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ON INTENSITY OF  EMISSION OF THE METALS ATOMS IN A HYDROGEN-OXYGEN 
FLAME IN A PRESENCE OF  A MAGNETIC FIELD

In this paper we present renewed theoretical 
estimates for intensity of emission of the alkali 
atoms (potassium and rubidium) in the hydrogen-
oxygen flame under action of a magnetic field. 
To take into account the magnetic field effect 
we use simplified model based on the operator 
perturbation theory for  atomic systems in ex-
ternal magnetic field. New estimates are listed 
for the  intensities of emission of the lines for К  
(D1: 21

2
21

2 44 SP - and D2: 21
2

23
2 44 SP - ) and Rb 

(1: 21
2

23
2 55 SP - and 2: 21

2
23

2 56 SP - ).  The maxi-
mum value of the magnetic effect for D2 line of К 
atom for σ - polarization is equal 1.65, for π -po-
larization— 1,24. For Dl line the maximum value 
is equal 1,36 for both polarizations. Let us remind 
that an effect of external field on the spectral pa-
rameters for atoms and ions in the flame is of a 
great interest as in the modern chemical physics 
and physics of combustion as atomic optics and 
spectroscopy [1-10].  

Among the effects that require further theoreti-
cal and experimental research related phenome-
non is increasing the intensity of the glow of at-
oms in a strong magnetic field in the complete ab-
sorption at the line center. The known example is 
the excess luminosity of sunspots in the rays Na
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, +Ca  , on the luminosity of the solar disk, which 
is apparently due to the effects of environmental 
enlightenment in a magnetic field of about 4.5 kE. 

In series of papers by Hayashi et al (look for 
example, [1])  it has been investigated the fluo-
rescence additives of inorganic salts in flames at 
atmospheric pressure and was found the effect of 
external magnetic field Н on the intensity of the 
luminescence of the intermediate particles.  For 
the OH radical in a magnetic field of 18 kE lumi-
nescence intensity increased by 14%, and for the 
sodium atom - by 2.5 times. Sodium salts were 
introduced into the dispersing aqueous solutions 
of flame under a stream of nitrogen. The experi-
mentally measured magnetic effect, i.e. the ratio 
of I(H)/I(0) luminescence intensity in a magnetic 
field H to the intensity of the glow without a mag-
netic field. Hayashi et al have shown that such salts 
NaÑl  magnetic effect increases with the concen-
tration (s) of the salt in solution, and salts of the 
type  2NaNO , on the contrary, the magnetic ef-
fect decreases. Sorokin and others [1] concerning 
the effect of the magnetic field on the intensity 
of the luminescence of alkali metals sodium and 
cesium in the flames. Appropriate aerosol stream 
is saturated nitrogen vapor salts NaÑl , ÑsÑl . 
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It was studied an influence of the magnetic field 
strength of 10 kЕ on the luminescence intensity of 

the resonance lines of sodium (D1: 21
2

21
2 33 SP -   

and  D2: 21
2

23
2 33 SP - ). The range of variation 

of    pressure    sodium 45 10.510 -- -  Torr. For the 
line D2 in the case of σ - polarization maximum 
value of the magnetic effect is equal to 2, and in 
the case of π- polarization - 1.5. In the case of lines 
D1 maximum value is 1.6 and is the same for both 
polarizations. For cesium atom measurements 
were taken at two wavelengths of     transitions    

(1:   21
2

23
2 66 SP -      and   2: 21

2
23

2 67 SP -  ).  
In refs. [2,3] there were presented first theoreti-
cal estimates for the effect of a magnetic field on 
the intensity of the luminescence of alkali met-
als: sodium and cesium (salts NaÑl ,  ÑsÑl ) in a 
hydrogen - oxygen flame intensity magnetic field 
of 10 kE. There were listed preliminary data for 
the intensity of the luminescence lines of sodium 
(D1: 21

2
21

2 33 SP - and D2: 21
2

23
2 33 SP - ) and ce-

sium lines (1: 21
2

23
2 66 SP -  and 2: 21

2
23

2 67 SP -
). The maximum value of the magnetic effect of 
the D2 line of the sodium atom in the case of σ 
- polarization is equal to 1.9, and in the case of π - 
polarization - 1.45, and for the line D1 maximum  
value   is   1.5.    

In order to get more precise data it is necessary 
to use more consistent model for treating an effect 
of a magnetic field on the intensity of the lumines-
cence of alkali metals. Here we use such a model 
and apply it to studying emission intensities for  
alkali atoms  in the hydrogen - oxygen flame un-
der availability of the magnetic field (strength 
10 kE) for the lines D1: 21

2
21

2 44 SP -  , D2: 

21
2

23
2 44 SP -  in potassium and D1: 21

2
23

2 55 SP -  
D2: 21

2
23

2 56 SP -  )in the caesium.
Naturally, the  intensity I of   the  i-j  transi-

tion is connected with the concentration of atoms 
(standardly determined    by   the appropriate dis-
sociation constant, see. [2.4]) and corresponding-
ly the line strength S is defined as follows: 

                 .23 01
2 ωmfgeS ji-=               (1)

Here ji EE -=0ω  - the frequency of the tran

sition, and jif - -is the radiative transition i-j     os-
cillator strength. In approximation of the “length” 
form D transition operator an oscillator strength 
is defined by the following expresssion:

( ) 222 ijjiji DEEmf ΨΨ-=- 

.
                                                                     (2)
Naturally the intensity σ - component is pro-

portional to the square of the standard 3j- sym-
bols:
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The key moment of the model is determination 
of the wave functions. Here the   wave   functions   
of   the states were    found from the  numerical    
solution   of  the  Schrodinger   equation   for  al-
kali atom  in   a  magnetic field  using  the simpli-
fied quantum defect approximation version of the 
operator perturbation theory method [11]. Such a 
model is more correct with the usual H-like ap-
proximation, nevertheless it is more simplified 
in comparison with the model potential approach 
(look analysis regarding different models in Refs. 
[6-8,12-14]).

In Table 1  we present our data which illustrate 
an influence of the magnetic field H in the lumi-
nescence intensity of D2 line of the potassium 
atom in the σ - and π - polarizations depending 
on the partial pressure    of   potassium   atoms. In   
the   first case, the maximum value of the mag-
netic   effect   of   I(H)/I(0)   is    equal   to   1.65, 
and   in   the   second - 1.24.  

In the case of    line    D1 potassium atom 
calculated   value   of   the maximum magnetic    
effect - 1,36. Let us not that the preliminary esti-
mate of this value in [3] is 1.4. 

For the rubidium atoms the magnetic  field   in-
creases   the intensity of emission  line (1)  in ~1.5 
times.  Analysis shows that the obtained renewed 
estimates are in physically reasonable (at least 
qualitative) agreement with experimental data. 
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Table 1
The influence of magnetic field on the intensity of 
the sodium atom D2 line in the s- and p-polariza-

tion as a function of the partial pressure of sodium 
atoms in flames: I(H)/I(0) - the ratio of the lumi-
nescence intensity in the magnetic field strength 

H of the luminescence intensity without magnetic 
field; p is the partial pressure ( 510 - Torr).

( ) ( ) pOIHI \
6 12 18 24 30

σ - polarization 1,04 1,27 1,65 1,59 1,28

π  - polarization 0,98 1,10 1,24 1,22 0,68
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O ИНТЕНСИВНОСТИ СВЕЧЕНИЯ АТОМОВ ЩЕЛОЧНЫХ МЕТАЛЛОВ В 
ВОДОРОДНО-КИСЛОРОДНОМ ПЛАМЕНИ В ПРИСУТСТВИИ МАГНИТНОГО 
ПОЛЯ

Резюме.  
Дана теоретическая оценка эффекта влияния магнитного поля (10 кЭ) на интенсивности све-

чения атомов щелочных металлов: калия и рубидия в водородно- кислородном пламени с ис-
пользованием приближения квантового дефекта в операторной теории возмущений для атомов 
во внешнем  магнитном поле. Рассчита ны интенсивности  свечения  линий К (Dl: 21

2
21

2 44 SP -  
и D2: 21

2
23

2 44 SP - )   и  линий     Rb (1: 21
2

23
2 55 SP - и 2: 21

2
23

2 56 SP - ). Максимальная величина 
магнитного эффекта для линии D2 атома калия в случае σ- поляризации равна 1.65, в случае 
π- поляриза ции — 1.24, для линии D1 максимальное значение составляет 1.36 и одинаково для 
обеих поляризаций.

Ключевые слова: интенсивность излучения, щелочные металлы, водородно-кислородное 
пламя, магнитное поле
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Т. О. Флорко, O. В. Глушков, Ю. М. Лопаткін, С. В. Амбросов,  В. П. Козловська

ПРО   ІНТЕНСИВНІСТЬ СВІЧЕННЯ АТОМІВ ЛУЖНИХ МЕТАЛІВ  У ВОДНЄ-
КИСЕНЕВОМУ ПЛАМЕНІ У ПРИСУТНОСТІ МАГНІТНОГО ПОЛЯ

Резюме.
Одержана  теоретична оцінка ефекту впливу магнітного поля (10 кЕ) на інтенсивності світіння 

атомів лужних металів: калію і рубідію в воднево кисневому полум’ї з використанням наближення 
квантового дефекту в операторної теорії збурень для атомів у зовнішньому магнітному полі. Роз-
раховані інтенсивності свічення ліній К (Dl: 21

2
21

2 44 SP -  та  D2: 21
2

23
2 44 SP - )  і  Rb (1:  21

2
23

2 55 SP -  і 
2: 21

2
23

2 56 SP - ). Максималь на величина магнітного ефекту для лінії D2 атому К у випадку σ - поля-
ризації складає 1.65, а у випадку π- поляризації – 1.24 , а для лінії D1 макси мальне значення складає 
1.36 і є однаковим для обох поляризацій.

Ключові слова: iнтенсивність випромінювання, лужні метали, водне-кисневе полум’я, магнітне 
поле


