UWTSD

MSc

Task 1

Module code: ACHA7002
Student number: 2200899

7/12/2025



ACHAT7002 Task 1 Ewan Evans

Contents
1  Plotting and differentiation..............ccccccccoiiiiiiiiiiieeeeeeeeeeeeeeeeeee 1
2 Trapezoldal Method........ccoooouuiiiiii et 2
3 COMIPOSIEE ..eevvvviiieeeeeeeiieeetcee et e e e et eee e e e e e et eeeea e e eeeeeeesaar e eeeeeeeeeear it eeeeeeeernrrranaes 2
I 31 001 01T o) s 1< DRSNS 2
5 Integration results tables . .....ccooiiiiiiiiiiiiii e 4
5.1 Composite convergence 1terations ............uueeeeeeeeeriiiiiiiiiieeeeeeeeeeiieeeeeeeeeeeererinnes 4
5.2 Simpsons Convergence 1teTaAtIONS. ..........vvvvrrieeeeeeeeeeeerriieeeeeeeeeeerrrriieneeeeeeseernraees 11
ST\ o) 0 1<) s Lo o)< TP 11
6.1 Your code script and fUNCEIONS. .......vuueeeiieiiiiieiiiieee e eeeeeees 11

11



ACHA7002 Task 1 Ewan Evans

1 Plotting and differentiation

sin(x) against x
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FEquation 1-1 numerical difterentiation
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2 Trapezoidal Method

1
I = E{fu + [ )ib—a)
Fquation 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= Ixsin[.r}.:ir i
IntTrap (your code result) | Analytical (result) percentage_error_Trap
1.234 1 18.963%

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

Analytical Composite Trapezium Converge 1e-6
‘Result’ 0.6931472 0.6965349 0.6931722 0.6931534 0.6931479
'n iterations' Na 5 50 100 301
'percentage
difference’ Na 0.4888 | 3.6068x107-3 | 8.9447x10/-4 1.0099x107-4

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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FEquation 4-1 Simpsons

Table 4-1 results for integration of f(x) = 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’ 0.69314718| 0.58783069| 0.69314719| 0.69314718 0.69314765
'n iterations' NA 5 50 100 18
'percentage difference’ NA 15.194| 1.443x10-6 0 6.781x10-5
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5 Integration results tables

5.1 Composite convergence iterations

Iteration  Convergence Value

1 0.082 0.75

2 0.0219  0.7083

3 0.0099 0.7

4 0.0056 0.697

5 0.0036  0.6956

6 0.0025  0.6949

7 0.0018 0.6944

8 0.0014  0.6941

9 0.0011  0.6939
10 9.01E-04  0.6938
11 7.44E-04  0.6937
12 6.26E-04  0.6936
13 5.33E-04  0.6935
14 4.60E-04  0.6935
15 4.01E-04 0.6934
16 3.52E-04 0.6934
17 3.12E-04  0.6934
18 2.78E-04  0.6933
19 2.50E-04 0.6933
20 2.25E-04  0.6933
21 2.04E-04 0.6933
22 1.86E-04  0.6933
23 1.70E-04  0.6933
24 1.57E-04  0.6933
25 1.44E-04 0.6932
26 1.33E-04  0.6932
27 1.24E-04  0.6932
28 1.15E-04  0.6932
29 1.07E-04  0.6932
30 1.00E-04  0.6932
31 9.38E-05  0.6932
32 8.80E-05  0.6932
33 8.28E-05  0.6932
34 7.80E-05  0.6932
35 7.36E-05  0.6932
36 6.96E-05  0.6932
37 6.59E-05  0.6932
38 6.24E-05  0.6932
39 5.93E-05 0.6932
40 5.64E-05  0.6932
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5.2 Simpsons Convergence iterations

Iteration Convergence Value

2 0 0
4 0.0019  0.6944
6 1.54E-04 0.6933
8 3.26E-05  0.6932
10 1.06E-05  0.6932
12 4.40E-06  0.6932
14 2.14E-06  0.6931
16 1.16E-06  0.6931
18 6.81E-07  0.6931

6 Appendices

6.1 Your code script and functions

clc, clear, close all

format short g

M=188;
®x =linspace(-pi,pi,N);

¥ = sin{x);

figure;

ploti{x,y,LineWidth=5)

xlabel{ ' %-pi\;to\;\pi%', 'Interpreter’,’'latex’ ,Fonthize=38)
ylabel{ '%sin{x)%", "Interpreter’, "latex’ ,FontSize=38)

title( '$'\sin{x)4% against 3x%", 'Interpreter’', "latex',Font5ize=45)

grid on

ax = gca;

ax.Xhyis.Fontiize = 25; % x-axis numbers
ax.Yhyis.Fontiize = 25; X% y-axis numbers

Figure 5 - sin(x) main script code

function [v] = sin_scalel(x,sf)
y = sin{x./s5F);

end

Figure 6 - Sin_Scale function used in part 1

11
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sFf = B8.1;
¥ = sin_scale(x,sf);

figure;

plot{x,y,LineWidth=5)

xlabel({'$-\pi\;to\;\pit%', 'Interpreter’,’'latex’,FontSize=38)

ylabel( %sin{ “frac{z}{sf} )%, "Interpreter’, 'latex’,FontSize=38)

Ewan Evans

title "$h\sin'\ N\ 1eft(\Frac{x}{sf}\right)3 for a 8.1 scale factor’, Interpreter’,’latex’ ,FontSize=45)

grid on

¥ = gca;

ax. Moxis. FontSize = 25; ¥ x-axis numbers
ax.Yoxis.Fontsize = 25; % y-axis numbers

Figure 7 - sin_scale (x_sf) plot (0.1 step) main script code

sf=[8.1 1 4.5 2]; % Scale factor values in an array named sf
N_sf = numel{sf); % Number of elements withim sf (ML intrinsic ¥ function}
sin_array = zeros(M,N_sf);

%Initialise an array of zeros to store data. ¥ Motice the size of the array is predicted by

%the number of values, M and the number of scale factors to be analysed, N_sf.

for ndx = 1: N_sf

sin_array(:,ndx)} = sin_scale{x,sf{ndx));

end

figure;

plot{x,sin_array,LineWidth=5)

labels = compose{'s=f = %g', sf); % automatically make label strings

legend{labels, 'Location’, 'best”, 'Interpreter’, "latex’, location’,’southoutside’,'Orientation’, 'horizontal®,FontSize=28)

xlabel({ $x% with a varying step amount’,'Interpreter’,’latex’,Font5ize=38)
ylabel( '$sin{ ‘frac{x}{sf} }%', "Interpreter’, 'latex’,FontSize=38)

title( "$hsink 1\ left(\Ffrac{x}{sf}\right)% against $x% for varying scale factors', ..

"Interpreter’, "latex” ,FontSize=45)
grid on
ax = gcaj
ax.Xaxis.Fontsize = 25; ¥ x-axis numbers
ax.¥Yaxis.FontSize = 25; ¥ y-axis numbers

Figure 8 - sin_scale (x_sf) (1,0.1,0.5,2 step) main script code

function [dy_dx] = forward_diff_tech{x,v)

ho= =(2) - =x(1);
dy_dwx= (y{(Z:end)-y(1l:end-1))/h;

end|

Figure 9 - Forward different technique function used in part 1

N=188;
x =linspace(-pi,pi,N};

y=cos(x);

dydx = forward_diff_tech{x, y);

figure;

plot{x, cos(x), 'r',LineWidth=5) % amalytical derivatiwve
hold on

plot{x, -sin{x), 'b",LineWidth=5)

plot{x{1l:end-1), dydx, 'r.-.",LineWidth=5) % numerical derivative

xlabel{ %-\piy;to\;\pi%', 'Interpreter’, 'latex’ ,FontSize=38)
ylabel( '$dy/dx%’, Interpreter’, 'latex’ ,FontSize=3@)

legend{'cos(x)', '-sin{x)', 'Difference of cos(x)", " location’, 'southoutside'|, "Orientation’, "horizontal’,FontSize=28)

title('Difference of cos{x) to -sin(x)}", 'Interpreter’,’latex’,'FontSize', 45)
grid on

ax = gcaj

ax.¥Axis.Fontsize = 25; % w-axis numbers

ax.Yaxis . Fontsize = 25; X y-axis numbers

hold off

Figure 10 - diff cos (x) to -sin(x) main script code

12
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function int=trapl(f,a,b)

if axb

error('h must be greater than &')
end

h={b-a};
int=h.*=(feval(f,a)+fevall(£,b))/2;
end

Figure 11 - Trapezium method function used in part 2

N = 188;% doesnt matter its just used to plot the x
®x = linspace{-pi, pi, M};

% Get actual x values for a and b
d;
pire;

% Define the function
Ff o= @x) ® .* sin(x);

int = trapl(f, a, b); % compute integral between a and b

% --- PLOTTING ---

figure;
plot{x,f{x1})
hold on

fa = f{a);
fb = F(b);
plot{[a b],[fa ¥b])

plot{[a al,[min(f(x}) fal,'r--"};

plot{[b bl,[min(f(x}} Fo],"'r--"};

xlabel( '%-\piY;to\;\pi%', 'Interpreter’, 'latex’ FontSize=38)
ylabel({ fx\sin{x)%", 'Interpreter’', "latex’,FontSize=3@);
title( " Trapizium method','Interpreter’, 'latex’, 'FontSize', 45)
legend{ ' True function', "Trapezium rule’,'location’, "southoutside’,"Orientation’, "horizontal' ,FontSize=28)
grid on

ax = gcaj;

ax.Maxis.FontSize = 25; % w-axis numbers

ax.Yhxis . Fontsize = 25; ¥ y-axis numbers

hold off

fprintf(' Trapezium method %F\n", sum{int))}

clear

Syms X

expr = ¥ * sin{x);

True_wvalue = int{expr, x=, @, (pif2));

fprintf( True_wvalue = ¥f", double(True_value)};

Figure 12 — Trapezium method main script (xsin(x))

13
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function int_total = trap2{f, al, bl, N)
if 21 »= bl
errar{'Upper limit (k) must be greater than lower limit (a)');

end

% Step size
h = (bl - al) / N;

% Subinterval points
¥ = linspace(gl, b1, N + 1};

% Function values at each polnt
i = f{x);

% Composite trapezium rule formula
int_total = (h/2) * (fx(1) + 2%sum(F=(2:end-1}) + fxlend));

end

Figure 13 - Composite trapezium rule function used in part 3

14
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X bhart 5 - Compokite tragazios rula

fo= @a) (1./x); 5 Inteygrand

Coms W = [5, 58, 1&E]; X DEfferent sublnterval cousts
F I

bl = 3

Noold = 188N dogeat matier iTf feol usdd to plot e x
= old = linsgace(-gi, pi, M old};

For L = 1:longuh(Comp M)

o= Comp RCES; £ numbier oF Urapesloss
mow linspace(al, Bd, Hel): T H sublntervals = Ml polnts
o= fbd - ad] F Mg % step sine

% Composite Trapeziuve Pole forsula
fx = Fxl:
X Int_total = (h'3} * {fxi{l} & 'sum{fa{l-end-1]} & Fofaud}]);

Int_total = trap2(f, al, bo, N}; X competa integral belwe

K cccs Plotthng sdcthon ----

Figura;
plotis ald, Fx old}, 'k', "Linedidth’', 1.5} X Trua curve
hald o

X Dram each trapezium segment
for- 1 = 108

a=xfil;

b o= wfisd};

fa = fla);

i o= B

% Draw Tragsiios sides
plot([a b, [fa fb], 'B')

¥ Draw wertboal dasked rcied 1ined
ploti[a a], [@ fa], 'r--"]
ploc([b ], [@ M), "F--')

wnd

alabel|'fx8", "LIotergreter”, "latex"}
wlabal('#F0deft (Frac (1)) vright}d", “Intergretar®, "“latex"};

titha( [ 'Compoalite Trapeiium Role using ', nuedstedf), " soblntervalsz"])

logored (" True fonction', 'Trapelive ddpes’)
arkd on

X cess Dutpot Intdgral wales ----
fprinif] "Composlis Trapezios (W=Xd}: X.7F\n', M, isl_tomall;
i

X cccs Compare T Trae symbolic valie ----

hyEs x

True walue = Entfl /e, =, o, Bd};

fprinef (' True integral value = 5.7F4w", doshle] True value]};

Figure 14 - Composite trapezium rule main script code
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