
Math 155. Calculus for Biological Scientists Spring, 2018, January 31st
Section 1.6: Analysis of Discrete Dynamical Systems

Equilibrium Point where the discrete time dynamical system takes inputs and the output is
the same number. A simple example is that if you have zero bacteria, the DTDS that doubles the
number of bacteria each hour will leave the number of bacteria the same. Doubling zero is still
zero. We will see an example of a non-zero equilibrium.

Cobwebbing A technique to analyze the behavior of DTDS graphically.

Updating Function-DTDS A function that relates the value of a measurement at the begin-
ning of a time step to the value at the end of a time step.

Example 1 Each day a patient uses up half the medication in his bloodstream. However, he is
given a new dose at beginning of each day sufficient to raise the concentration in the bloodstream
by 1.0 milligrams per liter. Let Mt denote the concentration at time t.

a) Write a DTDS(updating function) that describes the system.

b) Suppose the initial concentration in the bloodstream is 5.0 milligrams per liter. Find the
amount of medicine in the bloodstream each day for five days. Plot the concentration of medicine
in the blood as a function of time. Label axis!

c) Suppose the initial concentration in the bloodstream is 1.0 milligrams per liter. Find the



amount of medicine in the bloodstream each day for five days. Plot the concentration of medicine
in the blood as a function of time.

Cobwebbing
d) Use the cobwebbing technique to find the equilibrium for the medication DTDS when the initial
condition is 5.0 milligrams per liter. We cobweb on graphs of updating functions, not on graphs of
solution functions.



e) Use the cobwebbing technique to find the equilibrium for the medication DTDS when the initial
condition is 1.0 milligrams per liter.

Equilibrium: Algebraic Approach
f) Using Algebra for the DTDS for medication, find a value of M∗ such that when you plug in

M∗ into the updating function you get out the same value of M∗. In other words find a value of
medication concentration such that before and after you apply the updating function, the concen-
tration is the same.

Example 2 Several bacterial cultures with different initial population sizes are grown in
controlled conditions for one hour and then carefully recounted. The population of the bacteria
doubles every hour no matter the initial population size.

a) Write an updating function that expresses the population size of bacteria at the end of the
experiment as a function of the size of bacteria at beginning of experiment.



b) Graph the updating function. Use bt on the horizontal axis and bt+1 on vertical axis.

c) Use Cobwebbing to find the equilibrium (if they exist) to the DTDS when the number of
bacteria starts at 2 million bacteria. What does the cobweb show us about the behavior of the
DTDS?

d) Use algebraic methods to find the equilibria (if they exists) to the DTDS.

* Grammar note: equilibrium (singular) equilibria (plural)


