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Abstract 

 

The observed data from the experimental setup, the calculated the cross-section area 

of 400nm, 620nm, 650nm, and 700nm spectrum of monochromatic wavelength  as 

 0.11322309 × 10−22𝑚2, 1.70286251 × 10−22𝑚2, 2.50506666 × 10−22𝑚2, 
and 3.26918919 × 10−22𝑚2, respectively. This measurement helps to understand 

and measure the interaction of matter-spectrum, like intensity, a bundle of rays, also 

specified the target for nuclear physics experiment to medical application 

 

Keywords: Monochromatic wavelength, Matter-Spectrum, Cross Sectional Area, 

Medical Application, etc.  

 

1 Introduction 
 

Spectral distribution on the surface is given by Plank’s with surface temperature T, 

per unit time, surface area, and wavelength in a vacuum or gas by equation (1), 

𝐸𝑏𝜆(𝑇) =
𝐴

𝜆5 (𝑒
𝐵

𝜆𝑇 −)
 [𝑊𝑚−2. 𝑛𝑚]                                                                              (1) 

Where 𝐴 =  2𝜋ℎ𝑐2  =  3.74177 × 1020 𝑊 · 𝑛𝑚4 /𝑚2, 𝐵 =  ℎ𝑐 𝑘𝐵 =
 1.43878 × 107𝑛𝑚 · 𝐾 
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The total amount of radiation energy over all wavelengths per unit time and surface 

area is described by the Stefan-Boltzmann law, which is equivalent to integrating 

the spectral blackbody emissive power over the entire wavelength spectrum;  

𝐸𝑏(𝑇 ) = ∫ 𝐸𝑏𝜆(𝑇 )𝑑𝜆 

∞

0

=  𝜎𝑇4  [
𝑊

𝑚2
]                                                                         (2) 

Where σ is Stefan-Boltzmann’s constant, T is the surface absolute temperature in 

kelvin, and the resulting 𝐸𝑏 is the (total) blackbody emissive power [1, 2] 

The photon flux density can be approximated by a Gaussian function of the form  

𝑆(𝜆) = 𝑆0 exp [−
4(𝜆 − 𝜆0)2

(𝛥𝜆)2  
]                                                                                                     (5) 

Where S is the number of photons per unit time per unit volume with 

𝑆0 representing the same at the center of the spectrum. 

At a given point x, in the active layer,  

𝑆0 =
Δ𝑛(𝑥)

𝜏𝑟𝑎𝑑
~

𝑛(𝑥)

𝜏𝑟𝑎𝑑
,                                                                                                                        (6) 

 With 𝜏𝑟𝑎𝑑 being the radiative lifetime. Recognizing that the photon energy 

equals ℎν =
ℎ𝑐

𝜆
, the power is given by  

𝑃 = 𝐴ℎ𝑐 ∫
𝑆(𝜆)

𝜆
𝑑𝜆

∞

0

                                                                                                                        (7) 

Where A is the cross-sectional area [3]. The molecular absorption cross-section is 

defined as   

𝜎(𝜆, 𝑇) =  −
𝑙𝑛 [

𝐼(𝜆, 𝑇, 𝜌)
𝐼0(𝜆)

]

𝜌 × 𝑙
                                                                                             (8) 

where, 𝜆 = the vacuum wavelength of incidence in nm, T= absolute temperature 

in K, 𝜌 = molecular number density in molecules 𝑐𝑚−3, and 𝑙 = absorption path 

length in cm. 𝐼0(𝜆) =  spectrum recorded with no absorbing molecules in the light 

path, and 𝐼(𝜆, 𝑇, 𝜌)= spectrum recorded with concentration at a given temperature 

T, on the same absorption path 𝑙 [4]. The calculated cross section area is the surface 

cross section area on which light incidence, but in this work, we calculated the 

cross-section area of the spectrum with the help of potential difference generated 

after the incidence of the spectrum on it. The generated potential by the incidence 

of the spectrum is used to calculate the cross section area of the spectrum no the 

surface cross section area where the photon gets to interact with atoms or the nuclear 

cross section area.  

 

2 Review  

 
   The rays of light neither mutually color each other, nor mutually illuminate each 

other, nor mutually impede each other in any way. This is just like one physical 

motion’s not impeding another as a study by Kepler and first observe the scattering 

of photons by photons in an experiment seems to have been undertaken in 1928 in  
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the Soviet Union by S. I. Vavilov. In the experiment, no experimental sign of 

photon-photon collisions was found and Hughes and Jauncey give as bound for the 

cross-section 𝜎 of Photon-Photon scattering 𝜎 < 3 × 10−20 cm2.  Mohler expressed 

the result in terms of a limit on the cross-section 𝜎 for photon-photon scattering (𝜎 

< 6 × 10−17 cm2. The interference pattern whose potential change has been observed 

was produced by polarized, monochromatic (visible) light of a wavelength of 585.2 

nm. The null result that was obtained in the experiment yields a bound on the 

magnetic moment of the photon 𝜇𝛾 of 𝜇𝛾 < 1.4 ×10−22 emu [5]. When light and 

sound simultaneously pass through a medium, the acoustic phonons of the sound 

wave scatter the photons of the light beam. This scattering of light from acoustic 

modes is called Brillouin scattering.  A particularly interesting effect of Brillouin 

scattering has to do with the frequency of the scattered light. An incident photon 

can be converted into a scattered photon of slightly lower energy, normally' 

propagating in the backward direction, and a phonon. For a Stokes process, where 

a phonon is generated, the frequency of the scattered light is decreased; for an anti-

Stokes process, where a photon is annihilated, the frequency of the scatted light is 

increased. Increased frequency, by the equation E = hv, means increased photon 

energy. The difference between the energy of the scattered photon and the incident 

photon is called the Brillouin shift [6]. 

Absorption cross sections of the gas phase and in the 40 000 to the region have been 

determined, and the result is compared to those derived from molar extinction 

coefficients of and in hexane solutions and highlight the problems associated with 

the evaporation of solvent-containing fullerenes [7]. Several total and partial 

photoionization cross section calculations, based on both theoretical and empirical 

approaches, and among them some of the examined cross section models are 

available in Monte Carlo systems, while others have been implemented and 

subjected to validation tests for the first time to estimate whether they could 

improve the accuracy of particle transport codes. Specialized total cross section 

models, some of which derive from more recent calculations, do not provide 

significant improvements. Scofield’s non-relativistic calculations are not surpassed 

regarding the compatibility with the experiment of K and L shell photoionization 

cross sections. Modifications to Biggs and Light hill’s parameterization 

implemented in Geant significantly reduce the accuracy of total cross sections at 

low energies concerning its original formulation [8]. Measurements of inclusive 

isolated-photon and photon+jet production in proton-proton collisions at √𝑠  =
 13 𝑇𝑒𝑉 are presented and analyzed with the corresponding luminosity 

of 2.26 𝑓𝑏−1. The cross section for the inclusive isolated photon is found as a 

function of the photon transverse energy in a fiducial region, while for photon+jet 

production is measured as a function of the photon transverse energy in the same 

fiducial region [9]. Rayleigh scattering is usually of minor importance for the broad 

beam conditions typically found in shielding with the interaction of attenuation 

coefficient data. The photonuclear effect is mostly restricted to the region of the 

giant resonance around 10 to 30 MeV with 10 percent of the total electronic cross 

section. Elastic, inelastic, and Delbruck scattering are negligible processes in 

photon interactions. In Elastic scattering, very low energy Compton scattering by  
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an electron, and in this a photon interacts with a nucleon and re-emitted photon with 

the same energy. In Inelastic nuclear scattering, absorbed photon raised the nucleus 

to an exciting level, and on de-excites gives a photon of equal or lower energy. 

Scattering of photon scattering with the Coulomb field of a nucleus is called 

Delbruck scattering which is also called nuclear potential scattering.  

 

3 Methodology  
 

Interaction of photon with atom give atomic cross sections in 𝑐𝑚2/𝑎𝑡𝑜𝑚 or 

barns/atom where 1 𝑏𝑎𝑟𝑛 =  10−24𝑐𝑚2 and it related to total mass attenuation 

coefficient according to  

µ

𝜌
(𝑐𝑚2𝑔−1 ) =

(𝜎𝑡𝑜𝑡  (
𝑐𝑚2

𝑎𝑡𝑜𝑚
))

𝑚𝑢(𝑔)𝐴
  =

𝜎𝑡𝑜𝑡 (
𝑏

𝑎𝑡𝑜𝑚
) ×  10−24

𝑚𝑢(𝑔)𝐴
                                               (9)  

where 𝑚𝑢(𝑔) = 1.660 538 86 × 10−24𝑔 is the atomic mass unit, A=relative 

atomic mass of the target element, also 𝑚𝑢(𝑔) =
1

𝑁𝐴
, where 𝑁𝐴 is Avogadro’s 

number =6.0221415 × 1023𝑎𝑡𝑜𝑚𝑠 𝑚𝑜𝑙−1 ). 

The total atomic cross section by which photons interact with atoms of considering 

material is given as, 
 𝜎𝑡𝑜𝑡  =  𝜎𝑝𝑒  + 𝜎𝑖𝑛𝑐𝑜ℎ  +  𝜎𝑐𝑜ℎ  +  𝜎𝑝𝑎𝑖𝑟  +  𝜎𝑡𝑟𝑖𝑝  + 𝜎𝑝ℎ.𝑛.                                             (10)  

Where 𝜎𝑝𝑒= atomic photo effect cross section, 𝜎𝑖𝑛𝑐𝑜ℎ and 𝜎𝑐𝑜ℎ are the incoherent 

(Compton) and coherent (Rayleigh) cross sections, respectively. 𝜎𝑝𝑎𝑖𝑟 (or κn) and 

𝜎𝑡𝑟𝑖𝑝 (or κe) are the cross sections for electron-positron pair production in the field 

of the nucleus and atomic electrons respectively, and 𝜎𝑝ℎ.𝑛.=photonuclear cross 

section [10-12]. To calculate the cross-section area and volume of the spectrum of 

visible photons we set up the experiment shown below in figure 1.    

Figure 1 is an internal structure that shows the experimental phenomena observed 

the data to evaluate the cross-section area and volume of the considered spectrum. 

For this experimental setup below contain a filter, white light, sensor, multimeter 

for data reading, source. For experimental data, we on the device and source emit 

white light which goes to filter by passing through a filter and then monochromatic 

spectrum incidence on the sensor by sensing ad give an observable value for our 

research work. 

 
Figure 1: Experimental setup and Outer look of Device 
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On observing approximate 40 data of each monochromatic spectrum, we found an 

average value in mV with the help of a sensor and voltage measuring device 

instantly. The average voltage observable value of considering spectrum is found 

for 400nm is 8.0125mV, 620nm is 5.3275mV, 650nm is 3.6025mV and 700nm is 

2.7375mV. On taking this value we calculate the corresponding cross-sectional area 

and volume of the monochromatic spectrum, which give an approximate 

visualization of the photon, the calculated value is tabulated in table 2. 

Table 1:  Calculation of energy of the spectrum of the corresponding wavelength  
S.N. Wavelength of Photons The energy of Photon(

𝒉𝒄

𝝀
)  

1.  400nm= 400 × 10−9𝑚 3.10𝑒𝑉 

2.  620nm= 620 × 10−9𝑚 2.00𝑒𝑉 

3.  650nm= 650 × 10−9𝑚 1.91𝑒𝑉 

4.  700nm= 700 × 10−9𝑚 1.77𝑒𝑉 

Table 1, is theoretically and experimentally calculated energy carried by 

corresponding monochromatic spectrum with specific cross-sectional area and 

volume of the photon.  This table also helps to calculate the cross-sectional area of 

considering the monochromatic spectrum, which is tabulated in Table 2.  

Table 2:  Cross-section area and volume of the corresponding monochromatic 

spectrum emitted from sources as sown in figure 1.  
S.N.  Wavelengths 

of Visible 

Photons (nm) 

Cross-Section Area of 

Visible Photons (m2) 

The volume of visible photons 

(m3)  

1.  400  0.11322309 × 10−22 0.045289236× 10−28 

2.  620 1.70286251 × 10−22 1.05577476× 10−28 

3.  650 2.50506666 × 10−22 1.62829333× 10−28 

4.  700 3.26918919 × 10−22 2.288432443× 10−28  

The calculated cross-sectional area and volume of the monochromatic spectrum are 

of the order  10−22𝑚2 and 10−28, respectively. If we study deeply on the cross 

section area, it is observed from table 2 that cross sectional area and volume 

increases with an increasing wavelength of the spectrum. This nature of spectrum 

help to research, scientist and applied field to give the accuracy of the experiment    

The error analysis of the observed data and their standard deviation of each 

monochromatic spectrum are tabulated in table 3. This helps to understand how the 

deviation and error are in the observed data, observed from the experiment, the error 

and deviation of 40 data of each monochromatic spectrum is evaluated.    

Table 3: Errors and Standard deviation of observed data  
Wavelength  400nm 620nm 650nm 700nm 

Standard 

deviation 

(mV) 

0.12487493743 0.11616260155 0.12142384444 0.019194725838 

Standard 

Error (mV) 

0.01974446124 0.0183661999 0.01919879553 0.03034952635 

Mean 

absolute 

error(mV) 

0.0875 0.0885 0.103 0.1675 

Fraction error 0.01092044 0.01661192 0.0285126 0.06118721 

Percentage 

error (%) 

1.0920444 1.661192 2.859126 6.118721 
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The evaluated error and deviation of 40’s observation data is not quite large 

deviated i.e. the error percentage not greater than 7% also mean absolute error and 

standard error are not greater than 0.2mv and 0.04mV, respectively.  This show data 

observed from the experiment has more accuracy with very little fluctuation, this 

help to understand the accuracy of the cross section area and volume of the 

monochromatic spectrum, which anyone can use for the practical use like focusing 

the controlling the intensity, targeting the area of incidence, measure the size, 

visualization of the size in imaging technology in the biomedical field and other 

also.  

 

4 Result and discussion  
 

As from photoelectric effect, one photon or spectra can emit a single photoelectron 

which is responsible for photoelectric current. Based on this one to one 

correspondence relation of spectra and electron, we are trying to calculate the cross 

section area and volume. As we know from planks and Einstein energy relation 

energy is inversely proportional to the wavelength of the spectrum, which is verified 

by figure 2 and numerical experimental observed data form experiment as 400nm 

is 8.0125mV, 620nm is 5.3275mV, 650nm is 3.6025mV and 700nm is 2.7375mV. 

This observed value is taken under the same ideal condition during the experiment, 

which also shows that increasing the spectrum wavelength decreasing the voltage 

generating measured from the sensor after spectral incidence on the surface. This 

verification indicates the first step of the success of the experiment which leads to 

further steps of calculation of cross section area and volume of the spectrum as 

shown in figure 3. 
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Figure 2: Energy of Spectrum with the corresponding wavelength 

 

  

After verifying the experiment for one to one correspond relation, the observed 

value is used to calculate the cross section area and volume of the spectrum, the 

visualization is shown in figure 3 below. To calculate we consider an ideal 

condition of monoatomic arrangement on the surface of silicon atom without any 

interval or space existence in between the monoatomic material used in this 

experiment.  



 

Cross section area of the visible spectrum                                                                                317 

 

 

On calculating the value of cross section area and volume as a fantastic result is 

visualized in figure 4. This shows that as the wavelength of the spectrum increase 

the cross section area and volume of the spectrum also go increase, which shows 

the inverse relationship between the energy of the spectrum and their corresponding 

area and volume. Therefore, the cross-sectional area of the spectrum with high 

energy has a small wavelength with a small cross section area and volume while 

low as the opposite. 
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Figure 3: Wavelength of the spectrum with corresponding area and volume 

 

This inverse relationship between the energy of the spectrum and the corresponding 

cross-section area and volume. This result has several benefits like it helps to predict 

the cross section area of other material on which it incidence, calculate the intensity 

according to the desire for experiment and research, and so on. 

The visible spectrum wavelength cross section area is ranges from 0.11322 ×
10−22𝑚2 𝑡𝑜 3.26919 × 10−22𝑚2, while volume ranges from  0.45289 ×
10−28𝑚3 𝑡𝑜 2.28843 × 10−28𝑚3. The cross section area and volume are 

calculated here for a single spectrum.   

 

5 Conclusion  
 

Hence we can calculate the cross section area and volume of monochromatic 

spectral with the help of one-to-one correspond relation after verifying the relation 

of Planks-Einstein energy wavelength. The deviation and error of observed data are 

considerable because of the minimum fluctuation of data. The relation of cross 

section area and volume of the spectrum with the corresponding wavelength is 

directly proportioned while energy is inverse. On knowing the value one can use 

this relation for different purposes in different filed like research, medical, particle 

physics, and so on.  
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