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“I believe that much has been lost in the emergence of the conventional views 
about the nature of the interaction between physics and biology. By focusing on 
methods, we miss the fact that, faced with the same phenomena, physicists and 
biologists will ask different questions. In speaking of biological importance, we 
ignore the fact that physicists and biologists have different definitions of 
understanding. By organizing ourselves around structures that come from the 
history of biology, we lose contact with the dreams of our intellectual ancestors 
that the dramatic qualitative phenomena of life should be clues to deep 
theoretical insights, that there should be a physics of life and not just the physics 
of this or that particular process” 
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What is biophysics? (Bialek-ian viewpoint) 

“In each area of physics we have a set of general theoretical principles, all interconnected, 
which define what is possible; the path to confidence in any of these principles is built on a 
series of beautiful, quantitative experiments that have extended the envelope of what we can 
measure and know about the world. Beyond providing explanations for what has been seen, 
these principles provide a framework for exploring, sometimes playfully, what ought to be 
seen.” 
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“In each area of physics we have a set of general theoretical principles, all interconnected, 
which define what is possible; the path to confidence in any of these principles is built on a 
series of beautiful, quantitative experiments that have extended the envelope of what we can 
measure and know about the world. Beyond providing explanations for what has been seen, 
these principles provide a framework for exploring, sometimes playfully, what ought to be 
seen.” 

“Can we imagine a physics of biological systems that reaches the level of predictive 
power that has become the standard in other areas of physics?  
 
Can we reconcile the physicists’ desire for unifying theoretical principles with the 
obvious diversity of life’s mechanisms?  
 
Could such theories engage meaningfully with the myriad experimental details of 
particular systems, yet still be derivable from succinct and abstract principles that 
transcend these details?” 
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“Although physics has subfields, to a remarkable extent the physics community clings to the 
romantic notion that Physics is one subject. Not only is the book of Nature written in the 
language of mathematics, but there is only one book, and we expect that if we really 
grasped its content it could be summarized in very few pages. Where does biophysics fit 
into this view of the world?” 
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language of mathematics, but there is only one book, and we expect that if we really 
grasped its content it could be summarized in very few pages. Where does biophysics fit 
into this view of the world?” 

“At present, most questions about how things 
work in biological systems are viewed as 
questions that must be answered by 
experimental discovery.” 

What is biophysics? (Bialek-ian viewpoint) 

Bialek	
  (2012)	
  



“Although physics has subfields, to a remarkable extent the physics community clings to the 
romantic notion that Physics is one subject. Not only is the book of Nature written in the 
language of mathematics, but there is only one book, and we expect that if we really 
grasped its content it could be summarized in very few pages. Where does biophysics fit 
into this view of the world?” 

“It is a remarkable thing that, pulling on the threads of one biological phenomenon, we 
can unravel so many general physics questions.” 

“At present, most questions about how things 
work in biological systems are viewed as 
questions that must be answered by 
experimental discovery.” 
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“ ...and perhaps the greatest success of molecular 
biology is the discovery that many of these basic 
molecules of life are universal, shared across 
organisms separated by hundreds of millions of 
years of evolutionary history. Where classical 
biology emphasized the complexity and diversity 
of life, the first generation of molecular biologists 
emphasized the simplicity and universality of life’s 
basic mechanisms, and it is not hard to see this as 
an influence of the physicists who came into the 
field at its start.” 
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“What is special about the state 
of matter that we call life? How 
does it come to be this way? 
Different generations of 
physicists have approached 
these mysteries in different ways. 
[...] Some of their forays into the 
phenomena of life were driven by 
a desire to test the universality of 
physical laws, such as the 
conservation of energy.” 
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these mysteries in different ways. 
[...] Some of their forays into the 
phenomena of life were driven by 
a desire to test the universality of 
physical laws, such as the 
conservation of energy.” 

“... insistence that the community 
should focus (as the physics tradition 
teaches us) on the simplest examples 
of crucial biological phenomena” 
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“The challenge is not to find the 
most important or ‘fundamental’ 
phenomenon, but rather to see 
through any one of many 
interesting and beautiful 
phenomena to the deep physics 
problems that are hiding 
underneath the often formidable 
complexity of these systems.” 
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“In order to survive in the world, organisms do 
indeed have to solve a wide variety of 
problems. Many of these are really physics 
problems: converting energy from one form to 
another, sensing weak signals from the 
environment, [...]. While it’s obvious that 
everything which happens in living systems is 
constrained by the laws of physics, these 
physics problems in the life of the organism 
highlight these constraints and provide a 
special path for physics to inform our thinking 
about the phenomena of life.” 
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“Perhaps surprisingly, many biologists share the expectation that their measurements 
will be noisy. Indeed, some biologists insist that physicists have to get used to this, and 
that this is a fundamental difference between physics and biology. Certainly it is a 
difference between the sciences as they are practiced, but the claim that there is 
something essentially sloppy about life is deeper, and deserves more scrutiny.” 
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“Many students are given the impres- 
sion, implicitly or explicitly, that to do 
biophysics one can get away with 
knowing less ‘real physics’ than in 
other subfields, and I think this is a 
disastrous misconception.” 
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“No matter how much we may be searching for 
deep theoretical principles, in the physics 
tradition, we do need a grasp of the facts. But 
when we teach particle physics we don’t start 
by reading from the particle data book, so 
similarly I don’t start by reciting the ‘biological 
background.’ Rather, we plunge right in...” 
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“No matter how much we may be searching for 
deep theoretical principles, in the physics 
tradition, we do need a grasp of the facts. But 
when we teach particle physics we don’t start 
by reading from the particle data book, so 
similarly I don’t start by reciting the ‘biological 
background.’ Rather, we plunge right in...” 

“I think we should avoid talking 
about how ‘physicists need to 
learn the biology,’ since ‘biology’ 
could mean either the study of 
living systems or the academic 
discipline practiced in biology 
departments, and these need not 
be the same thing. We must know 
what has been measured, assess 
these data with informed 
skepticism, and use the results to 
guide our thinking as we ask our 
own new and interesting 
questions.” 

“Many students are given the impres- 
sion, implicitly or explicitly, that to do 
biophysics one can get away with 
knowing less ‘real physics’ than in 
other subfields, and I think this is a 
disastrous misconception.” 
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Plan for the last 1/3 of BPHS 2090 (F15) 

1.	
  Intro,	
  Diffusion	
  

2.	
  Diffusion	
  (cont.),	
  Bacterial	
  swimming,	
  Fluid	
  dynamics	
  

3.	
  Fluid	
  dynamics	
  (cont.),	
  Microfluidics	
  (&	
  Low	
  Reynold’s	
  #)	
  

4.	
  Ion	
  channels,	
  Neurons	
  &	
  Neurotransmi"er	
  

5.Sensory	
  biophysics:	
  Hearing	
  &	
  Vision	
  

6.	
  X-­‐ray	
  crystallography	
  

7.	
  Smorgasboard	
  of	
  “current	
  topics”	
  

8.	
  Midterm	
  (12/3)	
  

Note:	
  Many	
  of	
  these	
  topics	
  will	
  
appear	
  in	
  varying	
  depths	
  in	
  BPHS	
  
3090	
  (now	
  4080)	
  and	
  4090	
  



Diffusion 

Ø  According	
  to	
  the	
  dic`onary....	
  

Ø  According	
  to	
  wikipedia....	
  

Ø  According	
  to	
  history....	
  



Diffusion 

From Graham’s observations (~1830): 

“ A few years ago, Graham published an extensive investigation on the diffusion of 	


salts in water, in which he more especially compared the diffusibility of different 	


salts. It appears to me a matter of regret, however, that in such an exceedingly valuable 	


and extensive investigation, the development of a fundamental law, for the operation 	


of diffusion in a single element of space, was neglected, and I have therefore 	


endeavoured to supply this omission.” 	



- A. Fick (1855)	





-  diffusion constant is always positive (i.e., D > 0) 
-  determines time it takes solute to diffuse a given distance in a medium 
-  depends upon both solute and medium (solution) 
-  Stokes-Einstein relation predicts that D is inversely proportional to solute molecular radius 

Diffusion 

(Diffusion equation) 

(Fick’s Law) 

à	
  We’ll	
  derive	
  all	
  this	
  in	
  detail	
  come	
  BPHS	
  4080....	
  

In	
  short,	
  there	
  is	
  a	
  net	
  
movement	
  down	
  a	
  
concentra`on	
  gradient	
  

Note:	
  This	
  is	
  a	
  PDE(!!)	
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Diffusion 
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Some	
  (remarkably	
  deep)	
  ideas	
  right	
  off	
  the	
  bat:	
  

Ø  Random	
  walkers	
  

Ø  Temperature,	
  Boltzmann’s	
  constant	
  

Ø  Einstein	
  and	
  1905	
  

Ø  Mean-­‐squared	
  velocity,	
  “ensemble”	
  

Ø  “Brownian	
  movement”	
  

Ø  “Microscopic	
  theory”	
  (ch.2	
  is	
  “Macroscopic	
  theory”)	
  

à A	
  kernel	
  of	
  a	
  deep	
  idea	
  is	
  here,	
  the	
  dis`nc`on	
  
between	
  “lots	
  of	
  li"le	
  things”	
  versus	
  “big	
  things”	
  

	
  	
  	
  	
  	
  [sta`s`cal	
  mechanics	
  being	
  the	
  thread	
  tying	
  things	
  together]	
  

	
  



Diffusion: Microscopic 

Ø  Random	
  walking	
  (in	
  1-­‐D	
  for	
  simplicity)	
  
•  independent	
  of	
  one	
  another	
  
•  equal	
  probability	
  either	
  way	
  

Mean	
  displacement:	
  

Posi`on	
  of	
  i’th	
  walker:	
  

à On	
  average,	
  they	
  don’t	
  go	
  anywhere(!)	
  

Berg	
  (1993)	
  



Ensemble of Random Walkers 

Diffusion: Microscopic 



t = 0 

t = 1 

t = 5 

t = 50 

à	
  On	
  average,	
  they	
  don’t	
  go	
  anywhere...	
  but	
  
they	
  do	
  “spread	
  out”	
  with	
  `me	
  

Diffusion: Microscopic 



Berg	
  (1993)	
  

Diffusion: Microscopic à Macroscopic 

à Note	
  the	
  interplay	
  
between	
  `me	
  and	
  space	
  
here....	
  



[Aside:	
  solu,on	
  can	
  be	
  found	
  by	
  a	
  #	
  of	
  different	
  methods,	
  
one	
  being	
  by	
  separa,on	
  of	
  variables	
  and	
  using	
  a	
  Fourier	
  
transform]	
  

Solution 
(for t > 0) 

need	
  to	
  solve:	
  

Batschelet Fig.12.5 

Diffusion Processes 

Ø  “Impulse	
  response”	
  	
  à	
  	
  Point-­‐source	
  of	
  par`cles	
  (no mol/cm2)	
  at	
  t =	
  0	
  and	
  x =	
  0	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  [Dirac	
  delta	
  func`on	
  δ(x)]	
  

à	
  You	
  have	
  intui`on	
  for	
  this	
  already....	
  

Mathema`cally,	
  this	
  can	
  be	
  described	
  as:	
  


