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Ø Multivariate functions are important in many various contexts 
throughout science

Note: Concentration of a solute in a 
solution (c) depends upon both 
spatial location (x) and time (t)

“Diffusion math” à Multivariable functions
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x, y

- dependent variable

- independent variables

Multivariable function
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f

x, y

- reaction rate [mol/s]

- concentration 
of inhibitor agents [mol]

Biological Context

don�t forget 
about units!
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Berg (1993)

Diffusion: Microscopic à Macroscopic

Solution to "diffusion equation"

“concentration” is a function of 
more than one variable!



Imagine in a “3-D” space....

Solution to diffusion equation 
in a more general form:

Diffusion: Multivariable nature



Weiss Fig.3.14 (modified)

Diffusion



Freeman

Question: How long does it take (t1/2) for ~1/2 the solute 
to move at least the distance x1/2?

Gaussian function with zero mean and 
standard deviation: 

For small solutes 
(e.g. K+ at body temperature)

Importance of scale



Tangent: Why is a cell “cell-sized”?

Ø Cells are typically 1-100 um or so in size. Why?

Ø Non-trivial question and likely a # of factors (e.g., optimizing volume to 
surface area), but….

Ø … limits stemming from 
diffusion are likely central






