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The work presents the uses of the Fourier’s transformation on analyse of the signals. Because a real 
signal has a finite length in time, mostly a very short length, on a few periods, this analyse can give 
results that apparently not correspond with the reality.  The authors present and explain this 
behaviour.  

 
 
 

1. INTRODUCTION 
 

The Fourier's transformations are a linear 
mathematical operators that transform a real 
function dependant from a real variable, mostly the 
time, the signal ( )tf , into a complex function 
dependant from another variable, mostly the 
frequency ν  or the pulsation ω, πνω 2= , ( )ωjF  
or ( )πν2jF , 1j −= . We chose in continuity the 
pulsation ω as variable. The transformation is 
possible or direct, from a real function ( )tf to the 
complex function ( )ωjF , or contrary, from a 
complex function ( )ωjF to the real function ( )tf . 
The theoretically forms of these two 
transformations are given from [2]: 
-for direct transformation: 
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-for opposite transformation: 
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The function ( )tf  is named as really form 

of the signal and represents the signal on the 
domain of the time, the function ( )ωjF is named 
as spectral function and represent the signal on the 
domain frequency (pulsation). The spectral 
function ( )ωjF  can be written as: 
 

( ) ( )[ ] ( )[ ]ωωω jFImjjFRejF +=          (3) 
 

where Re is the real part and Im is the imaginary 
part of the function and permit the determination of 
the two others very important functions, 
respectively the amplitude ( )ωA  and the phase 

( )ωϕ of the each component of the signal as: 
 

( ) ( )[ ] ( )[ ]ωωω jFImjFReA 22 +=           (4) 
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The real signals are characterised from two 

distinctive features:  
-the signal exist on a finite length of the time, 
between 1t and 2t , mostly 0t1 = ; 
-the signals contain a number n of elementary 
harmonically signals, 
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where n has a finite value, =oiω own pulsation of 
the each harmonically signals, =iϕ  his phase and 

nj,0A j >= . The difference between the spectral 
function as function of the Fourier's transformation 
and the spectral function as Fourier's series 
consists in his appearance: the Fourier's 
transformation offers a continuous spectrum on a 
continuous domain of the frequency, respectively 
for each any frequency f (pulsation ω) can be 
known the value of the amplitude or phase, the 
Fourier's series offers the values of the amplitude 
or phase only for certain values of the frequencies 
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that are whole multiple of the own frequency 
(pulsation oω ). At limit, the Fourier's 
transformation comes from the Fourier's series 
where the own period of the signal oT , 

oo 2T ωπ= , becomes infinite and his own 
pulsation becomes zero. In this case the sums of 
the series become an integral.  
 

2. THE SPECTRUM OF THE SIGNAL 
 

We consider a harmonically signal,  
 

( ) ( )ϕω += tsinAtf o                   (7) 
 

 This signal is complete known if 
[ ]o2,0t ωπ∈ . The spectrum determined with the 

Fourier's series shows that the signal contains only 
a harmonic with the pulsation oω  amplitude A and 
phase  ϕ. The spectrum determined with the 
Fourier's transformation with (1), (3), (4) on the 
domain [ ]ok2,0t ωπ∈ , k = whole multiple of his 
own period, gives the value for the amplitude [2]: 
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and shows that the signal has more pulsation with 
different amplitude with the maximum not exactly 

on his own pulsation oω , fig. 1 as at Fourier's 
series. The value of the amplitude in the point 

oωω =  is, from (8): 
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The amplitude A increase with k as well in 

(9), if ∞→k  then ∞→A . 
For more increased values of the k, the 

table 1 shows that the error as difference between 
mω  for the maximal value of the A from (8) and 

the exactly value of oω  mo ωωΔ −= decreases and 
the bandwidth B of the spectrum set from us as 
percentage from ω o and  conventional at the half 
of the maximal amplitude, decreases as well.   
 
Table 1. The spectrum's errors of the signal from (7) 
with A=1, πω 100o = , 0=ϕ . 

k 1 5 10 50 100 200 400 
Δ 48.7 1.8 .48 .02 .006 .006 .006 

B% 124 24.3 12.1 2.53 1.3 0.65 0.16 
 

From table 1 is to see that one complex 
signal that contains two or more constitutive signal 
components with very near own pulsation can be 
not solved correctly if his length is very small. If 
the value for A is good approximated if the signal 
has a length greater as 50 period, the bandwidth 
becomes very small, less than 1%, if his length is 
greater as 100 period. If the signal is known only 
for a small length, under 100---200 greatest periods 
of his components, it must be got longer artificial 
in order to have a good determination of his 
pulsation of the components. A signal with two 
component, as 
 

( ) ( ) ( )22o211o1 tsinAtsinAtf ϕωϕω +++=   (10) 
 

where 
,110,100,1A,1A 021o21 πωπω ==== 021 == ϕϕ  

is analysed firstly on one period and secondly on 
50 period 1o2 ωπ . The spectrum is to see in fig. 2 
and shows that analyse on one period of the signal 
can not give correctly his components, the bandwidth 
is greater as the difference between constitutive 
pulsation 0201 ωω , .  

If the analyse contain 50 period, the 
constitutive components are good visible. 

Therefore in reality the limits of the 
integral from (1) can not be infinite but, in order to 
have good results, the domain of the integral must 
be greater as minimum 50---100 or more periods 
[3], as in table 1.  
 
 
 
 
 
 

 
( ) [ ]%B o12 ωωω −=  

Figure 1. The spectrum on a period 
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3. THE RECONSTITUTION OF THE 

SIGNAL. 
 

The equation (2) permits the determination 
of the signal if his spectrum is known, for example 
through measuring with a spectrum-analyser. The 
spectral function ( )ωjF  has the real part as even 
function from frequency and the imaginary part as 
odd function.  

 

 
a) analysed on one period 

 
b) analysed on 50 periods 

 
Figure 2. The signal from (10) analysed on two 
different domains of the time 
 

Based on this fact and because 
( ) ( )ωω jFjF* −= , where ( )ωjF*  is the conjunct 

function of the function ( )ωjF , the function ( )tf  
can be determined easier with the equation [2]: 
 

( ) ( )[ ] ωω
π

ω dejFRe1tf
0

tj∫
+∞

=            (11) 

 
We have seen that, in order to have a good 

determination of the spectral components, the 
domain of the integral from (1) must be very large, 
larger as the time period of the signal. Concerning 
the integral from (11) appear two questions: 

- how large must be the domain of frequency, 
because in reality can not be infinite as in (11); 
- the spectral function has not only pure values of 
the pulsation of signal's components, but more 
values around of these values, dependent from the 
length of the signal; it interests us how great is the 
influence of this fact on the reconstitution of the 
signal. 

The spectral function of the signal from 
(10) and shows in fig. 2 are analysed. Firstly we 
have chosen as domain for the pulsation the values 
between ω = 0 and ω ω= 2 1o . The reconstitution 
is made numerically in Borland Pascal-language 
[4] and his results are to see in fig, 3 and 4.  

 

 

 
Figure 3. The reconstitution of the signal on one period 
 

The figure 3 shows that the reconstitution 
is enough exactly and the domain has none of the 
influence on the form of the signal. If the direct 
transformation is made on a period, the spectral 
function shows not correctly the components of the 
signal, but this disadvantage affects not the form of 
the reconstituted signal.  

 
 
4. ANOTHER EXPLICATION 

  
 In the physic exist the equations of the 
uncertainty of Heisenberg. The fourth 
Heisenberg’s equation shows that [1]: 
 

hW ≥⋅δτδ                         (12) 
where δW = the variation of the energy of the 
wave, δτ = the temporally length of the wave, h = 
Planck constant. If (12) are divided through h and 

νhW = , ν  = frequency, we become: 
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1≥⋅δτδν                            (13) 
 
or 
 

πδτδω 2≥⋅                           (14) 
 

The equation (14) shows that if a wave has 
a very short length 0→δτ , his spectral width 
δω (as B in figure 1) ∞→δω . 

 This is the explanation of the spectral 
image of the signal from figure 1. The spectrum 
from figure 1 shows the real spectral components 
of the signal with a certain length. If δτ become 
greater, become δω smaller. 

 Only for ∞→δτ , namely signals with 
very large length, shows the spectral image pure 
frequency. The reconstitution is in all cases correct 
for signals with short or large length.   
 A part of these results are to see in [3]. 

 
 
 
 
 
 
 
 
 
 
 
 

5. CONCLUSION 
 
The Fourier's transformation of a really 

signal must be made on a very large domain of the 
time (minimum 50---100 periods of the slowest 
component) and on a very small domain of the 
frequency (not very greater over pulsation of the 
fastest component), in order to have a good 
accuracy for the spectral function in the case of the 
direct transformation (1) or for the reconstitution 
of the signal in the case of the opposite 
transformation (2) and, simultaneous, the shortest 
calculation time. 

If the signal has a short length and it is 
analysed on this really length, his spectrum is not 
wrong but represents the reality: an infinite number 
of frequency into a bandwidth dependent from the 
time length.  

In order to have good results at numerical 
calculation, each domain must be divided in 
minimum 4000 points [4]. The calculation in 
double or extended precision is advantageous.  
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Figure 4. The reconstitution of the signal on 50 period 


