Tutorial 1

Class work

1. Decide if the given equation is elliptic/parabolic/hyperbolic:
a) 
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(Poisson’s equation)
b) 
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(Laplace’s equation)
c) 
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(one-dimensional wave equation)
d) 
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(heat equation)
2. Write each of the following equations using the appropriate differential operators, i.e. 
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, etc., and state whether it is an ODE or a PDE. Then decide if the equation is linear or not, and, if not, identify a non-linear term. [Hint: the equation is only linear if it can be written in the same form as the generalised 2nd order linear PDE from the lecture – any term that does not fit into this form is non-linear.]
a) u( + tu2 = 0
b) uxx + u uyy = 0
c) uxx + (x2 + t2)utt = sin x

d) 
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e) t2u( + tu( + u = et
f) 
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g) u( + t sin u = 0

h) x ux + t ut = (uxt)2
Lab work

1. Download the elliptic example (01-example-elliptic.xls) from teachmat. Run it by holding down the F9 key until it converges. Approximately how many iterations does it take to converge? Now reset the solver by changing the FLAG back to 0, hitting return and then F9. Change the value of h to 0.5, change the FLAG back to 1, hit return and then run the example again. What differences do you observe?

2. Download the parabolic example (01-example-parabolic.xls) from teachmat. Run it by holding down the F9 key. How many iterations does the solution take to converge?

3. Download the hyperbolic example (01-example-hyperbolic.xls) from teachmat and run it. Now reset the solver, change the timestep to 0.05 and run it again. What differences do you notice? Now try a timesteps of 0.1 and 0.11. Which is the best value for timestep and why?
PTO

4. The solution of a particular hyperbolic PDE is given by 
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 Implement this solution in Excel as follows (it is important that you understand what each step is doing as you will need similar techniques for tutorial solutions later on): Important note – this description and all of the others in the course refers to Microsoft Office 2003 – if you are using Office 2007, look at the bold comments.
a. Open a new Excel worksheet and save it as Tut1-Q4.xls. In Office 2007, click the Office icon (top left) to access file menus.
b. Click the “Tools” menu and select “Options”. Then click the “Calculation” tab, set “Calculation” to “Manual”, check the “Iteration” box and make sure that “Iteration” is also checked and that “Maximum Iterations” is set to 1. (You may need to do this every time you start a new worksheet when doing tutorials for this course). In Office 2007, click the Office icon (top left) and select “Excel Options” (down the bottom). Then choose “Formulas”, check the “Manual” radio button and make sure that “Enable iterative calculation” is also checked and that “Maximum Iterations” is set to 1.
c. In cell A1 type “Plot of solution u(x,t) = sin(2 pi x) cos(t)”. (It is very important to label your all of your tutorial solutions in case you need them later on in the course).
d. In cell A2 type “FLAG” and then in cell B2 type “1” and hit return. This is the flag you can use to reset the solver.
e. Now select cell B2 again and type “flag” in the namebox (just above the worksheet). This labels the value in the cell B2 so that we can now refer to the contents of B2 as the variable “flag”.
f. In cell A3 type “iteration” and then in cell B3 type “=if(flag=0,0,B3+1)”. This says that if the variable “flag” (i.e. the contents of cell B2) is 0, then set the contents of B3 to 0, otherwise increment the value of B3 by 1. This means that when the flag is set to 1, every time you press the F9 key, the contents of B3 (the iteration number) will increase by 1.
g. In cell A4 type “timestep”, then in cell B4 type “0.1” and hit return. This means that every iteration will advance the solution by 0.1 time units.
h. Now select cell B4 again and type “dt” in the namebox. This labels the value in the cell B4 as the variable “dt”.
i. In cell A5 type “time”, then in cell B5 type “=if(flag=0,0,B5+dt)” and hit return. This calculates the time of the current solution values (in the same way as the iterations are calculated).
j. Now select cell B5 again and type “t” in the namebox. This labels the value in the cell B5 as the variable “t”.
k. In cell A6 type “x” and then type “0” in B6 and “0.1” in C6. Now select both cell B6 and C6 and then drag the small square at the bottom corner of the selected cells out to cell L6. This should create the x values 0, 0.1, 0.2, 0.3, 0.4, … 1.
l. In cell A7 type “u(x,t)” and then type “=SIN(2*PI()*B6)*COS(t)” in cell B7. Now select cell B7 and then drag the small square at the bottom corner out to cell L7. Hit the F9 key to do the first calculation. This should create the solution value for each corresponding x value and use the time value in cell B5. Double click cell L7 to check where it takes its x value from and then hit “Esc”.
m. With cells B7 to L7 selected, click the chart wizard button and create a plot of the solution. You will need to select “Line” as the chart type. In Office 2007, select the Insert tab and then select “Line” and choose one of the line types.
n. When you have created the plot, right click on the vertical axis, choose “Format Axis …”. In the dialogue window, select the “Scale” tab and uncheck the “Auto” box for “Maximum” and “Minimum”. If you do not do this the Excel will rescale the plot every iteration. In Office 2007 do the same, but when the dialogue window opens check “Fixed” for the “Maximum” and “Minimum” axis options.
o. Now repeatedly use the F9 key to run the solver. How many iterations do you expect before the solution converges?
p. If you want to reset the calculation at any time, just set the flag variable in cell B2 to 0, hit return. Then hit F9 to reset. Finally, set B2 back to 1 and hit return to start calculating from scratch.
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