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1.
Preface.
 
Prof. Dr. Dr. E.h. Burkhard Göschel, 
 
Member of the Board 
 
of Management of BMW AG, 
 
Development and Purchasing, 
 
and Patron of the Scientific 
 
Award BMW Group 2005.

Innovations are much more than just strategies, processes and networks. Innovations would not be possible without men and women who, 
with creativity, tenacity, passion and courage, press ahead with new ideas. 

It is only rarely that innovations can prevail without risks and opposition. 
Those who dare today to think ahead to tomorrow and beyond need a working environment which both encourages and promotes research. 

The great significance we attach to young academics’ inventive genius and scientific curiosity is underlined by the Scientific Award BMW Group. 
In the context of this year’s award ceremony at the BMW Plant in Leipzig, Germany, excellent up-and-coming scientists are rewarded for their groundbreaking ideas.


2.
“Passion for Innovation 
 
must be rewarded.”
 
International research prize  
 
Scientific Award 
 
BMW Group 2005 awarded 
 
in Leipzig to up-and-coming 
 
scientists.

Munich/Leipzig. The prizewinners of this year’s Scientific Award BMW Group, which invited entries from institutes for higher education from all over 
the world, present their groundbreaking, exciting projects in the Leipzig 
BMW Plant, Germany, on 20 September 2005. The six best contributions were chosen from 230 entries from 26 countries and covering 24 areas of expertise, earning the contributors prizes with a total value of EUR 70,000.

The subjects scrutinized in the last few months by a jury of experts from all scientific disciplines included: a revolutionary prosthetic hand able to grip 
with all five fingers thanks to a cleverly devised mini-hydraulics system, green fluorescent proteins as miniature biological dynamometers, scaled-down particle accelerators, atomic “brains” acting as supercomputers, an ingenious anti-theft device for valuable paintings and magnetic levitation, Transrapid-
style technology for faster and more accurate machine tools in the future.

With the Scientific Award, the BMW Group emphasises the vital importance of innovations for our society, and expressly rewards the passion of young 
people who concern themselves with all things new. “An economy – just like a business enterprise – must be innovative on all levels and in all areas: commercially, technologically and socially, in equal measure. This is the only way to ensure that it will progress, develop and be successful on the international stage. That is why passion for innovation must be rewarded, for it helps societies to progress through its technological achievement”, points 
out Prof. Dr. Dr. E.h. Burkhard Göschel, Member of the Board of Management of BMW AG, Development and Purchasing, and Patron of the Scientific Award BMW Group 2005.

The Scientific Award BMW Group takes place every two years and rewards outstanding Bachelor’s, Master’s and doctoral theses by up-and-coming scientists from all fields of expertise. It is one of the most valuable research prizes on offer internationally. 


The official Award Ceremony will take place in the evening in the new 
BMW Plant in Leipzig, whose architectural uniqueness sets it apart from production sites elsewhere in the world. German journalist Wolf von Lojewski will be the presenter, and well over 300 guests from the world of business, science, politics and society will be present. The six prizewinners will receive their awards from BMW AG Board Member Prof. Dr. Dr. E.h. Burkhard Göschel and the Chairman of the Jury, Prof. Dr. techn. Dr. e.h. Franz Pischinger.

3.
Scientific Award BMW Group 2005.
 
The prizewinners and 
 
their projects at a glance.

Category Doctoral Theses:


1st Prize: Dr. Stefan Schulz, University of Karlsruhe, Germany.

A revolutionary prosthetic hand can grip with all five fingers, thanks to 
a cleverly designed mini-hydraulics system. Vital to the construction 
by Dr. Stefan Schulz from the Karlsruhe Research Centre are the ductile plastic cushions, which move the finger joints when a special fluid is 
selectively pumped into or out of them. At the same time, the cushion 
effect gives the artificial hand the soft feel of a real one.

2nd Prize: Dr. Robert Raußendorf, Ludwig-Maximilians-University, Munich, Germany.

Visionaries consider quantum computers to be the superprocessors of the future. It is questionable if they can actually be built in the foreseeable future. However, thanks to a new idea developed by Dr. Robert Raußendorf, 
there is a tangible and practicable solution. His one-way quantum processor is simple enough to be realised as a larger machine one day. What is more, 
its atomic “brain” can be easily programmed via software.

3rd Prize: Dr. Martin Ruskowski, University of Hanover, Germany.

Magnetic levitation technology makes not only the Transrapid train fast, but also German machine tools. Dr. Martin Ruskowski has developed a 
magnetic guidance system which enables a metal milling machine to operate faster and with greater precision. What is more, the magnets can also 
actively suppress all unwanted vibration via an electronic control system, thus effectively reducing production costs through greater speed and improved quality. 

Category Dissertations, Master’s and Bachelor’s Theses:


1st Prize: Hendrik Dietz, Ludwig-Maximilians-University, Munich, Germany.

A green fluorescent protein (GFP), already used by researchers as a fluorescent marker in cell structures, is also suitable as a mini-dynamometer to measure mechanical strain. The structure of the protein breaks down 
beyond a certain tensile load and it stops glowing. Physicist Hendrik Dietz has made a precise measurement of the GFP molecule’s mechanical properties, thus giving biologists a completely new opportunity to observe intracellular processes.

2nd Prize: Amit Mizrahi, Technion – Israel Institute of Technology, Haifa, Israel.

Particle accelerators could work with light energy instead of electromagnetic micro-waves. Israeli engineer Amit Mizrahi has already demonstrated this in theory. In the vacuum of fibre optics, which conduct light without any spillage, electrons can be made to move at almost the speed of light using laser waves. This would mean that an optical particle accelerator would take up significantly less space than required by conventional devices.

3rd Prize: Thomas Howard, University of Bath, England.

A special fast-lock system prevents the theft of paintings from art gallery 
walls without detracting from viewers’ enjoyment. The system, developed by Thomas Howard, offers galleries twofold security; the pictures are not only firmly fastened to the wall, but can also be removed in an instant in case of emergency. The lock, which fits flush with the wall, can be opened in 
a fraction of a second using a mechanically coded plastic chip as a key.

4.
1st Prize Doctoral Theses: 
 
Dr. Stefan Schulz.
 
“Artificial hand” points the way:  
 
fingers powered by hydraulics.
A new type of hand prosthesis is not only light, flexible, 
and highly mobile, but even has the soft grip of a human hand, too. Mother Nature was the inspiration for its construction.

A revolutionary prosthetic hand can grip with all five fingers, 
thanks to a cleverly designed mini-hydraulics system. Vital to the construction by Dr. Stefan Schulz from the Karlsruhe Research Centre, Germany, are the ductile plastic cushions, which move the finger joints when a special fluid is selectively pumped into or out 
of them. At the same time, the cushion effect gives the artificial hand the soft feel of a real one.

The human hand is the most complex gripping device that nature has devised. One of the greatest challenges facing medical technology is reproducing it using technical means. Up till now, prosthetic hands have only been able to reproduce a single gripping movement, and that movement has always had 
a very mechanical look about it. But Stefan Schulz of the Karlsruhe Research Centre proves that it need not be that way: he has developed a prosthesis which not only has the physical appearance of its genuine counterpart, but can also move in almost exactly the same way. His work was supervised 
by Prof. Dr. Georg Bretthauer of the German University of Karlsruhe. 
This innovation earned him 1st Prize in the category Doctoral Theses 
of the Scientific Award BMW Group 2005.

The new artificial hand represents a revolution in prosthetics: it is able 
to move all five fingers and is thus able to master the most important gripping movements of a normal hand. These include the cylinder grip, which allows bottles to be held, for example, the pincer grip for picking up small objects, or the lateral grip, which is typically used to hold a credit card. The prosthetic hand also allows the index finger to be extended, which means that the wearer can operate buttons and switches.

All this has been made possible by a construction approach which is 
unusual in hand prosthetics. “Whereas conventional artificial hands are powered by electric motors, we use a hydraulic drive system”, Schulz explains. “Electronically controlled valves inject exact doses of a special fluid into the prosthetic fingers. Depending on how full they are, the individual phalanxes contract or extend.” The design for this technology was borrowed from Mother Nature herself. Spiders move their legs according to the same principle, 
by applying higher or lower pressure to a fluid in the hollow tubes of their legs.

Special fluidactors are responsible for this task in the case of the 
prosthetic hand. They consist of a small bellows with fabric reinforcement. 
When subjected to pressure, they become ductile cushions or pads 
which do not just guarantee the hand’s mobility. They are also so elastic that the hand is pleasantly soft to the touch and can adapt itself optimally to the objects to be gripped.

The artificial hand is controlled by what are known as myoelectrodes. 
These sensors in the shaft of the prosthesis pick up the electrical impulses which are produced when the wearer flexes the muscles in the stump of 
his arm. A special microprocessor reads the sequence of muscle contractions like a kind of Morse code and deduces the appropriate command impulse from them. “We have developed smart software which can translate 
the impulses from the patient’s muscles into the various grip patterns of the hand”, says Schulz. In addition, the electronics ensure that all fluidactors are filled or emptied at the right point in time, which results in a fluid movement.

Schulz and his team have set their sights for the future even higher: eventually the sensors in the prosthesis are intended to be connected directly with subcutaneous nerve endings. This would mean that the motor impulses could be received and translated without any detours, thus enabling the 
artificial hand to perform even faster and more complex motion sequences.

Patients appreciate not only the superior functionality of the new prosthesis, but also its aesthetic aspects. The artificial hand can be adapted to fit any wearer and even comes complete with fingernails and typical wrinkles, which gives it a strikingly natural appearance. What is more, the new hand is significantly lighter than conventional prostheses, which complies with a wish shared by many patients. When it goes into serial production, it should 
not cost more than conventional models, thanks to lower material costs.

For more information go to:

http: www.fzk.de/fluidgruppe

Thumbnail sketch:
Dr. Stefan Schulz.

Stefan Schulz was born in Rostock, Germany, in 1971. While still studying 
for his Abitur in 1990, he qualified as an Electronics Technician. In 1992 he started his Electrical Engineering studies at the University of Rostock and, 
in 1994, chose Electromechanical Construction as his specialist subject. 
A scientific work experience placement took him to the Karlsruhe Research Centre (FZK), Germany, in 1996. Here he did his dissertation on the subject of actors with fluidic power drives in Minimal Invasive Surgery, completing this 
in 1997. After that, he stayed on as a Research Associate of the Institute for Applied Computing at the FZK. In 2001 he was admitted to the Centre’s Excellence Programme and became project manager for the Prosthetics and Rehabilitation Department. In the course of his doctoral thesis, which he submitted in 2003, receiving the grade “Distinction”, he developed a new type of prosthetic hand with movements controlled by soft hydraulic elements. 
In recognition of his work he was awarded the Scientific Award BMW Group 2005. In the same year, Schulz and his team were one of the winners 
of the Bionics Innovation Competition run by the German Federal Ministry of Education. The prize was for his development of a gentler coloscopy method.

5.
2nd Prize Doctoral Theses: 
 
Dr. Robert Raußendorf.
 
Unbelievable: atomic “brains” 
 
as tomorrow’s superprocessors.
The idea of a programmable quantum computer opens up new horizons for future superprocessors.

Visionaries consider quantum computers to be the superprocessors of the future. It is questionable if they can actually be built in the foreseeable future. However, thanks to a new idea developed by 
Dr. Robert Raußendorf, there is a tangible and practicable solution. His one-way quantum processor is simple enough to be realised 
as a larger machine one day. What is more, its atomic “brain” can be easily programmed via software.

Dr. Robert Raußendorf was awarded 2nd prize in the Scientific Award 
BMW Group 2005, category Doctoral Theses, for his innovative idea for 
a one-way quantum processor. Thanks to his design for a computer 
based on the laws of quantum physics, the performance of processor-supported data processing could one day be increased to levels 
which it is impossible to reach today. His work was supervised by 
Prof. Dr. Hans J. Briegel of the University of Innsbruck, Austria.

His idea of using minute particles such as atoms, photons or electrons – 
so-called quantum particles – to assist in data processing fascinates physicists and IT specialists alike. However, quantum computers have up till now only existed on paper or in the simplest of forms in scientific experiments. Should it become possible to build them on a larger scale one day, though, 
they would be able to outperform all of our present-day supercomputers.

Conventional processors perform all calculation steps with “bits” as their smallest units of information, whereby every bit always has a definite binary status: either zero or one. Quantum processors calculate using quantum bits, also known as “qubits”, which are much more versatile. They can represent not only zero and one, but also any number of values in between – and simultaneously. This information condition of a qubit, inconceivably complex for the human mind, is called “superposition” by quantum physicists.


Quantum particles as qubits have yet another and more wondrous 
property: they bring each other into being at more than the speed of light and 
across any given distance. The technical term for this mutual dependency, whose existence Einstein refused to believe in and which scientists today call “ghostly”, is “entanglement”. Thanks to superposition and entanglement, some calculation processes which it would take ages for a conventional computer to make will only take a moment with quanta. “The difference between the performance of a quantum processor and that of a conventional computer becomes greater in proportion to the difficulty of the problem to 
be solved”, explains Raußendorf. So, information which has been encrypted to any degree of complexity according to current methods can be decrypted almost instantly with a quantum processor – a nightmare for any secret service. On the other hand, quantum entanglement could, in principle, well create the possibility of unbreakable codes.

Of course, quantum processors are also sensitive beasts which must be treated with the utmost technical delicacy. They can only develop their strengths when left in peace to do their calculations. Any external disturbance, however small – such as a request for a provisional result – would 
cause severe interference. This limits their calculation potential.

Raußendorf’s one-way quantum computer makes the best of this disadvantage and sets it to work. The idea: to create a cluster of entangled qubits and deliberately disturb them by successively measuring individual qubits. If the appropriate order of these measurements is chosen, the qubit cluster will react to the disturbances for as long as it takes for only the required solution to be left over. “That is where the ‘one-way quantum processor’ comes from”, says Raußendorf. “The qubits’ physical carriers – the atoms – are not destroyed by this process, however. They can be re-used by simply entangling them again.”

Raußendorf’s idea offers a number of advantages over other designs for quantum computers. For one, it is easy to increase calculation performance when it is needed, without increasing the technical effort and thereby 
causing costs to grow out of proportion. This quantum processor is also universal and forgives errors. Up till now, most quantum computers 
could not be programmed as diversely as classic computers, in fact a special construction had to be made for each individual calculation exercise. 
In Raußendorf’s solution the required algorithms are dictated to the system by the appropriate choice of the measured qubits, like with software. 
If and how well this works in practice is currently being investigated under experimental conditions by various scientific groups.

Thumbnail sketch:
Dr. Robert Raußendorf.

Robert Raußendorf was born in Dresden, Germany, in 1973. He started to study Physics at Dresden Technical University in 1991. In the same year 
he travelled to Havana, Cuba, as a member of the first team from the newly-
united Germany, to take part in the 25th International Physics Olympics. 
In 1992 he transferred to the Ruprecht-Karls-University in Heidelberg, Germany. A semester abroad in 1994 took him to the University of Cambridge in England. Having returned to Heidelberg, he received his degree with 
the grade “Excellent” in 1997. During his entire studies, Raußendorf was the beneficiary of a scholarship from the German National Study Foundation.

Raußendorf worked for four years (1999–2003) as a PhD student in the Physics section of the Ludwig-Maximilians-University in Munich, Germany. 
He wrote his thesis (completing his doctorate with the grade “summa cum laude”) on the subject of quantum computers, for which he has received 
his prize. He subsequently went on to do postdoctorate work at the prestigious California Institute of Technology in Pasadena, USA, where he has been doing further fundamental research into quantum computers.

6.
3rd Prize Doctoral Theses: 
 
Dr. Martin Ruskowski.
 
Accurate, fast and efficient – 
 
a metal milling machine that hovers.
Machine tools of the future could work faster and more precisely using magnetic levitation technology like that used in the Transrapid magnetic monorail.

Magnetic levitation technology makes not only the Transrapid 
train fast, but also German machine tools. Dr. Martin Ruskowski has developed a magnetic guidance system which enables a metal milling machine to operate faster and with greater precision. What is more, the magnets can also actively suppress all unwanted 
vibration via an electronic control system, thus effectively reducing production costs through greater speed and improved quality. 

The main attraction of the magnetic monorail Transrapid lies in its high speed, and it is considered to be one of the shining international examples of 
German engineering expertise. Magnetic levitation technology is a feature that will soon be found in machine tools with the “Made in Germany” tag, 
too. Electronics engineer Dr. Martin Ruskowski of the University of Hanover, Germany, has, under the leadership of Prof. Dr. Karl Popp, developed a magnetic guidance system for the sliding carriage of a metal milling machine. This allows the machine to work a lot faster and with greater precision. Ruskowski’s contribution to innovative research has earned him 3rd Prize 
in the Scientific Award BMW Group 2005, category Doctoral Theses.

Conventional machine tools rely on so-called roller guides, where the 
heavy carriages are moved by pushing them along on ball bearings or rollers. 
This results not only in a high level of mechanical wear and tear, but also 
in a braking effect on every movement due to friction. This means that there is a limit to the speed at which the carriage can travel.

Magnetic levitation technology allows faster machines to be constructed. Using the same basic principle as the Transrapid monorail train, powerful electromagnets allow the tool carriage to hover in position, but without physical contact. As there is no mechanical resistance to overcome, the carriage can be moved twice as fast as in a comparable machine 
with roller guides. The speed advantage pays dividends. A machine 
with magnetic guides may be more expensive to buy, but 
the cost of running it is considerably lower due to the operating 
time saved. 

It is obvious that high speed running would be of little practical use if the accuracy of the machine tool were to suffer as a result. However, Ruskowski was able to demonstrate, both by theoretical calculations and in practice, 
that the magnetic guide system brings no disadvantages whatsoever 
in comparison with conventional solutions. Quite the opposite, in fact.

One drawback of fast-moving milling machines is their tendency to “clatter”, 
as it is called. Irregularities on the surface being processed can cause the tool carriage to vibrate, which impairs its operation. If these vibrations are not cushioned sufficiently by the machine, the milling head will start to beat on the metal like a hammer drill, making a clattering sound, and, in extreme cases, even destroying the workpiece. This is where the magnetic technology comes into its own: “The magnetic guide cushions any unwanted oscillation 
much better than a comparable roller guide and is a lot less susceptible to clatter vibration”, Dr. Ruskowski explains.

This advantage is strengthened even further by virtue of the fact that 
the magnetic forces can be adjusted very quickly in order to actively combat undesirable vibration. Ruskowski developed an electronic control system which recognises interference frequencies in the tool carriage automatically. 
A software feature performs a real-time calculation of how the flow of 
current in the magnets must be adjusted so as to exactly counterbalance the interference. This active cushioning effect increases the accuracy with which the tool can work even more.

Dr. Ruskowski has subjected his development to thorough tests on the 
“Fast Machine” at the University of Hanover’s Mechatronics Centre. 
His summary: “The non-contact active magnetic guide system is ready 
to be put into practice and could soon be tested in serial application.”

For more information go to:

http://www.magnetfuehrung.de

http://www.ruskowski.net 

Thumbnail sketch:
Dr. Martin Ruskowski.

Martin Ruskowski was born in 1969. He began his Electrical Engineering studies at the University of Hanover, Germany, in 1990 and completed them in 1996 with a final “A” grade. He went on to work at the University of Hanover 
as a Scientific Assistant at the Institute of Mechanics. At this time he was involved, amongst other things, in a German Research Foundation research project concerning construction and control of fast machine tools. 
He was awarded his PhD with distinction in 2004. His doctoral thesis “Design and Control of Active Magnetic Guides” earned him the Scientific Award BMW Group 2005. Currently Ruskowski is developing freely configurable motion control devices at Lenze Drive Systems GmbH, a supplier of electronic drive systems.

7.
1st Prize Dissertations: 
 
Hendrik Dietz.
 
Impressive: miniature 
 
biological dynamometer.
A fluorescent protein originating from a species of Pacific jellyfish loses its fluorescence when subjected to traction. This molecule can be used by biologists as a miniature intracellular dynamometer.

A green fluorescent protein (GFP), already used by researchers as a fluorescent marker in cell structures, is also suitable as a mini dynamometer to measure mechanical strain. The structure of the protein breaks down beyond a certain tensile load and it stops glowing. Physicist Hendrik Dietz has made a precise measurement of the GFP molecule’s mechanical properties, thus giving biologists 
a completely new opportunity to observe intracellular processes.

Physicist Hendrik Dietz has developed a biological dynamometer which shows mechanical tension inside cells. The basic idea of the sensor is to incorporate a green fluorescent protein known as GFP into those parts of cells subject 
to mechanical loads. If the molecule is destroyed by being overstretched, it no longer glows when subjected to ultraviolet light. With the help of this technology, it will be possible to measure mechanical forces in the protein structures inside living cells. Dietz’s groundbreaking work, done under 
the supervision of Prof. Dr. Matthias Rief of the Technical University of Munich, Germany, earned him 1st Prize in the Dissertation’s category of the 
Scientific Award BMW Group 2005.

Most proteins that occur naturally have a mechanical function. This is 
certainly true in the case of muscles. But the so-called cytoskeleton, which gives every cell its form from within, is based on a grid of proteins. 
Until now biologists have been able to discover very little about the forces acting within such cell structures, as they have not had an appropriate means of measuring them. The GFP dynamometer could change all this in the future.

GFP originally comes from a species of Pacific jellyfish. It has been used as a visual marker in cellular biology research for a number of years due to its 
non-toxic fluorescent properties. In order to do this, researchers introduce the GFP’s genetic code into a cell’s genetic material. The marker protein is 
then produced by the cell’s own biological engine and attached at the right point. It reacts to ultraviolet light with a greenish fluorescence, 
thus showing researchers the exact position of the structure in question.

In future, GFP’s fluorescence will not only allow biologists to see where it is 
in the cell, but also what mechanical load is being imposed on the surrounding cell structure. For GFP stops fluorescing when the force acting upon the protein exceeds a certain threshold, thereby destroying the structure of the protein.

In a laboratory experiment, Hendrik Dietz was able to determine what force is necessary to start the process of structural degeneration, namely 
100 picoNewtons – a hundred trillionth of a newton. “The barrel-shaped chain of amino acids which make up the protein tears and the fluorescence stops within two milliseconds”, he explains.

Dietz had to specially develop a completely new method in order to study the mechanical properties of GFP in the first place, for how was he supposed to get a sure hold of the tiny molecule at all before subjecting it to various loads? His solution was use genetic engineering to synthesise special fusion proteins. These consist of a GFP to which two loose protein strands are attached as handles. In this way he was able to couple the GFP to the 
fine point of an atomic force microscope, carefully stretch it and, using an extremely sensitive leaf spring, determine the force at which the protein 
gives way and ceases to fluoresce. 

Other colour variations of the fluorescent protein are possible, for example, blue, red or yellow. In future, the mechanical properties of these proteins should also be precisely measured and calibrated using Dietz’s technique. 
It would be of particular interest for researchers if the molecules should become unstable at different load levels. “In this way”, explains Dietz, “there could one day be a whole range of biological nanosensors available, 
each of whose coloured signals would represent a particular level of force.”

One possible field of application is as an early-warning system for metal fatigue due to the slightest of nanoscopic or microscopic tears or breaks. In aviation, for example, aircraft components often have to be removed and analysed using a lot of effort – an expensive and time-consuming process. Now it is possible to conceive of “intelligent materials” which allow quick and easy assessment of the condition of a component by means of a fluorescent signal.

For more information go to:

http://cell.e22.physik.tu-muenchen.de

Thumbnail sketch:
Hendrik Dietz.

Hendrik Dietz was born in Dresden, Germany, in 1977. He began studying Physics at the German University of Paderborn in 1998. Following his intermediate exam in 2000, he spent two semesters abroad at the Universidad de Zaragoza in Spain. On his return to Germany he continued his studies 
at the Ludwig-Maximilians-University in Munich. He was awarded his degree “with distinction” in 2004. He received the Scientific Award BMW Group 2005 for his dissertation on “Mechanics of the Green Fluorescent Protein”. 
Dietz is currently working on his doctorate in Prof. Dr. Matthias Rief’s team 
at the Physics Department of the Technical University in Munich.

Dietz is a member of the Bavarian Elite Network’s “International Graduate School Nano-Biotechnology” and a Graduate Associate of the Center for NanoScience (CeNS) in Munich.

8.
2nd Prize Master’s Theses: 
 
Amit Mizrahi.
 
Significantly smaller than before: 
 
electrons surf on light waves.
Will the particle accelerators of the future be able to fit on a laboratory bench? In theory, it is already possible with the aid of laser beams and fibre optics.

Particle accelerators could work with light energy instead 
of electromagnetic micro-waves. Israeli engineer Amit Mizrahi has already demonstrated this in theory. In the vacuum of fibre optics, which conduct light without any spillage, electrons can be made to move at almost the speed of light using laser waves. This would 
mean that an optical particle accelerator would take up significantly less space than required by conventional devices.

Today’s particle accelerators are kilometre-long pieces of machinery whose size alone means that millions of euros are spent on research into them. Tomorrow’s devices could perform comparable services, cost a lot less, and be small enough to fit on a laboratory bench. Israeli electrical engineer 
Amit Mizrahi has developed the design for a small optical particle accelerator powered by laser instead of electromagnetic micro-waves. This research 
work, which was done under the supervision of Prof. Levi Schächter at the Technion – Israel Institute of Technology, Haifa, has earned him 2nd prize 
in the Scientific Award BMW Group 2005, in the category Master’s Theses.

Conventional particle accelerators cause electrons or other charged particles to move at almost the speed of light over a roaming electromagnetic field. 
To achieve this, electromagnetic waves push the electrons along in front of them through long tubes, similar to the way a human surfer rides a wave. 
The snag is that this technology only works with relatively large devices, so that the use of such accelerators has always been restricted to major 
research establishments such as the organisation Centre Européenne pour la Recherche Nucléaire (CERN) in Geneva, Switzerland, or the German 
research station Deutsches Elektronen-Synchrotron (DESY) in Hamburg.

In order to create smaller particle accelerators, it would be necessary to make the wave crests that provide the power follow each other much more closely. This energy, however, could no longer be conveyed using electromagnetic waves with a wavelength of approximately 30 cm, but by the use of light, with wavelengths of about one micron. In his thesis, Mizrahi investigated important basic theories connected with the construction of such an optical particle accelerator. 

The first question was: how can the energy of a laser beam, whose energy pulse pushes the electrons along in front of it, be channelled in the requisite way? Mizrahi’s answer consisted of special optical fibres, or plates, enclosing a hollow vacuum channel. They consist of several extremely thin layers of glass, with changing refraction indices. The “glass sandwich” construction forms what is known as a Bragg mirror. One of its properties is hat it reflects light of a certain wavelength from its crystal grid without any spillage. The thickness 
of the glass layers can be selected in such a way that total reflection occurs at the exact wavelength of the laser light used. In this way, no laser energy is lost in the interior of the fibre optic.

Electrons travelling at extremely high speeds, almost the speed of light in fact, emit “shock waves” of energy. “You can compare it with the sonic boom which occurs when an aircraft breaks through the sound barrier”, explains Mizrahi. 
If the mantle of a particle accelerator reflects these waves, they could interfere with the acceleration of following electrons. Mizrahi’s model calculation 
on a computer, however, showed that this effect would be much weaker in an optical particle accelerator than in its conventional predecessors.

For the moment, optical particle accelerators only exist in theory. “Proof of the feasibility of this procedure will lead to enormous advances in accelerator technology”, says Mizrahi, for the devices built according to these principles would not only be much smaller and cheaper, but would also open up new fields of application. High energy and particle physics experiments would then be possible under the conditions of normal laboratory premises. In addition, the devices could be used as a reliable source of X-rays, which are required not only for research into medicine or materials, but increasingly in the fields of chemical and biological research, too. Nanotechnology is another possible area of application. For example, molecular-level materials could be processed by focussed bombardment with accelerated electrons.

For more information go to:

http://www.technion.ac.il

http://www.ee.technion.ac.il/people/schachter

Thumbnail sketch:
Amit Mizrahi.

Amit Mizrahi was born in Haifa in Israel in 1975. In 1993, he began his Electrical Engineering studies in his hometown’s Technion – the Israel Institute of Technology. Between 1997 and 2002, during his military service, he 
worked in a research unit concerned with high-frequency and communication technology. He received his Master of Science degree in 2004. In 2005, 
he was awarded the Scientific Award BMW Group for his work on the basic construction principles of optical particle accelerators. Mizrahi is currently working on his doctoral thesis and holds a post at the Technion as a Teaching Assistant in electromagnetic fields.

The Scientific Award BMW Group is Mizrahi’s second accolade for his scientific work. In 1997, the Technion presented him with its Thomas Schwartz Award for the development of a process by which a graph of the 
electrical activity (electrocardiogram) of the heart of an embryo in the womb can be reconstructed with the aid of an ultrasound scanner.

9.
3rd Prize Master’s Theses: 
 
Thomas Howard.
 
The smart way to protect art – 
 
the special lock.
Pictures on show in art galleries are protected from theft using 
an innovative security mechanism which nevertheless allows quick removal in case of emergency.

A special fast-lock system prevents the theft of paintings from art gallery walls without detracting from viewers’ enjoyment. 
The system, developed by Thomas Howard, offers galleries twofold security; the pictures are not only firmly fastened to the wall, 
but can also be removed in an instant in case of emergency. The lock, which fits flush with the wall, can be opened in a fraction 
of a second using a mechanically coded plastic chip as a key.

According to British statistics, two-thirds of art thefts today are committed in broad daylight. Thieves take advantage of an unobserved moment to remove pictures from the walls of galleries or museums. This worrying development shows a real need for new measures to safeguard pictures. As part of his dissertation to complete his degree course in Engineering at the University of Bath, England, the Briton Thomas Howard developed a code-supported quick-acting fastener suitable for all painting types, under the supervision of Prof. A. R. Mileham. The idea for this innovative product, which Howard 
calls “ArtSmArt”, has earned him 3rd prize in the Scientific Award BMW Group 2005 category Master’s Theses.

Adopting a particularly sophisticated and systematic methodology, Howard investigated many different approaches in order to find out which technology would be most suitable for a secure but also fast-release picture fastener. 
He developed and tested known and original security systems: special safety screws and wall plugs, magnetic locks, various types of combination locks 
and a novel, extremely flat lock system with code cards. Eventually he selected the solution with the card. “This saves the gallery owner having to worry 
about entering the wrong codes. At the same time, the card lock can be opened more quickly and the code combinations are easy to alter”, is how Howard explains the advantages of the code card system.

ArtSmArt is fitted with an innovative linear lock. The key to this is a simple plastic chip with four fingers on one side. A serrated index system on the surface of the fingers allow up to 4,000 different codes to be entered. “In this way it is possible for each gallery and museum to receive one specific card which allows all pictures to be secured and released quickly”, says Howard.

The unobtrusive security lock will not detract from the museum visitor’s enjoyment of the art on display, since the entire ArtSmArt mechanism 
is designed in such a way as to completely disappear inside the exhibits’ frame. As the lock is only 14 mm thick, it does not affect the hanging 
of the pictures in any way, and enables vital airflow behind and around the painting. At the same time it is mechanically robust enough to make life difficult for any potential art thieves. 

The flat ArtSmArt lock is fixed to the wall with screws. Only two special hooks must be attached – at the correct distance apart – to the picture frame itself. When the picture is hung, the two hooks engage in corresponding slots in the locking mechanism, and are then clamped in place. The fastener can only be reopened if the appropriate code card is used.

Howard cooperated closely with the security services provider Euronova during the development of his product and adapted the picture lock design to the company’s requirements. 

For more information go to:

http://www.bath.ac.uk

http://www.bath.ac.uk/imrc/home.htm

Thumbnail sketch:
Thomas Howard.

Thomas Howard was born in Anglesey in Wales in 1982. He studied Engineering at the University of Bath, England, from 2000 to 2004. He chose “Innovation and Engineering Design” as his specialist subject. In the course of his graduation thesis he developed a novel security fastening system for 
works of art on public display in galleries and museums. This innovative device earned him a Scientific Award BMW Group 2005 prize. Howard is currently working on his PhD at the University of Bath, the subject of his doctoral thesis being “The role of information, knowledge and creativity in the design process”.

10.
Scientific Award BMW Group.
 
Facts & figures.

Since its introduction in 1991, the Scientific Award BMW Group has been encouraging and supporting exceptional up-and-coming scientists from 
all faculties worldwide. Since then, the BMW Group has awarded prizes for the best theses and dissertations every other year. To date, the BMW Group 
has thus honoured 45 young researchers and their supervisors. The Award, worth a total of EUR 70,000, is one of the most valuable research prizes 
in the world. The jury consists of renowned scientists from various fields of expertise. The prize is not only a one-off accolade, but also provides a network via which young academics and their supervisors can regularly exchange information, as well as with representatives from the world of science and business. 

Intention.

For 14 years now, the Scientific Award has been a firm fixture in the dialogue between the BMW Group, industry, science and society. Professors from higher education and scientific institutions are especially important for the company as partners in the areas of research and training cooperation. 
The Award is a means by which the BMW Group emphasises the importance of outstanding research achievements by up-and-coming academics. 
At the same time, it promotes society’s acceptance and recognition of the need for scientific progress.

Invitation for entries 2005.

This year’s motto “Passion for Innovation” was the signal for around 
230 up-and-coming scientists from 26 countries to submit their entries. These entries cover a total of 24 fields of expertise, including such 
diverse subjects as mechanical engineering, applied computing, electrical engineering, medicine, architecture, law and cultural sciences. 
This year’s Patron is Prof. Dr. Dr. E.h. Burkhard Göschel, Member of the 
Board of Management of BMW AG, Development and Purchasing. 

Conditions of entry. 

The Scientific Award BMW Group is addressed to graduates worldwide. Young academics can submit, along with a recommendation from their academic mentor, their Master’s, Bachelor’s or doctoral thesis. In line with the interdisciplinary approach principle, theses or dissertations from all fields of expertise are accepted. 

Assessment criteria.

In their selection process, the jury consider the following criteria when assessing the work submitted: innovation potential, theory, relation to reality, benefit for the environment and society, economy, and form of presentation. Besides the excellence of the contents, the candidate’s personal elaboration and presentation play an important part.

The Jury. 
Prof. Dr. techn. Dr. e.h. Franz Pischinger (Chairman of the Jury).

President and CEO, FEV Motorentechnik GmbH, Aachen, Germany.

Director of the Institute of Thermodynamics at the Rhineland-Westphalian Technical University (RWTH) in Aachen, Germany, for almost three decades and currently President and CEO of FEV Motorentechnik GmbH in Aachen, 
a post he has held since 1978. The Austrian has received many international honours for his services to industry and science, including the Order of Merit, First Class from the Federal Republic of Germany and an honorary professorship from the University of Dalian in China. He has sat on the jury of the Scientific Award BMW Group since 1991 and has been its Chairman for eight years now.

Prof. Dr.-Ing. Jean K. Bigoney.

President, Springfield Metallurgical Services, Inc., Springfield, Vermont, USA. 

Until 2002 American-born Dr. Bigoney was Full Professor of Mechanical Engineering Materials at the German Technical University of Munich, and is now President of a US consultancy firm specialising in high-tech materials. Her CV also includes membership in several scientific organisations, such as the German Research Foundation (DFG) and the Scientific Council of the German Federal Government.

Prof. Dr. Michael Dowling.

Chairman of Innovation and Technology Management, 
University of Regensburg, Germany.

The Harvard graduate has been holder of the Chair for Innovation and Technology Management at the University of Regensburg since 1996. 
His career to date includes posts at a number of universities at home 
and abroad. Among others, McKinsey and the International Institute for Applied Systems Analysis (IIASA), Laxenburg, Austria, have benefited 
from New York-born Dr. Dowling’s broad range of management expertise.

Detlef Frank.

Chairman of the Board of Trustees, Institute for Mobility Research (ifmo), Berlin, Germany.

The Chairman of the Board of Trustees of the Berlin Institute for Mobility Research (ifmo) was a senior manager in various BMW Group divisions for more than 30 years, he was last responsible for the divisions “Science 
and Research” and “Science and Traffic”. Frank devoted a lot of his time to research and development at national and international levels, including a three-year spell as President of the VDI (German Engineers’ Society) company Vehicle and Traffic Technology.

Prof. Dr.-Ing. habil. Raymond Freymann.

Managing Director, BMW Group Research and Technology, Munich, Germany.

Before becoming Managing Director of the BMW Group Research and Technology Division in 2003, the mechanical engineering expert’s scientific career had already taken him to the German Centre for Aeronautics and Astronautics (DLR) and the Air Force Flight Dynamics Laboratory at Wright-Patterson AFB, USA. As a freelance associate professor at the Technical University of Munich, he passes on his expertise to up-and-coming scientists.

George Görtemöller.

Former Managing Director, Netherlands Institute for Marketing, Abbenes, 
The Netherlands.

The former Marketing and Technology Management Consultant and Managing Director of the Netherlands’ Institute for Marketing in Abbenes also held office as Deputy Mayor of the municipality of Haarlemmermeer. Besides, he was a member of the Royal Tropical Institute’s supervisory board and belonged to the Dutch Foreign Economics Agency and the Dutch Chamber of Examiners for Professional Qualifications.

Christoph Huß.

Senior Vice-President, Science and Traffic Policy, BMW Group, Munich, Germany.

The engineering graduate has been Senior Vice-President of BMW Group Science and Traffic Policy since the beginning of 2002. He has more than 
20 years’ experience with the company, having held, amongst other posts, that of Representative of the Board of Directors for Traffic and Environment. 
He also has international experience through having held managerial posts in the USA, and has been active in the German Traffic Safety Council’s (DVR) Committee for Vehicle Technology for over ten years. 

Dr. Lutz Kühne.

Senior Vice-President, Corporate Quality, BMW Group, Munich, Germany.

With his background as a Senior Engineer at the Machine Tool Institute at Aachen’s Rhineland-Westphalian Technical University (RWTH), Germany, 
he can draw on almost 20 years’ expert experience as a senior manager in such diverse fields as diagnostic and control systems, technological construction and materials logistics. Kühne was responsible for Power Train and Running Gear Systems at the BMW AG in Munich for five years before taking over as senior Vice-President of Corporate Quality.

Prof. Dr. Henri Ménudier.

Professor at the University of Paris III – Sorbonne Nouvelle, German Institute, Political Science and Regional Studies, Asnière, France.

The Professor of Twentieth Century German History and Social Studies 
at the Université Paris Sorbonne is Chairman of the Bureau International de 
Liaison et de Documentation. As Chief Editor of the French magazine Documents, Ménudier is a strong advocate of Franco-German dialogue. 
He is also a member of the Association Française de Science Politique.

Prof. Dr.-Ing. Jochen Schiller.

Dean of the Department of Mathematics and Computer Science, 
Free University of Berlin, Germany.

The Professor for Technical Computer Science, with a main focus on 
Mobile Communications, has been Dean of the Department of Mathematics and Computer Science at the Free University of Berlin since 2003. 
His international scientific career also previously took him to Sweden and Canada, where he lectured at the Université de Québec, during his 
parallel research work at the Institute of Telematics at the German University of Karlsruhe.

Prof. Dr. rer. nat. Volker Schindler.

Director of the Department of Automotive Engineering, Institute of Land and Marine Transportation Systems, Technical University of Berlin, Germany.

The Director of the Department of Automotive Engineering at the Institute 
of Land and Marine Transportation Systems, Technical University of Berlin, was called by the fourteenth German Parliament to join the Enquiry Commission “Sustainable energy supplies under globalised and liberalised conditions”. Until the year 2000 Schindler had held senior managerial positions with the BMW AG and the BMW Technik GmbH in Germany and the UK, and prior to that in the energy sector.

Rudolf Schulze.

Editor-in-Chief, VDI Nachrichten (paper of the German Engineers’ Society), Düsseldorf, Germany.

The journalist was, amongst other things, a founder member of the German Patent and Innovation Agency North Rhine-Westphalia and initiator of the “Establishment of New Companies with Technological Orientation” campaign. Editor-in-Chief of VDI Nachrichten for some 18 years, he studied 
Electrical Engineering at the Rhineland-Westphalian Technical University (RWTH) Aachen, Germany, before moving to the media sector.

Prof. Dr. rer. nat. Ulrich Walter.

Head of the Institute for Astronautics, Technical University of Munich, Germany.

The qualified astronaut orbited the Earth 159 times on board the space shuttle “Columbia” after his training at NASA and the German Centre for Aeronautics and Astronautics (DLR). Later, he was presenter of the 
German TV science magazine show, MaxQ. Nowadays Walter is Head of the Institute for Astronautics, Department of Satellite Technology, at the 
Technical University of Munich and is a member of the Board of Trustees 
of the Deutsches Museum in Munich.

11.
Scientific Award 
 
BMW Group 1991–2005.
 
A history.

1991.

The purpose of the Scientific Award BMW Group, on offer for the first time, 
is to intensify the traditionally close dialogue between the BMW Group and institutes for higher education. The main focus is on contributions 
from engineers and natural scientists concerning the ecological and social optimisation of the automobile. 

1993.

The second invitation for entries, entitled “The automobile and traffic – mobility in harmony with ecological, economic, technical and 
social considerations”, made a distinction between Doctoral theses 
and Bachelor’s/Master’s theses for the first time.

1995.

The motto of the third Scientific Award BMW Group is “Mobility in the future – the consequences for the automobile and traffic”, and prizes are given for contributions with a holistic approach, comprehensive subjects and solutions for the traffic of tomorrow.

1997.

The central theme of the fourth invitation for entries, “Sustainable Mobility – long-term preservation of mobility in harmony with humans and their environment”, means that contributions dealing with mobility outside or beyond the immediate context of the automobile are permitted for the 
first time.

1999.

The deliberately interdisciplinary approach of the prize for up-and-coming scientists is emphasised by the motto of the fifth invitation to take part: “Innovations for a mobile future”. This year, the competition is open to academics worldwide.

2001.

The Scientific Award has been part of the dialogue between the BMW Group and institutes for higher education for ten years now. In this anniversary year, the subject “Innovations for a mobile future” is taken up again. 

2003.

A passion for shaping the future – the seventh invitation, whose motto is “Passion for Innovation”, appeals to the most exceptional entrants from all fields, worldwide.

2005.

The eighth invitation for entries, entitled “Passion for Innovation”, attracts the best response yet, with 230 candidates from 24 different fields. The range of subjects and the international spread of entries reach unprecedented heights; the contributions came from no fewer than 26 different countries.





































