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t, = —7ln (1 — %)

t10 = —71In(0.9) = 20 x 0.10536 = 2.107430
too = —71n(0.1) = 20 x 2.302585 = 46.05245
T‘T =199 — t10 = 43.945446
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5;

20;
tf(k, [tau 1]);
0:0.1:120;
[y, t] = step(G, t);
y_ss = y(end);
tol = 0.02 * y_ss;
outside = find(abs(y - y_ss) > tol);
settling_time = t(outside(end)+1);
idx10 = find(y >= 0.1*xy_ss, 1);
idx90 = find(y >= 0.9%y_ss, 1);
rise_time = t(idx90) - t(idx10);
fprintf ('Steady-state: %.4f\n', y_ss);
fprintf ('Settling time (2%%): %.2f s\n', settling_time);
fprintf ('Rise time: 7%.2f s\n', rise_time);
plot(t, y); grid; xlabel('Time (s)'); ylabel('Output');
title('Step Response (k=5, tau=20)"');

Steady-state value: 4.9876
Settling time (2%): 76.00 sec
Rise time (10-90%): 43.46 sec




Unit Step Response of First-Order System (k=5, T=20)
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1.5; tau = 2.5;
tf(k, [tau 1]);
= 0:0.01:20;
[y, t] = step(2xG, t);

y_ss = y(end);
tol = 0.02 * y_ss;
outside = ¢ (y - y_ss) > tol);
settling_time = t(outside( Y+1);
('Simulated steady-state: %.4f\n', y_ss);
('Simulated settling time: 7%.2f s\n', settling_time);
(t, y); ; ('Time (s8)'); ('Output');
('Step Response with amplitude 2');

= 1.5
tau = 2.5 sec
Simulated steady-state value: 2.9990
Simulated settling time: 9.74 sec




Step Response (amplitude=2) with k=1.5, 1=2.5
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= 5; tau =

tf(k, [tau 11);

0:0.05:100;
[y_step, t] = step(G, t);
[y_imp, t_imp]l = impulse(G, t);
dy_step = gradient(y_step, t(2)-t(1));
figure;
plot(t_imp, y_imp, 'b', t, dy_step, 'r--');
legend ('Impulse', 'Derivative of step');
title('Impulse = derivative of step');
u_ramp = t';
[y_ramp, t_ramp] = 1lsim(G, u_ramp, t);
integral_step = cumtrapz(t, y_step);
figure;
plot(t_ramp, y_ramp, 'b', t, integral_step,
legend('Ramp', 'Integral of step');
title('Ramp = integral of step');
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Impulse Response = Derivative of Step Response
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Ramp Response = Integral of Step Response
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theta = 8; = 10; k = 1;

G_no_delay = tf(k, [tau 1]);
t = 0:0.1:50;




[y_no, t] = step(G_no_delay, t);
y_delay = ¢ (t));

idx = (t >= theta, 1);
y_delay(idx: ) = y_no(1l: -idx+1);

(t, y_no, 'b', t, y_delay, 'r--');

; ('Time (s8)'); ('Output');
('Without delay', 'With delay 8 s');

('Effect of time delay on step response');

Effect of Time Delay on Step Response
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