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Abstract 
Acetylene is an often studied molecule with a number of vibrational transitions over a larger 

part of the wavelength range covered by modern distributed-feedback (DFB) lasers. The 

strong overtone bands in the 1.50 - 1.55 micrometer range have been well characterized. 

However, there are a large number of weaker overtone transitions outside this band, some of 

which are hot bands, which are not well known.  

In this thesis, spectroscopic parameters of acetylene were collected from the literature, 

primarily the HITRAN 2008 database, complimented by experimental work measured by the 

NICE-OHMS technique in 1.45-1.65 μm spectral region. In total, 2452 molecular transitions 

were collected, of which 407 transitions come from sources other than the HITRAN 2008 

database. The data is collected in a database accessible by a home-made Matlab interface. 

Based on this database, the program can simulate both absorption and dispersion lineshapes in 

selected parts of the targeted wavelength region and the corresponding spectroscopic 

parameters can be retrieved.  

 

Keywords: acetylene, wavenumber, line intensity, vibrational quantum numbers, HITRAN 

2008, NICE-OHMS, MATLAB GUIDE.  
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1. Introduction 

1.1 Acetylene 

Acetylene is a molecule that is often detected in fields such as the meteorology [1-5], 

planetary [1, 2, 6] and astrophysics [1, 2, 4] branches of science in the infrared region because 

acetylene is a member of the hydrocarbons, which is an important indication of lives on the 

earth. Acetylene investigations have been applied to the surfaces of our globe (atmosphere, 

troposphere, etc.) as well as in the other planets. It is also used in industrial applications [1, 5] 

and optical communication [2, 6] systems. 

In planetary science, acetylene is used to determine whether there are living organisms on 

planets. In ref [7] acetylene was detected to find out the chemical interactions in the 

stratosphere layer of Jupiter. In reference [8], acetylene was searched in Saturn‟s moon Titan  

to investigate whether there can be some life in these planets. 

In astrophysics science, the protostars and the interstellar clouds are investigated. In reference 

[9], the protostars and extincted background stars were determined in the frozen dust grains 

by using infrared spectroscopy and the composition of the interstellar ices were specified due 

to gas density and dust temperature. 

In meteorology science, acetylene is used to assess the amount of air pollution in infrared 

region [10]. 

Acetylene is also commonly used in other areas, e.g. together with oxygen for welding and 

cutting of metals, for generation of organic raw materials and plastics using various 

reactions, flame atomic absorption spectrometry for spectroscopy [11] and in road signs and 

lighthouse that cannot be illuminated by using electric energy [12]. 

1.2 Absorption Spectrometry 

Absorption lines are typical for any molecules for both their frequency and relative intensities 

because it depends on the electronic and molecular structure of the atom or molecule. There 

are a few kinds of absorption lines that occur due to excitation of the quantum mechanical 

structure of molecules: rotational, vibrational and electronic lines. Rotational lines are in the 

microwave spectral region, vibrational lines are in the infrared region and electronic lines can 

be found in the visible and ultraviolet region. Absorption spectrum is studied in many 
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application areas such as analytical chemistry, remote sensing, astronomy, and atomic and 

molecular physics.  

In the atomic and molecular physics, absorption spectrum is used in order to specify the 

properties of electronic structure, atomic or molecular mass and molecular geometry of a 

molecule [13].  

Acetylene is a molecule that is often studied by spectroscopic means since it has strong 

absorption lines that are regular and well-separated vibration-rotation lines over the near 

infrared spectrum [14]. In this thesis, the absorption spectrum of acetylene was used to 

characterize the acetylene (C2H2) molecule.  

1.3 NICE-OHMS 

Noise-immune cavity-enhanced optical heterodyne molecular spectrometry (NICE-OHMS) is 

an ultrasensitive method to determine the concentration or the amount of the species 

absorption technique. NICE-OHMS relies on a combination of cavity enhanced spectroscopy 

which is used to increase the interaction length, and frequency modulation spectroscopy for 

reduction of noise (primarily that of 1/f type). This combination gives ultra high sensitivity 

and 10
-14

 cm
-1

 in 1s has been demonstrated [15]. The technique can provide both Doppler-

broadened and sub-Doppler signals. 

Sub-Doppler NICE-OHMS signals give high selectivity and reasonable signal sizes if they are 

compared with the on-resonance Doppler-broadened absorption signal, however sub-Doppler 

signals take place under optically saturating condition that occurs at the sub-torr pressures, 

effecting and limiting the detectability of sample concentration in the atmospheric pressure 

[16]. The typical structure in the center sub-Doppler NICE-OHMS signal facilitates the 

identification of the molecular transitions. Meanwhile, a comparison of the sizes of sub-

Doppler signals in dispersion phase provides information about the relative linestrength of the 

transitions investigated.  

1.4 Graphical User Interface 

Graphical User Interface (GUI), which uses windows, icons and menus can be manipulated by 

a mouse, has the major advantage to make the interaction between users and computers more 

robust. In addition, the GUIs provide users with immediate response and intuitive 

communications. For example, when confronting large number of data, GUI is a competent 

tool for the users, since GUI simplifies tedious and cumbersome manipulation with data by 
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introducing a loop in the program design, while the interface intuitively facilitates the users to 

collect the data of interest.  

1.5 Outline of the thesis 

In this thesis, chapter 2 presents the theoretical information about the acetylene and the 

spectroscopic parameters and techniques to characterize the acetylene molecule in the near 

infrared region. In chapter 3, the experimental setup and the devices that are used in the 

experiment are presented and in chapter 4, the results and discussion of the experiment are 

given. Other sources to complement the database are presented in chapter 5.  Chapter 6 

contains the designing and creating process of the MATLAB GUI program. In chapter 7, the 

instructions for GUI are explained and chapter 8 serves as a summary and conclusion part of 

this thesis. 



- 7 - 

 

2. THEORY 

2.1 The notations for acetylene molecule in HITRAN  

In a microscopic description, atoms in acetylene molecules (C2H2) can vibrate as if they were 

connected to each other by springs. Atoms thus behave as harmonic oscillators. Each 

vibrational mode has a specific eigenfrequency as is shown in Fig 2.1. The acetylene 

molecule has five discrete eigenfrequencies,
1 2 3 4,  ,  ,      and

5 that are approximately 

related to each other as  1 3 4 55 5       and 2 4 53 3    . 
 

In quantum mechanics, a molecule can only exist in certain states. Each state is characterized 

by a combination of five vibrational quantum number. A typical notation for a vibrational 

level is 1 2 3 4 55 3 5         where 1 2 3 4,  ,  ,       and 5 represent the normal modes of 

vibration of the molecule. 1 and 3 present the symmetric and anti-symmetric stretching 

modes, 2  
is described as the C-C stretching, 4  and 5  

quantum numbers are served as 

trans- and cis- bending modes, in order [1]. 

H C C H

ν1 (σg
+)

ν2 (σg
+)

ν3 (σu
+)

ν4 ( g)

ν5 ( u)

 

Figure 2.1. The normal vibration modes of acetylene (
12

C2H2) [3]. 

In the HITRAN database, the vibrational levels are characterized by the notation:  

1 2 3 4 5 ,l r       
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where l  is given by 
4 5 ,l l where tl  

is the vibrational quantum number for the degenerate 

bending mode t ,   is the operator for symmetrical types of  Σ vibrational states ( 0l  ) and r  

is a roman numeral that gives the ranking of the energy level and it contains the states that 

have the same vibrational symmetry. For the highest energy level r is labeled due to energy 

values and it equals to I ( r I ) for the highest energy level. If the two last notations are not 

used, the band is labeled with underscores („_‟). 

Vibrational bands are listed in HITRAN using the following nomenclature: if the two 

quantum numbers 4  
and 5  

are not equal to zero, the quantum numbers are labeled with the 

vibrational bands listed in HITRAN using the following nomenclature: For example, the 

upper level of the 0 1

4 5 5(2 2 ) II   
 
transition is labeled 0000(22) II . In table 2.1, some 

examples from the HITRAN 2004 database are presented. The 
' and 

''  parameters  

represent the upper and lower vibrational states, respectively [1].  

Table 2.1. Presentation of some acetylene bands in HITRAN 2004. 

Band                              
'               

''  

12
C2H2 

0 1

4 5 4( )     000110 _  000101_  

0 1

5 52   000020 _  000011_  

2 1

4 5 5(2 2 ) II     000222 _  2000011_   

12
C

13
CH2 

1

5  000011_  000000 _  

2.2 Absorption Spectrometry 

2.2.1 Lambert-Beer Law 

Absorption of narrowband light is based on Lambert-Beer law. As is shown in figure 2.2, the 

intensity or the power of light decreases in an exponential way when it passes a medium that 

contains an absorbing sample. Lambert-Beer law can be written as, 
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 ( )

0( )I I e       (2.1) 

where ( )   is the absorption coefficient of the sample which can be expressed as  

 ( ) ( )abs

relSc pL       (2.2) 

where S is the transition line strength (cm
-2

/atm), crel is the relative concentration of the 

sample, p is the pressure (atm), L  the interaction length and ( )abs  is area normalized line 

shape function.  is the frequency given in units of cm
-1

, related to the ordinary frequency in 

units of Hz by c given in cm/s.   is the detuning frequency of the light from the centre 

frequency of the absorber, i.e.   is given by 0     , where  is the optical frequency 

and 0  is given as center frequency of the transition, all given in units of cm
-1

. 

 

Figure 2.2. A schema of the Lambert-Beer law. 

 Direct absorption spectrometry (DAS) is the most basic method to determine the absorption 

of a sample. The absorption of a sample can be assessed by using Eq (2.1),  

 0( ) ln
( )

I

I
 


 


 (2.3) 

In DAS, the integrated absorption term is widespreadly used and it is expressed as 

 0

0 0 0

ln ( ) ( )
( )

abs

rel rel

I
d d Sc pL d Sc pL

I
      



  

    
    (2.4) 

where we in the last step have used the fact that the lineshape function is area-normalized. 

The expression for the absorption can also be written as a product of a peak normalized 

lineshape function, abs , and an on-resonance absorption, 0 , as 
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0( ) ( )

abs

        (2.5) 

where 
abs

  is related to the area-normalized lineshape function by, 

 0( ) ( )
abs

abs        (2.6) 

where 
0  is the  peak value of the area-normalized lineshape function given in cm. Using 

these expressions the on-resonance absorption can be written as [17],  

 0

0 relSc pL 
 (2.7)

 

2.2.2 Types of lineshape functions and the spectroscopic parameters 

There are three types of lineshape functions that are described in this thesis: Gaussian, 

Lorentzian and Voigt. The Gaussian lineshape function is used to describe the Doppler 

broadening, the Lorentzian profile is for collision or natural broadening and the Voigt profile 

is the convolution of the other two broadening functions. In some conditions, one lineshape 

function is more dominant than the other, so in this situation the dominating lineshape 

function is used to describe the profile of the molecule transitions. Some conditions are 

expressed in table 2.2. In this table 0 and D  are given as the collision broadening width 

and the Doppler broadening width of the molecular transition, whereas L and G are the 

Lorentzian and Gaussian line profiles, respectively. Table 2.2 shows that in the high 

pressures, collision broadening is dominating whereas for low pressures the Doppler 

broadening is dominating.  

Table 2.2. Presentation of the dominating type of broadening under various conditions. 

Condition Broadening type 

0 D   Doppler broadening ( G ) 

(Low pressures) 

0 D    Voigt profile 

 

0 D   Collision broadening ( L ) 

(High pressures) 
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The wavenumber, which is often used for IR transitions, is inversely proportional to the 

wavelength and it is given by, 

 
1

c





   (2.8)  

Molecular transitions are given in units of wavenumbers (cm
-1

) both in the HITRAN 2008 

database and in this thesis. In this thesis, the spectral range of interest for the acetylene 

molecule was 1.45 1.65 m , which corresponds to wavenumbers in the 6277 – 6865 cm
-1

 

range.  

The molecular transition line strengths in the HITRAN 2008 database ( Ŝ ) are given in units 

of cm
-1

/(molecule·cm
-2

). These line strengths can be related to the gas transition line strengths, 

S (cm
-2

/atm), using the equation, 

 0 0

atm K

n T
S S

p T



  (2.9) 

where n0 is the Loschmidt number that gives the molecular number density of an ideal gas at 

standard temperature (T0=273.15 K) and pressure (1 atm), which is 192.686 10  

molecules/cm
3
 [17].  

Figure 2.3 presents the influence of line intensity on the absorption coefficient in pure 

acetylene. In this figure, the pressure is 20 Torr, the pressure broadening coefficient (Bp) is 2 

MHz/Torr, the Doppler width is 100 MHz and the Ŝ  values are 
241 10  and 

245 10  cm
-

1
/(molecule·cm

-2
), respectively. The cavity length L is 40 cm. The figure shows that a higher 

line intensity gives a larger peak value. 

Another parameter that affects the lineprofile is the pressure broadening. The pressure 

broadening is given by both the pressure coefficient and the pressure where the formula is 

given in units of [Hz/atm] or [MHz/Torr], defined as  

 LBp
p


  (2.10) 

Figure 2.4 shows the dependence of different pressure broadening coefficients on a Voigt 

absorption lineshape function. In this figure, the pressure of pure acetylene is 50 Torr, 

whereas the pressure broadening coefficients are 1 and 5 MHz/Torr. The Doppler width is 100 
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MHz, and the cavity length L is 40 cm. The figure shows that, when the pressure broadening 

coefficient increases the lineshape will not only be broadened, it will also experience a 

decreased peak value. 
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Figure 2.3. Effects of the different line strengths on the absorption coefficient. 
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Figure 2.4. Presentation of the effect of the pressure broadening coefficients.  

The ( )abs   and ( )disp   lineshape functions can be simplified by introducing two 

dimensionless parameters, x and y , which are expressed as,  



- 13 - 

 

 
ln 2

D

x





 (2.11) 

 ln 2 L

D

y





 (2.12) 

where x is the Doppler-width-normalized detuning and y is Doppler-width-normalized 

saturated homogeneous linewidth. 

Using these formulas, the ( , )abs x y  and the ( , )disp x y  Voigt lineshape functions can be 

written as 

 
0( , ) Re[ ( )]abs x y W x iy    (2.13) 

and 

 
0( , ) Im[ ( )]disp x y W x iy     (2.14) 

In the equations (2.13)  and (2.14), ( )W z is the error function of the complex expression and it 

is given by 

 
2 2

0

2
( ) (1 )

z

z si
W z e e ds



    (2.15) 

Equation (2.13) shows the absorption whereas equation (2.14) presents the dispersion 

lineshape functions of the Voigt profile. In figure 2.5, the Gaussian, the Lorentzian and the 

Voigt absorption line shape functions are given under unsaturated conditions or a Doppler 

width and a Lorentzian width both being 100 MHz. The solid curves present the Voigt profile, 

whereas the dashed line curves and dot line curves illustrate the Lorentzian and Gaussian 

lineshape functions, respectively.  

In figure 2.6, the dispersion lineshape functions of Gaussian, Lorentzian and Voigt are 

presented with the same method and same values as in figure 2.5. 
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Figure 2.5. Absorption lineshape functions of Voigt, Gaussian and Lorentzian.  
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Figure 2.6. Dispersion lineshape functions of Voigt, Lorentzian and Gaussian. 

2.3 Sub-Doppler NICE-OHMS signals 

The sub-Doppler NICE-OHMS signals can be expressed in terms of the sub-Doppler optical 

phase shift, 00( , )G  , 

 
0

0 0 1 1 1 00 0

4
( , ) ( ) ( ) ( , )DF

fms t

F
S G P J J G     


     (2.16) 



- 15 - 

 

where ( )jJ   is the Bessel function,   is the modulation index, 0

tP is the power transmitted 

through a cavity on resonance, F is the finesse of the cavity, fms  is an instrumental factor, 

  is the laser frequency detuning from the transition resonance and 0G  is the degree of 

saturation induced by the carrier of an FM triplet. Since a sub-Doppler signal has a Lorentzian 

form, this formula can be applied to a Lorentzian dispersion function exposed to high degrees 

of saturation. The formula for the peak-peak value of sub-Doppler optical phase shift for a 

Gaussian shaped laser beam can be written as,  

 

2

2

4( / )

0 0
00 0 2 2( / )

0 0

8
( )

2 1 2

r
pp

r

G e
G rdr

G e










 


 


  (2.17) 

where   is the Gaussian beam spot size. For large values of 0G  this expression takes a 

constant value. Using Eqs (2.16) and (2.17), the center part of the sub-Doppler NICE-OHMS 

signal can be presented as [17].
 

 

0

0 0 1 1 1 0 0

0 0

( , ) ( ) ( ) ( ) ( , )

( ) ( , )

DF disp

fms t rel L L

DB disp

L L

F
S G P J J Sc pL G

S G

      


 

    

      (2.18)
 

Figure 2.7 gives an example of a NICE-OHMS dispersion signal displayed over its entire 

width (a) and focused solely to the central sub-Doppler feature (b). 

 

 

Figure 2.7. Sub-Doppler NICE-OHMS signal at dispersion phase (a) the whole signal; (b) the 

center part zoomed in. 

(a) (b) 



- 16 - 

 

3. Experimental Part 
The experimental setup used in this work is illustrated in figures 3.1-3.3, which is almost 

identical to the setup in Ref [16] except for the intensity modulator (IM). An intensity 

modulator was used to replace the Acoustic-Optic-Modulator (AOM), which previously was 

used to regulate the intensity of the light during one scan.  

 

Figure 3.1. The schematic of the experimental setup. 

A distributed-feedback (DFB) laser source (NEL, NLK1C6DAAA) with a free running 

linewidth of 70 kHz was employed in this application (shown in figure 3.4). The DFB laser 

was temperature controlled and the wavelength can be temperature tuned from 1551 nm to 

1553 nm. For a fast modulation of the laser frequency, a homemade low noise current driver 

(Metrinova AB) was used with the laser frequency tunability of 20 GHz (shown in figure 3.5).  
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Figure 3.2. A picture of the DFB-laser based NICE-OHMS setup. 

 

Figure 3.3. The optical part in the setup.  

 

 

Figure 3.4. (a) DFB laser and (b) temperature controller of the DFB laser. 
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Pure acetylene (100%) was used in this experiment and filled to the cavity whose finesse is 

460. In the experiment performed here, the pressure of acetylene in the cavity was fixed to 

100 mTorr.  

The sub-Doppler NICE-OHMS signal at dispersion phase was used in order to determine the 

center frequency of the molecular transitions, since it has a typical structure in the center, as is 

shown in figure 2.15. As the center part of the signal was zoomed in, the wavenumber of the 

laser frequency was monitored by a wavemeter (Bureigh, WA-1500), whose reading 

represents the center position of the molecular transition (figure 3.5).  

The signal was collected by a data acquisition card and then was shown by a Labview 

program. The sub-Doppler NICE-OHMS signals were averaged 10 times, and then the peak-

to-peak values were recorded for calibration of line intensities.   

  

 

Figure 3.5. The wavemeter used to assess the wavelength of the light. 
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4. Experimental Results and Discussion 

The NICE-OHMS theory shows that the signal size is proportional to the line strength of the 

transitions when the concentration (pure acetylene in this case), pressure (100 mTorr) and the 

light intensity are constant. In order to calibrate the absolute values of line intensities in this 

work, the P4e transition in the HITRAN 2008 database (at 6439.5910 cm
-1

) was considered to 

be the reference line, with a line intensity of 3.827*10
-24

 cm
-1

/(molecule*cm
-2

). Using the 

experimental setup described above, the NICE-OHMS signal of the P4e transition had a signal 

size (peak to peak value) of 1.5 Volt, which then was compared to experimental data from 

other transitions, thus obtaining the relative ratios to the line intensities of other transitions.  

Experimental data of the transitions were obtained in the spectral range between 1551 to 1553 

nm by using the NICE-OHMS technique. In this work, 52 transitions were found and their 

parameters are listed in table 4.1. 

Table 4.1. List of the experimental data. 

Wavenumber 

(cm
-1

) 

Peak-peak value 

(V) 

Line intensity 

cm
-1

/(molecule*cm
-2

) 

6439.375 

6439.118 

6439.064 

6439.005 

6438.768 

6438.717 

6438.595 

6438.371 

6437.912 

6437.736 

6439.587 

6439.822 

6440.048 

6440.267 

6440.322 

6441.268 

6441.319 

2.63 

2.81 

0.46 

0.91 

0.16 

0.28 

0.69 

0.29 

0.19 

0.12 

1.18 

0.23 

1.44 

1.27 

0.47 

0.26 

1.07 

6.7∙10
-24 

7.2∙10
-24 

1.2∙10
-24

 

2.3∙10
-24 

4.2∙10
-25

 

7.2∙10
-25

 

1.2∙10
-24

 

7.4∙10
-25 

4.8∙10
-25

 

2.9∙10
-25 

3.0∙10
-24

 

5.7∙10
-25 

3.7∙10
-24

 

3.3∙10
-24

 

1.2∙10
-24

 

6.7∙10
-25

 

2.7∙10
-24
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6441.441 

6441.524 

6441.675 

6441.989 

6442.140 

6442.256 

6442.455 

6442.719 

6442.776 

6443.181 

6443.316 

6443.452 

6443.522 

6443.693 

6444.053 

6443.313 

6443.381 

6444.450 

6444.926 

6445.254 

6445.373 

6445.485 

6445.650 

6445.708 

6445.830 

6446.045 

6446.068 

6446.208 

6446.291 

6446.382 

6446.623 

6446.751 

6446.852 

6447.295 

6447.360 

0.51 

0.28 

0.20 

4.15 

3.49 

1.25 

1.87 

1.41 

2.44 

0.68 

0.58 

1.01 

0.26 

0.33 

0.18 

0.24 

0.98 

1.34 

0.31 

1.39 

5.05 

2.13 

0.34 

0.70 

0.95 

4.17 

1.99 

0.32 

0.63 

0.34 

0.25 

0.29 

1.57 

0.18 

0.93 

1.3∙10
-24

 

7.3∙10
-25

 

5.2∙10
-25

 

1.1∙10
-23

 

8.9∙10
-24

 

3.2∙10
-24

 

4.7∙10
-24

 

3.6∙10
-24

 

6.2∙10
-24 

1.7∙10
-24 

1.5∙10
-24 

2.6∙10
-24

 

6.7∙10
-25

 

8.4∙10
-25

 

4.6∙10
-25

 

6.1∙10
-25

 

2.5∙10
-24

 

3.4∙10
-24

 

7.8∙10
-25

 

3.5∙10
-24

 

1.3∙10
-23
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The parameters (e.g. wavenumbers and line intensities) retrieved from the experiment are 

compared with HITRAN 2008 database. Since the determination of the wavenumbers was 

affected by systematic errors, e.g. etalon effects and spectral interferences from neighboring 

lines, the uncertainty of the wavenumbers is evaluated to be 200MHz. Therefore, if one 

transtion was determined to have a wavenumber within 200MHz of a wavenumber in the 

HITRAN 2008 database, these two transitions are assumed to be the same line. After that, the 

line intensities from both experiment and HITRAN data are correspondingly compared, and 

the summary is shown in table 4.2.  

Table 4.2 Summary of the comparison of line intensities between those from experimental 

data and HITRAN 2008 database 

 10% 10% - 20% 20% - 30% >30% 

Number of transitions 
with line intensity 

difference within 

specified range 

5 8 2 3 

In respect of wavenumbers, 18 transitions from the experiment were found to be the same 

ones listed in HITRAN 2008 database. In addition, most line intensities of these transitions 

agree in a certain extent when compared with HITRAN 2008 database. All these above 

demonstrate the availability of this experimental setup in the investigation of spectroscopic 

parameters (e.g. wavenumbers and line intensities) of acetylene molecular transitions in the 

present spectral region.  

Soem the discrepancies and a number of unidentified transitions were found in this work. In 

table 4.2, three transitions are found to have line intensities that are more than 30% stronger 

than the tabulated values in the HITRAN 2008 database. Additionally, 34 unidentified 

transitions are found by the use of the NICE-OHMS setup, and corresponding parameters are 

listed in table 4.1.  



- 22 - 

 

5. Other sources to complement the Database 

In this work, to characterize the absorption spectrum of acetylene in the 1.45-1.65 μm spectral 

range, the wavenumber, the line strength and the vibrational quantum numbers of the 

transitions were used. A great effort was made to create a more comprehensive database 

covering as many transitions as possible of the acetylene molecule in this spectral range. 

Together with the HITRAN 2008 database, three more articles and the experimental data were 

added. All of these parameters and their sources are classified in the table 5.1.  

Table 5.1. Classification of parameters and their sources.  

Parameters References New Data 

Wavenumbers [2, 16, 18, 19] Experimental 

Work 

Line strengths [2, 16, 18, 19] Experimental 

Work 

Pressure broadening coefficient 

Air-broadened halfwidth  

Self-broadened halfwidth 

Vibrational quantum numbers of 

upper and lower states, etc. 

[18]  

Reference [2] was published in 2007, but was not added to HITRAN 2008 database article. In 

this article, 13 bands were specified using Fourier transform spectra and 546 transitions of the 

acetylene molecule were measured around the 1.5 μm spectral region. This paper presents 

both the observed (Sobs) and calculated (Scalc) line intensities, as well as transition dipole 

moments squared, vibrational transition dipole moments squared and Herman-Wallis 

coefficients for 13 bands.  

Ref [16] that is added to the database was published in 2010. In this article, the NICE-OHMS 

technique was utilized to characterize the spectroscopic parameters. NICE-OHMS absorption 

and dispersion signals were obtained in four different transitions as well as for different 

pressures. The signals were fitted to their center frequencies, and line positions were 

measured by the wavemeter. The signal size values were calibrated using the reference line 

whose position is 6448.343 cm-1 with a given molecular line strength at 1.51∙10
-23

 cm
-
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1
/(molecule∙cm

-2
). Four line positions, line strengths and pressure broadening coefficients 

were found and added to the database. 

In Ref [19] the acetylene molecule was specified around 1.5 μm range using Fourier 

transform spectra and the absorption coefficients of the lines were calculated by the Voigt 

profile. This article explains that the spectrum of acetylene in 1.5 μm spectral range has a 

number of parallel bands with ΔP = 10 where P is the pseudo- vibrational quantum number, P 

= 5ν1+3ν2+5ν3+ν4+ν5. Vibrational levels of the transitions were labeled due to the HITRAN 

2004 [1] version. In the ΔP = 10 series, seven hot bands were studied, 111 new transitions and 

line intensities (Sobs) were found. Line intensity values were calculated by using Herman-

Wallis coefficients and were listed in the article as Scalc. Transition dipole moments squared 

were calculated to obtain the squared of the vibrational dipole moments. Position 

(wavenumber) and the line intensity values (Sobs and Scalc) were added to the database from 

this article. 

 



- 24 - 

 

6. MATLAB GUI PROGRAMME 

Computers can store and act on data, sometimes on huge amounts of data, larger amounts than 

what humans can access, and sometimes faster than what humans can do. Therefore 

computers, with appropriate programs, can be very helpful. However, to access the data, often 

an interface is needed. Interfaces can be classified as: hardware, software and computing 

interfaces. A computing interface provides thereby a communication between the user and the 

computer by the use of a monitor, a keyboard, a mouse or other communication methods that 

require a computer. 

The Graphical User Interface (GUI) program is a software application and it provides the 

users with means of invoking various programs (or parts of program) by the use of visualizion 

symbols such as icons, buttons, etc. A GUI provides slider controls, pull-down menus and 

check boxes to design the interface in an intended form for programmers. A GUI program is 

suitable in some situations, for example, if the programmer wants to share the information 

between group members and students, or the programmer wants to show a demonstration in 

order to prove his/her ideas to the others, and the programmer has to use a function several 

times so he/she wants to use it in an easy way. 

In this work, a GUI program was created to handle the data that is necessary to characterize 

the absorption of light by C2H2 molecules. The GUI serves the purpose of specifying  

different parameters. The program gives a possibility to select different wavelength range and 

also shows the Voigt line shape functions that correspond to given spectroscopic parameters. 

The parameters for the transitions displayed can be retrieved by the use of the program as 

well.  

6.1 Design of Matlab GUI 

A Matlab GUI can be created by using tools in the Layout Editor of Matlab. Functions of 

objects in a GUI are implemented in the M-file by associating a given object to a specific 

Matlab. The design process and the creation steps of GUI are presented below. 
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6.1.1 Construction of the Fig-file 

6.1.1.1 Layout Editor 

The layout editor page can be accessed by typing „guide‟ in Matlab command window, after 

which„Guide Quick Start‟ will be activated. Then choosing „Blank GUI (Default)‟ leads to the 

layout area.  

The layout editor, which is presented in figure 6.1, provides a set of components, called 

uicontrol elements (e.g. push button, radio button, static text, panel, axes, etc.), to design an 

interface according to the programmer‟s interest. In this Editor, various program tools can be 

used and arranged. Also the size of the GUI can be adjusted by dragging and dropping the 

mouse at the edge of the layout editor. 

 

Figure 6.1. UI control element (push button) in the layout editor. 

6.1.1.2 UI control elements 

Each UI control element is a graphical component, providing the user with a friendly 

communication environment. The working mechanism is as follows: once the UI control 

element is activated (e.g. by a mouse click), the corresponding GUI-based program will be 

invoked, so that the users can focus on using the application rather than the complicated codes 

behind.  

UI control elements exist in the component plate in the layout editor. Check boxes, editable 

text fields, frames, list boxes, pop-up menu, push button, radio button, toggle button, slider, 

static text label, toggle button, etc. are served as the UI control elements. Some of these 



- 26 - 

 

elements are used in the GUI program that is programmed for this Matlab GUI work and 

these elements are explained in below. 

 Push buttons ( ) : This button generates a reaction to apply the process 

in the system (as click OK or Cancel button). In this work, push buttons are used for 

spectral range, temperature, pressure, absorption and dispersion part of Voigt profile, 

concentration, cavity length, and to show bands and to export.  

 Axes ( ): This element is used to show the graphics in Matlab GUI 

programme.  

 Panels ( ): This element provides a frame within the buttons which are to be 

kept. The size of the panel can be adjusted by dragging the corner of the panel.  

 List boxes ( ): This element is usually used to select a list of multiple 

choices for users. In this work, the list box is used to display the band number due to 

the interest of spectral range.  

6.1.1.2.1 Property Inspector 

The Property inspector shown in figure 6.2 is used to determine the properties of the 

components that are added to the layout editor. For example, it provides possibilities to 

change the background colour in the Background Color part, the colors of the component 

names in the ForegroundColor part, the type of component name such as bold or light in the 

FontWeight, the size of the component in the FontSize. In this GUI, the names of the push 

buttons are determined as bold in FontWeight and the colours of push buttons are chosen in 

ForegroundColor.  

String and tag parts in the property inspector were used to name the various push buttons. 

„Spectral Range‟, „Cavity Length‟, „Concentration‟, „Temperature‟, „Pressure‟, „Absorption‟, 

„Dispersion‟, „Show Bands‟ and „Export‟  are designed to nine different push buttons. As an 
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example, „Spectral Range‟ is used as a name for a push button in String and Tag lines. The tag 

command was used to give a name of the push buttons in the M-file. When the callback 

comut is opened under the View menu, also the tag line appears on the Property Inspector. A 

name for the push button is given on the Tag line and it generates a name of the callback. 

 

Figure 6.2. Property inspector. 

The Property inspector can be called by three methods: 

 By double-clicking the component in the layout editor. 

 By double selecting the „Property Inspector‟ in the pull-down menu of „View‟.  

 By right-clicking on the component to get access to „Property Inspector‟.  

6.1.1.2.2 View Callback function 

The callback function behaves like a bridge associating a specific component with its codes 

behind. In other words, the callback functions provide the users with a control of how the GUI 

responds to events such as button clicks, slider movement, or the creation and deletion of 

components. The codes for the callback routines exist in a GUI M-file. In this work, View 

Callback is selected in the View menu and some codes were added to design a dialog box for 

the users so that they can specify the input values for their interest. 

Callback properties of the components can be accessed by clicking on the „view callback‟ 

item. Figure 6.3 (a) and (b) presents both the callback functions of the push button and axes, 

respectively. In figure 6.3 (b), the view callback menu is illustrated for the axes. 
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(a)                                                                    (b) 

Figure 6.3. (a) and (b) the callback properties of the push button and axes components, 

respectively. 

6.1.1.3 Alignment of the Objects 

By selecting the components that are in the layout editor (Alignment Tools, Grid and Rules, 

Guide Lines, Bring to Front, Send to Back, Bring Forward, Send Backward) the user gets an 

opportunity to align the objects in more precisely way:. 

In this GUI design, the Alignment Tools section, which can be found by selecting the Align 

Objects on the Tool menu, is used.  

The Alignment Tool enables two alignment factors to the users: 

 Align: It is used to align all of the selected components in a single reference line. 

 Distribute: It enables to space all of the selected components in a uniform way. 

In most of GUI applications, it is better to use two different types of alignment factors in 

horizontal or vertical. In this GUI design, the same principle was applied. „Distribute section‟ 

is used for the vertical direction, and distances between the components are chosen to be 20 

pixels. For the horizontal direction, „align section‟ is chosen and all of the components are 

aligned uniformly. The process for alignment objects are illustrated in figure 6.4. The layout 

of the finally designed interface is shown in figure 6.5.  



- 29 - 

 

 

Figure 6.4. Align objects menu editor. 

 

Figure 6.5. Final form of GUI. 

6.1.1.4 Saving the GUI 

Matlab GUI contains two files: .FIG- and M-files. After the GUI design is finished in the 

Layout Editor, the FIG-file is as an extension of a file that is created with the Layout Editor. It 

is used to design the Matlab GUI program of users, again. This file can be saved by using the 

„Save As’ in the „File’ pull-down menu whereby it will be saved with an extension „.fig‟. Since 

this file contains the figures and all of their children, it enables the programmers to redesign 

their programme. 

6.1.2 M- File 

M-files include the Matlab codes corresponding to each specific graphical element in the 

interface. In this file, the users can realize the specific functions and make complicated data 



- 30 - 

 

analysis up to the users‟ interests. The code runs when a particular event for that component is 

activated.  

6.1.2.1 Control of UI elements in M-files 

By invoking the „callback‟ item, the Matlab codes for an ui-element will be shown as follows: 

function varargout = wavebutton_Callback (h, eventdata, handles, varargin) 

h, eventdata, handles and varargin are called „callback arguments‟, whose meanings are 

explained in table 6.1.  

Table 6.1. Explanation of the callback arguments. 

h determines the handle of the object in the executing state. 

eventdata empty but it is used to keep the datas when the program is 

started. 

handles A structure that consists all of the handles that are called in 

Tag property. 

varargin consists the list of the variable-length objects in the 

Callback comut. 

 

The programmer can add some sub-functions for the ui components in M-file thus GUI gives 

more specifications to the users. 

6.1.2.2 Managing data with GUI 

Classification and analysis of the data can be introduced by adding some sub-functions to the 

callback functions of the ui components. In this work, dialog box codes for „Spectral Range‟, 

„Temperature‟, and „Pressure‟ buttons are presented below and added to M-file to create a 

dialog box. The dialog box codes for „Spectral Range‟ button are presented in table 6.2.  
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Table 6.2. Codes for the dialog box that executes the process for the Spectral Range button. 

prompt = {'Set Min Wavenumber (um):','Set Max Wavenumber (um):'}; 

dlg_title = 'Input for peaks function'; 

num_lines = 1; 

def = {'6298.7','6299'}; 

answer1 = inputdlg(prompt,dlg_title,num_lines,def); 

The ‘prompt ’ section determines the title of the every section in the dialog box and this dialog 

box contains two sections for the users to put the values of the minimum and maximum 

wavenumbers, whereas codes for cavity length, concentration, temperature and pressure 

buttons are presented in tables 6.3-6.6 respectively, only one section is used for the dialog 

box. 

Table 6.3. The dialog box codes for the cavity length button. 

prompt = {'Set Cavity Length (cm):'}; 

dlg_title = 'Input for peaks function'; 

num_lines = 1; 

def = {'40'}; 

answer5 = inputdlg(prompt,dlg_title,num_lines,def); 

 

Table 6.4. Codes for dialog box for the concentration button. 

prompt = {'Set Concentration value (%):'}; 

dlg_title = 'Input for peaks function'; 

num_lines = 1; 

def = {'1'}; 

answer4 = inputdlg(prompt,dlg_title,num_lines,def); 

 

Table 6.5. The dialog box codes for the temperature button. 

prompt = {'Set Temperature value (K):'}; 

dlg_title = 'Input for peaks function'; 

num_lines = 1; 

def = {'296'}; 

answer2 = inputdlg(prompt,dlg_title,num_lines,def); 

The ‘dlg_title’ determines the title of the dialog box and ‘num_lines = 1’ is used to execute the 

process in a right way. ‘def’ is used to specify the numbers that are given in the sections of the 

dialog box. ‘answer’ takes the data which are specified by the users and it conveys the 

information to the other codes. The same processes are applied for the pressure button. In 

table 6.6, the dialog box codes are given for the pressure button. 
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Table 6.6. Codes for dialog box for the pressure button. 

prompt = {'Set Initial Pressure value (Torr):'};                                  

dlg_title = 'Input for peaks function';                                                 

num_lines = 1; 

def = {'1'}; 

answer3 = inputdlg(prompt,dlg_title,num_lines,def); 

In the „Spectral Range‟ button, the codes are used to read the data from a file to Matlab. All of 

the collected wavenumbers and the line intensities from the articles [2, 16, 19] also the 

wavenumbers, line intensities and vibrational quantum numbers that are collected from 

HITRAN database and the wavenumber and line intensities that were found at experimental 

work was imported to the Matlab GUI. In table 6.7 the codes to import the data from the files 

to MATLAB GUI program are presented. 

Table 6.7. Codes for importing to the reference and HITRAN database files into Matlab. 

 

fid = fopen('\MatlabGUI\acetylene_coma.txt'); % This line used to import HITRAN 

database file. 

filename2 = ['\MatlabGUI\referance file.xls']; % filename2 shows the referance 

file. 

  

C = textscan(fid, '%f%f%*c%*c%*c%f%f%f%f%f%f%f%f%s%s%*s%*c%s%f%s%s%[^\n]', ... 

     'delimiter',','); 

fclose = (fid); 

num2 = xlsread(filename2); 

  

x = num2(:,1); % x presents the wavenumber values in the reference file [1/cm]; 

y = num2(:,2); % y presents the line intensity values in the reference file [(cm-

1/(molecule*cm-2))]; 

  

Bp = []; % Bp is the pressure broadening coefficient value in the reference file. 

Bp = zeros(length(num2(:,3)),1); 

  

Ref = num2(:,4); % Ref presents the referances in that database. 

  

Ref_Hitran = []; % Ref_Hitran shows the references for HITRAN. 

Ref_Hitran = zeros(length(C{1,3}),1); 

  

xall = [x; C{1,3}]; % xall gives all of the wavenumber values in HITRAN and 

reference file. 

yall = [y; C{1,4}]; % yall shows all of the line intensity values in HITRAN and 

reference file. 

Bpall = [Bp; C{1,7}]; % Bpall shows all of the pressure broadening coefficient 

values in HITRAN and reference file. 

  

Reftotal = [Ref; Ref_Hitran]; % Reftotal contains all of the reference numbers in 

the database. 

 

save('xall'); 

save('yall'); 

After the users give the values for the spectral range, the Matlab GUI reads data from the files 

and finds the values that are of interest for users. The corresponding codes are presented in 
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table 6.8. In these codes, „str2num‟ is used to convert given data in dialog box to the numeric 

values. 

Table 6.8. The codes to select spectroscopic parameters in the specified spectral range from 

our database. 

xplot = []; % xplot presents the wavenumbers that specified in HITRAN [1/cm]; 

yplot = []; % yplot presents the line intensities of the transition lines that 

specified in HITRAN [(cm-1/(molecule*cm-2))]; 

  

 %%% In this part xplot and yplot values show the wavenumber and line intensity 

values of specified transition due to the reference numbers,  

 %%%and they are called as xplot1, yplot1 etc.  

  

xplot1 = [];  

yplot1 = [];  

xplot2 = []; 

yplot2 = []; 

 

BpHitran = []; % BpHitran shows the transition line's pressure broadening 

coefficient that specified in HITRAN database file [MHz/Torr]; 

  

%%% Bp values are classified due to their reference numbers as Bp1, Bp2,etc. These 

parameters presents pressure broadening coefficient of transition lines in the 

units of [MHz/Torr]. 

  

Bp1 = [];  

Bp2 = [];  

 

 %%% Reference numbers are specified due to the specified spectral range. 

  

Ref1 = [];  

Ref2 = [];  

Reftransition = []; % Reftransition is the reference for HITRAN database file. 

  

for ii=1:length(xall) 

   if (xall(ii)<max_lamda)&&xall(ii)>min_lamda 

       if Reftotal(ii)==1 

       xplot1 = [xplot1, xall(ii)]; 

       yplot1 = [yplot1, yall(ii)]; 

       Bp1 = [Bp1, Bpall(ii)]; 

       Ref1 = [Ref1, Reftotal(ii)]; 

        

       elseif Reftotal(ii)==2 

       xplot2 = [xplot2, xall(ii)]; 

       yplot2 = [yplot2, yall(ii)]; 

       Bp2 = [Bp2, Bpall(ii)]; 

       Ref2 = [Ref2, Reftotal(ii)]; 

        

       elseif Reftotal(ii)==3 

       xplot3 = [xplot3, xall(ii)]; 

       yplot3 = [yplot3, yall(ii)]; 

       Bp3 = [Bp3, Bpall(ii)]; 

       Ref3 = [Ref3, Reftotal(ii)]; 

        

       elseif Reftotal(ii)==4 

       xplot4 = [xplot4, xall(ii)]; 

       yplot4 = [yplot4, yall(ii)]; 

       Bp4 = [Bp4, Bpall(ii)]; 

       Ref4 = [Ref4, Reftotal(ii)]; 

        

       else 

           xplot = [xplot, xall(ii)]; 
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           yplot = [yplot, yall(ii)]; 

           BpHitran = [BpHitran, Bpall(ii)]; 

          Reftransition = [Reftransition, Reftotal(ii)]; 

  

       end 

   end 

end 

 

Lower and upper vibrational quantum number states are only given in the HITRAN database. 

These states are compared to the spectral interest of the user and saved in a file to export the 

data to the user. The number of vibrational bands in a specified spectral range is displayed by 

using the list box in this Matlab GUI program. Codes for comparing and displaying the 

vibrational quantum number states of the transition lines are presented in table 6.9. 

Table 6.9. The codes for the vibrational quantum number states. 

bandfile = []; 

 

       low_vector = abs(C{3}-min_lamda);   

       upp_vector = abs(C{3}-max_lamda); 

       [low_wavenumber,low_index] = min(low_vector); 

       [upp_wavenumber,upp_index] = min(upp_vector); 

       if low_index ==1 

           low_index=2; 

       end 

       if upp_index >=length(C{3}) 

           upp_index = length(C{3}); 

       end 

  

QNU = [C[23]{low_index}]; % QNU presents the upper level of vibrational quantum 

states. 

QNL = [C{12}{low_index}]; % QNL presents the lower level of vibrational quantum 

states. 

bandnum = 1; 

  

for ff = low_index+1:upp_index 

    conter=1; 

    for fff=1:bandnum 

        if strcmp(C[23]{ff},QNU(fff,:))&&strcmp(C{12}{ff},QNL(fff,:)) 

           conter=0; 

           break; 

        end 

    end 

    if conter 

        bandnum=bandnum+1; 

        QNU=[QNU;C[23]{ff}]; 

        QNL=[QNL;C{12}{ff}]; 

    end 

end 

  

bandfile = [QNU,QNL]; % bandfile presents the upper and lower vib.quantum states of 

specified transitions. 

  

save('bandupper', 'bandfile', '-ascii'); 

save('\bandupper.txt', 'bandfile', '-ascii' );     

aa = load('\bandupper.txt'); 

bb = char(aa); 

  

bandnum_string = num2str(bandnum); 



- 35 - 

 

Transition lines and their corresponding line intensities that are specified by users are plotted 

with different colors. The plotting colors of Ref 2, 16, 19 and the experimental data are 

determined as red, green, blue and pink, respectively. These codes are given in table 6.10. 

Table 6.10. Plotting codes for the spectral range. 

h1 = stem(xplot1,yplot1,'fill','--'); 

            set(get(h1,'BaseLine'),'LineStyle',':') 

            set(h1,'MarkerFaceColor','blue') 

            hold on 

h2 = stem(xplot2,yplot2,'fill','--'); 

            set(get(h2,'BaseLine'),'LineStyle',':') 

            set(h2,'MarkerFaceColor','red') 

            hold on 

 

The ‘Temperature’ button is used to specify temperatures, which are used to calculate the 

Doppler width. In this GUI design, „save‟ and „load‟ codes are used. „save‟ keeps the data that 

are specified by users and „load‟  transfers the necessary data for further calculation. The 

codes for „Temperature‟ button are presented in table 6.11. 

 The ‘Pressure ’ button is created for users to specify the input value of pressure. In this 

button, the codes which are given in table 6.12 are added for calculating the Lorentzian width.  

The ‘Voigt Profile’ panel contains „Absorption‟ and „Dispersion‟ buttons to plot the profile of 

transitions that are specified in Spectral Range button by using Voigt model. The formulas for 

the absorption and dispersion part of the Voigt profile were presented in the theory part of this 

thesis.  The codes for both absorption and dispersion part of the Voigt profile are shown in 

table 6.13 and 6.14, respectively. 

Table 6.11. Codes to calculate the Doppler width in the Temperature button.  

Tk = str2num(answer2{1}); % Tk is the temperature [K]; 

save ('answer2'); 

kB = 1.38e-23; % kB is the Boltzmann constant [J/K]; 

m = 4.34e-26; % m is the molecular mass [kg]; 

c = 3e8; % c is the speed of light [m/s]; 

  

load('xtotal'); 

load('ytotal'); 

v0 = []; % v0 is the transition resonance frequency for specified transitions 

[MHz]; 

  

for bb = 1:length(xtotal) 

  

v0(bb) = (c*xtotal(bb)*100)/1e6; 

  

end 

  

vD = ((v0/c)*sqrt(2*log(2)*kB*Tk/m)); % vD is the Doppler width [MHz]; 
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save('v0'); 

save('vD'); 

Table 6.12. Codes for the Pressure button.  

p = str2num(answer3{1}); % p is the pressure [Torr]; 

  

load('v0'); 

load('BpHitran'); 

load('Bp1'); 

load('Bp2'); 

 

Bptotal = [Bp1, Bp2, Bp3, Bp4, BpHitran]; % Bptotal presents all of the pressure 

broadening coefficients in specified range [cm-1/atm]. 

Bpspect = (Bptotal*3e4)/760; % Bpspect contains Bptotal values in the units of 

[MHz/Torr]. 

  

vL = []; % vL is the Lorentzian width [MHz]; 

  

for cc=1:length(v0) 

     vL(cc) = p*Bpspect(cc);  

end 

  

save('vL'); 

save('Bpspect'); 

 

Table 6.13.  Codes to calculate the absorption part of Voigt profile of the transitions. 

load('v0'); 

load('vD'); 

load('vL'); 

 

S= ytotal*2.686e19*273.15/(Tk*760);  

load('crel'); 

load('L'); 

 

vopt = []; % vopt is the optical frequency for HITRAN database file [MHz];                                        

vopt1 = []; % Opt. freq. for reference 1 [MHz]; 

vdetun = -2e3:1:2e3; % vdetun is the detuning frequency [MHz]; 

  

%%% In this part xx_Hitran and xx expressions are in the terms of Doppler-width 

normalized detuning. 

  

xx_Hitran = []; 

xx1 = []; 

%%%alfa and the other alfa expressions are the normalized absorption coefficient 

[cm-1] values. 

  

alfa = []; 

alfa1 = []; 

alfa2 = []; 

 

a0=(100*sqrt(log(2))*c/(sqrt(pi)))./(vD*1e6); % a0 is the peak value of the 

unsaturated area-normalized absorption Gaussian lineshape function [cm];                   

yy=sqrt(log(2))*vL/(vD); % yy is the expression for Doppler width normalized 

saturated homogeneous linewidth. 

for dd=1:length(v0) 

    if Refspect(dd)==1 

vopt1 = vdetun + v0(dd); 

xv1=(vopt1/c)*1e4; % xv1 is the wavenumber value [cm-1] for specified transitions 

of reference 1. 

xx1=sqrt(log(2))*vdetun./vD(dd);  
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N1=16; 

Z1=xx1+i*yy; 

W1 = faddeeva(Z1,N1); 

alfa1=S(dd)*crel*p*L*a0(dd)*real(W1); 

figure(2); 

plot(xv1, alfa1, 'b'); 

hold on 

  

    elseif Refspect(dd)==2 

vopt2 = vdetun + v0(dd); 

xv2 = (vopt2/c)*1e4; % xv2 is the wavenumber value [cm-1] for specified 

transitions of reference 2. 

xx2=sqrt(log(2))*vdetun./vD(dd);  

N2=16; 

Z2=xx2+i*yy; 

W2 = faddeeva(Z2,N2); 

alfa2=S(dd)*crel*p*L*a0(dd)*real(W2); 

figure(2); 

plot(xv2, alfa2, 'r'); 

hold on 

 

xlabel('Wavenumber [cm-1]'); 

ylabel('Absorption coefficient'); 

hold off 

 

save('vopt'); 

save('vopt1'); 

save('xx_Hitran'); 

save('xx1'); 

save('alfa'); 

save('alfa1'); 

 

save('S'); 

save('a0'); 

save('yy'); 

save('vdetun'); 

 

Table 6.14. Codes for dispersion part of Voigt profile of the transitions. 

load('v0'); 

load('vD'); 

load('vL'); 

  

load('vopt'); 

load('vopt1'); 

load('xx_Hitran'); 

load('xx1'); 

 

load('S'); 

load('crel'); 

load('L'); 

%%% alfadisp and the other alfadisp expressions (alfadisp1, alfadisp2, etc.) are 

the normalized absorption coefficients of dispersion parts. 

  

alfadisp = []; 

alfadisp1 = []; 

 

for mm=1:length(v0) 

if Refspect(mm)==1 

    xv1=(vopt1/c)*1e4; % xv1 is the wavenumber value [cm-1] for specified 

transitions of reference 1. 

    xx1=sqrt(log(2))*vdetun./vD(mm);  

    Nd1=16; 

    Zd1=xx1+i*yy; 

    Wd1 = faddeeva(Zd1,Nd1); 
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    alfadisp1=-S(mm)*crel*p*L*a0(mm)*imag(Wd1); 

    figure(3) 

    plot(xv1, alfadisp1, 'b') 

    hold on 

elseif Refspect(mm)==2 

    vopt2 = vdetun + v0(mm); 

    xv2 = (vopt2/c)*1e4; % xv2 is the wavenumber value [cm-1] for specified 

transitions of reference 2. 

    xx2=sqrt(log(2))*vdetun./vD(mm);  

    Nd2=16; 

    Zd2=xx2+i*yy; 

    Wd2 = faddeeva(Zd2,Nd2); 

    alfadisp2=-S(mm)*crel*p*L*a0(mm)*imag(Wd2); 

    figure(3); 

    plot(xv2, alfadisp2, 'r') 

    hold on 

xlabel('Detuning frequency [MHz]'); 

ylabel('Dispersion [cm]'); 

6.2 Instructions for GUI 

The files of the GUI program (.fig and .m) have to be in the same folder to run the program. 

The program is started by initially double-clicking VoigtSpectrumSimu.fig file. 

(a) Specify the spectral range of interest in the “Spectral Range” button.  

(b) Type the wavenumber values of interest into the dialog box.  

(c) Press the buttons in the “Select Parameters” panel. 

(d) Typed into the values for “Cavity Length [cm]”, “Concentration [%]”, “Temperature 

[K]” and “Pressure [Torr]” buttons. 

(e) Press the “Absorption” and “Dispersion” buttons to show absorption and dispersion 

profiles with given parameters in the specified wavelength region respectively. 

(f) Press the “Show Bands” button to display the vibrational detailed band information in 

the specified spectral range. 

(g) Press the “Export” button to export the corresponding spectroscopic parameters. 
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7. Summary and Conclusions 

Totally 2803 data entities are collected for the 1.45-1.65 μm spectral range distributed as 

follows: 

 In the Ref[2], 243 transitions and 486 line intensities (observed + calculated line 

intensities); 

 In the Ref[16], 4 transitions and 4 line intensities; 

 In the Ref[19], 108 transitions and 216 line intensities (observed + calculated line 

intensities); 

 In the lab. work 52 transition was found and their line intensities were retrieved with 

the help of the P4e transiton, which is listed in HITRAN 2008 database. 

The Matlab GUIDE programme was created to provide an easy way for users to reach the 

data and plot the Voigt profile of the spectral range of interest. The Matlab GUI program was 

based on a more complete database, which was collected from HITRAN 2008 database [18], 

the references [2, 16, 19] and experiments 
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