CSCE 340/840
Homework Assignment 7

Due: April 25, 2002, 75 points

Runge-Kutta Method for Ordinary Differential Equations

Develop a computer program to solve a system of N ordinary differential equations using the fourth order Runge-Kutta method.  The system of equations in vector form is given by dy/dt = f(t, y), y(t0) = (, where bold type font indicates a vector (array).

The Runge-Kutta method is defined as follows:


k1  = h f(tn , yn )


k2  = h f(t  + h/2, y  + k1 /2)


k3  = h f(t  + h/2, y  + k2 /2)


k4  = h f(t  + h, y  + k3 )


yn+1  = yn  + 1/6 * (k1  + 2k2  + 2k3  + k4 )

Test your program on a single equation such as dy/dt = y, y(0) =1, that has the exact answer y(t) = et.  Then test it on a simple coupled system such as dy/dt = y, y(0) = 1, that has the exact solution y(t) = et for each component of y.

Finally, solve the following system of ordinary differential equations that describe the orbit of a satellite:


dy1/dt = y2



y1(0) = 2


dy2/dt = -16 y1 / (y12  + y32)3/2  
y2(0) = 0

dy3/dt = y4



y3(0) = 0


dy4/dt = -16 y3 / (y12  + y32)3/2  
y4(0) = 2 (3

Use h = 0.1 and integrate to t = 13.  These equations describe the orbit of a satellite where 

y1 is the x-coordinate and y3  is the y-coordinate.  Plot the solution; it should be an ellipse.

Hand in your program, table of the calculated solution values for t and y for t = 0, .1, .2, …, 13, and your plot.  You may generate the plot by hand or use the computer.

