
3.1 Homogeneous Differential Equations with Constant Coefficients





clear, clc
r1 = 1; r2 = -2;
c1 = 1; c2 = 0;
t = 0:0.1:3;
y = c1*exp(r1*t) + c2*exp(r2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = e^t'

clear, clc
r1 = -1; r2 = -3;
c1 = 5/2; c2 = -1/2;
t = 0:0.1:5;
y = c1*exp(r1*t) + c2*exp(r2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = 5/2*exp(-t) - 1/2*exp(-3*t)'



clear, clc
r1 = 0; r2 = -3;
c1 = -1; c2 = -1;
t = 0:0.1:3;
y = c1*exp(r1*t) + c2*exp(r2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = -1 - exp(-3*t)'



clear, clc
r1 = (-1 + sqrt(33))/4; r2 = (-1 - sqrt(33))/4;
c1 = 2/sqrt(33); c2 = -2/sqrt(33);
t = 0:0.1:3;
y = c1*exp(r1*t) + c2*exp(r2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = (2/sqrt(33))*[exp((-1+sqrt(33))/4)t - exp((-1-sqrt(33))/4)t]'



clear, clc
r1 = 1; r2 = -9;
c1 = 9/(10*exp(1)); c2 = exp(9)/10;
t = 1:0.1:5;
y = c1*exp(r1*t) + c2*exp(r2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = 0.9*exp(t-1) + 0.1*exp(-9(t-1))'



clear, clc
r1 = 1/2; r2 = -1/2;
c1 = -exp(1)/2; c2 = 3/(2*exp(1));
t = -2:0.1:5;
y = c1*exp(r1*t) + c2*exp(r2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = -(1/2)*exp((t+2)/2)+(3/2)*exp(-(t+2)/2)'



clear, clc
r1 = 1; r2 = -1;
c1 = 1/4; c2 = 1;
t = 0:0.1:2;
y = c1*exp(r1*t) + c2*exp(r2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = (1/4)*exp(t) + exp(-t)'













syms b
factor((6+b)^3 - 27*(4+b)^2)









3.2 Solutions of Linear Homogeneous Equations; the Wronskian























































3.3 Complex Roots of the Characteristic Equation





clear, clc
syms t
u = exp(-t)*cos(t);
v = exp(-t)*sin(t);
A = [u v; diff(u) diff(v)]
det(A)  % Compute Wronskian



clear, clc
syms t
u = exp(-3*t)*cos(2*t);
v = exp(-3*t)*sin(2*t);
A = [u v; diff(u) diff(v)]
det(A)  % Compute Wronskian



clear, clc
syms t
u = exp(-t)*cos(t/2);
v = exp(-t)*sin(t/2);
A = [u v; diff(u) diff(v)]
simplify(det(A))  % Compute Wronskian



clear, clc
syms t
u = exp(-2*t)*cos(3*t/2);
v = exp(-2*t)*sin(3*t/2);
A = [u v; diff(u) diff(v)]
simplify(det(A))  % Compute Wronskian



clear, clc
t = 0:0.01:7;
y = (1/2)*sin(2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = (1/2)*sin(2*t)'



clear, clc
syms t
u = exp(t)*cos(2*t);
v = exp(t)*sin(2*t);
A = [u v; diff(u) diff(v)]
simplify(det(A))  % Compute Wronskian



clear, clc
t = pi/2:0.01:9.5;
y = -exp(t - pi/2).*sin(2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = -exp(t - pi/2).*sin(2*t)'



clear, clc
t = 0:0.01:4*pi;
y = (1+2*sqrt(3))*cos(t) + (sqrt(3)-2)*sin(2*t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = (1+2*sqrt(3))*cos(t) + (sqrt(3)-2)*sin(2*t)'



clear, clc
t = 0:0.01:3*pi;
y = sqrt(2)*exp(pi/4 - t).*cos(t) + sqrt(2)*exp(pi/4 - t).*sin(t);
plot(t,y)
grid on
xlabel 't', ylabel 'y'
title 'y = sqrt(2)*exp(pi/4 - t)*cos(t) + sqrt(2)*exp(pi/4 - t)*sin(t)'



clear, clc
syms t
x = exp(t/6)*cos(sqrt(23)*t/6);
y = exp(t/6)*sin(sqrt(23)*t/6);
A = [x y; diff(x) diff(y)]
simplify(det(A))  % Compute Wronskian



clear, clc
t = 0:0.01:4*pi;
x = 2*exp(t/6).*cos(sqrt(23)*t/6);
y = (-2/sqrt(23))*exp(t/6).*sin(sqrt(23)*t/6);
plot(t,x+y)
grid on
xlabel 't', ylabel 'u'
title 'u(t)) = x(t) + y(t)'

clear, clc
syms t x y;
x = 2*exp(t/6)*cos(sqrt(23)*t/6);
y = (-2/sqrt(23))*exp(t/6)*sin(sqrt(23)*t/6);
vpasolve(abs(x+y)==10, t, 11)



clear, clc
syms t
x = exp(-t/5)*cos(sqrt(34)*t/5);
y = exp(-t/5)*sin(sqrt(34)*t/5);
A = [x y; diff(x) diff(y)]
simplify(det(A))  % Compute Wronskian



clear, clc
t = 0:0.01:6*pi;
x = 2*exp(-t/5).*cos(sqrt(34)*t/5);
y = (7/sqrt(34))*exp(-t/5).*sin(sqrt(34)*t/5);
hold on
plot(t,abs(x+y))
plot(t,0*t + 0.1, 'r')  %line at u = 0.1
grid on
xlabel 't', ylabel 'u'
title 'u(t)) = abs(x(t) + y(t))'



clear, clc
syms t x y;
x = 2*exp(-t/5)*cos(sqrt(34)*t/5);
y = (7/sqrt(34))*exp(-t/5).*sin(sqrt(34)*t/5);
vpasolve(abs(x+y)==0.1, t, 14.9)

clear, clc
syms t
u = exp(-t)*cos(sqrt(5)*t);
v = exp(-t)*sin(sqrt(5)*t);
A = [u v; diff(u) diff(v)]
simplify(det(A))  % Compute Wronskian



































clear, clc
syms x
u = exp(-3*x)*cos(x);
v = exp(-3*x)*sin(x);
A = [u v; diff(u) diff(v)]
simplify(det(A))  % Compute Wronskian















clear, clc
syms x
u = exp(-x/2)*cos(sqrt(3)*x/2);
v = exp(-x/2)*sin(sqrt(3)*x/2);
A = [u v; diff(u) diff(v)]
simplify(det(A))  % Compute Wronskian







3.4 Repeated Roots; Reduction of Order







clear,clc;
t = -1:0.1:2;
eqn = (2-7*t/3).*exp(2*t/3);
hold on
plot(t, eqn)
plot(t, -t+2)
grid on
xlabel 't', ylabel 'y'
title 'y = (2-7*t/3)*exp(2*t/3)'
legend('y', 'dy/dt at t=0')

clear,clc;
t = -1:0.01:1;
eqn = 2*t.*exp(3*t);
hold on
plot(t, eqn)
plot(t, 2*t)
grid on
xlabel 't', ylabel 'y'
title 'y = 2*t*exp(3*t)'
legend('y', 'dy/dt at t=0')



clear,clc;
t = -1.8:0.01:1;
eqn = 7*exp(-2*t-2) + 5*t.*exp(-2*t-2);
hold on
plot(t, eqn)
plot(t, t+3)
grid on
xlabel 't', ylabel 'y'
title 'y = 7*exp(-2*t-2) + 5*t.*exp(-2*t-2)'
legend('y', 'dy/dt at t=-1')





clear,clc;
t = -1:0.01:6;
eqn = exp(-t/2) + (5/2)*t.*exp(-t/2);
hold on
plot(t, eqn)
plot(t, 2*t+1)
grid on
xlabel 't', ylabel 'y'
title 'y = exp(-t/2) + (5/2)*t*exp(-t/2)'
legend('y', 'dy/dt at t=0')































clear, clc
syms x
u = (x^(-1/2))*sin(x);
v = (x^(-1/2))*cos(x);
A = [u v; diff(u) diff(v)]
simplify(det(A))  % Compute Wronskian





























3.5 Nonhomogeneous Equations; Method of Undetermined Coefficients





clear,clc
syms t A
c2 = 1; c1 = -2; c0 = -3;  %coeffs of diff eq
y = (A*t)*exp(-t);         %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y

clear,clc
syms t A B
c2 = 1; c1 = -2; c0 = -3;  %coeffs of diff eq
y = (A*t^2 + B*t)*exp(-t);         %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y



clear,clc
syms t A B
c2 = 1; c1 = 2; c0 = 0;  %coeffs of diff eq
w =2;   %coeff for trig periods
y = A*cos(w*t) + B*sin(w*t);         %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y



clear,clc
syms t A B C
c2 = 1; c1 = 2; c0 = 1;  %coeffs of diff eq
y = A*(t^2)*exp(-t);         %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y



clear,clc
syms t A B
c2 = 1; c1 = 0; c0 = 1;  %coeffs of diff eq
w =2;   %coeff for trig periods
y = A*cos(w*t) + B*sin(w*t);         %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y

clear,clc
syms t A B
c2 = 1; c1 = 0; c0 = 1;  %coeffs of diff eq
w =2;   %coeff for trig periods
y = A*t*cos(w*t) + B*t*sin(w*t);         %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y

clear,clc
syms t A B C D
c2 = 1; c1 = 0; c0 = 1;  %coeffs of diff eq
w =2;   %coeff for trig periods
y = (A*t+B)*cos(w*t) + (C*t+D)*sin(w*t);    %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y



clear,clc
syms t A B w w0
c2 = 1; c1 = 0; c0 = w0^2;  %coeffs of diff eq
y = (A)*cos(w*t) + (B)*sin(w*t);    %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y



clear,clc
syms t A B w0
c2 = 1; c1 = 0; c0 = w0^2;  %coeffs of diff eq
y = (A*t)*cos(w0*t) + (B*t)*sin(w0*t);    %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y









clear,clc
syms t A B
c2 = 1; c1 = -2; c0 = 1;    %coeffs of diff eq
y = (A*t^3 + B*t^2)*exp(t);         %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y



clear,clc
syms t A B
c2 = 1; c1 = 0; c0 = 4;  %coeffs of diff eq
w = 2;      %period of trig functions
y = (A*t)*cos(w*t) + (B*t)*sin(w*t);    %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y



clear,clc
syms t A B
c2 = 1; c1 = 2; c0 = 5;  %coeffs of diff eq
w = 2;      %period of trig functions
y = A*t*exp(-t)*cos(w*t) + B*t*exp(-t)*sin(w*t);  %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y



clear,clc
syms t A0 A1 A2 A3 A4
c2 = 1; c1 = 3; c0 = 0;  %coeffs of diff eq
y = t*(A0*t^4 + A1*t^3 + A2*t^2 + A3*t + A4);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
collect(P,t)



format rat
A = [15 0 0 0 0; 20 12 0 0 0; 0 12 9 0 0; 0 0 6 6 0; 0 0 0 2 3];
B = [2 0 0 0 0]';
A\B

clear,clc
syms t B0 B1 B2
c2 = 1; c1 = 3; c0 = 0;  %coeffs of diff eq
y = t*(B0*t^2 + B1*t + B2)*exp(-3*t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
collect(P,t)

format rat
A = [-9 0 0; 6 -6 0; 0 2 -3];
B = [1 0 0]';
A\B

clear,clc
syms t C D
c2 = 1; c1 = 3; c0 = 0;  %coeffs of diff eq
y = C*sin(3*t) + D*cos(3*t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;





clear,clc
syms t A B
c2 = 1; c1 = -5; c0 = 6;  %coeffs of diff eq
y = A*exp(t)*cos(2*t) + B*exp(t)*sin(2*t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
collect(P, [cos(2*t) sin(2*t)])

clear,clc
syms t C D E F
c2 = 1; c1 = -5; c0 = 6;  %coeffs of diff eq
y = exp(2*t)*((C*t+D)*cos(t) + (E*t+F)*sin(t));
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
collect(P, [cos(t) sin(t)])





clear,clc
syms t B0 B1 B2 C0 C1 C2
c2 = 1; c1 = 2; c0 = 2;  %coeffs of diff eq
y = exp(-t)*(t*(B0*t^2 + B1*t + B2)*cos(t) ...
           + t*(C0*t^2 + C1*t + C2)*sin(t));
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
%Put coeffs of t terms in array T, terms in array D desc order
[T,D] = coeffs(P, t, 'All');
D  % display D
collect(T(1), [cos(t) sin(t)])  % t^2 coefficient
collect(T(2), [cos(t) sin(t)])  % t^1 coefficient
collect(T(3), [cos(t) sin(t)])  % t^0 coefficient



A = [0 0 0 6 0 0;...
    -6 0 0 0 0 0;...
     6 0 0 0 4 0;...
     0 -4 0 6 0 0;...
     0 2 0 0 0 2;...
     0 0 2 0 -2 0];
 %X = [B0 B1 B2 C0 C1 C2]';
 Z = [0 4 0 0 2 0]';
 format rat
 X = A\Z



clear,clc
syms t A0 A1 A2 B0 B1 B2
c2 = 1; c1 = 0; c0 = 4;  %coeffs of diff eq
y = t*(A0*t^2 + A1*t + A2)*cos(2*t) + ...
    t*(B0*t^2 + B1*t + B2)*sin(2*t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
%Put coeffs of t terms in array T, terms in array D desc order
[T,D] = coeffs(P, t, 'All');
D  % display degree of terms
collect(T(1), [cos(t) sin(t)])  % t^2 coefficient
collect(T(2), [cos(t) sin(t)])  % t^1 coefficient
collect(T(3), [cos(t) sin(t)])  % t^0 coefficient



A = [  0  0  0 12  0  0; ...
     -12  0  0  0  0  0; ...
       6  0  0  0  8  0; ...
       0 -8  0  6  0  0; ...
       0  2  0  0  0  4; ...
       0  0 -4  0  2  0];
%X = [A0 A1 A2 B0 B1 B2]'
Z = [0 1 6 0 7 0]';
format rat;   %answers in fractions
X = A\Z



clear,clc
syms t A0 A1 A2 B0 B1 B2
c2 = 1; c1 = 3; c0 = 2;  %coeffs of diff eq
y = (A0*t^2 + A1*t + A2)*exp(t)*cos(2*t) + ...
    (B0*t^2 + B1*t + B2)*exp(t)*sin(2*t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
%Put coeffs of t terms in array T, terms in array D desc order
[T,D] = coeffs(P, t, 'All');
D  % display D
collect(T(1), [cos(2*t) sin(2*t)])  % t^2 coefficient
collect(T(2), [cos(2*t) sin(2*t)])  % t coefficient
collect(T(3), [cos(2*t) sin(2*t)])  % 1 coefficient



A = [  2   0   0  10   0   0; ...
     -10   0   0   2   0   0; ...
      10   2   0   8  10   0; ...
      -8 -10   0  10   2   0; ...
       2   5   2   0   4  10; ...
       0  -4 -10   2   5   2];
%X = [A0 A1 A2 B0 B1 B2]'
Z = [0   1   0   0   0   1]';
format rat   %answers in fractions
X = A\Z



clear,clc
syms t D E
c2 = 1; c1 = 3; c0 = 2;  %coeffs of diff eq
y = D*exp(-t)*cos(t) + E*exp(-t)*sin(t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y

A = [  2   0   0  10   0   0; ...
     -10   0   0   2   0   0; ...
      10   2   0   8  10   0; ...
      -8 -10   0  10   2   0; ...
       2   5   2   0   4  10; ...
       0  -4 -10   2   5   2];
%X = [A0 A1 A2 B0 B1 B2]'
Z = [0   1   0   0   0   1]';
format rat   %answers in fractions
X = rats(A\Z, 18)



clear,clc
syms t A0 A1 B0 B1
c2 = 1; c1 = 2; c0 = 5;  %coeffs of diff eq
y = t*(A0*t + A1)*exp(-t)*cos(2*t) + ...
    t*(B0*t + B1)*exp(-t)*sin(2*t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
%Put coeffs of t terms in array T, terms in array D desc order
[T,D] = coeffs(P, t, 'All');
D  % display D
collect(T(1), [cos(2*t) sin(2*t)])  % t^1 coefficient
collect(T(2), [cos(2*t) sin(2*t)])  % t^0 coefficient



A = [  0   0   8   0; ...
      -8   0   0   0; ...
       2   0   0   4; ...
       0  -4   2   0];
%X = [A0 A1 B0 B1]'
Z = [3   0   0   0]';
X = rats(A\Z)



clear,clc
syms t D0 D1 E0 E1
c2 = 1; c1 = 2; c0 = 5;  %coeffs of diff eq
y = (D0*t + D1)*exp(-2*t)*cos(t) + ...
    (E0*t + E1)*exp(-2*t)*sin(t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
%Put coeffs of t terms in array T, terms in array D desc order
[T,D] = coeffs(P, t, 'All');
D  % display D
collect(T(1), [cos(t) sin(t)])  % t coefficient
collect(T(2), [cos(t) sin(t)])  % 1 coefficient

A = [  4   0  -2   0; ...
       2   0   4   0; ...
      -2   4   2  -2; ...
      -2   2  -2   4];
%X = [D0 D1 E0 E1]'
Z = [-2   0   0   0]';
X = rats(A\Z)













clear, clc
t = 0:0.1:pi;
s = pi:0.1:3*pi;
y1 = t;
y2 = (-pi/2)*cos(s) - (1+pi/2)*sin(s) + (pi/2)*exp(pi-s);
hold on
plot(t, t, 'ob')             % nonhomogeneous term
plot(s, pi*exp(pi-s), '*b')  % nonhomogeneous term
plot(t, y1, '--r')
plot(s, y2, 'r')
grid on
xlabel 't', ylabel 'y'
legend('nonhomogeneous term', 'nonhomogeneous term', ...
       'solution', 'solution')
title 'd^2y/dt^2 + dy/dt = t, pi*exp(pi - t)'















3.6 Variation of Parameters





clear,clc
syms t A
c2 = 1; c1 = -1; c0 = -2;  %coeffs of diff eq
y = (A*t)*exp(-t);         %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y



clear,clc
syms t A
c2 = 1; c1 = -1; c0 = 1/4;  %coeffs of diff eq
y = (A*t^2)*exp(t/2);         %attempt
c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y







% Compute Wronskian
clear, clc
syms t
y1 = exp(-2*t);
y2 = t*exp(-2*t);
W = [y1 y2; diff(y1) diff(y2)];
det(W)





% Compute Wronskian
clear, clc
syms t
y1 = exp(t);  % edit y1, y2
y2 = t*exp(t);
W = [y1 y2; diff(y1) diff(y2)];
det(W)







clear, clc
syms t
y1 = t;        %edit y1, y2, coefficients
y2 = t*exp(t);
a = t^2; b = -t*(t+2); c = t+2;
y1_check = a*diff(y1,2) + b*diff(y1,1) + c*y1;
y2_check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplify(y1_check), simplify(y2_check)

% Compute Wronskian
clear, clc
syms t
y1 = t;  % edit y1, y2
y2 = t*exp(t);
W = [y1 y2; diff(y1) diff(y2)];
det(W)



clear, clc
syms t
y1 = 1 + t;        %edit y1, y2, coefficients
y2 = exp(t);
a = t; b = -(1+t); c = 1;
y1_check = a*diff(y1,2) + b*diff(y1,1) + c*y1;
y2_check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplify(y1_check), simplify(y2_check)



% Compute Wronskian
clear, clc
syms t
y1 = 1 + t;  % edit y1, y2
y2 = exp(t);
W = [y1 y2; diff(y1) diff(y2)];
det(W)

clear, clc
syms x
y1 = x^2;        %edit y1, y2, coefficients
y2 = x^2*log(x);
a = x^2; b = -3*x; c = 4;
y1_check = a*diff(y1,2) + b*diff(y1,1) + c*y1;
y2_check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplify(y1_check), simplify(y2_check)



% Compute Wronskian
clear, clc
syms x
y1 = x^2;       % edit y1, y2
y2 = x^2*log(x);
W = [y1 y2; diff(y1) diff(y2)];
det(W)



clear, clc
syms x
y1 = x^(-1/2)*sin(x);        %edit y1, y2, coefficients
y2 = x^(-1/2)*cos(x);
a = x^2; b = x; c = x^2 - 1/4;
y1_check = a*diff(y1,2) + b*diff(y1,1) + c*y1;
y2_check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplify(y1_check), simplify(y2_check)

% Compute Wronskian
clear, clc
syms x
y1 = x^(-1/2)*sin(x);        %edit y1, y2
y2 = x^(-1/2)*cos(x);
W = [y1 y2; diff(y1) diff(y2)];
det(W)



clear, clc
syms x
y1 = x^(-1/2)*sin(x);        %edit y1, y2, coefficients
y2 = x^(-1/2)*cos(x);
a = x^2; b = x; c = x^2 - 0.25;
y1_check = a*diff(y1,2) + b*diff(y1,1) + c*y1;
y2_check = a*diff(y2,2) + b*diff(y2,1) + c*y2;
simplify(y1_check), simplify(y2_check)



% Compute Wronskian
clear, clc
syms x
y1 = x^(-1/2)*sin(x);        %edit y1, y2
y2 = x^(-1/2)*cos(x);
W = [y1 y2; diff(y1) diff(y2)];
det(W)

















% Compute Wronskian
clear, clc
syms x u t
y1 = exp(x*t)*cos(u*t);        %edit y1, y2
y2 = exp(x*t)*sin(u*t);
W = [y1 y2; diff(y1,t) diff(y2,t)];
simplify(det(W))



% Compute Wronskian
clear, clc
syms a t
y1 = exp(a*t);        %edit y1, y2
y2 = t*exp(a*t);
W = [y1 y2; diff(y1,t) diff(y2,t)];
simplify(det(W))















clear, clc
syms t
int((t^2/(t+1)^2)*exp(2*t))
int(t*exp(t)/(t+1)^2)



3.7 Mechanical and Electrical Vibrations













clear, clc
R = 7/sqrt(6);
w = 4*sqrt(6);
d = atan(5/(2*sqrt(6)));
t = 0:0.01:0.6;
u = exp(-10*t).*(R*cos(w*t - d));
plot(t, 5 + u)
grid on
xlabel 't', ylabel 'u(t)'
title '5 +  exp(-10*t)(Rcos(wt - d))'

clear, clc
R = 7/sqrt(6);
w = 4*sqrt(6);
d = atan(5/(2*sqrt(6)));
t = 0.2:0.01:0.6;
u = exp(-10*t).*(R*cos(w*t - d));
plot(t, u)
grid on
xlabel 't', ylabel 'u(t)'
title 'exp(-10*t)(Rcos(wt - d))'



clear, clc
R = 7/sqrt(6);
w = 4*sqrt(6);
d = atan(5/(2*sqrt(6)));
syms t
u = exp(-10*t)*(R*cos(w*t - d));
vpasolve(u + 0.05, t, 0.41)





clear, clc
p = [1 1.5e3 5e5];
roots(p)

A = [1 1 ; -1000 -500];
B = [1e-6 ; 0];
C = linsolve(A,B)  %solve A*C = B





































clear,clc;
t = 0:0.1:4*pi/sqrt(2);  %two periods
u = sqrt(2)*sin(sqrt(2)*t);
ux= 2*cos(sqrt(2)*t);
hold on
plot(t,u)
plot(t,ux)
grid on
xlabel 't', ylabel 'displacement/velocity'
title 'u = sqrt(2)sin(sqrt(2)t)   ux = 2cos(sqrt(2)t)'



clear,clc;
t = 0:0.1:4*pi/sqrt(2);  %two periods
u = sqrt(2)*sin(sqrt(2)*t);
ux= 2*cos(sqrt(2)*t);
hold on
plot(u,ux)  % ux on y-axis, u on x-axis
axis equal
grid on
xlabel 'u (displacement)', ylabel 'ux (velocity)'
title 'du/dt  vs  u'





clear,clc;
frq = sqrt(127)/8;
B = 2/frq;
t = 0:0.1:10*pi/frq;  % five periods
u = B*exp(-t/8).*sin(frq*t);
ux= (-1/8)*u + frq*B*exp(-t/8).*cos(frq*t);
hold on
plot(t,u)
plot(t,ux)
grid on
legend('u', 'ux')
xlabel 't', ylabel 'displacement, velocity'
title 'u, du/dt vs time'

clear,clc;
frq = sqrt(127)/8;
B = 2/frq;
t = 0:0.1:10*pi/frq;  % five periods
u = B*exp(-t/8).*sin(frq*t);
ux= (-1/8)*u + frq*B*exp(-t/8).*cos(frq*t);
hold on
plot(u,ux)
grid on
xlabel 'u (displacement)'
ylabel 'ux (velocity)'
title 'du/dt  vs  u'

















clear, clc;
e = 0.1;
h=0.001; T_end=20.0;  % try 20 secs
t=0:h:T_end;
u(1)=0;  % starting initial values
ux(1)=1;
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3; 
    ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + eu^3 = 0, e = 0.1'



clear, clc;
e = 0.1;
h=0.001; T_end=20.0;  % try 20 secs
t=0:h:T_end;
u(1)=0;  % starting initial values
ux(1)=1;
Max = 0; Tp = 0;  % for calculating amplitude, period
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3; 
    ux(i) = ux(i-1) + uxx(i-1)*h;
    
    if u(i) > Max
        Max = u(i);
    end
    if (abs(u(i)) < 0.001) & ((t(i)>5) & (t(i)<7.5))
        Tp = t(i);
    end
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + eu^3 = 0, e = 0.1'
Max, Tp



clear, clc;
e = 0.2;
h=0.001; T_end=20.0;  % try 20 secs
t=0:h:T_end;
u(1)=0;  % starting initial values
ux(1)=1;
Max = 0; Tp = 0;  % for calculating amplitude, period
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3; 
    ux(i) = ux(i-1) + uxx(i-1)*h;
    
    if u(i) > Max
        Max = u(i);
    end
    if (abs(u(i)) < 0.001) & ((t(i)>5) & (t(i)<7.5))
        Tp = t(i);
    end
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + eu^3 = 0, e = 0.2'
Max, Tp



clear, clc;
e = 0.3;
h=0.001; T_end=20.0;  % try 20 secs
t=0:h:T_end;
u(1)=0;  % starting initial values
ux(1)=1;
Max = 0; Tp = 0;  % for calculating amplitude, period
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3; 
    ux(i) = ux(i-1) + uxx(i-1)*h;
    
    if u(i) > Max
        Max = u(i);
    end
    if (abs(u(i)) < 0.001) & ((t(i)>5) & (t(i)<7.5))
        Tp = t(i);
    end
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + eu^3 = 0, e = 0.3'
Max, Tp



clear, clc;
e = [0.1 0.2 0.3];
Max = [0.9871 0.9671 0.9496];
Tp = [6.070 5.893 5.741];

plot(e, Max)
grid on
xlabel 'e', ylabel 'Amplitude'
title 'Amplitude vs e'

plot(e, Tp)
grid on
xlabel 'e', ylabel 'Period'
title 'Period vs e'



clear, clc;
e = -0.1;
h=0.001; T_end=20.0;  % try 20 secs
t=0:h:T_end;
u(1)=0;  % starting initial values
ux(1)=1;
Max = 0; Tp = 0;  % for calculating amplitude, period
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3; 
    ux(i) = ux(i-1) + uxx(i-1)*h;
    
    if u(i) > Max
        Max = u(i);
    end
    if (abs(u(i)) < 0.001) & ((t(i)>5) & (t(i)<7.5))
        Tp = t(i);
    end
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + eu^3 = 0, e = -0.1'
Max, Tp



clear, clc;
e = -0.2;
h=0.001; T_end=20.0;  % try 20 secs
t=0:h:T_end;
u(1)=0;  % starting initial values
ux(1)=1;
Max = 0; Tp = 0;  % for calculating amplitude, period
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3; 
    ux(i) = ux(i-1) + uxx(i-1)*h;
    
    if u(i) > Max
        Max = u(i);
    end
    if (abs(u(i)) < 0.001) & ((t(i)>5) & (t(i)<7.5))
        Tp = t(i);
    end
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + eu^3 = 0, e = -0.2'
Max, Tp



clear, clc;
e = -0.3;
h=0.001; T_end=20.0;  % try 20 secs
t=0:h:T_end;
u(1)=0;  % starting initial values
ux(1)=1;
Max = 0; Tp = 0;  % for calculating amplitude, period
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3; 
    ux(i) = ux(i-1) + uxx(i-1)*h;
    
    if u(i) > Max
        Max = u(i);
    end
    if (abs(u(i)) < 0.001) & ((t(i)>5) & (t(i)<7.5))
        Tp = t(i);
    end
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + eu^3 = 0, e = -0.3'
Max, Tp



clear, clc;
e = [-0.3 -0.2 -0.1];
Max = [1.1148 1.0691 1.0347];
Tp = [7.410 6.901 6.550];

plot(e, Max)
grid on
xlabel 'e', ylabel 'Amplitude'
title 'Amplitude vs e'

plot(e, Tp)
grid on
xlabel 'e', ylabel 'Period'
title 'Period vs e'



3.8 Forced Periodic Vibrations





clear,clc
syms t A B w0
c2 = 1; c1 = 10; c0 = 98;  %coeffs of diff eq
w0 = 1/2;
y = A*cos(w0*t) + B*sin(w0*t);    %attempt
u = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
collect(u, [cos(w0*t), sin(w0*t)])

M=[391/4, 5; -5, 391/4];
N=[0; 2];
X = rats(M\N, 18)    % solve M*X = N, X = [A; B]





clear,clc
syms t u(t) c2
%Define constants to simplify typing coefficients
x1 = 160/153281; x3 = 3128/153281; sq = sqrt(73);
%Enter u(t) to determine c2 from u'(0) = 0.03
u(t) = exp(-5*t)*(x1*cos(sq*t) + c2*sin(sq*t)) - ...
    x1*cos(t/2) + x3*sin(t/2);
%Calculate u'(t)
Du = diff(u(t), t);
v = subs(Du,t,0)
c2 = solve(v == 3/100, c2)
c2 = vpa(c2)
c2rat = rats(double(153281*c2), 18)



t = 0:0.01:50;
ss = x1*cos(t/2) + x3*sin(t/2);
plot(t, ss)
grid on
xlabel 't', ylabel 'Position'
title 'Steady State Solution'



clear,clc
syms t A B
c2 = 1; c1 = 0; c0 = 64;  %coeffs of diff eq
y = A*t*cos(8*t) + B*t*sin(8*t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y





clear,clc
syms t A B
c2 = 1; c1 = 1; c0 = 64;  %coeffs of diff eq
y = A*cos(2*t) + B*sin(2*t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
collect(P,[cos(2*t), sin(2*t)])



M = [60, 2; -2, 60];
N = [16; 0];
X = rats(M\N)   % solve M*X = N, in rational form





clear,clc
syms t A B
c2 = 2; c1 = 1; c0 = 3;  %coeffs of diff eq
w = 3;
y = A*cos(w*t) + B*sin(w*t);
P = c2*diff(y,t,2) + c1*diff(y,t,1) + c0*y;
collect(P,[cos(w*t), sin(w*t)])



















clear,clc
syms x c s(x)
s(x) = x/sqrt(c*(1-x^2)^2 + x^2);
d1 = diff(s(x),x,1)
solve(d1==0,x)
d2 = diff(s(x),x,2);
subs(d2,x,1)













clear,clc;
t = 0:0.01:150;
hold on
grid on
for w = [0.7, 0.8, 0.9]
    eqn = (3/(1-w^2))*(cos(w*t) - cos(t));
    plot(t, eqn)
end
xlabel 't', ylabel 'u(t)'
title '(3/(1-w^2))(cos(wt) - cos(t))   w = 0.7, 0.8, 0.9'
legend('w=0.7', 'w=0.8', 'w=0.9')



clear,clc;
t = 0:0.01:150;
hold on
grid on
for w = [0.7, 0.8, 0.9]
    eqn = (1/(w^2-1))*((w^2+2)*cos(t) - 3*cos(w*t)) + sin(t);
    plot(t, eqn)
end
xlabel 't', ylabel 'u(t)'
title '(1/(w^2-1))((w^2+2)cos(t) - 3cos(w*t)) + sin(t)   w = 0.7, 0.8, 0.9'
legend('w=0.7', 'w=0.8', 'w=0.9')



clear,clc;
t = 0:0.01:15;
w = 0.7;
u = (3/(1-w^2)).*(cos(w*t) - cos(t));
du = (3/(1-w^2)).*(sin(t) -w*sin(w*t));
plot(u, du)
grid on
xlabel 'u(t)', ylabel 'du/dt'
title 'du/dt vs u(t)   w = 0.7, t = 15'



t = 0:0.01:20;
w = 0.8;
u = (3/(1-w^2)).*(cos(w*t) - cos(t));
du = (3/(1-w^2)).*(sin(t) -w*sin(w*t));
plot(u, du)
grid on
xlabel 'u(t)', ylabel 'du/dt'
title 'du/dt vs u(t)   w = 0.8, t = 20'



t = 0:0.01:35;
w = 0.9;
u = (3/(1-w^2)).*(cos(w*t) - cos(t));
du = (3/(1-w^2)).*(sin(t) -w*sin(w*t));
plot(u, du)
grid on
xlabel 'u(t)', ylabel 'du/dt'
title 'du/dt vs u(t)   w = 0.9,  t = 35'





clear, clc
syms t c1 c2
w0 = 2;   %from sqrt(k/m)
g = 1/8;  %damping coefficient
F0 = 3; w = 1/4;  %forcing function amplitude, frequency
F(t) = F0*cos(w*t);
wc = sqrt(1023)/16;  %Homogeneous solution frequency
%Homogeneous solution
Uc(t) = exp(-t/16)*(c1*cos(wc*t) + c2*sin(wc*t));
delta = sqrt((w0^2 - w^2)^2 + (g^2)*(w^2));
R = F0/delta;
d = atan(g*w/(w0^2 - w^2)); %check for quadrant
%Particular solution
Up(t) = R*cos(w*t - d);
%General solution
U(t) = Uc(t) + Up(t);
dU(t) = diff(U,t);
%Determine c1 from u(0)=2, store in k1
k1 = solve(subs(U(t),t,0)==2);
%Get c2 from u'(0)=0, using k1 for c1, store in k2
k2 = solve(subs(dU(t),[t,c1],[0,k1])==0,c2);
%Create transient, general solutions  for plotting
T(t) = subs(Uc(t), [c1,c2], [k1,k2]);
G(t) = subs(U(t), [c1,c2], [k1,k2]);
%Create u'(t) for plotting phase map
DU(t) = subs(dU(t), [c1,c2], [k1,k2]);
%time for elimination of transient from trial and error
t = 0:0.1:80;
hold on
plot(t,F(t))       %Forcing function
plot(t,T(t))       %Transient solution
plot(t,G(t),'k')   %General solution
grid on
xlabel 't', ylabel 'distance'
legend('Forcing', 'Transient', 'General')
hold off



plot(G(t),DU(t))
grid on
xlabel 'u(t)', ylabel 'u''(t)'





clear, clc
syms t c1 c2
w0 = 2;   %from sqrt(k/m)
g = 1/8;  %damping coefficient
F0 = 3; w = 2;  %forcing function amplitude, frequency
F(t) = F0*cos(w*t);
wc = sqrt(1023)/16;  %Homogeneous solution frequency
%Homogeneous solution
Uc(t) = exp(-t/16)*(c1*cos(wc*t) + c2*sin(wc*t));
delta = sqrt((w0^2 - w^2)^2 + (g^2)*(w^2));
R = F0/delta;
d = asin(g*w/delta); %check for quadrant
%Particular solution
Up(t) = R*cos(w*t - d);
%General solution
U(t) = Uc(t) + Up(t);
dU(t) = diff(U,t);
%Determine c1 from u(0)=2, store in k1
k1 = solve(subs(U(t),t,0)==2);
%Get c2 from u'(0)=0, using k1 for c1, store in k2
k2 = solve(subs(dU(t),[t,c1],[0,k1])==0,c2);
%Create transient, general solutions  for plotting
T(t) = subs(Uc(t), [c1,c2], [k1,k2]);
G(t) = subs(U(t), [c1,c2], [k1,k2]);
%Create u'(t) for plotting phase map
DU(t) = subs(dU(t), [c1,c2], [k1,k2]);
%time for elimination of transient from trial and error
t = 0:0.1:100;
hold on
plot(t,F(t))       %Forcing function
plot(t,T(t))       %Transient solution
plot(t,G(t),'k')   %General solution
grid on
xlabel 't', ylabel 'distance'
legend('Forcing', 'Transient', 'General')
hold off
plot(G(t),DU(t))
grid on
xlabel 'u(t)', ylabel 'u''(t)'







clear, clc
syms t c1 c2
w0 = 2;   %from sqrt(k/m)
g = 1/8;  %damping coefficient
F0 = 3; w = 6;  %forcing function amplitude, frequency
F(t) = F0*cos(w*t);
wc = sqrt(1023)/16;  %Homogeneous solution frequency
%Homogeneous solution
Uc(t) = exp(-t/16)*(c1*cos(wc*t) + c2*sin(wc*t));
delta = sqrt((w0^2 - w^2)^2 + (g^2)*(w^2));
R = F0/delta;
d = atan(g*w/(w0^2 - w^2)) + pi; %check for quadrant
%Particular solution
Up(t) = R*cos(w*t - d);
%General solution
U(t) = Uc(t) + Up(t);
dU(t) = diff(U,t);
%Determine c1 from u(0)=2, store in k1
k1 = solve(subs(U(t),t,0)==2);
%Get c2 from u'(0)=0, using k1 for c1, store in k2
k2 = solve(subs(dU(t),[t,c1],[0,k1])==0,c2);
%Create transient, general solutions  for plotting
T(t) = subs(Uc(t), [c1,c2], [k1,k2]);
G(t) = subs(U(t), [c1,c2], [k1,k2]);
%Create u'(t) for plotting phase map
DU(t) = subs(dU(t), [c1,c2], [k1,k2]);
%time for elimination of transient from trial and error
t = 0:0.05:100;
hold on
plot(t,F(t))       %Forcing function
plot(t,T(t))       %Transient solution
plot(t,G(t),'k')   %General solution
grid on
xlabel 't', ylabel 'distance'
legend('Forcing', 'Transient', 'General')
hold off
plot(G(t),DU(t))
grid on
xlabel 'u(t)', ylabel 'u''(t)'









clear, clc;
%hardening coefficient, forcing frequency
e = 1/5; w = 1;
h = 0.001; T_end = 60.0;  % try 60 secs long
t=0:h:T_end;          %time points
n = T_end/h + 1;     %size of array
%pre-allocate memory for arrays, initialize
u = zeros(1, n);
ux = zeros(1, n);   % ux() is u'(), uxx() is u"()
uxx = zeros(1, n);
% starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3 + cos(w*(i-1)*h); 
    ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + (1/5)u^3 = cos(wt), w = 1'



clear, clc;
%hardening coefficient, forcing frequency
e = 1/5; w = 1/2;
h = 0.001; T_end = 100.0;  % try 100 secs long
t=0:h:T_end;          %time points
n = T_end/h + 1;     %size of array
%pre-allocate memory for arrays, initialize
u = zeros(1, n);
ux = zeros(1, n);   % ux() is u'(), uxx() is u"()
uxx = zeros(1, n);
% starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;   
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3 + cos(w*(i-1)*h); 
    ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + (1/5)u^3 = cos(wt), w = 1/2'



clear, clc;
%hardening coefficient, forcing frequency
e = 1/5; w = 3/4;
h = 0.001; T_end = 100.0;  % try 100 secs long
t=0:h:T_end;          %time points
n = T_end/h + 1;     %size of array
%pre-allocate memory for arrays, initialize
u = zeros(1, n);
ux = zeros(1, n);   % ux() is u'(), uxx() is u"()
uxx = zeros(1, n);
% starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;   
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3 + cos(w*(i-1)*h); 
    ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + (1/5)u^3 = cos(wt), w = 3/4'



clear, clc;
%hardening coefficient, forcing frequency
e = 1/5; w = 5/4;
h = 0.001; T_end = 100.0;  % try 100 secs long
t=0:h:T_end;          %time points
n = T_end/h + 1;     %size of array
%pre-allocate memory for arrays, initialize
u = zeros(1, n);
ux = zeros(1, n);   % ux() is u'(), uxx() is u"()
uxx = zeros(1, n);
% starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;   
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3 + cos(w*(i-1)*h); 
    ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + (1/5)u^3 = cos(wt), w = 5/4'



clear, clc;
%hardening coefficient, forcing frequency
e = 1/5; w = 3/2;
h = 0.001; T_end = 100.0;  % try 100 secs long
t=0:h:T_end;          %time points
n = T_end/h + 1;     %size of array
%pre-allocate memory for arrays, initialize
u = zeros(1, n);
ux = zeros(1, n);   % ux() is u'(), uxx() is u"()
uxx = zeros(1, n);
% starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;   
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3 + cos(w*(i-1)*h); 
    ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + (1/5)u^3 = cos(wt), w = 3/2'



clear, clc;
%hardening coefficient, forcing frequency
e = 1/5; w = 2;
h = 0.0001; T_end = 200.0;  % try 200 secs long
t=0:h:T_end;          %time points
n = T_end/h + 1;     %size of array
%pre-allocate memory for arrays, initialize
u = zeros(1, n);
ux = zeros(1, n);   % ux() is u'(), uxx() is u"()
uxx = zeros(1, n);
% starting initial conditions, MATLAB not zero-based
u(1)=0;
ux(1)=0;   
for i = 2:length(t)
        %get next value of u(t) from prior u(t), u'(t)
    u(i) = u(i-1) + ux(i-1)*h;     
        %calculate prior u"(t) from prior u(t) in order
        % to calculate next u'(t) to prepare for next
        % calculation of u(t) when enter loop again
    uxx(i-1) = -u(i-1) - e*(u(i-1))^3 + cos(w*(i-1)*h); 
    ux(i) = ux(i-1) + uxx(i-1)*h;
end
plot(t,u)
grid on
xlabel 't', ylabel 'Displacement'
title 'Solution to:  u" + u + (1/5)u^3 = cos(wt), w = 2'
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