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The basic ideas behind the developments of optical manipulation are relatively simple for objects much 
smaller than the wavelength of light. However, when particles are not very small, they may develop not 
only electric dipoles but also magnetic dipoles and higher-order multipoles, in response to light’s 
electromagnetic field. The dipolar electric and magnetic response of lossless dielectric spheres made of 
both low and moderate permittivity materials has been recently analyzed [1, 2]. Interestingly, the light 
scattered by some semiconductor (as Si or Ge) nanoparticles  of appropriate size is perfectly described 
by dipolar electric and magnetic fields, being quadrupolar and higher order contributions negligible in 
this frequency range. 
 
The time averaged force on a dipolar magnetodielectric particle, characterized by its electric and 
magnetic polarizabilities, has been recently shown to be given by the sum of three terms [3-5], the force 
exerted by the incident field on the induced electric dipole, the force on the induced magnetic dipole and 
the force due to the interaction between both dipoles that is related to the interference between the 
fields radiated by electric and magnetic dipoles and the asymmetry in the scattered intensity distribution 
[4, 5]. 
 
As we will show, this force is a combination of conservative and non-conservative steady forces that can 
rectify the flow of magnetodielectric particles in an optical vortex wave-field [5] spinning the particles 
either in or out of the whirls sites leading to trapping or diffusion (see Fig. 1). This may permit the 
exploration of new forms of controlled atom motion in optical lattices [6] and even the manipulation of 
transparent objects such as biological macromolecules by using semiconductor nanospheres, similar to 
those discussed above, as pulling probes attached to them.  
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Figure 1. Nonconservative forces on a Si sphere of radius 230nm placed at the intersection region of 

two standing waves with  a  dephasing  =/2 for a wavelength =1600nm, slightly below (blue-shifted) 
the magnetic dipolar resonance. Arrows in (a) and (b) point along the total force lines. (a) Contour maps 
of the modulus of the normalized total force. (b) Contour maps of the normalized electric field intensity. 
Notice that equilibrium (zero force) positions correspond to electric field maxima. (Adapted from Ref. 
[5]). 
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