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ATM 150 - Fall 2003
Name:________________

Problem 5

1. (12 pts) Write a fortran computer program that performs the following tasks. A function is used to easily define values at grid points and for determining the “correct” (analytic) derivative at each grid point. NOTE: WHEN CALCULATING A FINITE DIFFERENCE, THE SCHEME MUST USE THE NUMERIC VALUES AT GRID POINTS.  SO, ONLY USE THE FUNCTION BELOW TO DEFINE AN ARRAY OF NUMERIC VALUES AT THOSE GRID POINTS. YOU DO NOT USE THE "FUNCTION" INSIDE A FINITE DIFFERENCE.  
Calculate the first derivative of the function using finite differences:

f(x) = f(m*dx+e) = 1. + cos2(k(m*dx+e))        note that    df/dx = -2k sin(kx) cos(kx)

Define a grid having dx = /20; let the total number of grid points be 21; where an offset of e = /51 is used such that e <= x <=  + e. Calculate your expression 2 times each time using a different size wavelength:  k*dx = /10 then /5.  At the boundaries, use a 1st order 1-sided difference, otherwise use a 2nd order, centered-in-space, scheme.

Use a DO loop to print the following, one grid point to each line of printout: a) the grid point index, b) the x value of that grid point, c) the analytic value of the derivative, d) the finite difference estimate, and e) the ratio of finite difference estimate over the analytic value. 

2. (14 pts) Evaluate the following integral: ∫ab exp(-x2) dx using the following schemes in a FORTRAN program... Use a = ___-0.2____ and b = __1.5_____.

a. Use Simpson’s 1/3 rule three times using: i) 5 grid points, ii) 9 points, and iii) 401 points. Print out 7 significant digits for each estimate along with its difference from the estimate using the highest resolution

b. Apply the Romberg scheme to steps i) & ii) of part a. Make a formatted print out that summarizes the results in a Romberg table. Calculate and print out the error of the Romberg estimate estimate as well.

3. (8 pts) Derive a 2nd order 1-sided difference (at point N) for a second derivative starting with Taylor series expansions of grid points N, N-1, N-2, N-3, and N-4. 

Due: 5 November 2003 at the start of class.  10% penalty for each weekday late.

