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Several advanced superconducting materials have been characterised by 
magneto-optical imaging. A method of calculating magnetic moment and 
magnetic energy in thin-film superconductors from magneto-optical images 
was developed. Magnetic flux avalanches are characterised, and also 
discovered in a superconducting tape, where they were not expected.   

 
Superconductors are materials that conduct electricity with zero resistance at cryogenic 
temperatures. They also have the ability to expel and pin magnetic fields. Superconducting 
materials are used in several applications, such as for levitating trains, in superconducting 
cables to deliver electricity free from resistance losses, and in MRI magnets in hospitals. 
Superconductors are important for society, but can easily be destroyed by high magnetic 
fields. Magneto-optical imaging (MOI) is a technique in which one can visualise magnetic 
flux in superconducting materials.  
 
When superconductivity breaks down, instabilities occur, which may result in magnetic 
flux avalanches. These are harmful to superconducting devices, because they lower the 
magnetic moment, create noise, heat the superconductor, and are unpredictable. 
Avalanches caused by thermomagnetic instabilities most commonly have a dendritic 
structure and are almost exclusively found in superconducting thin films. For the first 
time, we have observed and characterised them in a superconducting tape, where they 
were not expected. This is an important result, since manufacturers of superconductors 
are still not aware of the danger of dendritic avalanches, and so a deeper understanding of 
their physics is desirable.    
 
A method of calculating magnetic energy and magnetic moment from quantitative 
magneto-optical images of thin-film superconductors has been developed. This allows 
plotting moment or stored energy as a function of applied magnetic field. In addition, it 
was found how to calculate maps of sheet current, magnetic potential and local 
magnetisation. With the new method of extracting energy and magnetic moment, one can 
calculate the losses in energy and moment when an avalanche is seen in MOI. With this 
technique, separate magnetometry measurements of magnetic moment would not be 
necessary.     
 
MOI has for the first time been used to characterise high-quality superconducting films 
made by an eco-friendly and cost-efficient spin-coating method. The critical current 
density achieved in these samples is approximately ten times higher than that reported in 
the literature for samples made by similar eco-friendly methods. An important part of the 



 

 

thesis focuses on dynamically-driven flux avalanches. The analysis improves the 
knowledge of the statistics of dynamical flux jumps.  

 


