
 
 
 
 
 
 

 
 
  
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Abstract 
  

In living cells molecular motors transduce energy to generate forces required for motility, 

contractility and intracellular self-organization. The sizes of the motors typically range from

tens to hundreds of nano-meters. We model the stochastic kinetics of the motors and motor-

driven processes to explore the mechanisms of energy transduction and information 

processing by these machines. Unlike their macroscopic man-made counterparts, their

dynamics is dominated by viscous drag and random Brownian forces. Some of these motors

are physical realizations of Feynman's ratchet. Like Maxwell's demon, these escape the

constraints of the second law of thermodynamics by operating far from thermodynamic

equilibrium. More sophisticated motors that use their filamentous tracks as templates to 

synthesize `macromolecules of life' (namely, DNA, RNA and proteins) are essentially `tape-

copying Turing machines'. We model the fidelity of decoding and recoding of genetic

information by these machines to understand the competing demands of speed and fidelity

in the tape-copying processes. We also investigate the traffic congestion and jamming of 

molecular motors using the concepts and techniques of non-equilibrium statistical physics 

for self-driven interacting particles. Does the interior of a living cell resemble an urban

transportation network?  Or is it a smart, but noisy, micro-factory where the nano-machines 

as well as their connections self-organize in an aqueous medium and where the supply chain 

is highly dynamic? In this lecture, I'll give an overview of the recent exciting developments

and briefly mention a few of our own works in the appropriate context. 
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