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The radiative ion-electron recombination can be observed in
afterglow when the excitation is stopped. In fact, this method is
applicable in a limited number of cases, for instance, for rare gases,
for nitrogen and gases more or less diluted in a rare gas, and
generally for non-electronegative atoms and molecules.

When the production of an atom in a given level is very high, the
relative intensity of the emission line can be far from that corre-
sponding to the thermal distribution of atoms in the upper state.
This eBect is noticeable when the upper level is a metastable one.
In this case, intermolecular collisions are frequent and the deacti-
vation is so strong that usually forbidden lines are not observed
except under special conditions. The observation of these lines is
possible only when the destruction of the atoms in the upper leve1
can be lowered, for instance, by the addition of a rare gas or by
compensation by a bigh production of such metastable atoms in
some special way,

The production of forbidden lines by secondary processes is
illustrated in Fig. 1 (a and b), in which the atomic levels are shown
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FIG. 1. Illustration of the process of excitation of the forbidden lines 6300
(~Ps-ID~) and 6364 (~PI, -ID~) of OL by dissociation into atoms of the 0&
molecule in the 2PZ» state.

on the left, and the molecular levels on the right. Atomic lines and
molecular bands can be excited by electron collisions or can be
emitted by ion recombination. Since atoms can associate and
molecules can dissociate, an interaction between the two main
processes can take place. Two such examples occur in connection
with emission of forbidden oxygen lines in the upper part of
the atmosphere. The 6rst concerns the red auroral lines
6300A (3Pq —IDq) and 6364A (3PI—'D2) of high strength in the
light of the high altitude aurora. The second concerns the common
green auroral line 5577A (IDs —'So) which is the main part of the
emission of the night sky and aurora.

The process of electronic excitation, we believe, may be illus-

trated by the pattern indicated in heavy lines in Fig. 1(c).
In the case of the red aurora lines the upper excited molecular

state is B Z„.This state is stable and the corresponding transition
gives the Schumann-Runge bands BsZ„~X'Zg in absorption
and in emission. To reach the dissociation of the upper state into
two atoms 0('P)+O(IDs), a considerable development of this band
system must be obtained. In fact, this is observed together with
an important relative enhancement of the 6300 and 6364 lines in

pure oxygen at atmospheric pressure (Fig. 2).
The second example concerns the emission of a mixture of a rare

gas like xenon or argon and a small amount of oxygen. The green
emission observed in the direct discharge and in afterglow is
composed of two parts, the auroral line 5577A (ID~—'50), and a

FIG. 2. Emission spectrum of pure oxygen at atmospheric pressure. The
forbidden red auroral lines 6300 and 6364 and the Schumann-Runge bands
are particularly strong.

quasi-continuous molecular spectrum mainly on the short wave-
length side of the line. 's Here, the lower and the upper molecular
states have a very low dissociation energy.

In a mixture of oxygen and xenon, one observes a well-developed
system of bands which is relatively easy to identify. On the con-
trary, in the case of argon containing traces of oxygen, the
vibrational bands are most confused and upon examination under
low dispersion the emission appears purely continuous. i s

We have nevertheless succeeded in resolving the vibrational
structure in the continuous background on the two sides of the
auroral line. The complete system is degraded towards short
wavelengths, and the intensity diminishes rapidly. At a distance
from the auroral line, the bands have been photographed with
lower dispersion and show de6nite Suctuations of intensity de-
graded to the red. The apparent heads of these bands are located
approximately at 5487A, 5529A, and 5555A.

On the other hand, a somewhat complex structure appears near
the green line. We attribute this to vibrational bands of the
electronic transition AO(ISO, ISO)~AO(SO', Dg). A tentative vi-
brational classification of the most intense bandss is shown in
Table I.

For the XO molecule the vibrational frequency eu' is nearly 10
times and co" 20 times greater than for the AO molecule; the

TABLE I. Wave numbers of the green band system observed near the
forbidden oxygen line 5577 ('Da-'So) of 0 I in a mixture of argon and
oxygen. e' and e" are the vibrational quantum numbers of the upper and
the lower states.

Qw' 0 1

0 17939 17915
1 17956 17933
2 17948
3 17962 17937

17953
5
6
7
8
9

10

17945 17920
17936

17976 17928 17910
17967 17945 17926 17905
17981

17958

latter is thus much less stable since co"&co', and the individual
bands will be degraded to the red. On the microphotometer traces
we recognized no degradation as the bands strongly overlap.

It is probable that the bands 5487A, 5529A, and 5555A are
likewise capable of resolution. To resolve them, it will be necessary
to employ a spectrograph which is (at the same time) of higher

speed and of greater dispersion than the one at our disposal.
The spectral composition of this green emission is the same in

afterglow and in the direct discharge. Thus, the green auroral line

seems closely connected with the quasi-continuous part. On the
other hand, the remaining permitted and forbidden OE lines are
very faint if not absent, and it is hardly to be supposed that there
exists a low electronic excitation of the diluted atomic oxygen.
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