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Abstract

In this paper a new kind of linearization effect between the

atmospheric night airglow emissions is presented. The same

kind of linearization effect has previously been studied with

spectrochemical light sources together with a spectrometer. A

linear graph was obtained for atomic spectral lines and vibra-

tional bandspectra when the spectral line intensity ratio

fluctuations were plotted versus the photon energies of these

emissions. To study this effect data from a number of dif-

ferent photometer investigations of night airglow emissions at

different times and places have been used.
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Introduction

Studies of the intensity correlation between different emis-

sions in the upper atmosphere are in general small in number,

but earlier reviews have been given by Chamberlain (1961) and

Barbier (1955).

Seasonal variations of the nightglow OH emissions have been

reported by Barbier (195S) and Shefov (1969). Seasonal varia-

tions of the rotational temperatures determined from OH bands

have been reported by Wallance (1961) and Visconti et. al.

(1971). Kulkarni and Steiger (1967) studied longterm intensity

correlations among the 01 6300 A line, the NaD lines, the 01

5577 Å line, and the 5300 Ä continuum. They noted that the

correlation study is useful in explaining possible physical

relationships between these emissions. Rao and Kulkarni (1971)

have described the seasonal intensity correlations between the

OI 5577 Ä Line and the NaD lines, and between the 01 5577 Ä

line and the OH (7-2) band. They came to the conclusion that

atomic oxygen plays an important part in the time variations

of these emissions, hisawa and Takeuchi (197b) have described

intensity correlations between the O 2 (0-1) and OH (8-3)

bands, and between the OH (8-3) and 01 5577 A line, from data

of thirty-nine nights. Takeuchi et al. (1981) did make studies

ot seasonal variations of correlations among the NaD lines,

the 01 5577 A line, the 02 (0-1) band and the OH (6-2) and OH

(8-3) banas. They also concluded that the emission mechanism

of OH bands was the ozon mechanism.

The purpose of the present study is to use a new analysis

method on night airglow emissions, where the fluctuations of

line intensity ratios have been studied.

The spectral data have been taken from different photometer

investigations of night airglow emissions at different timer,

and places. From the beginning this kind of analysis har, boen

used in order to study an intensity formula in optical emis-

sion spectroscopy, by using various kinds of light sources in

combination with a versatile image dissector echc'lle sjoctro-

ineter system (IDtS) (Thelin, 1983, 1985, 19»6a, b). The tivjo-



retical treatment of this linearization effect has earlier

been given by (Yngström and Thelin, 1983; Yngström, 1985).

This new analysis method has recently been complemented by a

still newer analysis method (Thelin and Yngström, 1986), based

on studies of absolute intensities from standard tables and

giving support to the observed linearization effect.

Results and discussion

In this paper the same analysis method is used (RD-plot) as

the one in spectrochemical papers by Thelin where relative

spectral line ratio fluctuations were studied with various

kinds of laboratory plasmas In these papers logarithmical

derivation was made with the intensity formula of the atom

spectra, where intensity ratios were measured repeatingly with

a spectrometer.

According to the new analysis method (Thelin, 1986a and b) a

linear expression was obtained when plotting
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when repeated measurements of line intensity ratios from

different lines were carried on.

aI and I / > are here the spectral line intensities ofmn m n

the elements a and b. J and J are the ionization energies

of the elements a and b; hv n and
 nv

m'n' are the photon

energies between the atomic transitions m->n and m'->n' of the

elements a and b.



This means that when spectral lines which differ much in

wavelength (big D(E)-values) are used, the intensity ratio

becomes very temperature dependent because the exponential

factor used will then be very dominating. This will cause

deteriorating measuring statistics.

The present author has shown that tne same method of treating

relative spectral line ratio fluctuations as in the

spectrochemical papers, is also valid for atmospheric

nightglow emissions, which will be demonstrated in this

paper. This means that intensity ratios have been obtained

from simultaneously measured spectral intensities (lines or

bands) from the same view angle of the photometer at repeated

measurements. By using ratios, effects due to different view

angles or other geometrical parameters are mostly eliminated.

The author has found that by using an expression corresponding

to formula (1) tor the vibrational spectra of diatomic

molecules, similar plots (RD-plots) as those in the

spectrochemical paper have been obtained from the atmospheric

emission data.

Therefore, it is possible to obtain a linear relationship by

plotting
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for the vibrational transitions v^->V2 and

the molecules c and d.

(2]
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G(v) is here the term value of the vibrational state v and can

be written in the following form according to Herzberg (1950):

G(v) = we (v+1/2) - u)exe (v+1/2)
2 + u)eye (v+1/2)

3 + (3)

The v-value is here the vibrational quantum number, and w ,

a) x , and u y are vibrational constants referring to thee e e e
equilibrium of the diatomic molecule.

The equation (2) can be expressed in the following way by

using equation (3):
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In this way a plot similar to the ones in the spectrochemical

paper is obtained for the molecules c and d.The vibratinal

constants were obtained by an ordinary vibrational analysis of

the band systems by using spectra from the book of

Chamberlain.

The author has found experimentally that it is also possible

to obtain a linear relationship of the kind described above by

using intensity ratios between vibrational band spectra and

atomic spectra. This means that it is possible to obtain a

linear relationship by plotting
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where fo rmula (3 ) was u s e d .



C is here a constant, which has been empirically found to be

4.1 in order to obtain a linear relationship in Fig. 1. The

theory of this constant is not yet quite settled, but one

suggestion is that the constant might constitute the tempera-

ture ratio between the internal and the vibrational tempera-

ture. This is in accordance with results presented by Thelin

and Yngström (1986), where absolute intensities from standard

tables were studied. In that paper each studied element has

showed to have an individual internal temperature in the arc

measurements, similar effects seem to appear in the atmospher-

ic emissions.

These two combinations between vibrational-vibrational spectra

(filled circles) and vibrational - atomic spectra (unfilled

circles) can be seen in practice in Fig 1, where an RD-plot

has been made from data of Barbier, (1955). This plot consti-

tutes a linear relationship between the two spectral combina-

tions in the same plot, which actually is in agreement with

the theoretical treatment discussed above. There is also one

point which constitutes the combination of atom - atom spectra

(triangular point) from the oxygen emission 01 5577 Å and 01

6300 Å and which fits into RD-plot, too.

By using the upper states in equ (1), instead of the photon

energies, no linear relationship could be obtained. These

results are in accordance with the results of Thelin (1986a).

barbier studied nightglow emissions with an eight-colour

photoelectric photometer, where the measurements were correct-

ed for extra-terrestrial light and were expressed in absolute

units. Absolute mean values, seasonal variations, and diurnal

variations of the intensities of several emissions were

given. The data used in the plot in Fig. 1 constitute inte-

grated intensities (in megaquanta) over a whole night, where

the different nights are choosen over a period of about three

years (1953—1955). Another fact is that every point in Fig. 1

has been obtained from intensity ratios calculated from data

of Table 1 in the paper by Barbier (1955). In Table 1 spectral

informations concerning filters used, bandheads, and transi-

tions are tabled. The vibrational analysis is carried out from



spectrograms of the book by Chamberlain (1961). The bands used

in Table I have been obtained from the strongest bands in the

different spectral ranges announced by Barbier (1955) and

Herzberg (1950). The NaD emission has been excluded because it

comes only from a thin atmospheric layer. One of the reasons

of deviation from a strictly linear relationship in Fig. 1

could be spectral interferences from some weak Herzberg bands

of O2.

A conclusion from Fig 1 is that the fluctuations of the inten-

sities of the emissions increase with increasing D(E)-value.

In this way a simple explanation can be obtained concerning

the spectral variations of the upper atmospheric emissions.

As the theoretical treatment of the molecular population part

is not quite ready yet, only the exponential photon part is

considered in these studies. Therefore, no population correc-

tion has been done in Fig. 1.

A logical suggestion is that the intercept between the line

and the R-axis could be an indication of the mean concentra-

tion ratio fluctuation of the upper atmosphere during the

period of observation. The relative fluctuation of the concen-

tration ratio is expected to be approximately equal

to d(r-—) / T-— where a and b are the mean concentra-
Uj n 2 1 2

tion of the constituents a and b along a certain view angle

from the atmospheric layers where the elements a and b emit

light. The concentration differencies at different altitudes

for various elements in the upper atmosphere depend very much

on the quenching effect.

In Fig. 2, an RD-plot of the bandspectra is shown, taken from

the same data set as Fig. 1. The D(E)-values in Fig. 2 follow

the formula (2) and, therefore, a linear structure is ob-

tained. This means that it is possible to obtain an RD-plot by

using only diatomic molecules of the upper atmosphere.



In a paper by v.R. Rao and P.V. Kulkarni (1971) airglow ob-

servations of 01 5577 Ä, NaD 5893 Ä, and the two hydroxyl

bands OH(7-2) and OH(8-3) were studied. The heights of the

emissions were in the lover ionosphere. Because of the dif-

ferent excitation mechanisms proposed for these emissions

they thought that atomic oxygen plays an important part for

their time variations. In that paper two fixed photometers

were used at Mt Abu (geogr. lat 24.6°N; geogr., long.,

72.7° E). By using the formulas (4) and (5) at an intensity

comparison between OH (8-3), OH(7-2) and 01 5577 Ä in the

cause of one year (1966-67), the RD-plot in Fig. 3 is ob-

tained. This plot is linear and similar to the plot in

Fig. 1. Fig. 3 thus explains why the seasonal variations of

the OH-bands and 01 5577 A are badly correlated, and why OH

(7-:) and OH(8-3) are well correlated in that investiga-

tion. Fig. 3 was obtained by taking intensity ratios bet-

ween the emission Values Fig. 9 of that paper. The ratios

were calculated monthly from absolute intensities during a

period of one year. The NaD emission has not been used in

this plot because it represents only a thin atmospheric

layer.

In another paper by K.Misawa et al. (1978) a correlation

study of 02 (0-1), OH (8-3), and 01 5577 A has been achiev-

ed. In that investigation, the photometer used a tilting -

filter and a cooled photomultiplier. One of the results of

that investigation was that the correlation between the OH

(8-3) and the 01 5577 A is weaker than between the 02 (0-1)

and OH (8-3) bands. This is also in agreement with the

result of the present paper, because the D(E) - value was

4.76 eV for the first intensity combination and 1.40 eV for

the second one.

A similar investigation was also performed by Takeuchi et

al (1981), where seasonal variations of several nightglow

emissions were studied. In that paper correlations of

atmospheric OH -and 02 -bands, the NaD-lines, and the 01

5577 A line were studied. That investigation was based on

data taken nearly simultaneously on the same nights from

March 1978 to February 1979. The seasonal intensity ratio



variations were treated statistically by these authors, where

the correlation coefficients (r) were calculated from inten-

sity versus intensity plots for different emission ratio com-

binations at different seasons. By using these values and

plotting Ar/r as a function of D(E) a linear relationship (

with four points) is obtained in a similar way as in an RD-

plot. These authors found a clear seasonal variation between

01 5577 A/OH(6-2) and 01 5577 Ä/02(0-1)f but not between

OH(6-2)/OH(8-3) and OH(6-2)/02(0-1). The explanation of this

follows the reasoning of the present paper that the two inten-

sity ratios that do not show any seasonal variation have small

D(E)-values of 0.11eV and 0.95eV respectively. This means that

their total Boltzmann factors are small and not so temperature

dependent, which means that they do not show any big seasonal

variations. The spectral intensity ratios 01 5577 A/OH(6-2)

and 01 5577 Ä/O2(0-1), showing seasonal variations, have

D(E)-values of 2.89eV and 3.40eV respectively and, therefore,

they have big exponential factors.

There are, of cource, some reading errors involved when taking

intensity ratios from intensity plots of publications. They

are, however, small compared to the fluctuations caused by the

exponential factor. Therefore, the linear structure of the

RD-plots is always there.

Similar linear RD-plots have also been obtained for auroral

emissions, where 10 different emissions have been studied from

spectrophotometer measurements. These results will be publish-

ed in subsequent papers.

Conclusion

The investigation reported in this paper shows that the method

by Thelin of analysing relative line intensity ratio fluctua-

tions in optical emission spectroscopy of laboratory plasmas,

is also suitable for the nightglow emissions of the upper

atmosphere. This can be seen in Figs. 1-3, where the relative

fluctuations of the intensity ratios between the different

nightglow emissions have been plotted versus the differences

between the photon energies of the emissions used. The data of
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these plots and other examples were taken from several pre-

vious investigations at different times and places. The

linearity of these plots can also serve as a check of the

vibrational analyses of the band spectra, which are organized

along a straight line. From these plots it is possible to find

out which combinations of spectra are temperature dependent

and which are not, which is important in order to understand

the spectral variations in the upper atmosphere.

The present results indicate that the main reason of seasonal

spectral variations is temperature variations.
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Table 1

Emissions used

Element

01

01

OH

OH

o 2
+

*2 +

Filter

..(A.)....

5580

6300

6700

6300

5260

4400

3670

Spectral

range (Å)

115

130

-

130

120

570

350

Bandhead or

line (Å)

5577

6300

6862

6256

5296

4710

3914

Vibr.

data

-

-

(7-2)

(9-3)

(2-0)

(0-2)

(0-0)

Systems

^ S

3p_lD

Meinel

Meinel

1N,b->a

1N,B->X

1N,B->X
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Fig. 1 RD-plot from nightglow measurements (Barbier) over a
period of three years. Filled circles constitute points
from vibrational - vibrational spectra and unfilled
circles constitute points from vibrational-atomic
spectra.



tig. 2 kD-plot from nightglow measurements over a period of
three years, where only vibrational spectra have been
studied.
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Fig. 3 RD-plot from nightglow measurements over a period of
one year (Kao and Kulkarni).


