problems of

science and industry. In this way the objectives

of the school are both scientific and educational

with emphasis on applied problems. The school

presently has a total of 35 PhD students and 15

post docs affiliated.

The Technical University of Denmark and Risø

are in the process of establishing joint activities

within three essential areas. The department has

been instrumental within the area of biomedical

optics and has contributed to polymers with

polymer optics. 
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Education
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When Carsten Dam-Hansen finished his PhD project at Risø in 1996,

like most other PhD students his contact with Danish industry had been

fairly limited, but that was soon to change. He was employed in an

industrial post doctoral position in a collaborative effort between the

department and Kamstrup A/S, a leading Danish manufacturer and

supplier of electronic measuring equipment for district heating and the

process industry.

Carsten Dam-Hansen sees the two-year post doctoral period as an ideal

way of establishing a good relation between an industrial company,

like Kamstrup, and an academic research department.

„For the Optics and Fluid Dynamics Department the project fitted well

into the research strategy, and for Kamstrup it provided an excellent

way of getting access to and to build specialised knowledge and

experience in the field of optical diagnostics. But it is also fair to say

that part of my effort has been to ease the communication between

the two partners from different worlds,“ says Carsten Dam-Hansen.

The goal of the project was to investigate the possibility of developing

and manufacturing compact, robust and cheap flow sensors based on

optical measurements. Carsten Dam-Hansen joined a company where

on the one hand there was strong knowledge about flow sensing and

measurements using ultrasound, and on the other he was the one who

should introduce optical concepts and ideas in the company. At the

same time he had to learn a few things about industrial research: „It

was very stimulating to switch from the very self-oriented process of

doing a PhD to become part of a development team where you have to

work in close collaboration with colleagues. Also, it was new for me

that the outcome of the research had to be „implementation ready“ in

the sense that it is not sufficient to demonstrate principles in the

laboratory; it must also be designed with respect for robustness and

simplicity,“ says Carsten Dam-Hansen, who is now a full-time employee

of Kamstrup.

The industrial post doctoral project was supported by the Academy of

the Technical Sciences and Risø National Laboratory.

Training in non-linear science is

undertaken in a new graduate school.

Self-organisation in a shear

layer in a rotating parabolic

vessel is an example of a

problem addressed in the

graduate school for non-linear

science.

training
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The department is responsible for the Danish

participation in the European collaboration on

fusion energy where we contribute to the physics

programme and the Materials Research Depart-

ment contributes to the technology programme.

Risø has a formal obligation to advise the Danish

Ministry of Research and Information Technology

on matters related to fusion energy. This task has

been delegated to the department.

The Danish Ministry of Environment and Energy

operates an energy research programme. We have

performed evaluations of combustion processes

and residues under this programme. 

A research project about the use of long-range

laser anemometers for power curve measurements

and control of wind turbines (jointly with Risø’s

Wind Energy and Atmospheric Physics Depart-

ment) is now supported by the EU-Joule

programme. It was initially supported by the

Danish Ministry of Environment and Energy.

Government

18
P R O D U C T I O N

Conceptual layout for a wind turbine

with control based on upstream wind

measurements. A low-power CO2 laser

is used. The laser light is invisible

and eye-safe. 

Fusion energy – as opposed to fission energy – would be an

abundant source of energy if man knew how to make fusion

plants. It would eliminate a number of the problems with fission

energy. However, the challenges are enormous both in under-

standing the basic physics of plasmas, which is the state of

matter necessary for fusion, and in devising technological

solutions to the design of fusion reactors. Fusion research is very

much a transnational activity. Europe has been very active and

very successful in research directed towards fusion energy. Risø is

involved in the development of new optical measuring schemes as

well as models for turbulence in fusion reactors. The diagnostic

activities are performed in collaboration with the German Max-

Planck-Institut für Plasmaphysik.

Fusion research in Europe is co-ordinated by the organisation

EURATOM. EURATOM currently engages some 2000 scientists and

engineers in the national fusion programmes of all the countries

in the European Union and Switzerland. Risø obtains substantial

support from EURATOM to its fusion relevant research. 

As a practical near-term spin-off the department has acquired

knowledge about systems and technologies applicable in

completely different fields.



Risø National Laboratory performs research within science

and technology. The laboratory is organised in seven

research departments:

• Materials Research Department 

• Condensed Matter Physics and Chemistry Department 

• Optics and Fluid Dynamics Department 

• Plant Biology and Biogeochemistry Department 

• Systems Analysis Department 

• Wind Energy and Atmospheric Physics Department 

• Nuclear Safety Research and Facilities Department 

Risø reports its activities in 1998 in the following

publications: Risø Annual Report (available in Danish and

English), Risø Business Statement (only available in

Danish), Risø Publication Activities and the annual

progress reports of the seven research departments. The

publications and further information about Risø can be

obtained from the web site www.risoe.dk. Printed copies

of the reports are available from the Information Service

Department, phone +45 4677 4004, email risoe@risoe.dk,

fax +45 4677 4013.
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Risø National Laboratory

Members of the department also take a vested

interest in the next generation of scientists.

Eight babies born in 1998 have a father or a

mother in the department.

The next generation
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