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1.

f(x) = x4 − x2 + cx

minima  are also called 
stable equilibria

Catastrophe: c value,

where number of minima 

changes.



About the exam. 
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Equilibria

A local minimum is a stable equilibrium



Change of equilibria
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CatastrophesA parameter c, 
where the 
number of


stable equilibria 
changes is 

called a 
catastrophe.

Example:   fc(x) = cx2

c=0

c=0

c=0



Example   fc(x) = x4 − x2 − cx
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draw the 

bifurcation


diagram







Boat Tipping



Boat Tipping



Conflicts

Youtube



http://opinionator.blogs.nytimes.com/2012/10/08/dangerous-intersection

Depending on how the line and curve are situated, one, two or three intersections can occur. The upper intersection (the 
green dot) represents a strong economy with high levels of national income. The lower equilibrium (solid red dot) 
depicts an economy stuck in the doldrums. The middle equilibrium (open red circle) turns out to be unstable and acts 
like a watershed; when economic conditions are near it, they drift away toward one of the other two equilibriums.
The amount of investment doesn’t depend only on national income but also on how much investment has already been 
accumulated. At some point enough is enough. During the housing boom, for example, increases in income fueled the 
demand for housing investment. But as the stock of housing rose, the demand for investment dropped. In the model this 
drags the S-shaped investment curve down. It’s like the straw being added to the camel’s back.

Economics

http://opinionator.blogs.nytimes.com/2012/10/08/dangerous-intersection
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Jam
  fc(x) = x4 − cx2

c=1

c=0

c=0.5

c=0.25

c=0.75

draw the 

bifurcation


diagram



The End


