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INTRODUCTION

Included in this draft report are discussions of papers on the night airglow and the twilight
glow. Because of the fact that Commission 21 in collaboration with Commission 22 is sponsoring
a colloquium in Honolulu on the Zodiacal Light and the Interplanetary Medium from 28
January to 2 February 1967, (one month after this draft report is due) it is planned to postpone
definitive discussion of the zodiacal light, gegenschein and the integrated starlight until the
time of the general assembly. We are omitting general discussion of the aurora except for some
low and mid-latitude phenomena which have both airglow and auroral characteristics. Research
reports based on work done in the Soviet Union have been reviewed by N. N. Shefov. His
resumé is included as a part of the present report.

The period between the XIIth and the XIIIth General Assemblies includes much of the
IQSY (International Year of the Quiet Sun) from 1 January 1964 to 30 December 1965. The
level of night airglow research activity during the IQSY was somewhat lower (19 reporting
stations) than that during the earlier IGY (28 reporting stations). During the triennium the
space age has matured and a beginning has been made on significant observations from orbiting
spacecraft. Observations have also continued from rockets as well as balloons.

Recently there has been a polarization of interest in the nightglow by geophysicists, in con-
trast with the earlier studies in which the astronomical fraternity maintained the initiative.
This is a natural evolution as the interest in the nightglow tends to concentrate on the atmos-
pheric reactions and processes responsible for the emissions. The earthbound astronomer
maintains his interest because of the fact that the nightglow constitutes a foreground ‘haze’
which he must pierce. As we proceed to astronomy from spacecraft beyond the nightglow
layers we may anticipate that the nightglow will come to be more and more associated with
geophysics until such a time as we begin to accumulate data of atmospheric radiations from
other planets.

Before beginning the detailed report it seems appropriate to express the personal sorrow
and to acknowledge the professional loss in the death of the distinguished former president
of Commission 21, Dr Daniel Barbier (1907-65) (Annales de Géophysique, 21, 295, 1965).

GROUP DISCUSSIONS, COLLOQUIA AND SYMPOSIA

During the triennium group discussions have been held, or are planned, as follows:

1965, April 14-16, Boulder, Colorado, U.S.A.
Group discussion participated in by some 70 persons. Subject ‘Middle and Low Latitude
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Atmospheric Emissions and the Ionosphere’. The deliberations were dedicated to the
memory of Dr Daniel Barbier. Proceedings have been prepared by F. E. Roach and
K. D. Cole in a non-referencable form which can be obtained by request to F. E. Roach,
ESSA, Boulder, Colorado.

1965, August 16-20, Cambridge, Massachusetts, U.S.A.
International Symposium on Aeronomy organized by the International Association of
Geomagnetism and Aeronomy (UGGI). Many of the papers have been published in
Ann. Géophys., 22, no. 2, 1966.

1965, September, S3o Jose dos Campos, Brazil.
Second international symposium on Equatorial Aeronomy. Proceedings and abstracts of
the papers have been published (F. de Mendonca, editor) as CNAE-LAFE 32, November,
1965. Many of the full papers have been published in Ann. Géophys., 22, no. 3, 1966.

1966, August, University of Keele, England.
Advanced Study Institute on Aurora and Airglow. A compilation of proceedings and
papers is in press (Billy M. McCormic, editor), Reinhold, 1967.

1967, January 30-February 2, Honolulu, Hawaii, U.S.A.
An international colloquium sponsored by Commissions 21 and 22 of the IAU on The
Zodiacal Light and the Interplaretary Medium. It is planned to publish the papers (]J. L.
Weinberg, editor).

1967, July 17-21, London, England.
Fourth and final IQSY Assembly.

A. AIRGLOW, GENERAL

In preparing this draft report, the procedure was to scan systematically the following journals
for 1964, 1965, and 1966: Annales de Geophysique, Astrophysical Fournal, Fournal of Atmos-
pheric and Terrestrial Physics, Journal of Geophysical Research, Planetary and Space Science,
Space Science Reviews. This was supplemented by lists furnished by several colleagues. It is
planned to circulate the draft report widely with the hope that the bibliography can be extended
to include papers that may have been missed in the first screening.

For convenience the bibliography is arranged to correspond to the text. At the end of each

section of the bibliography papers by Soviet colleagues are indicated according to the listing
by Shefov.

Of particular interest in the listing of general airglow papers is the comprehensive
report by Mme Glaume (1965, reference Ag). The paper comprises a detailed study of what
may be considered the ‘classical’ nightglow radiation, the 5577A line of atomic hydrogen.
Mme Glaume discussed the temporal variations on the basis of the large library of observational
data from Haute-Provence. She also made a comparison of the observations from many stations,
using north-south intensity gradients to call attention to evidence that 5577A maximizes in
mid-latitudes, under the influence or control of the Earth’s magnetic field.

In addition to the papers which deal with specific problems attention is called to the broader
review papers (Az, A6, Ax4, Axs).

B. TROPICAL AIRGLOW AND THE IONOSPHERE

The references listed in this section are heavily weighted to the ionosphere, which needs
some explanation since this is a report to astronomers. The reason is as follows. In the tropics
the nightglow 6300A and one photometric component of 5577A are emitted in the F region
of the ionosphere by a photochemical process that is directly associated with the equilibrium
that maintains the ionospheric electron balance.
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O, +0+—>0f + e
O +e— 0+ O + 696 eV

The second of these reactions is capable of exciting the atomic oxygen to the D (1-96 eV)
and/or the 1S (416 eV) states from which the 6300A and/or 5577A emissions originate. It
is possible to derive a relationship between the brightness of the radiations (e.g. 6300) and
ionospheric parameters customarily measured on ionograms (reference B26). This relationship
(known as the ‘Barbier formula’ after its discoverer) is

Oys00 = A + Bf; F)t [exp _ (hF ;1_399_)}

where Qggoo is the brightness of the 6300 emission (usually in rayleighs), 4 is an additive
constant corresponding to a background brightness, B is a constant which essentially puts
the results in rayleighs, foF, is the so-called critical frequency, the square of which is propor-
tional to the F-region peak electron density, #’'F is the ‘virtual height’ as measured on an
ionogram and H is a scale height, approximately 40 km in the F region.

In the tropics both the nightglow and the ionosphere exhibit dynamic changes. For many
years it has been known that the ionosphere has maximum electron densities some 15° from the
geomagnetic equator—a phenomenon which is known as the equatorial anomaly. During the
triemmium under review a number of papers have been produced on the anomaly (Br1, 6, 7, 8,
9, 10, 11, 16, 17, 18, 19, 20, 22, 23, 24, 28, 30, 32, 33, 35, 36). The other papers listed discuss
the other aspect of the problem, namely the photometric observations of the nightglow which
1s directly associated both with the above mentioned photochemical reactions and with the
morphology of the equatorial ionospheric anomaly.

C. MID-LATITUDE STABLE AURORAL ARCS

The phenomenon which, in the literature has been referred to as ‘I’'arc auroral stable’,
M-arc, SAR-arc, has the ‘auroral property’ of alignment under the control of the geomagnetic
field and the airglow property of a low level of excitation. The conference in Boulder (14-16
April 1965) referred to above was devoted, in large part, to a discussion of its properties.
It is now apparent that the occurrence of the arcs follows the sunspot cycle as does the visible
aurora. Thus the period between the XIIIth and XIVth General Assembly of the IAU should
see a revival of occurrence of the arcs. During the triennium under review they have been
sparse. Attention is called especially to the papers by K. D. Cole in the attached bibliography.

D. EXCITATION OF 6300A [OI] BY PHOTOELECTRONS

For decades observers have noted that the 6300A emission often has a pre-dawn enhance-
ment which is not at all symmetrical with the post-twilight decrease in intensity. The paper
by K. D. Cole (D2) explains the pre-dawn enhancement as the result of the travel of photo-
electrons from the magnetically conjugate region where local dawn starts earlier than at the
observing station. The prediction has been confirmed by H. C. Carlson at the Arecibo station
in Puerto Rice (Dx).

E. NIGHTGLOW VARIATIONS, TEMPORAL AND SPATIAL

The papers listed under this category Include discussions of diurnal, seasonal and sunspot
¢ycle variations. Of particular interest are studies of geographical changes and the reader is
referred back to the discussion of Mme Glaume’s paper (As) under the Airglow, General,
discussion. ’
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F. HYDROGEN AIRGLOW

The fluorescent excitation of atomic hydrogen in the outer atmosphere has received signi-

ficant attention during the triennium. Our Soviet colleagues have been especially active in these
studies.

Attention is called to the interesting discussion by Kondo and Kupperian (F7) of a suggested

interaction between neutral hydrogen and charged particles in the radiation belt based largely
on the observational results of Winter (F8).

G. AERONOMY AND EXCITATION PROCESSES

The large number of papers cited in this section illustrates the point made earlier that the
night airglow center of attention is frequently more geophysical than astronomical. During
the triennium the reactions mentioned in section B have been established as of prime im-
portance both in the ionospheric balance and of the emission of the high nightglow. These
reactions are discussed in references (G4, 8, 14, 15, 16, 21, 22, 26, 27).

An important paper on the rate coefficient of the Chapman reaction (O + O + O -0, + O%)
is that of Young and Black (G28; see also Gz). The question of excitation by energetic particles

is actually one of the extension of auroral type mechanisms equatorward of the auroral
zone (pertinent references: G1, 5, 7, 11, 12, 23,'24).

H. N} IN THE NIGHTGLOW e
The N} band at 3914 A is characteristic of auroras and of the twilight. Its possible presence
in the nightglow is difficult to determine for two reasons: (1) if present at all it is extremely
faint and (2) contamination by either auroral or twilight emissions is an observational hazard.
Three of the papers cited illustrate the difficulty and the disagreement of observers. Broadfoot
and Hunten (Hr), working with relatively high spectroscopic resolution, report that Nj
3914 A has an intensity less than one rayleigh. O’Brien, et al. (H4) from rocket observations

report some five rayleighs. Yano (Hs) from spectrographic observations in Australia has
reported about ten rayleighs. v

I. HYDROXYL (OH) NIGHTGLOW

~ This very intense radiation has been studied with considerable concentration by the Soviet
observers (note the eleven references in Shefov’s list). It is hoped that this summary may
inspire all observers to give more attention to this interesting phenomenon.

i STCE SR
.J. DOPPLER TEMPERATURES i

The determination of temperature based on the measurement of the Doppler width of a
spectral line requires high resolution interferometric techniques. Because of the meticulous
technology involved in such measurements there have not been extensive measurements on
anything like a synoptic basis. The references cited illustrate that good results have been
obtained. Of particular interest during the next sunspot maximum will be measurements of
6300A temperatures in midlatitude auroral arcs (see section C above).

K. INSTRUMENTATION AND TECHNIQU_EQ

Absolute calibration of photometers for low light levels continues as a problem (K2, 5)-
Height measurements by the van Rhjin method are discussed in references Kx and K3. A
successful use of triangulation in determining nightglow heights is described in K6 and K7.

https://doi.org/10.1017/50251107X00030509 Published online by Cambridge University Press


https://doi.org/10.1017/S0251107X00030509

LUMINESCENCE DU CIEL 415

L. ROCKET AND SATELLITE OBSERVATIONS

This triennium has witnessed significant observations of the airglow from orbiting spacecraft.
An effort has been made to record a definitive list of references (L6, 7, 8, 9, 10, 11, 12) in
which descriptions occur of the nightglow as seen by astronauts. The references cited are in
general available for a moderate fee by application to the Superintendent of Documents, U.S.
Government Printing Office, Washington, D.C., 20402. The observations may be summarized
by the statement that all of the Mercury and Gemini astronauts have seen the 1oo-kilometer
airglow layer below the spacecraft usually as a structureless band about 2° above the horizon
for orbits below 200 kilometers. In the absence of moonlight it is much more conspicuous than
the solid earth surface. Two of the astronauts (Schirra and Cooper) have reported sightings at
higher elevations than the spacecraft which have been tentatively ascribed to the F-region
nightglow. For photographs from a rocket of the 10o-kilometer nightglow see reference L4.

An interesting observation (reference Lz) is the isolation of the nightglow 6300A emission
layer together with a 5577A emission layer in the F region, much fainter than the 55774
emission near 100 kilometers. This confirms what had been deduced from tropical nightglow
studies where sporadic changes in 6300A nightglow are accompanied by simultaneous changes
in 5577A (see section B).

M. TWILIGHT GLOW

Two excellent review papers (M1, 2) are in press. During the period under review some
60 papers on the twilight glow have been published (see the extensive bibliography in M2).
Attention is called to the significant activity in this field by Soviet investigators.

FRANKLIN E. ROACH
President of the Commission
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APPENDIX I. SPECTRAL INVESTIGATIONS OF THE UPPER
ATMOSPHERE EMISSIONS IN THE U.S.S5.R.

(prepared by N. N. Shefov)

During a period following the IGY and during the IQSY period in the Soviet Union
systematic investigations were continued into the properties of the upper atmosphere emissions
by means of spectrographic and photoelectric methods. The data obtained for several years
at Abastumani have shown that during a period since 1953 the average annual intensity of
hydroxyl emission had a maximum in 1958. After a small minimum in 1961-62 the intensity
began to increase again (1). The study of the seasonal variations of the intensity and rotational
temperatures of the OH bands has revealed long ago that there is a maximum in the winter
months and a minimum in the summer months. This result has been confirmed by observations
lasting many years at many stations (1—3). The amplitude of the seasonal variations of the
rotational temperature is greater for bands from higher initial vibrational levels.

Statistical processing of the data on OH emission obtained for a number of years has made
it possible to reveal periodic variations of mean diurnal intensities and rotational temperatures
of OH bands (4, 1), (5, 2), (6, 2) and (7, 3) with periods of 27 days and 29-5 days (the age of the
Moon) from observations at Zvenigorod (2) and the OH band (9, 3) with a period of 27 days
by obscrvations at Yakutsk (4-6). 27-day variations in the intensity and rotational temperature
of OH bands (4, 1), (5, 2) and (9, 3) take place in antiphase and OH bands (6, 2) and (7, 3)
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synchronously. According to the data obtained at Yakutsk, along with the 27-day variations
in the rotational temperature of the OH band (9, 3), 277-day variations in the atmospheric
temperature were also observed at a level of 50 mb and the height of the isobaric surface of
15 mb (~ 27-38 km).

The variations in the rotational temperature of OH bands (4, 1), (5, 2), (6, 2) and (7, 3) with
the Moon’s age have their deepest minimum during the full Moon and the least during the
new Moon and two maxima in the first and the last quarters. Variations in the intensity of OH
bands (6, 2) and (7, 3) are similar. For OH bands (4, 1) and (5, 2) there are almost no intensity
variations with the Moon’s age.

Studies of the behaviour of the intensity and rotational temperature of OH bands in the
presence of noctilucent clouds have shown that the intensity of OH emission, as well as of
the atmospheric band (o, 1) O, grows during a period of the appearance of noctilucent clouds
and sharply decreases the following night (up to 2—3 times with respect of the mean intensity),
when noctilucent clouds are already absent. The following night the intensities of OH and O,
emissions are restored to their mean values. Such a regularity has been observed annually
since 1962 (7—9). The rotational temperature of OH bands varies little, although it reaches the
values of 160-180°K during the period of the emergence of noctilucent clouds. This seems to
be accounted for by the fact that the rotational temperature variations reflect changes in the
height of rather a wide emitting layer.

The clarification of the character of dirunal variations of OH emission has shown that there
are diverse types of variations in intensity and rotational temperature of different bands (1,
10, x1). However, most often variations of the same phase of mean values of the intensity
and rotational temperatures are observed. Against the background of such variations, fluctua-
tions can take place. Periodic variations of the rotational temperature of OH bands have been
revealed with a period of about 1 hour and the modulation depth of 30-40° (x0). Such variations
are observed mainly early at night. During the evening twilight (at the solar depression angle
from 7 to 18°) the OH band intensity decreases by 309, on the average. The rotational tempera-
ture decreases on the average by 15°. On the average during the morning twilight the intensity
and the rotational temperature is lower than in the evening (x2). From observations in high
latitudes no correlation has been observed between variations in the intensity and OH rota-
tional temperature and auroral displays (xx).

The study of spatial irregularities of OH emission by the data of different stations has shown
that co-phaseness and simultaneity of rotational temperature variations have been systematically
observed at distances of up to 3000 km (3, 11). The patchy structure of the intensity and
rotational temperature which was already suppesed (13) has been revealed from observations
at Anastumani (1) and Zvenigorod (10). A comparison of simultaneous diurnal tem-
perature variations at different points of the sky has provided an opportunity of estimating
the velocity of the vertical wind—1 to 3 m s~! and the horizontal east-west wind—30 to
200 m s~1 (x0). :

Investigations of the dependence between the intensities of OH bands (3, o), (4, 1), (5, 2),
(®, 2), (7, 3), (8, 4), (9, 5) and O, (o, 1) revealed earlier have made it possible to find two types
0f correlations between them (14). With the intensity of oxygen emission of less than o-3-05

kilorayleighs the correlation field has the form of a sector (15). The intensities of OH bands
¢an reach maximum observed values.

With the oxygen emission intensities of over o-g kilorayleighs, the correlation becomes
linear rather rapidly up to the maximum observed values of intensities. These data permit
one to over the vertical distribution of OH and O, emissions.

A great amount of data on spatial and time variations of green and red emissions of atomic
OXygen has been obtained in Ashkhabad. Maps of isophotes obtained from observations in
L
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1964 have been published (16). The time of the existence of emission patches can vary from a
few minutes to a few hours (17). The size of patches and their intensities can often pulsate,
Periods of 55 and 15-5 minutes have been observed. The most typical size of patches is 60-
9o km. The minimum size is about 30 km. The distribution of the velocities of the patches has
two maxima—about 75 m s~ and 150 m s~%. The velocity of patches increases with the increase
of the K-index (18-20). The greatest velocity of motion is observed in October. A dependence
of the intensity of the emission of 5577 A on lunar time has been revealed. The amplitude of
variations is 35 rayleighs and the intensity minimum coincides with the moment of the Moon’s
lower culmination (19). A comparison of the data of observations of red and green emissions
has shown the existence of patches of emissions of 6300A (situated at a height of 400 km)
and of 5577A (at a height of 100 km) lying at the same geomagnetic line of force (17, 21, 22).
In this case small rise is observed in the region of 3914A. If the intensity of this additional
emission is due to the emission of Nj of 39144, its maximum intensity is not more than
10 rayleighs (23). _ '

Investigations of the properties of the continuum of the spectrum of the nightglow have led
to the detection of spatial and time variations of both the intensity and spectral distribution of
the continuum (24-27). Therefore observations of emissions with wide filters at a constant
point of the sky do not allow one to determine correctly the intensities of discrete lines (28).
Sodium emission in the night sky also has a patchy structure. The velocities of the motion
of patches are about 70 m s~1. The motion is mainly eastward and northward (29).

As a result of the hydrogen emission observations of many years at Abastumani, data have
been obtained on variations of the Ha emission intensity during a solar cycle. In the years of
a minimum (1962) its mean yearly intensity was maximum (30, 31) and constituted about 20
rayleighs. Such a character of variations gives evidence for the terrestrial origin of He emission.
Observations of hydrogen emission have made it possible to calculate hydrogen distributien
in the atmosphere (31, 32) supposing the fluorescence mechanism of solar radiation in the Lf
line. Observations performed by means of the Fabry-Perot interferometer (33-37) confirmed
the minimum detected earlier at the antisolar point. The width of the Hu line does not exceed
0-3A while in emission nebulae the emission line width sometimes exceeds this value. The
existence of variations in the Celestial Pole speaks in favour of the emergence of the emission
in the Earth’s atmosphere. It has been revealed that Ha emission is concentrated in the ecliptic.
The intensity on the morning side exceeds several times the Ha intensity on the evening side
of the Earth. Radial velocities with the elongation of 30° do not exceed the instrumental limit
of 45 kms-1,

Investigations of helium emission of the upper atmosphere have been carried out for several
ycars using spectrographic and photoelectric methods. Variations have been obtained of the
intensity of helium emission and the calculated flux of solar ultraviolet radiation (37, 38)
According to the data of photographic observations at Zvenigorod it turns out that on the
average the helium emission intensity for the K-index < 4 remains almost constant and only
with the K-index > 4 a sharp increase in the intensity begins. For the local K-index this
transition takes place more sharply than for the planetary one. According to observations in
high latitudes, the helium emission intensity very often reached several kilorayleighs (39)-
Variations of the helium emission intensity in ordinary twilight have a noticeable evening-
morning asymmetry which gave the opportunity to determine the atmospheric temperature,
which in the morning turns out to be lower than in the evening (40). The calculation has been
performed on the basis of the theory of excitation of metastable helium atoms by photoelectrons
and fluorescence of these atoms in solar radiation (41-44). The evening-morning intensity
asymmetry was detected also from observations in high latitudes (39).

The estimate of intensities of argon and neon emissions in the upper atmosphere turned out
to be very low even in auroras (45). However, the existence of argon and neon metastable atoms
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in the atmosphere can be revealed in ordinary auroras from the properties of variations in the
atomic oxygen line of 8446 A (46).

An analysis was made of auroral spectra observed at various stations during several years.
The relative and absolute intensities for many auroras have been obtained (47-49). The height
distribution of intensities of emission of N+, 5577A 6300A, 1 PG N, in auroras varies in
different auroral forms (50, 51). A correlation is observed between helght distributions of
emissions of 5577A, 1 PG Ni and 1 NG Ojf. However, the relationship between them depends
on the form of auroras. The properties and specific features of an aurora of ro-11 February 1958
have been time and again discussed in several papers (44, 52-55). The ratios of the intensities
of nebular and auroral transitions for oxygen and nitrogen atoms and ions have been studied.
The energy released in auroras reach 1o-100 erg cm=2s-1, -

On the basis of auroral hydrogen line contours obtained at different zenithal distances a
distribution of injected protons by pitch-angles has been calculated as well as the energy
spectrum which well agrees with the measured spectrum in the solar wind (56).

On determinations of the heights of night sky emissions it was reported in (57, 58).
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