


INew Frontiers in Colloidal PhysicsJ 

[tf ~T.1 (J\dx(t) 
J[E] = (人向)7十叫)2 dt + R2 (x (t f) -x f ) 2) (2) 

where Rl and R2 are control parameters without physical meanings， and x(t) is stochastically 

determined by E(r) with r < t. Because of (1). 

Let us first observe both position x and velocity土ofthe point-charge， and the solution of 

the variational problem is given by a set of simultaneous equations of (1) and 
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Eopt(t) = 一~ Ipl(t)X(t) + (p2(t) + ~ )一一|
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wherepl(t) andp2(t) satisちrRicatti equations， appearing in the s七andardcontrol theory. Equa-

tion (3) represents how we control E(t) by observing x(t) and土(t)to minimize J[E]. 

The limit of R1→o and R2→∞ぅ wherethe strength of E is not constrained and the 
boundary condition at t = t f is imposed， is physically meaningful. Our numerical results are 

shown below. As Rl→o with a large enough R2 value， the time average of E2 increases 
as expected (Fig.1a)， while the mechaniclal work W = J dt qE(t)x(t) approaches a finite value 

(Fig.1b). This finite value is found to remain unchanged as R2 increases. We thus find physically 

meaningful minimum of the mechanical work to be well-defined， and to be smaller than the 

increase of the free energy during this process. 
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Figure 1: Cheap-Control Limit 

The control above 凶 lizestwo observed quantities， x(t) and土(t);Other control systems can 

be formulated by changing observed quantities. We find that the minimum increases when only 

x(t) is utilized. The difference may 児島ctthat of some information quantity between the two 

control systems. 

We thank K. Sekimoto and S. Adachi for helpful discussions. 
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