
Earth 202:  Homework #1—Solving stiff equations using STELLA

Due:  Wed., Jan. 25

Suppose we have a system of two ordinary differential equations for two functions u(t) and v(t)


du/dt   =    998 u  +  1998 v


u(0) = 1


dv/dt   =  ­ 999 u  -  1999 v


v(0) = 0
1. Find the analytic solution to this system and compute the values of u and v at t = 1.  (Hint:  Try out the substitution:  y = u + v, z = u + 2v )
For those who have trouble doing this, here is the answer:



u(t) = 2e(t – e(1000t 

v(t) = e(1000t – e(t
2. Set the time range in STELLA to 0 < t ( 1. Compute u(1) and v(1) numerically using the forward Euler method. Set the initial time step as 0.001. Dimensionless units are fine. Calculate the relative error in u(1) using the root-mean-square formula below. (Don’t do this by hand—build it into your program!) Now repeat the process for (t = 0.004, 0.002, 0.0005, and 0.00025. How does the error vary with (t? What happens at the larger time steps? Is there some limiting value of N beyond which accuracy does not improve? Define the error as


Error = {[(u-u0)/u0]2 + [(v-v0)/v0]2}0.5    at time t = 1
where (u0, v0) represents the analytic solution. Print out the error at t = 1 in a table. I had to take log10 of the error in order to get it to print out.
3. Repeat the calculations of Problem 2 using the 4th-order Runge-Kutta method.  How does the accuracy depend on (t in this case? Does this method work for the larger time steps?
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