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Ø  What helps prevent disaster here? What sort of ‘signals’ convey the relevant info? 

Ø  What are the basic biological mechanisms at work here? 

Ø  What are the basic physical mechanisms at work here? 



Neurons 



e.g., Visual periphery 

WebVision (Utah) 



e.g., Visual periphery 

Fig. 1.26 
WebVision (Utah) 

receptive field 



e.g., Neural Coding of Sound Stimuli 



Neurons 









Qualitative 

Quantitative Analytical 

e.g. statistics e.g. mathematical  
       models 

e.g. numerical 
      computations 

Describing Biological/Physiological Systems 

[words] 

[numbers] [equations] 



Functions of more than one variable 

f 

x, y 

-  dependent variable 

-  independent variables 

⇒ will be important for the various types of systems we will be 
describing analytically in the course  

e.g. concentration of a solute in a solution (c) depends upon both 
spatial location (x) and time (t) 







f 

x, y 

-  reaction rate [mol/s] 

-  concentration  
 of inhibitor agents [mol] 

Biological Context 

don’t forget  
about units! 
 



can you think of an example 
of what the various variables 
might represent? 



     solution to 
diffusion equation 
   (or heat eqn.) 



Differentiation of functions of more than one variable 

Derivative (definition) for a  
function of a single variable 

For multi-variable function,  
keep one variable constant 

y is effectively held  
constant here 

note difference 
in notation 



Differentiation of functions of more than one variable 

Can also take partial deriv. 
with respect to partial deriv. 

Simplified notation 



Differentiation of functions of more than one variable: Examples 

ex.1  

ex.2  



Differential Equations 

ODE (‘ordinary’): 

PDE (‘partial’): considers a function of more than one variable 
and how its various partial derivatives are related 

ex. 

considers a function of one variable and how it 
changes with respect to that variable 

ex. 



ODE Review 

Solving an ODE:  find c(t) for 

1. Separate variables and integrate 

2. Use an initial condition to find a unique solution. Suppose we have  



http://www.microscopy-uk.org.uk/dww/home/hombrown.htm 

Brownian Motion 



http://en.wikipedia.org/wiki/Image:Entropie.png 

Diffusion each particle undergoes 
Brownian motion 



Diffusion (1-D) 

- Adolf Fick (German physiologist, ~1855) 

[actually was the first to successfully put a contact lens on a person in 1888!] 

- Thomas Graham (Scottish chemist, ~1828-1833) 
[pioneered the concept of dialysis] 



“ 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)	




Qualitative 

Quantitative Analytical 


