Math 240 – Spring 2005

Homework #9
Due date: April 4
All work must be shown in order to receive full credit
The difference equation 
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 is used in population biology to describe the growth of a population in the presence of competition (it is called the Ricker equation for population growth). In many ways, it is similar to the logistic equation that we examined in class. In hw#8 (problem 2) you found that this equation has a non-zero equilibrium at yeq=1, which is unstable if r>2. Since 
[image: image2.wmf]'()

eq

fy

<-1 for r>2, the solution is either an oscillation growing without bounds, a periodic solution, or a chaotic sequence. In this exercise you will continue examining the behavior of this difference equation. 

1. Calculate the solution directly, for the following values of r: r=2.2, r=2.6, r=3.4 (pick any initial condition satisfying 0 < y0 < 1). Make a separate plot for each value of r. Describe in words the behavior of the solution in each case. 
2. Draw a bifurcation diagram for values of r from 2 to 3.5, with a step of 0.01, as we did in class. Namely, for each value of r, calculate the solution starting with a given initial condition (say y0=0.3), throw out the first 100 points, and plot the next 100 values of yn versus r (using “plot(r, yn)” inside the for-loop). Be patient: it will take several minutes to run. Mark the points on the graph (by hand) that correspond to r values of problem 1.
If we choose r=4, the solution of the Ricker equation is chaotic. In questions 3-5 you will examine “the butterfly effect”, which is a defining feature of chaos. 
3. Calculate directly and plot the solution for 20 steps starting with the initial condition y0=0.3. Repeat using a slightly different initial condition, y0=0.3001. Plot the two solutions on the same axes, and comment on your result.
4. Now, write a Matlab function which accepts an argument d (the difference between initial conditions), directly calculates the solution for initial conditions y0  and y0+d, and returns the value of nd=n at which the two solutions deviate by more than 0.1 (use an “if” or “while” statements; also, make sure your loop does not cycle forever!). Decrease d as 10-m, where m=1:16; make a table and plot the value of  nd  vs. m. 
5. Using the plot obtained in part 4, answer (in words) the following two questions: how far into the future can we accurately predict the behavior of the solution of our equation
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, given double precision accuracy? How many significant digits do you think we would need (approximately) in order to accurately calculate (“predict”) the value of y500 (for any initial condition 0<y0<1)?
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