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Abstract 
 

 One of the weakest forces in Nature is the van der Waals interaction 
which acts between all atoms and solids. Still on a macroscopic level this 
force field is very strong: one can theoretically hang an object with the 
weight of a car using a solid bar with 1 square cm cross section attached 
by the van der Waals interaction to a flat surface. This is never observed 
in reality, and in my presentation, I will explain the origin of this "adhesion 
paradox". I will also show how some animals, like the gecko or tree frog, 
have "learned" (via natural selection) to make use of these weak force 
fields to adhere to rough and contaminated surfaces, where traditional 
adhesives would fail. I will describe the origin of adhesion hysteresis, and 
present some experimental results illustrating it. All solid objects have 
surface roughness which often is fractal-like, sometimes extending from 
the size of the solid object to atomic distances. I will describe a theory 
which can be used to study the contact between two elastic solids with 
surface roughness and adhesion. The theory predicts the contact area 
and the stress probability distribution, as well as the probability distribution 
of interfacial separations, and is the basis for a huge number of practical 
applications like rubber friction, adhesion, the heat and electric contact 
resistance, leakage of rubber seals, conveyor belts, tire dynamics etc. It 
describes how the contact between two solid objects changes as the 
interface is studied with increasing magnification, say from the naked-eye 
level to atomic resolution. The theory will be illustrated with applications 
to the human skin, to electroadhesion for haptic touchscreens (involving 
the finger-glass screen contact), and adhesive pads for robotics.  

 


