C Programming Course – COURSEWork Week One

Introduction

This is the first course work sheet.  MSc students should complete and hand in all three questions.  Undergraduates may only complete two questions should they choose to do so, however, the maximum mark that can be gained from only two questions is 70% if all the questions are done absolutely perfectly.  MSc students should send their work to Jason Levesley.  Undergraduates should send their work to Richard Clegg.
Question 1:
Write a program to calculate the nth triangular number.  (It is given by the sum 
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).  Test your program for several values of n.  Are there any values of n which will break your program?  
Question 2:

Write a program which performs the following steps for a starting positive integer n which is greater than one:

1) If the value of n is even then n becomes n/2 otherwise n becomes n*3 + 1

2) If the new value of n is greater than one then return to step 1

Hint 1: You will need a while loop for the main body of your code.

Hint 2: You can detect if a number is even by using the modulo operator %.  (a1%a2) gives the remainder when a1 is divided by a2.

i) Get your program to count how many times round the loop it takes to get n down to one for a variety of starting numbers.  

ii) Can you find any values of n which are relatively small but take a long time to get back to one?  

iii) Can you find any values of n which do not return to one? 

Question 3 (advanced):

Consider the function defined by
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i) Prove that J(n) = 1- n*J(n-1). 

ii) Calculate the integral for J(0) directly (by hand).

iii) Write a programme using this relation to calculate J(n) given J(0). 

(Get your programme to work out J(10) from J(0), first of all using 3 digits of precision for J(0), then 4, 5 etc up to 10. 

iv) Use Maple to get the exact answer [Define J:=n->int(x^n*exp(x-1) then evalf(J(10))]. Which of your early answers (if any) was the right answer?

v) Now write another programme to calculate J(0) given J(n) (using the same recurrence relation). Using an estimate of 0 for the value of J(10) calculate J(0). How near to the actual value of J(0) is your result?   Try taking other values for J(10) and seeing how much difference the value you pick has on the result. 

vi) Explain why the recurrence relationship works to calculate J(0) from J(10) but not J(10) from J(0).  To do so you will have to consider how errors propagate through your program.  Numbers are only represented in the computer with finite precision, so write J*(n) = J(n)+en  (where J*(n) is the value you calculate, J(n) is the true value and en is the error gained in calculating the nth term).

Assuming that there is a small error e0 in your calculation of J(0) and assuming no subsequent errors are introduced, calculate en in terms of e0 as n increases when calculating J(10).  Perform the same analysis to show how errors propagate for the reversed iterator which calculates J(0) given J(10).
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