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Periodic, as observed!
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http://www.scholarpedia.org/article/FitzHugh-Nagumo_model

http://thevirtualheart.org/java/fhn24.html
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There are two ways that the molecules move: passive transport and active transport. Active transport requires that the cell use energy. Passive transport 
does not require such energy expenditure, and occurs spontaneously.

The principle means of passive transport is diffusion. Diffusion is the movement of molecules from a region in which they are highly concentrated to a region 
in which they are less concentrated. It depends on the motion of the molecules and continues until the system in which the molecules are found reaches a 
state of equilibrium, which means that the molecules are randomly distributed throughout the system. 

Diffusion occurs when a system is not at equilibrium. As an example, suppose you drop one drop of ink into a glass of water. At first, all of the ink molecules 
are in a small space and they are moving around in a random way. They move in straight lines and change direction only when they collide with each other or 
the surrounding water molecules. Some of the ink molecules near the edge of the drop move away from the center of the drop. 

Most of the molecules continue to move away from the original center of the drop. They move in all different directions, and some may even move back 
toward the center. Still, more are moving away from the drop than toward it until they find the wall of the glass. Then they start moving back toward the center 
again. More and more molecules bounce off of the glass until they start moving toward the center, then they pass the center and move toward the other side. 
Eventually the number of molecules moving away from the center equals the number moving toward the center, and equilibrium is established. At this point 
the molecules are evenly spread throughout the water, and diffusion stops. The molecules do not stop moving - this is a dynamic equilibrium.

From higher to lower 
concentration

No energy needed from the cell

Random movement

Diffusion
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Brownian motion
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Cells also use molecular motors for active transport

Could be from lower to higher 
concentration

Energy is needed from the cell

Directed movement

Active transport

From higher to lower 
concentration

No energy needed from the cell

Random movement

Diffusion

                              2L Vt L Dt= =

What to use – active or passive transport?

0 0.5 1 1.5 2 2.5 3
0

0.5

1

1.5

2

2.5

3

L Vt=

2L Dt=
2 2

2

2
2

2 /
2 /

VT DT
V T DT
T D V
l VT D V

=

=

=
= =

l

T

2

2

~ 0.1 , ~ 1 ,

~ ~ 10 ; ~ ~ 100

m mV D
s s

D Dl m T s
V V

µ µ

µ



( ) ( )( )1
2
N x x N x

J
Aτ

− + ∆ −
=



( ) ( )N x
C x

A x
=

∆
( ) ( )( )1

2
N x x N x

J
Aτ

− + ∆ −
=

( ) ( )( ) ( ) ( )2

2 2
A x C x x C x C x x C xxJ

A xτ τ
− ∆ + ∆ − + ∆ −∆

= = −
∆

( ) ( )C x x C x
J D

x
+ ∆ −

= −
∆

flux

concentration gradient



( ) ( )( )C x x C x
J D

x
+ ∆ −

= −
∆

L

0C C= 0C =

x

C

xL

0C

( ) ( ) 0C x x C x Cconst
x L

+ ∆ −
= = −

∆

0
DJ C
L

=

0J VC=

DV
L

=



( ) ( )N x
C x

A x
=

∆

( ) ( )( )1
2
N x x N x

J
Aτ

− + ∆ −
=

( ) ( )( ) ( ) ( )2

2 2
A x C x x C x C x x C xxJ

A xτ τ
− ∆ + ∆ − + ∆ −∆

= = −
∆

( ) ( )C x x C x CJ D D
x x

+ ∆ − ∂
= − → −

∆ ∂flux
concentration 
gradient

( )J x ( )J x x+ ∆
( ) ( )

( ) ( )

N A x C A J x J x x
t t

J x x J xC C J
t x t x

∆ ∆ ∆
= = − + ∆  ∆ ∆

+ ∆ −∆ ∂ ∂
= − → = −

∆ ∆ ∂ ∂

2

2

C CD
t x

∂ ∂
=

∂ ∂
2 / 40

4
x DtCC e

Dt
−=

-5 -4 -3 -2 -1 0 1 2 3 4 5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

2x Dt=



2 2

2 2

C C CD
t x y

 ∂ ∂ ∂
= + ∂ ∂ ∂ 

…possible boundary conditions: fixed concentration at the boundary
no flux (boundary is impermeable)

Tomorrow you will see how to simulate:

+ need initial conditions and…

no flux

C = 0

no flux

C = 0

C = 1

no flux on all boundaries

no flux on all boundaries



Do yourself:

C = 0 on the whole boundary no flux an all boundaries

C = 0

C = 1

(diffusion only goes on in the ‘ring’
space between two circles)

In all cases, make surface color plots
of the concentration in the cell at different
moments of time, learn how to make
line plots, determine how fast the
concentration spreads, and in general
think about the meaning of the results.


