
NUMERICAL METHODS for Science 201-HTG-05

Specifi c Element s of the C ompetenc y (in italics) Standard of Performance:  The student mu st be able to:

To represent various situations, drawing upon relevant concepts, laws and principles.
To solve problems using a method proper to science.
To apply techniques of experimentation or validation specific to science.

1. ZEROES OF NON-LINEAR EQUATIONS
1.1 given an non-linear function f(x) and an interval [a, b], where an unknown zero r of the equation is an element of [a, b], and given a

maximum acceptable error, ,, and/or maximum value of *f(x)*, t, and/or max imum num ber of iterations, n , carry out step by step
calculation within Maple to:
1.1.1 approximate the zero r to specification using the Method of halving the interval (als o known as Bolzano's Method or

Bisection Method).
1.1.2 approximate the zero r to specification using the Method of Linear Interpolation (also known as Method of False

Position or Regula Falsi Method).
1.1.3 approximate the zero r to specification using the Modified Method of Linear Interpolation.
1.1.4 approximate the zero r to specification using the Secant Method.
1.1.5 approximate the zero r to specificiation using Newton's Method.
1.1.6 approximate the zero r to specification using Picard's Method (also known as  x = g(x) form or Method of Iteration).

1.2 demonstrate understanding of the above listed methods for locating zeroes of functions by creating Maple procedures for them.

2. SOLVING SETS OF EQUATIONS
2.1 given a set of  linear equa tions, ca rry out step b y step calcu lation in M aple to solve b y:

2.1.1 using the Gaussian Elimination Method with partial pivoting.
2.1.2 using the Gauss-Jordan Elimination Method with p artial pivoting and scaling.
2.1.3 using LU decomposition.
2.1.4 using Jacobi Iteration.
2.1.5 using Gauss-Seidel Iteration.

2.2 demonstrate understanding of the two iteration methods (Jacobi and Gauss-Seidel) by creating Maple procedures for them.

3. INTERPOLATING POLYNOMIALS
3.1 given a set of n+1 equi-spaced data points from an un known function f(x), con struct:

3.1.1 a difference table from the data points.
3.1.2 the Newton-Gregory forward polynomial of degree n passing through the data points.
3.1.3 the Newton-Gregory backward polynomial of degree n passing through the data points.
3.1.4 the Gauss forward polynomial of degree n passing through the data points.
3.1.5 the Gauss backward polynomial of degree n passing through the data points.

3.2 demonstrate understanding of the above polynomial types by creating a Maple procedure for one of them.
3.3 given a set of n+1 equi-spaced data points from an unknown function f(x), construct a cubic spline interpolation of the function.

4. NUMERICAL DIFFERENTIATION AND NUMERICAL INTEGRATION
4.1 given a set of  n+1 equ i-spaced  data poin ts from a n unkn own fu nction f (x), com pute app roximate  values for d erivatives of  f(x) by:

4.1.1 using an  approxi mating p olynomial.
4.1.2 using the method of successive extrapolation.

4.2 given a set of n+1 equi-spaced data points from an unknown function f(x), compute approximate values for the integral of f(x) by using
an approximating polynomial (Newton-Cotes approxim ate integration):
4.2.1 of degree 1 (Trapezoidal Rule).
4.2.2 of degree 2 (Simpson's a Rule).
4.2.3 of degree 3 (Simpson's d Rule).

4.3 given a set of n+1 equi-spaced data points from an u nknown function  f(x), compute approximate  values for the integral of
f(x) by using Romberg integration (also known as extrapolation to the limit).

4.4 given a set of n+1 data points from an unknown function f(x), compute approximate values for the integral of f(x) by using Gaussian
Quadratu re.

4.5 demonstrate understanding of one the above techniques by creating a Maple procedure for it.

5. CURVE-FITTING AND APPROXIMATION OF FUNCTIONS
5.1 given a set of n+1 data points from an unknown function f(x), carry out step by step calculation in Maple to generate a least square

approximating polynomial of degree m, where m < n.
5.2 given a function f(x), carry out step by step calculation in Maple, using Chebyshev polynomials, to generate an "economized"

approximating polynomial of degree m, where m < n.
5.3 given a periodic function f(x), carry out step by step calculation in Maple, to generate a Fast Fourier Transform approximation  for f(x).
5.4 demonstrate understanding of one of the above techniques by creating a Map le procedure for it.

At the teacher's discretion, appropriate and closely related definitions, derivations, proofs and ap plications using p ertinent technology may be a dded
and form part of the evaluation.


