




EE 2823

 


   Project #1 Solution

Part 1: First-Order Differential Equations

1.1 The resulting difference equation is
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     y[n] –    1     y[n-1]  =        bT     x[n]




   (1+aT)
         (1+aT)      

  

       Hence,

       A =   -1

 B =    bT
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1.2
% Simulation of First Order Differential Equation
function [y] = fodesim(x,a,b,T)

A=[1 -1/(1+a*T)]; B=b*T/(1+a*T);
%Get the D.T Difference Equation  Coefficients A & B from a, b & T
y=filter(B,A,x);




   %Get the D.T Output using the












%Matlab function Filter

1.3  The required differential equation is

 y(1)(t) +  1   y(t) =   1   x(t)  
where, y(1)(t) refers to   dy


       RC
 RC




  dt


1.4

%Program to compute the unit step response of the RC circuit

clear all; close all;

R=1000; C=100*1e-6; Tc=R*C;

%Calculate Tc (Time Constant) 
a=1/Tc; b= 1/Tc;





%Compute a,b
t=0:Tc/10:10*Tc;





%Form t(time scale for exact Y)
Y=b/a*(1-exp(-a*t));




%Get exact Y
for i=0:2







%Loop for changing T   

   T=1/(10^i); n=1:(10*Tc/T);

%Change T using i
   x=ones(1,length(n));



%Form the unit step input
   y = fodesim(x,a,b,T);


%Use the function of 1.2 to get y
   subplot(3,1,(i+1)), 

   plot(n*T,y,'.',t,Y,'-');

%Plot the resulting functions
end;


subplot(3,1,1), ylabel('T=1'); 

title('Step Response [y(t) vs t]');

subplot(3,1,2), ylabel('T=0.1');

subplot(3,1,3), ylabel('T=0.01');

  

The exact solution is y(t) =   b (1-e-at). The approximations become better as T gets




          a


smaller. The Time-Constant of the given circuit = RC = 0.1 seconds. It is clear from the 

plot  that T has to be less than or equal to 0.1(Time-Constant) in order to get a good 

approximation.

1.5

%Program to compute the sinusiodal response of the RC circuit

clear all; close all


R=1000; C=100*1e-6; Tc=R*C; 


%Compute Time Constant

a=1/Tc; b= 1/Tc;T=0.01;




%Calculate a,b

n=1:100;









%Form n the D.T index

x=cos(2*pi*5*T*n);





%Form sinusiodal excitation

y=fodesim(x,a,b,T);





%Get y using function of 1.2

plot(n*T,y,'.');






%Plot the response

title('Sinusiodal Response [y(t) vs t]');

ylabel('y(t)');

xlabel('t');


Note: It is seen from the plot that y(t) is not purely sinusoidal during the initial portion as is represents the transient response and it slowly starts becoming sinusoidal  which represents the steady state response. It takes approximately 0.5 seconds ( = 5 times the Time-Constant) before y(t)  settles to steady state.

Part2: Solution of Second-Order Equations

2.1 The resulting difference equation is

y[n] –  (2+ a EQ  EQ \s\do(1) T) y[n-1] +       y[n-2]           =  (b EQ 

 EQ \s\do(1) T+ b EQ \s\do(2) T2)  x[n]  -   (b EQ 

 EQ \s\do(1) T )  x[n-1]
 
 

(1+a EQ 

 EQ \s\do(1) T+ a EQ \s\do(2) T2)     (1+a EQ 

 EQ \s\do(1) T+ a EQ \s\do(2) T2)         (1+a EQ 

 EQ \s\do(1) T+ a EQ \s\do(2) T2)         (1+a EQ 

 EQ \s\do(1) T+ a EQ \s\do(2) T2)

2.2

% Simulation of Second Order Differential Equation

function [y] = sodesim(x,a,b,T)

A=[(1+a(1)*T+a(2)*T*T) (-2-a(1)*T) 1];
%Get the D.T Difference Equation 

B=[(b(2)*T*T+b(1)*T) -b(1)*T];


%Coefficients A & B from a, b& T
y=filter(B,A,x);







%Get the D.T Output using the     %Matlab function Filter

2.3 & 2.4

%Program to compute the unit step response of the mechanical system

clear all; close all;

M=10;D=1;K=1;

a = [D/M K/M]; b = [0 1/M];

%Compute a's and b's
t=0:1:100; X=ones(1,length(t));
%Form t,X(time scale for Y(lsim))

A=[1 a(1) a(2)]; B=[b(1) b(2)];  %Form A,B for passing to lsim
Y = lsim(B,A,X,t); 




%Get Y
for i=0:2







%Loop for changing T

T=(10^(2-i)); n=1:(100/T);

%Change T using i

x=ones(1,length(n));



%Form the unit step input

y=sodesim(x,a,b,T);



%Use function of 2.2 to get y
   subplot(3,1,(i+1)), 

   plot(n*T,y,'.',t,Y,'-');

%Plot the resulting functios
end;


subplot(3,1,1), ylabel('T=100');

title('Step Response [y(t) vs t]');

subplot(3,1,2), ylabel('T=10');

subplot(3,1,3), ylabel('T=1');

xlabel('t');


Note: The damping of the solution by the first backward difference is more that of the theoretical answer.







