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ABSTRACT 

The Voigt function is the convolution of a Lorentzian and a Guaussian density. The computation of these functions is re- 
quired in several problems arising in a variety of physicochemical subjects; such as nuclear reactors, atmospheric transmit- 
tance and spectroscopy. In this work we suggest using a new formula for the calculation of the Voigt function. Our for- 
mula is a new integral representation for the Voigt function that gives the perfect results for the Voigt function calculation 
and is easily calculable. We give also a comparison between our results of calculation of Voigt function for the very small 
values of the parameter a, where the calculation is notoriously difficult, with those of the various algorithms of other authors. 
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1. Introduction 
The shape of the spectral lines is a subject of great inter- 
est in physics and chemistry. Indeed, several important 
physical and chemical parameters are directly deducted 
from the spectral lines whose shape is approximated by 
the Gaussian profile or the Lorentzian profile. Therefore, 
the parameters obtained do not correspond exactly to the 
real physical conditions for which the spectral lines have 
the shape of the distribution of Voigt. For this reason, the 
study and the calculation of the Voigt function are very 
interesting in many fields of physics and chemistry. In-
deed, for the signal emitted by a plasma, for example, the 
phenomena that produce the enlargement of the spectral 
lines are Doppler broadening caused by thermal agitation 
of the particles, and the enlargement of pressure, which 
is due to interactions between the transmitters and the 
neighboring particles, the resulting profile of these phy- 
sical phenomena is a Voigt profile. 

The Voigt function results from the convolution prod- 
uct between a Gaussian profile and a profile Lorentzian 
and is expressed by the following formula: 

 
 
 

2

22

exp
,

π

xa
V a u x

a u x








 


  02 ln 2
D

u
 






 represents the relationship between  

the distance from the center of the Lorentzian line and 
the width of the Gaussian line. 
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 determines the importance of Lor- 

entzian in the profile, thus if this parameter tends to- 
wards 0, the Lorentzian is negligible and if it tends to-
wards, the infinite the Lorentzian is dominant. 
 : Frequency. 

L : Lorentz half-width at half maximum in frequency. 

D : Doppler half-width at half maximum in frequency. 

0 : Frequency in the center of the line. 
This function has been studied recently by several 

studies [1-8]. 

2. Calculation of the Voigt Function in the 
Region near the u Axis 

d        (1) 

We give our new formula (That we have demonstrated in 
the article of Amamou et al. [9] (Demonstration given in 
Appendix 1 of this article)) of Voigt function in the fol- 
lowing formula: 
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This analytical formula of the Voigt function gives a 
solution to the mathematical problem which is due at the 
infinite boundaries of the integral which defines the Voigt 
function. This is a new integral representation for the 
Voigt function that gives a perfect formula of Voigt func-
tion easily calculable and it’s different to the formula 
given by Roston and Obaid [10] and gives a solution to 
the problem of exponential growth described by Van 
Synder [11]. 

This formula can be used for calculation of the spec-
tral lines whose profile is a convolution of a Lorentzian 
profile and a Gaussian profile. This type of profile de-
scribes the actual physical conditions of several phys-
icochemical phenomena and its use is very interesting to 
adjust the spectral lines by theoretical models. 

In the Figures 1-3, the determination of the Lorentzian 
profile and the Gaussian profile we have used the fol-
lowing parameters; 0, , ,D L     . These figures shows 
the three profiles; Voigt profile, Gaussian profile and 
Lorentzian profile for different parameters a and u. 

With: 
 : Wavelength. 

L : Lorentz half-width at half maximum in wave-
length. 

D : Doppler half-width at half maximum in wave-
length. 

0 : Wavelength in the center of the line. 
In the Figure 1 the Lorentzian profile, the Gaussian 

profile and the Voigt profile are given for the following 
parameters: 

0244 : 0.1: 248 nm, 246 nm,

0.4 nm, 2.3 nmD L

 
 
 

   
 

thus the parameter . 4.79a 
In the Figure 2 the Lorentzian profile, the Gaussian 

profile and the Voigt profile are given for the following 
parameters: 

0244 : 0.1: 248 nm, 246 nm,

3 nm, 0.003 nmD L

 
 
 

   
 

thus the parameter . 0.00083255a 
In the Figure 3 the Lorentzian profile, the Gaussian 

profile and the Voigt profile are given for the following 
parameters: 

 

Figure 1. Voigt profile: “black” Voigt, “blue” Gauss and 
“red” Lorentz. 

 

 

Figure 2. Voigt profile: “black” Voigt, “blue” Gauss and 
“red” Lorentz. 

 

 

Figure 3. Voigt profile: “black” Voigt, “blue” Gauss and 
“red” Lorentz. 
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0244 : 0.1: 248 nm, 246 nm,

0.3 nm, 0.3 nmD L

 
 
 

   
 

thus the parameter . 0.8326a 
Our formula is also a very interesting method for easy 

calculation of the Voigt function. For the calculation of 
the integrals of Equation (2) the trapezoidal rule method 
and the adaptive Simpson’s method give very good re- 
sults. 

Table A1 (Appendix 2) gives the values of the Voigt 
function calculated with the Formula (2) for the very 
small values of the parameter a where the calculation is 
notoriously difficult [12]. This table gives also the com- 
putation time(s) for the values of each column of the 
table. This calculation time depends obviously on the 
performances of the computer. The computer that we 
have used has a processor Intel pentium 2.3 GHz and a 
memory (RAM) 4 GHz. This table gives the reference 
values of the Voigt function calculated from Equation 
(2). 

Table 1 gives a comparison between our results of 
calculation of Voigt function in the in the region of very 
small values of the parameter a with those of the various 
algorithms of other authors. 

3. Conclusion 

The new representation integral for Voigt function that 
we have demonstrated and used to adjustment “fitting” 
of lines spectral in a precedent article is used in this work 
for calculation of Voigt function. Thus, this function is 
easily calculable. We also made a comparison between 
the results obtained by our formula and those obtained by 
the various algorithms of other authors in the region of  

 
Table 1. Comparison between our results and the results of 
various algorithms of other authors (D is here for 10). 

Calculation of Voigt in the region  
of very small values of the parameter a 

Author u = 5.4 a = 10−10 u = 5.5 a = 10−14

Amstrong et al. [13] 122.260842D  147.307387Da 

Humliek [14] 122.260842D  161.966215Da 

Humliek [15] 122.260845D  147.307387Da 

Hui [16] 82.667847D  99.238980Da 

Lether and Wenston [17] 122.260845D  147.307386Da 

Mclean et al. [18] 54.89872D  54.24886Da  

Poppe and Wiyers [19] 122.260850D  147.307805Da 

Shippony and Read [1] 122.260845D  14

14

7.287724Da 

Zaghloul [8] 122.260844D  7.287724Da 

This Works 122.260844D  147.307387Da 

very small values of the parameter a where the calcula-
tion is notoriously difficult. 
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Appendix 1 

The spectral radiant intensity of Voigt profile is given 
by: 
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is the Gaussian profile whose D  the Doppler half- 
width at half maximum and   is the frequency.  

And 
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is the Lorentzian profile whose L  the Lorentz half- 
width at half maximum and 0  is the frequency in the 
center of the line. 

By an adequate change of variables, the convolution 
Equation (4) can be put in the following form:  
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 ,V a u  is the Voigt function whose parameters are: 
We can also put the expression (4) in the following 

form:  
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The two integrals    1 2,I I   are given by the following relations:  
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which can be also written in the following form:  
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By making the change of variable according to:  
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Thus, the preceding relation could be in the following form:  
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By using a suitable change of variable, the expression (13) can be formulated as follows:  
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Thereafter, we can write the two precedent integrals like: 
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


 
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
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



    

 

 





   (15) 

Thereafter:  

 
                  2 2

30 0

4 ln 2
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
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  

       (16) 

with: 

 
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D
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
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   x       (17) 

By a relatively simple mathematical analysis we can give the following solutions:  

           

           

2 4

2 2

0 0

3

2 2

0 0 0

2 2 π
cos 2 exp d 1 exp d exp

1.2 1.2.3.4 2

2
sin 2 exp d 2 exp d exp exp d  

1.2.3

u

ux ux
ux x x x x u

ux
ux x x ux x x u x x

 

 

 
        

  
 

       
  

 

  





2

2 2

     (18) 

Thus, the Voigt profile can be written in the following form: 
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      (19) 

From this manner and according to the Equation (7) we express the Voigt function in the following way:  
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
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          (20) 
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