
TIES324	Signal	processing	
	
Exercises	#2	 
	
1.	Determine	the	CTFT	of	the	following	continuos-time	functions:	
	 a)		𝑣 𝑡 = 𝑒!!!!	
	 b)	𝑣 𝑡 =  cos (Ω!𝑡)	
	
Hint1:	Euler’s	formula	𝑒!" = cos𝛼 + 𝑗 sin𝛼	gives	also	cos𝛼 = !

!
𝑒!" + 𝑒!!" 		

	
Hint2:	Dirac’s	delta	function	property:	 𝛿 𝑡 − 𝑡! 𝑥 𝑡 𝑑𝑡 = 𝑥(𝑡!)

!
!! 	

	
2.	Let	us	assume	that	the	CTFT	of	an	ideal	impulse δ(t)	equals	Δ(jΩ)=1.	Show	
that	the	CTFT	of	the	delayed	impulse	δ(t-t0)	equals	exp(-jΩt0).	
	
3.	Show	that	the	CTFT	of	𝑥 𝑡 = !"# (!)

!"
	equals	the	following:	

𝑋 𝑗Ω = 1,   when  Ω ≤ 1
0,    when  Ω > 1	

	
Hint:	Euler’s	formula	𝑒!" = cos𝛼 + 𝑗 sin𝛼	gives	also	sin𝛼 = !

!!
𝑒!" − 𝑒!!" 	

	
4.	Derive	the	DTFT	of	the	unit	sample	δ[n].	
	
5.	Determine	the	Fourier	transform	Y	of	the	sequence	y[n]=αn	for	0≤n≤M-1.	
Otherwise	y[n]=0.	Assume	also|α|<1.	
	
6.	Determine	the	Fourier	transform	of	the	sequence	y[n]=(n+1)	αn	μ[n],	|α|<1.	
	
7.	Suppose	we	have	a	filter	whose	system	equation	equals	
	 	 y[n]	=	α0	x[n]	+	α1	x[n-1]	+	α0	x[n-2]	
where	α’s	are	some	constants.	Suppose	the	input	signal	consist	of	a	sum	of	two	
cosine	sequences	of	angular	frequencies	0.1	and	0.4.	Determine	the	constants	α	
so	that	the	filter	blocks	the	lower	frequency.	
	
8.	Prove	the	following	theorems	of	DTFT:	a)	linearity	b)	time-reversal	c)	time-
shifting	and	d)	frequency	shifting,	existing	in	the	Table	3.1	(time-reversal)	and	
Table	3.4	(others)	of	Lecture	3.	
	
9.		



	
	
	
10.		

	
11.		

	
Using	Program	3_1,	plot	the	real	part,	imaginary	part,	magnitude	spectrum	and	
phase	spectrum.	
	
% Program 3_1 
% Discrete-Time Fourier Transform Computation 
% 
% Read in the desired number of frequency samples 
k = input('Number of frequency points = '); 
% Read in the numerator and denominator coefficients 
num = input('Numerator coefficients = '); 
den = input('Denominator coefficients = '); 
% Compute the frequency response 
w = 0:pi/(k-1):pi; 
h = freqz(num, den, w); 
% Plot the frequency response 
subplot(2,2,1) 
plot(w/pi,real(h));grid 
title('Real part') 
xlabel('\omega/\pi'); ylabel('Amplitude') 



subplot(2,2,2) 
plot(w/pi,imag(h));grid 
title('Imaginary part') 
xlabel('\omega/\pi'); ylabel('Amplitude') 
subplot(2,2,3) 
plot(w/pi,abs(h));grid 
title('Magnitude Spectrum') 
xlabel('\omega/\pi'); ylabel('Magnitude') 
subplot(2,2,4) 
plot(w/pi,angle(h));grid 
title('Phase Spectrum') 
xlabel('\omega/\pi'); ylabel('Phase, radians') 
	
	
	
12.	Use	Program	3_3	to	test	your	filter	designed	in	task	7	of	this	exercise.	
% Program 3_3 
% PUT HERE YOUR FILTER COEFFICIENTS ALPHA0, ALPHA1 and ALPHA2 
% FOR EXAMPLE, alpha = [2 0.1 -1.2]  
alpha = [    ];  
%  Set initial conditions to zero values 
zi = [0 0]; 
% Generate the two sinusoidal sequences 
n = 0:99; 
x1 = cos(0.1*n); 
x2 = cos(0.4*n); 
%  Generate the filter output sequence 
y = filter(alpha, 1, x1+x2, zi); 
% Plot the input and the output sequences 
plot(n,y,'r-',n,x2,'b--',n,x1,'g-.');grid 
axis([0 100 -1.2 4]); 
ylabel('Amplitude'); xlabel('Time index n'); 
legend('y[n]','x2[n]','x1[n]') 
	
	
	
	


