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Imaging Physics is one of the main areas of research of the Faculty for Physics and Astronomy at 
the Julius-Maximilians-University in Würzburg, Germany. The term “Imaging Physics” embraces 
work groups with many different focuses. These range from biophysics, astronomy and nano-optics 
to material testing and medicine, the two latter both relying on non-destructive examinations and 
characterization. The common ground of the research in these work groups is the application or 
development of imaging methods. Although the spatial and temporal resolutions of such methods 
vary greatly with regard to magnitude, they are actually based on very similar principles. 

Therefore, the basic concepts taught in the area of Imaging Physics not only help students to 
prepare themselves for participation in the study groups involved, e.g. as part of a master´s thesis, 
but they are also an ideal basis for a subsequent career in science and industry in both of which 
imaging techniques play an increasingly important role. 

 

The following work groups research, develop and apply imaging techniques in physics: 

• Hecht group, EP5: The Hecht group carries out research into the area of nano-optics 
and strives to monitor the light-matter-interaction on a scale of atoms or quantum dots. 
  

• Jakob group, EP5: The focus of the Jakob group is nuclear magnetic resonance, NMR. 
This involves the manipulation of groups of nuclear resonances with the aim of obtaining 
spatially-resolved information as well as chemical compositions and structures of samples. 
 

• Behr group, EP5: The Behr group investigates magnetic particle imaging and related 
techniques which use superparamagnetic materials as a tracer in order to detect and track 
cells and other marked substances. 
 

• Hankegroup , LRM: The Hanke group is able to achieve spatial resolutions of below 1 µm 
in biological and material scientific samples using X-ray microscopy and computer 
tomography. 

 

 

 

  



Courses in the Master-Study Programmes for Imaging Physics 

The Imaging Physics programme comprises a selection of lectures as part of the master study 
programme as well as an advanced lab course on NMR. These enable you to prepare optimally for 
your final examination work in this area:  

In the winter term: 

• Advanced MRI (6 ECTS-points), 3+1 term hours/week 
• Image- and Signal Processing in Physics (6 ECTS-points), 2+2 term hours/week 
• Biophysical Measuring Techniques in Medicine (6 ECTS-points), 3+1 term hours/week 

In the summer term: 

• Nano-Optics (6 ECTS-points), 3+1 term hours/week 
 
 
 

And what exactly can we do with ... 

… nano-optics? 

Light and the research into its characteristics, in particular its interaction with matter, have always 
fascinated humans. Not least as optical methods form the basis of some important fields of 
technology, e.g. life sciences or nanotechnology for manufacturing computer chips. 

The localization of photons in extremely small spatial areas and the exact investigation of their 
interaction with matter are both aims of nano-optics. An example of what can be achieved by this is 
the deterministic absorption of a single photon by a quantum dot or the selective stimulation of 
densely packed molecules, thus enabling their physical separation. New and innovative applications 
for light are anticipated from the field of nano-optics. The Hecht group is currently working on 
various exciting projects in this field: 

Nano-Optoelectronics 
In this project we are investigating the possibility of developing 
innovative microscopic light sources, which are based on nanometer-
sized optical antenna. By adapting the characteristics of the antenna 
the properties of these new types of light source, e.g. colour and 
direction of emission, can be widely varied. Areas of use could be 
extremely high-resolution displays or integrated light sources in 
computer chips. 

 

 

 

  



Nano-Quantum-Optics 
If the coupling of light and matter is strong enough,  
photons and electronic excitations can condense to 
give new quasiparticles with interesting 
characteristics. This state of strong coupling can be 
achieved at room temperature by localizing photons in 
extremely small areas. This opens up new and 
exciting perspectives for implementing quantum 
devices with light under ambient conditions.  

Nano-optical Switching Circuits 
Whereas classical optical systems have dimensions on a scale of 
many hundred wavelengths, using concepts of nano-optics it is 
possible to produce and evaluate functional optical systems with 
dimensions in a range of one or even fewer wavelengths. Such 
systems can carry out exciting tasks, e.g. sorting of photons 
according to their helicity or the emission of photons in particular 
directions. An exciting perspective for the future is the carrying out 
of (quantum-) logical operations with individual photons in 
extremely small spaces. 

  

… with  nuclear magnetic resonance? 

At what speed do the bubbles of wheat beer rise to its surface? How can we improve the diagnosis 
of the spreading and aggressiveness of a tumour? At what speed and to which parts of a plant does 
water flow? How calcified are my blood vessels? Or even: How can magnetic nano-particles or 
sugar molecules be converted into physiological information carriers?  
 
All these questions (and many, many more) can be investigated using magnetic resonance imaging 
(MRI), which is today´s chosen method for bio-medicinal research and clinical diagnostics. The 
history of MRI dates back to the physical 
discovery of the effects of nuclear 
magnetic resonance and ranges to Real-
Time-MRI and its continuous further 
development has resulted in a large 
number of Nobel prizes. The Faculty for 
Physics in Würzburg has been a world-
renowned location for more than 25 years 
and stands for the development of 
innovative MRI-methods and their uses in 
biomedicine. It has also provided young 
talent for large medical technology 
companies. At the moment MRI-methods 
are increasingly used in an effort to 
improve tissue differentiation, for 
metabolic imaging and for heart- and vascular diagnostics. In cooperation with the Fraunhofer 



project group „Magnetresonanz- und Röntgen-Bildgebung“ (Magnetic Resonance and X-Ray-
Imaging) new MI-based test methods and sensors for industrial problems are being developed. 

 

… with Magnetic Particle Imaging? 

Where do cells migrate to after an injection in the body of a living being? 
Do medicines always arrive at the point where they are most needed? 
Where is the catheter located in the vascular system of the patient at this 
moment? And even: Can metallic impurities be found in a plastic weld 
seam?  Does the viscosity of a medium ever change? What does the 
magnetizing curve of a substance look like in an alternating field?  

The Magnetic Particle Imaging (MPI) group endeavours to answer these 
and many other questions. MPI is a method first publicized in 2005. This 
method uses the non-linear magnetizing behaviour of superparamagnetic 
nano-sized particles, to unlock and localize the characteristics of the 
particle itself as well as its surroundings from its signal response to a 
magnetic alternating field. The big advantage of this technology – absence of background signal 

from the sample surrounding the particle 
– is at the same time its weakness, as far 
as localization is concerned. For this 
reason MPI is used in conjunction with 
other technologies, e.g. magnetic 
resonance imaging or computer 
tomography. Würzburg is one of the 
world’s leading locations for the 
development of MPI-tomographs as well 
as biomodal systems. 

 

… with X-Ray Microscopy? 

With state-of the-art X-Ray technology it has been possible to accurately explore the inner 
world of materials and products for many years. However, researchers have taken a great 
step forward with nano-X-ray microscopy: For modern nano-computer-tomography on the 
basis of absorption- and phase contrast imaging and by means of refractive imaging (small 
angle X-ray scattering, SAXS), new physical imaging methods and mathematical 
reconstruction algorithms for micro-structure analysis on new metallic, non-metallic, 
biological or medical sample systems have been developed.  

Current new developments create X-ray images with a resolution, previously not possible to 
obtain in a laboratory, of up to 60 nanometres – that is around one thousand times smaller 
than a human hair. In close cooperation with the large-scale research unit ESRF (European 
Synchrotron Radiation Facility) in Grenoble, France the basis and principles of physical 

The first combined magnetic-resonance und MPI-
tomograph in the world originated in Würzburg! 

The central Franconian 
grape contains a small 

amount of ferrofluid. 



measuring methods are being continuously researched and developed in order to venture 
into even higher resolution ranges.  

Using this X-ray technology not only the smallest pores and cracks in materials become 
visible, but for the first time the complex inner structure of materials down to micro- or nano-
dimensions can also be made visible in a laboratory environment.  

In many cases, the inner structure of materials and interfaces define their functionality. In 
this way, in the future researchers will be able to better understand amongst other things, 
why materials obtain completely new properties through various processing steps or new 
alloys. 

 

Nano-CT-System based on a scanning electron microscope 

 

 

More Detailed Information … 

… can be provided directly from all work groups and we would be pleased to hear from you. Why 
don´t you just drop in personally or visit our respective home pages for further information! 

Bert Hecht, Peter Jakob, Volker Behr, Randolf Hanke  
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