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V = 24; R = 12;

i = V/R;

P = V*i;

fprintf('I = %.2f A\nP = %.2f W\n',i,P);
assert(i == 2 & & P == 48);
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R =1[63];

Req = 1/sum(1./R);

Ibranch = 12./R;

Itotal = sum(Ibranch);

disp(Req); disp(Ibranch); disp(Itotal);
assert(abs(Reg-2) < le-12);
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t =0:1:3;

a =2; X0 = 0; v = 0;

X = X0 + vo*t + 0.5%a*t."2;
disp(x);

assert(isequal(x,[0 1 4 9]));
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A=1[123;456];

value = A(2,3);

rowsum = sum(A,2);

column = A(:,2);

disp(value); disp(rowsum); disp(column);
assert(value == 6);
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R=10; L = 0.01; w = 1000;

Z = R + 1i*w*L;

magZ = abs(Z);

phaseDeg = angle(Z)*180/pi;
disp(Z); disp([magZ phaseDeg]);

G)> bb)m 19



RL )l blize (juiliuwol @ub

Z =10 + 10i ohm
=~ 14.1421 ohm diwold
= 45 deg ;L9

. ADD ;0

G)> bb)m 20



S oSiws (J>

.\MS d.> o) ng.i_mo w0 09V |) X+2y=8 g 3x+y=9 o Kiw>

A=1[31;12]; b=1[9; 8];
X = A\b;

residual = norm(A*x-b);
disp(x); disp(residual);
assert(residual < le-12);
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current = [2 5 8]; limit = 6;
over = current > limit;
if any(over)

disp('Overcurrent detected');
else

disp('Current within limit');
end
disp(current(over));
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values = zeros(1,5);
for k = 1:5
values(k) = k"2;
end
totall = sum(values);
total2 = sum((1:5).72);
disp([totall total2]);
assert(totall == 55 && total2
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X = 1; err = Inf; count = 0;
while err > 1le-10 && count < 50
next = 0.5%(x + 2/X);
err = abs(next-x);
X = next; count = count+l;
end
disp(x); disp(count);
assert(abs(x-sqrt(2)) < le-10);
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% Save as rms_basic.m
function r = rms_basic(x)
validateattributes(x, { 'numeric'},
{'vector', 'nonempty"', 'finite'});
r = sgrt(mean(abs(x(:)).”2));
end
% Call in Command Window:

% r = rms_basic([3 4]);
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sensor.name = 'Motor A';

sensor.fs = 1000;

sensor.samples = zeros(1,2500);

duration = numel(sensor.samples)/sensor.fs;
disp(sensor.name); disp(duration);
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T = table([0;1],[2;4],
'VariableNames',{'Time_s', 'Voltage V'});

writetable(T, 'samples.csv');

U = readtable('samples.csv');

meanVoltage = mean(U.Voltage V);

disp(meanVoltage);

assert(height(U) == 2);
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R = 1000; C = 100e-6; Vin = 5;

tau = R*C;

t = linspace(©,5*tau,501);

v = Vin*(1l-exp(-t/tau));

plot(t,v, 'LineWidth',1.5); grid on;
xlabel('Time (s)'); ylabel('Voltage (V)');
fprintf('v(tau) = %.6f V\n',Vin*(l-exp(-1)));
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fs = 1000; N = 1000;
t = (0:N-1)/fs;

X = sin(2*pi*50*t);

Y = fft(x);

A = abs(Y(1:N/2+1))/N;

A(2:end-1) = 2*A(2:end-1);
f = (0:N/2)*fs/N;
[peak,index] = max(A);
disp([f(index) peak]);
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MODELS ALGORITHMS INSIGHT

Displacement

Displacement

Time _

Root of a Nonlinear e Power and Energy e DE for an RC Circuit
by Integration

dv _5-v

Equation

5 20 f(x) = cos(x) — x P(t) =2t (W) T v(0) =0
2 z & 6 5
Py —~
B shL = 24 s !
< = = 04 5 % 3
0 0 i 8.2 g 2
0 10 20 0 1 2 ! £ g1 .
o - =] T T 0+ Py * *
Temperature (°C) Displacement (mm) 0 05 1 0 1 2 3 0 e A lJ 9 | l .o : ¢ | ) :
x Time (s) Time (s) U X3 ) o
A sensor gives 0, 1, and 2 V Displacements [0, 1, 2] mm _ < .
at 0, 10, and 20 °C, respectively. produce forces [0, 10, 20] N. Find the (Hleptias omolel olf Find the energy from 0 to 3 s Sqlve numenca}ly and compaze
Find the voltage at 15 °C using Estimate the spring stiffness cos(x) — x in the interval using numerical integration with the analytical response.
linear interpolation. in N/m. (0. 1). and the analytical formula. Report v(0.5).
Stiffness ~ 10000 N/m v(0.5) =~ 4.966310 V
1.5V Intercept is approximately zero x ~ 0.7390851332 Both methods: 9 J Record the numerical error

within rounding error. from your solver.

FROM MODELS TO SOLUTIONS
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temperature = [0 10 20];

voltage = [0 1 2];

estimate = interpl(temperature,voltage, 15, 'linear’');
disp(estimate);

assert(abs(estimate-1.5) < le-12);
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X = [0 1 2]*1le-3;

F = [0 10 20];

p = polyfit(x,F,1);
k

= p(1l); offset = p(2);
disp([k offset]);
assert(abs(k-10000) < 1le-8);
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fun = @(x) cos(x)-x;

root = fzero(fun,[0 1]);
residual = abs(fun(root));
disp(root); disp(residual);
assert(residual < le-10);
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X = 0.7390851332
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P = @(t) 2*t;

E = integral(P,0,3);

reference = 372;

disp([E reference]);
assert(abs(E-reference) < 1le-10);
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S duglio Ll gwl b g Jo a0 adgl 5lidg U Iy dv/dt=(5-v)/e.1 alsles

tau = 0.1; Vin = 5;

rhs = @(t,v) (Vin-v)/tau;

opts = odeset('RelTol',1le-8, 'AbsTol',le-10);
[t,v] = ode45(rhs,[0 ©0.5],0,0pts);

ref = Vin*(1l-exp(-t/tau));

maxError = max(abs(v-ref));
plot(t,v,t,ref,'--"); grid on;
disp(maxError);
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1. Mass~Spring-Damper 2. Single-Variable Optimization | 3. Testing and Error Handling

Models
; x(t)
etter B Jw=(-2P el | def et @)
etee | if R<=0:
}‘“‘u eoxing m O0<u<é4 | raise ValueError("Invalid R")
; | return V /R
)
o Input (24, 12) gives 2 A.

m=1 c=2, k=4

x(0)=1, v(0)=0 e R =0 should raise a

validation error.

W, =2 rad/s
0
z=05 Al
S Underdamped respons u=x2
amics i e
Dynar . with decaying amplitude. J=1

Control Systems

LAl M
Numexw‘ \

Project Checklist
SRAGWTER DT b

A Define problem and model
&= \mplement and document code
A Test normal cases ==
[ Test error handling
) Review results
[} Refactor and tidy ue
=)

Prepare final report
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m=1; c = 2; k = 4;

rhs = @(t,z) [z(2);(-c*z(2)-k*z(1))/m];

[t,z] = ode45(rhs,[0 5],[1;0]);

plot(t,z(:,1), 'LineWidth',1.5); grid on;
xlabel('Time (s)'); ylabel('Displacement (m)');
wn = sqrt(k/m); zeta = c/(2*sqrt(k*m));
disp([wn zeta]);
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Displacement (m)
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cost = @(u) (u-2).72+1;
[u,J] = fminbnd(cost,0,4);

disp([u J]);
assert(abs(u-2) < 1le-4);
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% Save as safe current.m

function i = safe_current(V,R)
validateattributes(R, {'numeric'},

{'scalar','real’, 'finite', 'positive'});

i = V/R;

end

% Test valid input:

% assert(safe_current(24,12) == 2)

% safe _current(24,0) must raise an error.
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mathworks

.com/help/matlab/ref/angle.html

mathworks.

com/help/matlab/ref/assert.html

mathworks.

com/help/matlab/ref/colon.html

mathworks.

com/help/matlab/ref/double.mldivide.html

mathworks.

com/help/matlab/ref/double.power.html

mathworks.

com/help/matlab/ref/double.rdivide.html

mathworks.

com/help/matlab/ref/fft.html
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mathworks

.com/help/matlab/ref/fminbnd.html

mathworks.

com/help/matlab/ref/fprintf.html

mathworks.

com/help/matlab/ref/fzero.html

mathworks.

com/help/matlab/ref/if.html

mathworks.

com/help/matlab/ref/integral.html

mathworks.

com/help/matlab/ref/interpl.html

mathworks.

com/help/matlab/ref/ode45.html
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mathworks

.com/help/matlab/ref/plot.html

mathworks.

com/help/matlab/ref/polyfit.html

mathworks.

com/help/matlab/ref/readtable.html

mathworks.

com/help/matlab/ref/struct.html

mathworks.

com/help/matlab/ref/validateattributes.html

mathworks.

com/help/matlab/ref/while.html

mathworks.

com/help/matlab/ref/zeros.html
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