


Problem 1: ¢)

Figure 1, Plot of x(t) and its Kth order approximations f6+1, K=10 and K=100 wrt t.

MATLAB CODE:

clear

wW=pi;

dt=0.01;

t=0:dt:4;

K=[1 10 100];

colors={r','b",'q",'’k'};

Ro=1/2;

for index=1:length(K)
kmax=K(index);
k=1:kmax;
Rk=sinc(k/2);
ang=-k*pi/2;
xk=Ro;
for ii=1:kmax

xk=xk+RKk(ii)*cos(ii*w*t+ang(ii));

end

plot(t,xk,colors{index},'LineWidth',1.5), holdn
end
x=(square(t*pi)+1)/2; %actual square wavenalg
plot(t,x,colors{index+1},'LineWidth',1.5), hold on
hold off

legend('K=1','K=10",'K=100","x(t)", grid
titte('Kth order approximation for x(t)");

Comments: As it can be seen from figure 1, as K increaséis approximation for x(t), Qt),
converges to the actual signal x(t). However, theigl sum in the vicinity of the discontinuity
exhibits ripples and that the peak amplitude oféhepples does not seem to decrease with
increasing K. As K increases, the ripples in thgiglessums become compressed toward the



discontinuity, but for any finite value of K, theak amplitude of the ripples remains constant.
This behaviour has come to be known as the Gibbaghenon. The implication is that the
truncated Fourier series approximatiqitkof a discontinuous signal x(t) will in genesxdhibit
high-frequency ripples and overshoot x(t) neardiseontinuities.

Problem 2: a&b

MATLAB CODE:

clear,clc

dt=.01,;

w=pi/2;

t=-2:dt:2;

x=exp(-t.~2);

kmax=10;

k=-kmax:kmax;

ak=zeros(1,length(k));

t2=-5:dt:5;

x10=0;

for ii=1:length(k)
ak(i)=(1/4)*sum(x.*exp(-j*k(ii)*w*t))*dt;
x10=x10+ak(ii)*exp(j*k(ii)*w*t2);

end

x10=abs(x10);

fourier_coefficients=[k' ak’]

x_ex=x10;

X_ex(1:301)=x(101:401);x_ex(301:701)=x;x_ex(701:13t(1:301);plot(t2,x10,'b",'LineWidth',2.0)

title("10th order approximation of x(t)");

xlabel('t"),ylabel('x10(t)"

figure, plot(t,x,"-r','LineWidth',2.0), hold on

plot(t,x10(300:700),'-b','LineWidth',2.0), hold off

titte('Comparison of x(t) with its 10th order apgimation x10(t)");

xlabel('t"),legend(x(t)",'’x10(t)";

output:

fourier_coefficients =

-10.0000 -0.0001 - 0.0000i
-9.0000 0.0001 + 0.0000i
-8.0000 -0.0002 + 0.0000i
-7.0000 0.0002 - 0.0000i
-6.0000 -0.0003 + 0.0000i
-5.0000 0.0005 - 0.0000i
-4.0000 -0.0006 + 0.0000i
-3.0000 0.0027 - 0.0000i
-2.0000 0.0362 + 0.0000i
-1.0000 0.2410 + 0.0000i

0 0.4411

1.0000 0.2410 - 0.0000i
2.0000 0.0362 - 0.0000i
3.0000 0.0027 + 0.0000i
4.0000 -0.0006 - 0.0000i
5.0000 0.0005 + 0.0000i
6.0000 -0.0003 - 0.0000i
7.0000 0.0002 + 0.0000i
8.0000 -0.0002 - 0.0000i
9.0000 0.0001 - 0.0000i

10.0000 -0.0001 + 0.0000i



GRAPHS:

Figure 2, Plot of x(t) and its 1D order approximation,x(t), wrt t.
c)

Figure 3, Plot of x(t) and its K order approximation for K=1, K=10 and K=20 wrt t.



Figure 4, Zoomed version of Figure 3 at the discontinuityrpoi

Comments:

As seen from Figure 4, since x(t) has discontiesitt its edge points(for figure 4, it is
t=-2), when K is greater than 1, the Fourier semgggesentation equals the signal
everywhere except at the isolated points of disnaity, at which the series converges to
the average value of the signal on either sidb@fiscontinuity.

Please note that, in this case the difference lmtwiee original signal and its Fourier
representation contains no energy, and consequémlywo signals can be thought of as
being the same for all practical purposes. Spetificsince the signals differ only at
isolated points, the integrals of both signals @y interval are identical. For this
reason, the two signals behave identically undeveiution and consequently are
identical from the standpoint of the analysis of E}stems.

! See page 200 of the book









