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Answer THREE questions

Given agenera cubic equation

ax®*+bx*+cx+d =0 (1.2)
where a, b, ¢, and d are constants, write a program in C which reads in the
coefficients, and prints out the three roots.

[20 marks]
Use this method:
The first step is to evaluate the discriminant, D:
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If D > 0, there is one real root and two complex roots. If D = 0, there are three
real roots of which at least two are equal. If D < 0, there are three real roots.

If D3 0, define:
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If D <0, define:
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Finally, the three roots of equat|0n 1.1, Xy, %, , and X, are given by:
b
Xn = Yn- 5 (15)
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Simpson’s method is used to evaluate integrals numerically.
b

| = f () (2.2)

a
For any function, f(x), the interval over which the integral is to be evaluated
(a<x<b) is divided into N small elements, where N is large. The integrand
must be evaluated at each of those elements (X, = a,X;, X,, X3,-++, Xy =D).

Now define:

DI; = (% f(Xy)+ 5 F(Xu) +5f (X2i+2))M (2.2)
N/2-1
| = § D (2.3)

i=0
It is possible to use this method to estimate the integra of a function f(x)
which is stored digitally as a series of N+ 1 equally spaced values.

Such adigital function is stored in afile caled dat a. d as aseries (initialy of
unknown length) of ASCII floating point numbers separated by spaces,
preceded by the values of the first and last x values. (That is, the values stored
will be: a,b, f (X, =a), f(x), f (%), -, f (Xy =b))

Write a program in C or C++ which reads in and stores the numbers,
alocating just sufficient space for them, and calculates, using Simpson’'s
method, the integral over the given range.

[20 marks]

Explain why a C (or C++) function with prototype i nt factorial (int n);
intended to calculate n! would work for only alimited range of values of n.

[3 marks]
The binomial coefficients g * Wlth | > m are given by:
|
do__ It 3.1)
&g m(l- m)
Write afunction in C which calculates the binomia coefficients gj g
Mg
[7 marks]
An expression for the Legendre polynomial, B (X)is:
w2 ad e - 2mo |,
R(x) =2" a( n" g g =2 (3.2)
[4]
Write afurther function in C which calculates P, () for any values of | and x.
[10 marks]
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A C++ class of matrices has the following definition:

class matrix

{
private:
int NN M
float **ptr;
publi c:
matrix(int, int);
matri x(const matrix&);
~matrix();
void setElenent(int,int,float);
float getElenent(int,int);

b

Explain what is done by each of the functions declared in the class definition.
Also explain what the termspri vat e: and publ i c: mean.

[5 marks]

Write the C++ code for the constructor function, such that it sets up and
allocates space for an N x M matrix (default 2x2) and sets all the elements to
zero initialy.

[5 marks]

Write the C++ code for the copy constructor, such that its operation is
consistent with the constructor.
[3 marks]

Set up a new class of matrices, derived from class matrix, such that both
functions set El enent and get El enent (in the new class) check that the
indices of the required element are not outside the array bounds of the matrix
object accessed. Include the code for these two new functions.

[7 marks]
[You are required to write the code only for the functions specified.]

Explain what is meant by the C++ term “overloading”. How are different
overloaded functions distinguished by the C++ compiler?
[3 marks]

Assuming that classes of 3x3 matrices and vectors (of length 3) are aready
defined, and called mat ri x and vect or respectively, write the code for the
overloaded operator << to allow the elements of a matrix or a vector to be
printed out. State any assumptions that need to be made.

[7 marks]

Write C++ code to overload the * operator to allow matrix multiplication
between a matrix and a (column) vector with the result expressed as a
(column) vector.

[10 marks]
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