
For this assignment... Understand and implement numerical methods for differentiation and 
integration. 

Submission Instructions: Submit in class, on paper, your work done by hand and printouts of 
the results with discussion (“Publish”, in as few pages as possible).  
Email your .m file to snivelyj@erau.edu, with the subject “EP501: HW6 Last Name, First Name”. 

1) Starting with a Lagrange polynomial for three data points (xi-1, xi, xi+1), derive: 
a. The centered difference approximation for the second-order first derivative. 
b. The centered difference approximation for the second-order second derivative. 

2) Equations 5.92 and 5.104 for a third-order difference formula appear, on first inspection, 
nearly identical. However, 5.92 has a factor of 1/2 for its remainder term, while 5.104 has a 
factor 1/12. Starting from the Taylor series, please derive the correct expression, whichever 
one it may be. 

3) Using your results from Homework #5, Problem 2: 
a. Evaluate and plot the first and second derivatives of the resulting spline. Note that 

you may not use “fnder” or other functions requiring a “Toolbox”. 
b. Demonstrate integration directly from the spline for the limits x=2 to 3. 

4) Using your results from Homework #5, Problem 4:  
a. Evaluate and plot the first and second derivatives of the resulting least-squares fit 

function. 
b. Demonstrate integration directly from the polynomial for the limits x=2 to 3. 

5) A profile of atmospheric density dens in kg*m-3 as it varies with height in km is available on 
our website as “atmos.mat” (which also contains temperature, temp, in Kelvin). Using the 
trapezoid rule and (your choice of ) Simpson’s rule, implemented in Matlab, without using 
built-in “trapz" or “integral” functions, calculate the masses of 1 m2 columns of the 
atmosphere from 0 to 10 km altitude and from 10 to 100 km altitude (i.e., you should have 2 
results obtained each by 2 methods, 4 total). 
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