3650:350 Modeling and Simulation  Spring 2004
Exercises #2
due: Wednesday, January 28 (Friday, January 30)

Reading Assignment:

e For additional information on this week’s material, please read Thornton and Rex
Modern Physics, Section 12.6, Radioactive Decay and Giordano Computational
Physics Chapter 1 and Appendix Al1.1, A1.2
To prepare for next week, please review Projectile Motion in vour Elementary
Classical Physics text and read Sections 2.1 to 2.3 in Giordano.

Exercises:
1. Nuclear Decay (single ODE with initial value):

(a) Open the files odelnuc.m, fInuc.m, and eractnuc.m in the editor and fa-
miliarize yourself with their contents. Copy the file odelnue.n into your
word document and indicate in your document (by changing the type face
to boldface, for example)

1. where the initial value of v is set

il. where the step size 18 determined

1. where the hunction ezactnue.m is called
iv. where the lunction ffnuc.m is called

v. where the errors of the numerical methods are caleulated

(b) Run the program and look at the graphs. Comment on the accuracy of the
two methods.

(¢} In class we discussed the effect of step-size on the precision of the method.
How can you change the step-size in this program? Change the parameters
s0 that vou have a step size that is smaller by a factor of five and run the
program again. What happens to the relative errors?

2. Bacterial growth (single ODE with initial value): see Giordano, Problem 6, p. 14
Population growth problems often give rise to rate equations that are first order.
For example, the cquation
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where a and b are positive constants, might describe how the nnmber of individuals
in a population, N, varies with time. Here the first term corresponds to the birth
of new members while the second term corresponds to deaths. The death term
is proportional to N to allow for the fact that food will become harder to find
whon the population becomes large.



(a)

(b)

Change the miiles from the first problem in such a way that the Runge-Kutta
method is used to solve the differential equation (1) for an initial population
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From your intuition and from the exact solution, what behavior do you
expect for N(t) for the case b = () (remember a > (). Run the program for
this case, compare your numerical results with the exact solution. Does N(t)
behave the way you expected? If not, why not?

Modify your program to solve the differential equation (1) with a = 10 and
b = 3 for an initial population N(f = 0) = Ny. Give an intuitive explanation
for your results and compare with the exact solution.



