675.231 Computational Techniques I 

2001

Ordinary Differential Equations Laboratory

In this laboratory you will investigate integrating ordinary differential equations using the Euler and Improved Euler methods. Tasks in bold print must be handed in as a brief report to the Engineering Science Departmental Administrator by 5:00pm, Friday 17 August. Include appropriate diagrams. Your VB code should be placed in an appendix.
1. On a spreadsheet, implement the Euler and Improved Euler methods using the same table form and the test problem as in the notes: dy/dx = (1+xy)2. Investigate how the solution changes with a greater upper limit on x and/or smaller step size. Graph your solutions. Use this time to understand the algorithm and observe the solution behaviour.

2. When you feel confident that you understand the basic algorithms of the two methods, copy the file:

T:\\courses\675.231\Laboratory3\Laboratory3.xls?????

to your own directory.

3. The Visual Basic code in the supplied worksheet contains one module. This module has code that calls subroutines to perform Euler and Improved Euler numerical solutions. The module also has wrappers for a function that returns the value of f(x,y) and a subroutine that calculates the analytic solution to the ODE (if it exists). You will need to write the subroutines to calculate the Euler and Improved Euler solutions. In addition, you will need to write the function evaluation and the analytic solution evaluation (if possible). If no analytic solution is available, return a non-zero error code. You can run your integration routines by clicking on the solve button in Sheet1 of the supplied worksheet.

4. Test your code using the ODEs: y’=x+y and y’= (1+xy) 2. An analytic solution exists for the first of these. In your report, make some brief observations regarding the Euler and Improved Euler solutions for these ODEs.

5. Consider the following problem. A boat enters a river of width H at point S and tries to reach the point F directly opposite on the other side. The person rowing keeps the boat pointed at the point F throughout the journey. The angle between the direction the boat is pointing in and the horizontal is . If the boat were in still water its speed would be V. The river is flowing with speed v.



When the boat is at the point (x,y), the governing differential equations are:
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Determine an equation for dy/dx when v is constant with x and implement in your VB code. Also implement the ODE when v=ax(H-x).

6. Use your spreadsheet and convergence analysis to compare the behaviour of the Euler and Improved Euler methods for the two equations governing the boat rowing problem in (5). In your report, discuss the following: (a) the relative convergence behaviour for a constant velocity profile and a parabolic profile; (b) the best choice of step size for each method.
7. Marking Schedule - Ordinary Differential Equations Laboratory

What we are looking for in this assignment is less specific answers and more the ability to construct a tool and use it to do some investigations. Four ODEs were supplied for investigation – three linear ones and one non-linear one. The students had to write VB code to implement these functions (and their analytic solutions if they existed) and the Euler and Improved-Euler methods. They were then asked to see what happens to the solutions with different step sizes and to see what step size was necessary for a converged numerical solution as well as make comments regarding the accuracy of the numerical methods.

1.VB Code – 3 marks total

Look for the usual coding things here. If they have repeated similar mistakes to the previous assignment, don’t penalize them as they hadn’t received the last assignment back before handing this one in.

( implementation of the functions and analytic solutions – 1 mark

( Euler’s method – 1 mark

( Improved Euler’s method – 1 mark

2. Report – 2 marks total

Look for overall presentation and approach.

( material clearly presented, understandable and fits together nicely – 2 marks

( report shows interesting material but not altogether clear and concise – 1 ½ mark

( some investigation and work but poorly presented –1 mark

( nothing – 0 marks

3. Investigations – 3 marks total

There were a series of questions in the assignment sheet that should more or less be addressed

( Q6a – some discussions regarding accuracy of methods for each equation, e.g. Improved Euler generally more accurate with similar step size to Euler; non-linear equation tends to show up differences more etc. – 1 mark

Analytic solutions:

· y’=ay has an analytic solution of y = eax
· y’=x+y has an analytic solution of y=cex-x-1 – ½ mark for analytic solutions somewhere (e.g. code if not elsewhere)

· y’=1+xy has an analytic solution involving the error function. Unlikely that his will have been used.

( Q6b – evidence of investigations with varying step sizes for each equation and conclusions drawn with respect to changing accuracy – 1 mark

( Q6c – evidence of investigations using different numbers of steps to determine a solution at a particular x value, e.g. plots showing convergence of methods to a value vs the number of steps, that are used to make some statement regarding best step size for the different methods and equations, e.g. somewhere around 0.01 is a good step size for the linear equations, impossible to draw conclusions for non-linear equation as doesn’t seem to converge.  – 1 mark.

4. ODE of own choice – 2 marks total

( Evidence of ODE choice; discussion of what it models; analytic solution if possible; some experimental results using VB code – 2 marks.

Mark Trew August 2000
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