MEAM 663: Entropic forces in biomechanics

Catalog description

This course is targeted to engineering students working in the areas on nano/bio technology. The course will start with a quick review of statistical mechanics and proceed to applications in solution biochemistry (Poisson-Boltzmann equation), mechanics of bio-polymers, reaction rate kinetics, solid state physics and other areas of current technological relevance.
Rationale

There is a need within the department of Mechanical Engineering and Applied Mechanics (MEAM) to develop courses at the interface of mechanics, biology and physics since (a) this is central and topical to research problems confronting the scientific community, and (b) a majority of graduate students and faculty members within the department as well as the School of Engineering are pursuing research in subjects that are at the nano/bio interface. 
Instructor
Prashant Purohit
Target audience

Graduate students across the school of engineering.  

Assignments

Students will be expected to read and understand journal papers that are handed out to them and then lead a discussion on a particular paper in class.
Pre-requisite
Students will be expected to have knowledge of undergraduate thermodynamics, mechanics and physics.
Offering
Spring semester.  
Credit Units

This is a 1 unit course with 3 hours of lectures each week.

Syllabus
Basic principles of statistical mechanics 
Definition of entropy, 
The maximum entropy principle,
The free energy and thermodynamic potentials,

 
Relations between derivatives of thermodynamic quantities,

 
Fluctuations and their relation to second derivatives of free energy,

Correlation functions, 

Entropy of an ideal gas: Sakur-Tetrode formula, 

 
Osmotic pressure, 

Entropy associated with small molecules around large bodies: Depletion.  

        Langevin dynamics

Langevin's equation of motion,

 
Langevin's method applied to spring mass system,

 
Fokker-Planck equation,

 
Relation between Fokker-Planck and Langevin's equation,

 
Smoluchowski's equation: Thermal ratchets for molecular motors, 

 
Ornstein-Uhlenbeck process, 

 
Ornstein-Uhlenbeck method applied to continuum problems such as beams and plates.
 
Fluctuation-dissipation theorem. 
       Mechanics of semi-flexible polymers 

Diffusion and polymers as random walks,
Entropic elasticity of a freely jointed chain, 
Entropic elasticity of a semi-flexible polymer, 

Two-state systems: Pulling of proteins and RNA,

Brownian motion of bead in tethered particle assay,

 
Transfer matrix methods for force-extension of DNA and semi-flexible polymers,

 
Polymer brushes. 
       Entropic forces coupled with electrostatics - Poisson-Boltzmann equation

 
Poisson-Boltzmann in planar geometry,

 
Pressure between two charged parallel plates,

 
Poisson-Boltzmann in cylindrical geometry,

 
Linearised version of Poisson-Boltzmann equation - Debye-Huckel theory,


Charged polymer brushes.

       Mechanics of biomembranes
 
Bending and stretching of membranes,

 
Relation to shell theory,

 
Thermal fluctuations of membranes,

 
Entropic repulsions between membranes.  
        Entropic elasticity of networks of filaments 

Mechanical properties of two dimensional networks of entropic springs,

 
Effects of co-ordination number,

 
Mechanical properties of three dimensional networks,

 
Rheology of networks.
