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Numerical Solution of ODEs
A. Comparing Euler’s to the Runge-Kutta Method
1. Use the Euler algorithm to solve the differential equation 
· Integrate outwards to t=4.0 using different step sizes h. (Starting with h=0.5 and getting smaller) 

· Compare your numerical results to the analytical result [image: image1.png]


. 

2. Use the fourth order Runge-Kutta algorithm to solve the differential equation. 
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· Integrate outwards to t=4.0 using different step sizes h. (Starting with h=0.5 and getting smaller) 

· Compare your numerical results to the analytical result [image: image3.png]


and the results you got from the Euler algorithm. 

Hint: you may find the following link useful: http://www.physics.orst.edu/~rubin/nacphy/ComPhys/DIFFEQ/mydif2/
B.  One-Dimensional Projectile Motion with Air Resistance
In this problem the rate of change of the momentum is 
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where m is the mass of the object, 
[image: image5.wmf]8

.

9

=

g

 m/s2, is the acceleration due to gravity and k is the drag coefficient. For a particular sphere of mass 10-2 kg the drag coefficient 
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kg/m. Use the fourth order RK method to find the velocity of the sphere released from rest as a function of time for 0 < t < 10.  Compare your calculations to the zero-th order approximation, e.g., the analytical solution obtained by ignoring air resistance
C. Chemical Reactions

In chemical reaction, one molecule of type A combines with one o type B, to form one molecule of type C. It is found that the concentration 
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, of molecules C, at time t, is the solution to the initial value problem
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where k is a positive constant, and a, and b are the initial concentrations of A and B, respectively. Suppose that 
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 millimoles/liter, and 
[image: image10.wmf]50

=

b

 millimoles/liter. Use the Runge-Kutta-Fehlberg method to find the solution over the interval [0,20].

Compare your numerical solution with the exact solution
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Observe that the limiting value is 50 as 
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