REVIEW QUESTIONS - CHAPTER 9

9.1. True or false: An ODE solution that is unbounded as time increases is necessarily unstable.

9.2. True or false: In approximating a solution of an ODE numerically, the global error grows only if the solution sought is unstable.

9.3. True or false: In solving an ODE numerically, the roundoff error and the truncation error are independent of each other.

9.4. True or false: In solving an IVP for an ODE numerically, the global error is always at least as large as the sum of the local errors.

9.5. True or false: For approximating a stable solution of an ODE numerically, an implicit

method is always stable.

9.6. True or false: In numerically approximating  a stable solution of an ODE, one can take arbitrarily large time steps using an unconditionally stable method and still achieve any required accuracy.

9.7. True or false: Stiff ODEs are always difficult and expensive to solve.

9.8. (a) In general, does a differential equation, by it​self, determine a unique solution?

(b) If so, why, and if not, what additional informa​tion must be specified to determine a solution uniquely? 


9.9. (a) What is meant by a first-order ODE?

(b) Why are higher-order ODEs usually trans​formed into equivalent first-order ODEs before solving them numerically?

9.10. (a) Describe in words the distinction between a stable and an unstable solution of an ODE.

(b) What is a mathematical criterion for determin​ing the stability of an of ODEs y' = f (t, y)?

(c) Can the stability or instability of an ODE solution change with time?

9.11. Which of the following types of first-order ODEs have stable solutions?

(a) An ODE whose solutions converge toward each

other

(b) An ODE whose Jacobian matrix has only eigenvalues with negative real parts

(c) A stiff ODE

(d) An ODE with exponentially decaying solutions

9.12. Classify each of the following ODEs as having unstable, stable, or asymptotically stable solutions: (a) y' = y + t    (b) y' = y - t   (c) y' = t - y  (d) y' = 1.

9.13. How does a typical numerical solution of an ODE differ from an analytical solution?

9.14. (a) What is Euler's method for solving an ODE? 

(b) Show at least one way it can be derived.

9.15. In solving an ODE numerically, which is usually more significant, rounding error or truncation error? 

9.16. Describe in words the difference between the local error and the global error in solving an IVP for an ODE numerically.

9.17. Under what condition is the global error in solv​ing an IVP for an ODE likely to be smaller than the sum of the local errors at each step?

9.18. (a) Define in words the error amplification factor for one step of a numerical method for solving an IVP for an ODE.

(b) Does the amplification factor depend only on the equation, only on the method of solution, or on both?

(c) What is the value of the amplification factor for one step of Euler's method?

(d) What stability region does this imply for Eu​ler's method?

9.19. (a) What is the basic difference between an ex​plicit method and an implicit method for solving an ODE numerically?

(b) Comparing these two types of methods, list one relative advantage for each.

(c) Name a specific example of a method (or fam​ily of methods) of each type.

9.20. The use of an implicit method for solving a non​linear ODE requires the iterative solution of a nonlinear equation. How can one get a good starting guess for this iteration?

9.21. Is it possible for a numerical solution method to be unstable when applied to a stable ODE?

9.22. What does it mean for the accuracy of a numerical method for solving ODEs to be of order p?

9.23. (a) For solving ODEs, what is the highest-order accuracy that a linear multistep method can have and still be unconditionally stable?

(b) Give an example of a method having these properties (by name or by formula).

9.24. Compare the stability regions (i.e., the stability constraints on the step size) for the Euler and backward Euler methods for solving a scalar ODE.

9.25. For the backward Euler method, which factor places a stronger restriction on the choice of stepsize: stability or accuracy?

9.26. Which of the following numerical methods for solving a stable ODE numerically are unconditionally stable?

(a) Euler's method  (b) Backward Euler method  (c) Trapezoid rule

9.27. (a) What is meant by a stiff ODE?

(b) Why may a stiff ODE be difficult to solve nu​merically?

(c) What type of method is appropriate for solving stiff ODEs?

9.28. Suppose one is using the backward Euler method to solve a nonlinear ODE numerically. The resulting nonlinear algebraic equation at each step must be solved iteratively. If a fixed number of iterations are performed at each step, is the resulting method unconditionally sta​ble?

9.29. Explain why implicit methods are better than ex​plicit methods for solving stiff ODEs numer​ically.

9.30. What is the simplest numerical method that is stable for integrating a stiff ODE?

9.31. For solving ODEs numerically, why is it usually impractical to generate methods of very high accuracy by using many terms in a Taylor series expansion?

9.32. In solving an ODE numerically, with which type of method, Runge-Kutta or multistep, is it easier to sup​ply values for the numerical solution at arbitrary output points within each step?

9.33. (a) What is the basic difference between a single-step method and a multistep method for solving an ODE numerically?

(b) Comparing these two types of methods, list one relative advantage for each.

(c) Name a specific example of a method (or fam​ily of methods) of each type.

9.34. List two advantages and two disadvantages of multistep methods compared with classical Runge-​Kutta methods for solving ODEs numerically.

9.35. What is the principal drawback of a Taylor se​ries method compared with a Runge-Kutta method for solving ODEs numerically?

9.36. (a) What is the principal advantage of extrapo​lation methods for solving ODEs numerically?

(b) What are the disadvantages of such methods?

9.37. In using a multistep method to solve an ODE nu​merically, why might one still need to have a single-step method available?

9.38. Why are multistep methods for solving ODEs nu​merically often used in predictor-corrector pairs?

9.39. If a predictor-corrector method for solving an ODE is implemented as a PECE scheme, does the sec​ond evaluation affect the value obtained for the solu​tion at the point being computed? If so, what is the effect, and if not, then why is the second evaluation done?

9.40. List two reasons why multivalue methods are easier to implement than multistep methods for solving ODEs adaptively with automatic error control.

9.41. For each of the following properties, state which type of ODE method, multistep or classical Runge-​Kutta, more accurately fits the description:

(a) Self starting

(b) More efficient in attaining high accuracy 

(c) Can be efficient for stiff problems

(d) Easier to program

(e) Easier to change stepsize

(f ) Easier to obtain a local error estimate

(g) Easier to produce output at arbitrary interme​diate points within each step

9.42. Give two approaches to starting a multistep method initially when past solution history is not yet available.
