BCAT-3 weekly report (23 June 2004) - Watching Nature Organize 

The randomness was ordered, and so it began.  

Let’s pursue answers about how order arises out of chaos.  In microgravity (where sedimentation and convection are absent) the ultimate model for Nature can sometimes be pursued directly.  A good experimentalist suggests that we look at our model and see what happens when we change the parameters, those parameters which effect or mask the information we are seeking.  By removing gravity we simplify the processes we are tying to understand.  Right now, on the International Space Station (ISS), we are taking away the effects of gravity and observing how Nature brings order out of chaos.  The BCAT-3 experiment uses large particles to model not just large particles, but atoms.  We are seeing order form from the collections of particles that astronauts Mike Foule or Mike Fincke have completely randomized.  The results are in some ways reminiscent of what happened with the earlier Princeton NASA CDOT experiment, which showed that (random) glasses that never crystallized on Earth, order themselves by crystallizing when the jamming effects of gravity are removed.

For the BCAT-3 experiment surface crystals form from a completely homogenized (thoroughly mixed) sample.  This is another example of nature bringing order out of chaos (randomness).  This forces a clearer understanding of the unviolated Second Law of Thermodynamics (which is at times misunderstood, even in college courses).  We showed examples of U. Penn (Arjun Yodh and Jian Zhang) surface crystals in our last science highlight of the week.  We also get ordering when some of the completely homogenized Harvard (David Weitz and Peter Lu) BCAT-3 colloidal polymer mixtures split into distinct blue and brown phases, that is, into a colloid rich and a colloid poor phase.  Please see the figure.
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By recording this phase separation, which is quite different in the absence of gravity, this allows us to ask answerable questions about how an ordered world could arise and what its evolutionary tendencies are.

Now that’s an order!

Thanks to astronauts Mike Foule and Mike Fincke.

 � Here is a photographic time history of Sample 2 in the BCAT-3 experiment.





For this and the next slide, those colloid -  polymer (Col-Pol) mixtures below the critical point are already starting to phase separate into two components, a colloid rich phase (blue) and a colloid poor phase (black). We are able to visualize this phase separation in microgravity from the beginning.











