
Luca Martino — luca.martino@urjc.es —  http://www.lucamartino.altervista.org 

Standard Fourier Transform 
for signals defined in discrete time
Linear systems and circuit applications 
Discrete Time Systems

mailto:luca.martino@urjc.es
http://www.lucamartino.altervista.org


Transformations for signal in discrete time

Fourier Series (FS) Stand. Fourier Transform (FT) Zeta Transform (ZT)

Generalized 
Fourier Transform 
(GFT)

For Periodic signals For non-periodic signals

Mathematically, it is not 
completely valid… or we need 
other definition of Fourier 
Transformation….

also for some 
Signals with 

Infinite Energy



Transformations for signal in discrete time

MOREOVER: 

- Discrete Fourier Transform (DFT) 

- Fast Fourier Transform (FFT) ==> Fast version of DFT 

DFT “mathematically” very similar to (almost the same) Fourier Series 
for discrete time



Standard Fourier Transform
Discrete Time Systems



Standard Fourier Transform

DEFINITIONS: (x[n] NON-periodic)

Syntesis Equation:

Analysis Equation:
<latexit sha1_base64="rOqjAP1v/tF+WHrfcx3XzDE09Z8="></latexit>

X(⌦) =
+1X

n=�1
x[n]e�j⌦n

<latexit sha1_base64="KVKGT2VYq77Mhwj0j4tMPfsLCWY="></latexit>

x[n] =
1

2⇡

Z

2⇡
X(⌦)ej⌦nd⌦Inverse 

freq. ==> time

Direct 
time ==> freq. Fourier Transform

Inverse Fourier Transform

periodic with period 
<latexit sha1_base64="R1u696y0RW2pv+DE7W01TVypJLc="></latexit>

2⇡



Standard Fourier Transform

Important properties: 

periodic with period 
<latexit sha1_base64="R1u696y0RW2pv+DE7W01TVypJLc="></latexit>

2⇡

<latexit sha1_base64="JH39D9tnyRedJZ9QSaE0Xd+bJkw="></latexit>

X(⌦) = X(⌦+ 2⇡)



Existence (convergence of series of stand. FT)

with the calculus rules you 
know for Series…. we need:

<latexit sha1_base64="rOqjAP1v/tF+WHrfcx3XzDE09Z8="></latexit>

X(⌦) =
+1X

n=�1
x[n]e�j⌦n

<latexit sha1_base64="hNqrAgyWnHkkSezKm6322cFDIQ0="></latexit> 1X

n=�1
|x[n]|2 < 1 -Enerǵıa finita

<latexit sha1_base64="XJ9vCCUgkk5Z0kxzp3Ss7NxbQR0=">AAACEHicbZC7TsMwFIadcivlFmBksagQLFQJQsAAUgULY5HoRUpC5LhOa9VxIttBVGkfgYVXYWEAIVZGNt4Gt80ALb9k6fN/zpF9/iBhVCrL+jYKc/MLi0vF5dLK6tr6hrm51ZBxKjCp45jFohUgSRjlpK6oYqSVCIKigJFm0Lsa1Zv3REga81vVT4gXoQ6nIcVIacs3912ZRn7GLw5dykPVH95lOQweHO4Nzic36Jtlq2KNBWfBzqEMctV888ttxziNCFeYISkd20qUlyGhKGZkWHJTSRKEe6hDHI0cRUR62XihIdzTThuGsdCHKzh2f09kKJKyHwW6M0KqK6drI/O/mpOq8MzLKE9SRTiePBSmDKoYjtKBbSoIVqyvAWFB9V8h7iKBsNIZlnQI9vTKs9A4qtgnFevmuFy9zOMogh2wCw6ADU5BFVyDGqgDDB7BM3gFb8aT8WK8Gx+T1oKRz2yDPzI+fwAwM53w</latexit> 1X

n=�1
|x[n]| < 1<latexit sha1_base64="QnFB4GWCGUUIc8l3d9nmzrY2Q10=">AAACE3icbZDLSgMxFIYzXut4G3XpJlgKIlhmRNSFQtGNywr2Au1YMmmmDU0yQ5IRy7Tv4MZXceNCEbdu3Pk2pu0stPWHwJf/nENy/iBmVGnX/bbm5hcWl5ZzK/bq2vrGprO1XVVRIjGp4IhFsh4gRRgVpKKpZqQeS4J4wEgt6F2N6rV7IhWNxK3ux8TnqCNoSDHSxmo5B5FdaKqEt1JxcdikItT94V2aweChIfzB+eQGW07eLbpjwVnwMsiDTOWW89VsRzjhRGjMkFINz421nyKpKWZkaDcTRWKEe6hDGgYF4kT56XinISwYpw3DSJojNBy7vydSxJXq88B0cqS7aro2Mv+rNRIdnvkpFXGiicCTh8KEQR3BUUCwTSXBmvUNICyp+SvEXSQR1iZG24TgTa88C9WjondSdG+O86XLLI4c2AV7YB944BSUwDUogwrA4BE8g1fwZj1ZL9a79TFpnbOymR3wR9bnD6innqw=</latexit>o

…the for the convergence of the analysis 
equation (direct Fourier transformation)

FINITE ENERGY

Both are sufficient conditions !!



Existence (convergence of series of stand. FT)

what do they imply?

<latexit sha1_base64="hNqrAgyWnHkkSezKm6322cFDIQ0="></latexit> 1X

n=�1
|x[n]|2 < 1 -Enerǵıa finita

<latexit sha1_base64="XJ9vCCUgkk5Z0kxzp3Ss7NxbQR0=">AAACEHicbZC7TsMwFIadcivlFmBksagQLFQJQsAAUgULY5HoRUpC5LhOa9VxIttBVGkfgYVXYWEAIVZGNt4Gt80ALb9k6fN/zpF9/iBhVCrL+jYKc/MLi0vF5dLK6tr6hrm51ZBxKjCp45jFohUgSRjlpK6oYqSVCIKigJFm0Lsa1Zv3REga81vVT4gXoQ6nIcVIacs3912ZRn7GLw5dykPVH95lOQweHO4Nzic36Jtlq2KNBWfBzqEMctV888ttxziNCFeYISkd20qUlyGhKGZkWHJTSRKEe6hDHI0cRUR62XihIdzTThuGsdCHKzh2f09kKJKyHwW6M0KqK6drI/O/mpOq8MzLKE9SRTiePBSmDKoYjtKBbSoIVqyvAWFB9V8h7iKBsNIZlnQI9vTKs9A4qtgnFevmuFy9zOMogh2wCw6ADU5BFVyDGqgDDB7BM3gFb8aT8WK8Gx+T1oKRz2yDPzI+fwAwM53w</latexit> 1X

n=�1
|x[n]| < 1<latexit sha1_base64="QnFB4GWCGUUIc8l3d9nmzrY2Q10=">AAACE3icbZDLSgMxFIYzXut4G3XpJlgKIlhmRNSFQtGNywr2Au1YMmmmDU0yQ5IRy7Tv4MZXceNCEbdu3Pk2pu0stPWHwJf/nENy/iBmVGnX/bbm5hcWl5ZzK/bq2vrGprO1XVVRIjGp4IhFsh4gRRgVpKKpZqQeS4J4wEgt6F2N6rV7IhWNxK3ux8TnqCNoSDHSxmo5B5FdaKqEt1JxcdikItT94V2aweChIfzB+eQGW07eLbpjwVnwMsiDTOWW89VsRzjhRGjMkFINz421nyKpKWZkaDcTRWKEe6hDGgYF4kT56XinISwYpw3DSJojNBy7vydSxJXq88B0cqS7aro2Mv+rNRIdnvkpFXGiicCTh8KEQR3BUUCwTSXBmvUNICyp+SvEXSQR1iZG24TgTa88C9WjondSdG+O86XLLI4c2AV7YB944BSUwDUogwrA4BE8g1fwZj1ZL9a79TFpnbOymR3wR9bnD6innqw=</latexit>o

FINITE ENERGY

Convergence to zero at +Infty and -Infty



Questions?


