
 

Adv. Studies Theor. Phys., Vol. 8, 2014, no. 2, 73 - 76 
HIKARI Ltd, www.m-hikari.com 

http://dx.doi.org/10.12988/astp.2014.311137 
 
 
 

Intensity of Electric Quadrupole Emission in Oxygen 
 

  Investigated by Means of a Matrix Formalism 
 
 

M. A. Grado-Caffaro and M. Grado-Caffaro 
 

Scientific Consultants, C/ Julio Palacios 11, 9-B, 28029-Madrid, Spain 
www.sapienzastudies.com 

 
   Copyright © 2013 M. A. Grado-Caffaro and M. Grado-Caffaro. This is an open access article 
distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 
 
 
Abstract. A matrix formalism is introduced to study the intensity of electric quadrupole 
emission in oxygen. In fact, the total intensity of the electric quadrupole lines in the 
above emission is expressed in terms of matrices with full physical meaning whose 
main aspects are discussed. 
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1. Introduction 
 

The gg
ab Δ−∑+ 11  emission system of oxygen is particularly relevant in relation to 

electric quadrupole transitions in oxygen which have a significant importance in the 
context of electronic transitions. Within this context, evaluating the intensity of an 
electric quadrupole line in the emission process is a useful and instructive task which 
provides a lot of information. The intensity in question depends upon the rotational 
quantum number, line strength, quantized rotational energy, frequency, and temperature 
(see, for example, refs.[1-3]). From the mathematical expression for the aforementioned  
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intensity in emission, we will develop a matrix formalism for it. As a matter of fact, we 
will determine the total emission intensity in terms of matrices.                         
 
 
2. Theory 
 

The  gg
ab Δ−∑+ 11  emission system of oxygen can be tackled by starting from the 

following expression (see, for instance, refs.[1,2]):                              
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where i  and j  stand for rotational quantum number ( ,...2,1,0, =ji ), ijε  is the matrix 

element relative to the intensity of emission ji →  such that 1+= ji  by virtue of the 
Sommerfeld-Wilson selection rules, α  is a strictly positive real constant, ν   denotes 
frequency, 12 +j  is the involved statistical weight factor (degeneracy factor), ijs  is the 

line-strength matrix element, iξ  is the quantized rotational energy, k  is the Boltzmann 
constant, and T  denotes absolute temperature. 
 
The quantized rotational energy is given by:  
 
      ( )[ ] ( )[ ]{ }4141 −+−−+≈ iiDBiihciξ         (2)      
where h  is the Planck constant, c  is the speed of light in vacuum, and B  and D  are 

rotational constants in the ∑+

g
b1 state. 

 
Now we define the intensity of all electric quadrupole lines in the emission relative to 
oxygen, i.e., the total emission intensity, as ∑≡

ji
ij

,
εε  with 0>ijs  if  1+= ji  and 

0=ijs  if  1+≠ ji . Then, by taking into consideration formula (1), it follows:                       
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Relationship (3) can be expressed as ordinary scalar product (dot product) of the 
matrices ( )ijsS ≡  and ( )ijwW =  so one has:                                  

 
                                 WS •≡ 6ανε          (5) 
 
Moreover, (3) may also be expressed in terms of dyadic-tensor product of matrices. This 
product must not be confused with the standard tensor product in the Krönecker sense 
used in Quantum Mechanics. The above-mentioned dyadic product arises from 
multiplying dyadically two vectors [4-6]. Consequently, we have:               
 
                          ( )WStr ⊗≡ 6ανε          (6)  
where tr  designates trace.  
 
From formulas (5) and (6), one gets that ( )WStrWS ⊗≡•  which is an interesting 
identity within an elegant formulation that should be really useful to treat rigorously a 
number of mathematical-physics aspects related to electronic transitions in 
multielectron atoms. On the other hand, one can define a norm for the matrix ( )ijE ε≡  

as ∑≡
ji

ijE
,

ε  but, since 0≥ijε , we define ∑≡
ji

ijE
,
ε  so E≡ε  which, in 

conjunction with (5) and (6), yields:               
 
   ( )WStrWSE ⊗≡•≡ 66 αναν           (7)    

 
 
 
3. Conclusions 
 
We have developed a formalism by which we have arrived at  identities (5), (6) and (7) 

as useful results in order to investigate further aspects of the gg
ab Δ−∑+ 11  emission 

system of oxygen. Mathematical representation of physical phenomena in terms of 
matrices is elegant and also fruitful. In fact, on the one hand, the representation obtained 
here is very sound by itself and, on the other hand, it provides useful information about 

the intensity of all electric quadrupole lines relative to the gg
ab Δ−∑+ 11  emission system 

of oxygen. With slight differences, our formalism may be extrapolated to other atomic 
systems by considering formulae (2) and (4) as key ingredients.    
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