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ÎThree fundamental cytoskeletal filaments 

Actin Microtubules (MT)    Intermediate Filaments (IF) 
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ÎRandom coiling of polymer 
filaments  

ÎCross-linking between 
filaments (black dots) 

ÎEntropic Spring 

ÍStretching force cause order in 
filaments 

ÍReduces entropy 

ÍGenerates of heat 
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ÎConsider the 1st Law of Thermodynamics 

ȹU = Q + W  

ÍȹU: change in internal energy (strain energy) 

ÍQ: heat added to system 

ÍW: work done on system 

 

ÎFor reversible system, heat added is equal to 
temperature of system times change in entropy 

Q = T ȹU 
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ÎConsider the 1st Law of Thermodynamics 

ȹU = Q + W  

Q = T ȹS 

 

ÎWork done on system  is equal to applied force 
times change in length of system 

W = F ȹL 
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ÎConsider the 1st Law of Thermodynamics 

ȹU = Q + W  

Q = T ȹS 

W = F ȹL 

 ȹU = T ȹS + F ȹL 

 

ÎStretching rubber rotates its bonds, does not 
ÓÔÒÅÔÃÈ ÂÏÎÄÓȣ 

 0 = T ȹS + F ȹL 
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Î2ÅÁÒÒÁÎÇÉÎÇȣ 

F ȹL = - T ȹS 

Î As rubber extends under force F = 1, e.g. ɝL = 2 

2 = - T ȹS 
ÍRHS must be positive 

ÍBut, temperature cannot be negative (T in Kelvins) 

ÍThus, change in entropy must be negative (-ɝS) 

ÍAs a consequence, stretched rubber gives off heat  

Q = T ȹS 

 (-Q) = T (-ȹS) 
(What if you add heat back in?) 
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ÎConsider four-segment polymer 

 

 

Î There are 16 unique configuration states 
ÍS º ln(16) = 2.77 

 

Î There is tension applied such that there cannot be 
zero separation from end-to-end 
ÍS º ln(10) = 2.30 

 

Î Therefore, tension reduces entropy 
 

(2) 

(2) 

(2) 
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ÎEntropic stiffness is proportional to temperature 

demo1.mov
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ÎSimply, filaments in thermal equilibrium in a 
ÌÉÑÕÉÄ ÓÏÌÕÔÉÏÎ ×ÉÌÌ ÁÐÐÅÁÒȣ 
ÍStraight over lengths < lp 

ÍContorted randomly over lengths >  lp 

 

 

 

 

 

Î In vitro solution measurements: 
ÍDNA: 50 nm 

ÍF-actin: 17 mm 

ÍMicrotubule: 1 mm 

Hi  lp Lo  lp 
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ÎFormally,  

 

 where 

   k = EYI is bending stiffness 

   k = 1.38 x 10-23 J/K is Boltzmann constant 

   T is temperature in K 
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ÎApplied forces lead to moment  M in rod  

ÎM acts to deforms straight shape to curved shape 

ÍStrain Energy    

 

 

ÍInfinitesimal Strain Energy   
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