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1. The following MatLab function is meant to calculate the gamma function I'(z) , which is an
extension of the factorial function to non-integer values, such that I'(n) = (n — 1)! for all
positive integers n. The code uses the following representation of the gamma function,

['(z) = /000 t*te~tdt, (1)

which is valid for z > 0. The integral is evaluated using the midpoint integral formula and
terminating when the integrand becomes smaller than a given precision. To avoid problems if
the integrand is 0 at ¢t = 0, a minimum upper limit is set.

If z <0, the recursion formula I'(z + 1) = 2I'(2) is used to make the argument positive, while
if z is a non-positive integer (0, —1, —2,...) the function should return an error.

The code contains 10 mistakes (errors or highly inefficient ways of calculating). Find these
mistakes, and write out the correct and improved code.

% Gamma(z) computes the Gamma function using the integral representation
yA /oo z-1 -t

% Gamma(z) = | t e dt

b /0

% The integral is evaluated using the midpoint method. It is terminated
% when the integrand drops below a given precision.

% A minimum cutoff Tmin is set in case the integrand is 0 at t=0

% If z is an integer, the factorial function is used.

% If z is negative, the recursion formula Gamma(z+1) = zGamma(z) is used
function G = Gamma(z)

Tmin = 10; % minimum cutoff for integral

dt = le-6; % grid spacing for integral
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if (z > 0)
if (floor(z) == z) ¥ this means that z is an integer
error (’Gamma function undefined for non-positive integers’)
else
G = Gamma(z)/z; % use the recursion formula
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end
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G = 0;

t = 0;

if ( (¢t < Tmin) || (fn > prec) )
fn = t7(z-1)*exp~-t; % evaluate integrand
G = G + fnxdt;
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2.

(a)
(b)

Explain the difference between an integer and a floating-point number. What is meant by
the precision of a floating-point number?

A discrete second derivative may be constructed as
f'(x) = APV f(x) = A% (A% f(2)),

where A f(z) is the symmetric first derivative.

i. Show that
flz —20) —2f(x) + f(z +29)

462
ii. By way of an appropriate Taylor expansion in 9, determine the order of accuracy of
AR f(z).

iii. Explain why this derivative is in general inferior to the usual discrete second derivative.

A f(a) =

Explain how the second-order differential equation

d?q(t)
dat2

= —q(?)

can be reduced to two coupled first order differential equations.

Describe how the resulting equations can be solved numerically using the Euler method.
Write out the key steps of the numerical procedure.

If we define

H(t) = @(t) + ¢*(t)
show that

Hyo=(1+HH,,

where H,, is the value of H (t) after the n-th Euler step, and ¢ is the Euler stepsize. Discuss
the implications of this result for the performance of the Euler method. How does the
Fuler—Cromer method improve on this?

Explain the difference between a boundary value problem and an initial value problem for
an ordinary differential equation. Which complications may you encounter for a boundary
value problem that are not present in an initial value problem?

Describe how the boundary value problem
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where f(z,y) is a given function and x1, y;, 2, y2 are given numbers, may be solved using
the shooting method. Write out the key steps of the numerical procedure.



