Tutorial 7 (Hyperbolic Equations)

Class work

1. Consider the one-dimensional convection equation
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where u is the dependent variable and c is a real constant.

(a)
Obtain an explicit scheme by approximating the time derivative using forward differences, and the space derivative using backward differences.

(b)
Obtain another explicit scheme by approximating both derivatives with forward differences.

(c)
What is the accuracy of each of the above schemes?

(d)
The two above schemes are only stable if the error growth factor, G, is not greater than one in modulus, i.e. 
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. In fact, for the two schemes above, the growth factor can be shown by Von Neumann stability analysis to be (a) 
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, and (b) 
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, where 
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. Give a geometric interpretation of these values to show how the stability is dependent on c.
(e)
Choose the more appropriate method of (a) or (b) and use it to complete the calculation of u at time t = 0.05 for
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Lab work

1. Consider the example from the lecture notes on slide 31. Download the example solution 07-example-Q1.xls from TeachMat and run it on your computer. Try different values of a. Try values of dt that make s larger than 1. Does the problem diverge?

2. Consider the example from the lecture notes on page 34. Download the example solution 07-example-Q2.xls from TeachMat and run it on your computer. Try different values of c. In this example c is a damping term – the larger it is, the quicker the vibration of the string will stop. Try c = 0, 0.2, 0.5, 1.0. Also try c = –0.1.
3. Do the example from the lecture notes on page 27 and plot the wave as it travels. [Hint: You will need to create a plot of the current values for u. In order to do this you just require two rows of values for u, the old values and the current values (e.g. see the example solutions for questions 1 and 2 and simplify).]
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