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%% E12 Take home exam
% Use "File->Publish to html" to make the code clear
 
%% part a
syms s t
H=0.5*s/(s^2+0.5*s+1);
disp('H(s)=');
pretty(H)
 
%% part b
h=simple(ilaplace(H));
disp('h(t)=');
pretty(vpa(h,3))
 
 
%%
% 
% $$e^{-at}(Acos(\omega t)+Bsin(\omega t)) = Me^{-at}cos(\omega t+\phi)$$
% 
M=sqrt((0.033*15)^2+(0.033*3.87)^2);
phi=atan2(3.87,15);  %phi in degrees.
disp('We can also write as cosine with phase shift')
disp(['h(t)=' num2str(M) '*e^(-0.25*t)*cos(0.968t+' num2str(phi) ') (rad)'])
disp(['h(t)=' num2str(M) '*e^(-0.25*t)*cos(0.968t+' num2str(phi*180/pi) ') (deg)'])
 
 
%% part c
[nsym,dsym]=numden(H);
d=sym2poly(dsym);
disp('Poles of H(s)=');
disp(roots(d));
 
%% part d
F=laplace(cos(t));
Y=F*H;
y=simple(ilaplace(Y));
disp('y(t)=');
pretty(vpa(y,3))
%%
% The first term is the only one that doesn't decay, so for large t,
% y(t)=cos(t).
 
%% part e
F=laplace(cos(5*t));
Y=F*H;
y=simple(ilaplace(Y));
disp('y(t)=');
pretty(vpa(y,3))
%%
% The first two terms don't decay, so for large t,
% y(t)=0.011cos(5t)+0.103sin(5t).
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%%
% 
% $$Acos(\omega t)+Bsin(\omega t) = Mcos(\omega t+\phi)$$
% 
M=sqrt(0.011^2+0.103^2);
phi=atan2(-0.103,0.011);  %phi in degrees.
disp('We can also write as cosine with phase shift')
disp(['y(t)=' num2str(M) '*cos(5t+' num2str(phi) ') (rad)'])
disp(['y(t)=' num2str(M) '*cos(5t+' num2str(phi*180/pi) ') (deg)'])
%%
% This y(t) has an amplitude of only 0.104 (as compared to an amplitude of
% 1 for part d).
 
%% part f
F=laplace(cos(0*t));
Y=F*H;
y=simple(ilaplace(Y));
disp('y(t)=');
pretty(vpa(y,3))
%%
% There is no term that doesn't decay, so the output at long time is zero.
% This is not unexpected, the differential equation show that it 
% differentiates the input, since the input is constant (for t>0) it's
% derivative is zero, so there is nothing driving the input for t>0, so 
% the output decays to nothing.
 
%% part g
% Y(s) for part d has two poles at s=+/-j.  At that point the H(s) surface 
% has a magnitude equal to 1, so the magnitude of that pole is unchanged -
% the cosine has a
s=j;
Hval=eval(H);
disp(['H(s) evaluated at s=' num2str(s) ' = ' num2str(Hval)]);
disp(['Mag = ' num2str(abs(Hval))]);
 
%%
% Y(s) for part e has two poles at s=+/-5j.  At that point the H(s) surface
% is quite small, so the pole is multiplied by a small number, and the
% output at that frequency is small.
s=5*j;
Hval=eval(H);
disp(['H(s) evaluated at s=' num2str(s) ' = ' num2str(Hval)]);
disp(['Mag = ' num2str(abs(Hval))]);
 
%%
% Y(s) for part f has a pole at s=0.  At that point the H(s) surface is
% equal to zero, so the pole is negated, and the output at that frequency
% is zero.
s=0;
Hval=eval(H);
disp(['H(s) evaluated at s=' num2str(s) ' = ' num2str(Hval)]);
disp(['Mag = ' num2str(abs(Hval))]);
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part a

syms s t
H=0.5*s/(s^2+0.5*s+1);
disp('H(s)=');
pretty(H)

H(s)=
 
                                        s
                              1/2 --------------
                                   2
                                  s  + 1/2 s + 1

part b

h=simple(ilaplace(H));
disp('h(t)=');
pretty(vpa(h,3))

h(t)=
 
          0.0333 exp(-0.250 t) (15. cos(0.968 t) - 3.87 sin(0.968 t))

M=sqrt((0.033*15)^2+(0.033*3.87)^2);
phi=atan2(3.87,15);  %phi in degrees.
disp('We can also write as cosine with phase shift')
disp(['h(t)=' num2str(M) '*e^(-0.25*t)*cos(0.968t+' num2str(phi) ') (rad)'])
disp(['h(t)=' num2str(M) '*e^(-0.25*t)*cos(0.968t+' num2str(phi*180/pi) ') (deg)'])

We can also write as cosine with phase shift
h(t)=0.51121*e^(-0.25*t)*cos(0.968t+0.25249) (rad)
h(t)=0.51121*e^(-0.25*t)*cos(0.968t+14.4668) (deg)

part c

[nsym,dsym]=numden(H);
d=sym2poly(dsym);
disp('Poles of H(s)=');
disp(roots(d));
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Poles of H(s)=
  -0.2500 + 0.9682i
  -0.2500 - 0.9682i

part d

F=laplace(cos(t));
Y=F*H;
y=simple(ilaplace(Y));
disp('y(t)=');
pretty(vpa(y,3))

y(t)=
 
     cos(t) + 0.0667 exp(-0.250 t) (-15. cos(0.968 t) + 3.87 sin(0.968 t))

The first term is the only one that doesn't decay, so for large t, y(t)=cos(t).

part e

F=laplace(cos(5*t));
Y=F*H;
y=simple(ilaplace(Y));
disp('y(t)=');
pretty(vpa(y,3))

y(t)=
 
  0.0107 cos(5. t) + 0.103 sin(5. t)

         - 0.0000286 exp(-0.250 t) (375. cos(0.968 t) + 646. sin(0.968 t))

The first two terms don't decay, so for large t, y(t)=0.011cos(5t)+0.103sin(5t).

M=sqrt(0.011^2+0.103^2);
phi=atan2(-0.103,0.011);  %phi in degrees.
disp('We can also write as cosine with phase shift')
disp(['y(t)=' num2str(M) '*cos(5t+' num2str(phi) ') (rad)'])
disp(['y(t)=' num2str(M) '*cos(5t+' num2str(phi*180/pi) ') (deg)'])

We can also write as cosine with phase shift
y(t)=0.10359*cos(5t+-1.4644) (rad)
y(t)=0.10359*cos(5t+-83.9041) (deg)

This y(t) has an amplitude of only 0.104 (as compared to an amplitude of 1 for part d).

part f

F=laplace(cos(0*t));
Y=F*H;
y=simple(ilaplace(Y));
disp('y(t)=');
pretty(vpa(y,3))
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y(t)=
 
                       0.515 exp(-0.250 t) sin(0.968 t)

There is no term that doesn't decay, so the output at long time is zero. This is not unexpected, the 
differential equation show that it differentiates the input, since the input is constant (for t>0) it's derivative
is zero, so there is nothing driving the input for t>0, so the output decays to nothing.

part g

Y(s) for part d has two poles at s=+/-j. At that point the H(s) surface has a magnitude equal to 1, so the
magnitude of that pole is unchanged - the cosine has a

s=j;
Hval=eval(H);
disp(['H(s) evaluated at s=' num2str(s) ' = ' num2str(Hval)]);
disp(['Mag = ' num2str(abs(Hval))]);

H(s) evaluated at s=0+1i = 1
Mag = 1

Y(s) for part e has two poles at s=+/-5j. At that point the H(s) surface is quite small, so the pole is
multiplied by a small number, and the output at that frequency is small.

s=5*j;
Hval=eval(H);
disp(['H(s) evaluated at s=' num2str(s) ' = ' num2str(Hval)]);
disp(['Mag = ' num2str(abs(Hval))]);

H(s) evaluated at s=0+5i = 0.010734-0.10305i
Mag = 0.10361

Y(s) for part f has a pole at s=0. At that point the H(s) surface is equal to zero, so the pole is negated,
and the output at that frequency is zero.

s=0;
Hval=eval(H);
disp(['H(s) evaluated at s=' num2str(s) ' = ' num2str(Hval)]);
disp(['Mag = ' num2str(abs(Hval))]);

H(s) evaluated at s=0 = 0
Mag = 0
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