
 

 

Superconducting-ferromagnetic shell for magnetic energy harvesting and 
transmission at a distance 

Carles Navau*, Jordi Prat-Camps, and Alvaro Sanchez 

Department of Physics, Universitat Autònoma de Barcelona, 08193 Bellaterra, Barcelona, Catalonia, 
Spain 

Accepted for publication on 8th April 2014 

We introduce a magnetic shell for concentrating and distributing static magnetic fields with high 
efficiency and flexibility, based on transformation optics technique. The device consists of shell 
made of a material with a homogeneous and anisotropic magnetic permeability value. Analytical 
expressions for the field in all regions of space can be obtained when an external field is applied and 
also when a field source is placed in the interior hole. In the former case it is shown that the shell 
concentrates the field (and the magnetic energy) in the hole, while in the later field is expelled 
towards the exterior. The combination of these features allows us to demonstrate that magnetic 
concentrating shells could be used to transfer the magnetic energy from a source to a given distant 
point or to increase the coupling between magnetic field sources separated by empty space, which 
could have relevance to wireless power transmission. 

This ideal magnetic concentrating shell requires materials with extreme anisotropic permeability 
components and actual materials with such properties do not exist. Nevertheless a very good 
approximation consisting of an alternation of homogeneous superconducting (SC) and ferromagnetic 
(FM) wedges (or even rectangular prisms) demonstrates an effective behavior very similar to the 
ideal one. The concentrating capabilities of the discrete version of the shell are studied as a function 
of the number of pieces and the applied field. 

Finally, although the SC and the FM parts building an approximate concentrator are feasible (even 
commercially available), in some situations the use of SC can be unpractical as they require low 
temperatures. For this reason alternative proposals are being explored, seeking less exact but more 
practical configurations. 
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