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1 Plotting and differentiation

Sine Function over [-r, ]

Figure 1y = sin(x) plot Figure 2y = sin_scale(x,st) plot (0.1 steps)

Sine Function with Scale Factors: 0.1 05

sin(x/sf)

vusiacs| (2u(x) |
MnweLcs]

DILsLSUIg oL 0f coa(x)

Figure 8y = sin_scale(x,st) plot ([0.1 0.5 2] steps) Figure 4 diff cos (x) to -sin(x)
, flx, )= f(x)
Jr-' {.".'_. } — 2 | ]r! Jr i

FEquation 1-1 numerical differentiation
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2 Trapezoidal Method

1
I = E{fu + [ )ib—a)
FEquation 2-1 trapezoidal method

A function was created to integrate *x sin(x)’ between 0 and pi/2 the code is in appendix

ol

I= Ii: sin(x) dx

a

percentage_error_Trap

23.370055%

Analytical (result)
1.000000

IntTrap (your code result)
1.233701

3 Composite

A function was created to integrate further functions in a discretised way from equation

3.1.

f:%a_r”{j.+2iﬁ + 1)

FEquation 3-1 composite

Table 5-1 results for integration of flx) = 1/x using composite method a while loop was used to find when the
result was within 1e-6

Converge
Analytical Composite Trapezium le-6
0.693153430
'Result’ 0.6956349206 | 0.6931721793 5
'n iterations' Na 5 50 100
'percentage
difference’ Na 0.358905% 0.003607% 0.000902%

4 Simpsons

A function was created to integrate further functions in a discretised separating odd and

even crossing over in a quadratic manner way from equation 4.1
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f:‘s%iu‘”{ﬁ;+4 ”E‘_fl +2 if, +1)

il aify EVERGEY

Fquation 4-1 Simpsons

Table 4-1 results for integration of fx) = 1/x using Simpson’s method a while loop was used to find when the
result was within 1e-6 of the analytical

Analytical Simpsons Trapezium Converge le-6
'Result’ 0.6931697932| 0.6931471856| 0.6931471809
'n iterations' NA 5 50 100
'percentage difference' NA|  0.358905% 0.003607% 0.000902%
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5 Integration results tables

5.1 Composite convergence iterations

n Numerical Percent Error
5 0.6956349206 0.358905%
50 0.6931721793 0.003607%
100 0.6931534305 0.000902%

5.2 Simpsons Convergence iterations

n Numerical Error
5 0.6931697932 2.261261e-05
50 0.6931471856 4.995009e-09
100 0.6931471809 3.124220e-10

Intervals needed for 6-decimal accuracy: 14

6 Appendices

6.1 Your code script and functions

1. labl_sin.m (script)

clear
format short g

% Define x vector
N = 188;
x = linspace(-pi, pi, N)';

% Calculate y
y = sin(x);

% Plot

figure(l);

plot(x, y, 'b-', 'LineWidth', 2);
xlabel('x");

ylabel('sin(x)"');

title('Sine Function over [-m, m]');
grid on;
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2. sin_scale.m (script)

unction y = Sin_sc
% Input: x - input vector, sf - scale factor
% Output: y - scaled sine values

y = sin(x ./ sf); % ./ means element-wise division

end

% x = linspace(-pi, pi, 10)°';
% ly = sin_scale(x, 0.1);

% figure(2);

% plot(x, y);

3. differentiate_cos.m (function)

function dy = differentiate cosl(x, y)
% Numerical differentiation using forward difference
% dy/dx = (y(i+1) - y(i)) / h

h = x(2) - x(1); % step size
dy = zeros(size(x));

% Forward difference for all but last point
for 1 = 1:1length(x)-1

dy(i) = (y(i+1) - y(i)) / h;
end

% For last point, use backward difference
dy(end) = dy(end-1);
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4. trapl.m (script)

int_numerical = trap('integrand', a, b);

% Analytical: [x*sin(x)dx = sin(x) - x*cos(x)
% At m/2: sin(m/2) - (m/2)*cos(m/2) =1 - 8 = 1
int_analytical = 1;

% Error
error_percent = abs(int_numerical - int_analytical) / int_anal

fprintf( "'Numerical Integratlon Result:\n");
fprintf( "Numerical wvalue: \n* int_numerical);
fprintf('Analytical value: %f\n’ int_analytical);
fprintf (' 'Error: %f%%\n" error_percent);

5. trap_composite.m (function)

function int = trap_composite(f, a, b, n)
% Composite trapezoidal rule with n intervals

d (b - a) / n;
X a:dx:b;
v feval(f, x);

int = dx/2 * (y(1) + 2*sum(y(2:end-1)) + y(end));
end

6. run_trap.m (script)

[5, 5, 1ee];
analytical = log(2); % Exact integral

fprintf( 'Composite Trapezoid Rule Results:\n

fprintf (' 'n\tNumerical\t\tPercent Error\n');

for n = n_values
int_num = trap_composite('f_1 over_x1', a, b, n);
percent_error = abs(int_num - analytical) / analytical * 1©¢
fprintf('%d\t%.1ef\t%.6f%%\n", n, int_num, percent_error);




Module Code Task 1 Template

7. integrand.m (function)

Function y = integrand(x)
% v = x * sin(x)
y = X .* sin(x);

end

8. simpson.m (function)

% Simpson's rule with n intervals (n must be even)
% I = (Ax/3)[f(a) + 43f(odd) + 23f(even) + f(b)]

if mod(n, 2) ~= ©
n =n + 1; % Make n even
end

= (b - a) / n;
a:dx:b;
f(x); % ¥ is a function handle

% 0dd indices: 2, 4, 6,
% Even indices: 3, 5, 7, .
int = dx/3 * (y(1) + 4*sum(y(2:2:end-1)) + 2*sum(y(3:2:end-2)) +

9. simpson_rule.m (script)

Interval and exact value

analytical = log(2); % [_ 1”2 (1/x) dx = 1n(2)

% Define f(x) = 1/x as an anonymous function
f=0(x)1./x;

% Values of n to test
n_values = [5 5@ 1ee];

fprintf('\nSimpson Rule Results:\n');
fprintf('n\tNumerical\t\tError\n');

for n = n_values
int_num = simpson(f, a, b, n); % pass function handle
err = abs(int_num - analytical);
fprintf('%d\t%.1ef\t¥%e\n", n, int_num, err);
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10.f 1_over_x1.m (function)

function y = f_ 1 over x1(x)
y =1 ./ X;

end
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