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Light intensity dependence of negative photophoretic velocity on smoke droplets
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Abstract: Photophoresis, which is a light action to a particle, has been experimented under a
parallel beam. Under a convergent beam, another light action “optical trap” is well known.
Photophoretic force field under a convergent beam is very important information for making
photophoretic trap, but have never been studied. In present study, we observed photophoresis of
liquid smoke particles both on a small convergent laser beam and on a parallel beam, under the
micro-gravity condition in order to avoid the convectional flow due to buoyancy. Experimental
results indicate that photophoretic velocity scales as 0.43 about 1/2 power of the radiation
intensity. That are new results for photophoretic experiments. In addition, we give a theoretical
treatment to derive the power to be 1/2, by taking into account of the effect of a Marangoni
convection.
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Fig. 1 (a) experiment setup (b) Microscope images of

smoke droplets. Diameters of droplet are distributed
arround 0.784+0.20 u m.
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Fig. 2 (a) Spatiotemporal image of smoke particles in
the convergent beam around the focal aim. The
horizontal axis x is taken as the distance from the
focal point in the focal aim, where negative values
mean the near-side to the light source. The white
trace, going down toward the bottom left, in the
image indicate the position of the smoke particles
(b) Photophoretic
velocity of particles around the focal aim under the

affecting the photophoresis.

convergent beam. Open circle correspond to
photophoretic velocity of smoke particles. Horizontal
axis is the same as x of (a). The dashed line means
radiation intensity I on the focal aim. Solid line
means fitting line of the open circle, as same as solid
line of (c). (c) Log-log plot of negative photophoretic
velocity versus radiation intensity I. Cross point
correspond to photophoretic velocity of smoke
particles in parallel laser beam. And open circle are
the same as (b). The solid line represents the fitting

line of open circles, which scale as 1°*.
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