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The aim of this lecture was to make the student understand the interest to make
research at the microscale level. | wanted them to have the feeling that the world as they know
it is completely different bellow the millimetre scale. | thus made an introduction about what is
microscale before explaining the scale reduction laws, the fact that for small devices, the weight
can be neglected with regards to other forces such as electrical one.

In this framework, diamagnetic phenomenon is a very good example. Diamagnetism
is a very weak reaction of the mater to magnetic field. Diamagnetic materials are repealed by
magnetic sources such as magnets. Nearly every material is diamagnetic, water, copper silicon,
carbon, to name a few. In certain conditions, this force can be used to compensate the weight:
levitation is achieved. Reaching levitation in a millimetre scale (i.e. observable with naked eyes)
requires very specific conditions: the strongest magnet available (NdFeB) with the strongest
diamagnetic material (Pyrolytic Carbone, basically superposition of graphene sheets). Doing so
millimetre scale prototype is built.

This experiment is quite simple (see additional material) and was proposed to the
students. They were given the magnets and this pyrolytic material. They had to arrange the
magnets in an appropriate shape and cute a small part of the carbon. They all achieved
levitation. This part was a little bit difficult, because of the small size of the device (magnets and
sheet to be cut)

Application and interest of reducing the size of these devices was then show with



regard to my research. Reducing the size of both the magnets and the levitating particle make
the diamagnetic force stronger by comparison with the weight. Material with higher density can
then be levitated (example of bismuth) or with very low diamagnetic property (example of water).
This last point is emphasised by comparison with a centimetre scale experiment. Living bodies
are mostly composed of water. Their magnetic property is thus similar to the one of water. The
levitation of a frog (centimetre scale) requires ultra high magnetic field (17T), while at the
microscale simple permanent magnet are sufficient to levitate water. Scale reduction enhance
diamagnetic force.
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