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PREFACE

Airglow radiations in the visible portion of the
electromagnetic spectrum have been studied in many aspects
at middle and high latitude stations from ground based
observations and also by rockets, Until recently the behaviour
of these emissions in low and equatorial latitudes has received
little attention. The emissions in the infrared region of the
‘spectrum are almost not studied in low latitudes except for

a few attempts at some places,

The thesis'incorporates the results and conclusions
of the ﬁight airglow studies made during 1966-69 at the
Atmospheric Optics Observatory, Hill View, Mt,Abu (24.6°N,
72.7°% geographic); (15.4°N, 144,29E geomagnetic) India,
Night airglow observations on two hydroxyl bands OH (7-2) and
OH (8-3) were taken. The three emissions at 6300 A, 5893 A
and 5577 A were also obsefved, using two fixed and one automatic
all-sky scanning, photoelectric photometers, Two other
phdtometeis were constructed and used for measuring the
atmospheric extinction coefficients at wavelengths 6OSO7A,

5750 A and 5360 A,

The author, working at Physicél Research Laboratory,
Ahmedabad, India, under the guidance of Prof, P.V, Kulkarni
and Prof..K.R.'Ramanathan, has designed and constructed the
different photometers and all the necessary electroﬁic circuits,

From time to. time different modifications were done to improve
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the quality of observations. The author has maintained the
Qariqus photometers at Mt, Abu and taken the night aifglbw
observations during 1966—1969. Scaling and the redUctién of
airglow data into absolute units, taking proper care of regular
calibration with radioactiyg{sources and the anélysis and
-interpretétion of the various results are done by the author.

The computations were carried out with the IBM i620tcomputer

R

facility at the Physical Research Laboratory.

L

The thesis contgins seven chapters., Two chapters
describe the methods that were used to account for the passage
of the night airglow emiss}ons through the lower atmosphere
and the absolute calibration of photometers.‘ In the rest of
the chapters the results ébtained with the different photometers
are critically examined with a view to understand some of the
physical processes in'the upper atmosphere, In the last
‘chapter the conclusions of all the above night airglow studies

are summarised,

Prof ,K,R,Ramanathafi ~'Prof P,V . Ku <afﬁ§7 V. Ramachandra Rao e

(Professors in-charge) (Author)
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CHAPTER T

"BRIEF REVIEW OF NIGHT AIRGLOW WORK

EXPERIMENTAL SET-UP AT MT. ABU

1.1 Introductions:

The word 'airglow! was introduced by ELVEY (1950)
following a suggestion of O,Struve to designate the optical
emissions (other than the polar éurora) originating in
" the earth's upper atmosphere by some of its constifuents
suéh as atomic oxygen (0), atomic hydrogen (H), sodium (Na),
molecular oxygen (023,’%ydroxyl molecule (OH), nitric
oxide (NO) etc. Depending on the time of the day, it is
further classified as "day airglow", "twilight airglow"
and "night airglow". Here in this brief survey the
ttwilight airglow’_and the 'day airglow' are excluded each
of which is distinguished from 'night airglow' by the fact
" t+hat direct sunlight is also operative in the former two.

Cases,

1.1.1 Distinction between aurcra and night airqlow:

McCORMAC (1967) describes aurora as part of the.
overall interaction of the solar wind with the earth's
magnetosphere, and of airglow as that of solar radiations

with the earth's atmosphere. Although it is very difficult
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to distinguish between aurora and airglow from a simple
definition like the above, they can be dlstlngu1shed to
some extent from the regions of their occurrence and by
their spectra, The characteristic-featuré of the auroral
_ spectrum is the presénce of strong N2+ bands (excitatibn
energy 19 ev). These are very weak in the night airglow.
However, in the night airglow, strong hydroxyl bands
(excitation energy 3.23 ev) are always present, BARBIER
(1958) found that there was a high correlation between |

5577 A (OI) and O, Herzberg bands in nonpolar airglow and

2
a lack of correlation of these emissions in aurora. It is
advantageous to study night airglow emission in low latitudes
as the observations are less contaminated by emissions due

to particle bombardment than those at higher latitudes.

1.1.2 Spectrum of the night airglow:

Excellent reviews on various aspects of night
airglow have been made by a number of authors from time
to time.( MITRA, 1952; MASSE¥Yand BOYD, 1958; BATES, 1960;
.fCHAMBERLAIN 1961 a; BARBIER, 1963; ROACH, 19636;‘1964~
SILVERMAN, et al., 1965 SILVERMAN, 1965; 1968; "ROACH and
SMITH 1967; ROACH et al,, 1969; KRASSOVSKY et al,, 1962a;
KRASSOVSKY and SHEFOV, 1965; WEILL, 1967; GHAPMAN 1967 etc.).
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In Table 1-I A the various night- airglow emissions

are given with their wavelengths and the transition energy

states and‘the excitation potentials. In Table 1-1 B

their approximate average zenith intensities and their emission
heights together with the‘main reactions which are presently
supposed to give a major contribution to these emissions are
given, The intensity unit is rayleigh which is defined as

4 T times thé surface brightness measured in 106 quénta cm"2
sec"lsterad“l{ It is to be emphasised that the exact reactions
and their relative contributions are still not fully uﬁdersfood
for these emissions, There are uncertainties about the

particle concentrations and the dynamical processes taking

place at the emission heights.

Niight airglow is studied by spec£}oscopic or
photoelectric photometry methods, These two methods have
complementary roles,_ﬁhe former for making exact determination
of wavelengths and the latter for rapid intensity measurements

and for survey of rapid intensity variations.

Much work has been done at different latitudes
regarding the nocturnal variations ofbthe different emissions
iﬁ the visible region by photoelectric techniques using-
interference filters, Long term variations together With
the solar-terrestrial relations associated with the airglow
emissions and their excitation mechanisms are studied at

different latitudes,



' The wavelengths, the transitions and the

';_4,:

TABLE 1 - I.A

excitation potentials of the Night airglow

Emissions.
SOURCE WAVELENGTHS TRANS ITION EXCITATION
| ' POTENTIAL.
OH 0.38 puto 4.5m X°T[ - x°TT
A ' v/ ; 9 to 1
o 3.23 ev
v =8 to O
Tt 5 - '
02(0, 1) 8645 A b ST X 7% 1.8 ev
.8 g
HI(H) 6563 A | 25 - 2, 12.04 ev
(071) 6300,6364 A | 1, _ 35 1.96 ev
) 1,0 S
Na I 5890-5896 A 2 2
P - 8 .
o 5/2 1/2 2.1 ev
p) 2
Py/om Bq/0
(01) 5577 A | g _ 1D2, 4.17 ev
O d
HI (H;@) 4861 A 2p - 2p 12.69 ev |
0,(Herzberg 3000-4000 A 5 xy S = | .
2" bands) ATZL TR ME e
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In the folloW1ng, the WOrk done in low latitudes
is very briefly reviewed, Later, the need for further work

on the hightglow emissions is emphasised.

1.1.3  Earlier night airglow studies in low latitudes:

The first measurements in low latitude airglow were
made by RAYLEIGH (1928) and his associates who carried out
a world wide program.of visual photometry of the green
line N 5577 A between 1924 and 1933. This early work was
recently compiled and reanalysed by HERNANDEZ and SILVERMAN
(1964).

The first spectra of night alrglow in low. latitudes
were obtained by RAMANATHAN (1932) at Poona (India). KARANDIKAR
(1933) at Poona (India) determined the nocturnal variation .
of green line by photographic photometry. He recorded (1934)
.about 55 lines and bands in the spectrum of the night sky.
Taking advantage of the black-out conditions in the second
world war years GHOSH (l943) at Calcutta (India) maintained

photographic record of “the nightsky intensity variation.
CHIPLONKAR (1950) at Poona found the inter-nocturnal
variation of the-oxygen green line using a visﬁal photometer.
In the yeer of maximum solar activity around 1947-48 BAPPU
(1950) took night airglow spectra from Hyderabad, 17°N

(India), He has reported the relative intensities of



the principal airglow emissions. By comparing his results
with BABCOCK'S (1939), Bappu has shown that his intensity
values were higher for all the airglow radiations at that

place,

Alrglow studies with new techniques of photoélectric
photometers with narrew band interference filters were taken
up at Poona from 1954 (KULKARNI, 1958) and at Mt.Abu since
1956 (DANDEKAR, 1961), WEILL (1967) and later KULKARNI (1969)
listed the airglew observing stations in lbw latitudes

which number to about twenty todate.

The IGY program and later the IQSY program have
yielded much more knowledge about the night airglow emissions
and their nocturnal variations at different latitudes,
interrelationships between different emissions, their exact
heights of emission and the dynamical featurés in their
nocturnal variations etc. The results of some of these

studies are reviewed in later chapters,

1.1.4 Need for further study of night airglow emissions:

~

Although observations were available for many -
years in the visible region and the gross features of these
emissions were known at different latitudes, the absolute

intensity measurements with an accuracy of 5 to 10% is




very difficult. Tt is because of the difficulties involved
in sorting out the airglow compbnent of the emission line
from the measured'total'light transmitted by interference
Filters (which consists of star-light, zodiacal light,

and airglow continuum, besides airglow emission line
intensity) and also due to the calibration of the measur ed
intensities into absolute units. Accurate intensity
measurements are very necessary in establishing the long
term variations to understand the solar terrestrial relations,
quantitative study of the various excitation reactions and
their relative importances. The emissions in the infra-red
(i.e, OH bands) and in the ultraévidlet.regioh of the “
spectrum are not sufficiently studied in low latitudes
except for a few attempts at some places. Temperatufe
determinations of the emission regions can be made from

the intensity measurements of the rotational lines of these
bands. There are no low latitude measurements of OH
rotational temperatures,

The ;xact nature of airglow movements and their
latitude dependence is not well known which may throw light
on the dynamlcal behaviour of the upper atmosphere, The
study of the dependence of airglow variations with change
in magnetic activity and with latitude should prove

interesting if more data are collected. Continuous
monitoring of airglow intensities and of their intensity

variations will throw light on some of the dynamical
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procésses taking place at the height of that emission,
Simultaneous measurements of different emissions will give
the interrelation of the atmosphere at different heights.

There are Very few studies in this direction,

With a view to study some of the above mentioned
problems, and understand some of the atmospheric physical
processes, airglow .observations are taken up and continued
at Mt. Abu (India) with improved techniques of recording
such as narrow band interference filters, good photomultipliers
and due attention to regular calibration with radidactive
calibrating sources. The results of these investigations

are described in the following chapters,

1.1.,5 Atmospheric optics observatory at Mt. Abu:

The photometry of night airglow requires a location
free from city lights, dust and aerosols. The Physical
Research Laboratory, Ahmedabad,(India) has maintained
an atrglow and ozone station at Mt. Abu (India) (Geog.Lat.
24.6°N; long. 72,7°E) since 1952, The observatory is
at an altitude of 1219 m. on the eastern outskirts of
the hill—station Mt.Abu on the Aravallis., The photometers
'are placed on the roof of a building located on a small
hillock. There are hills all around the observatory, but
they are below 10° in altitude. This is a great convenience

for operating an 'all-sky scanning photometer', At Mt.Abu,



the nights remain generally clear between October and
Juné. 'Observations have to be closed down for about two
to three months from July to September owing to cloud and

rain.

The station was maintained from 1956 to 1959
including the IGY period in which airglow emissions»at
5577 A, 5893 A and 6300-64 A were regularly monitored and
studied by DANDEKAR (1961). The observations were revived
in November 1964 with improved equipment in the same
spectral regions. The results of these observations during
1964-67 are discussed in detail by PAL (1968) in his.
doctoral thesis. The observations are continued with
improvements from time to time since then. Observations
of two OH bands OH (7-2) and OH (8-3) are added since
October 1966,

1.2 Instrumental set-up at Mt. Abu

v The photoelectric photometers utilised for the
present study of night airglbw include Pole photometer,
Red photometer and scanning photometer which can be turned
both in altitude and azimuth, In the following, a brief
description of these photometers and the filters used,

is given,



1.2.1 - Pole photometer:

One of the photometers used for the study of the
night airglow is continually directed towards the celesfial
pole so that the starvfield included in the angular éperturé
- of the photometer remained the same. The angle of the
photometer is 7.5°, The photometer uses an EMI 6095
photomultiplier with a head-on cathode of S-10 response,

The high voltage D.C, of 1600 volts (negative) applied

to the photomultiplier is from a regulated d.c. power

~supply.

The prominent wavelength emissions in the night
airglow spectrum at 5577 A, 5893 A and 6300 A are isolated
by interference filters with their transmission peaks at
these wavelengths and half transmission widths 80 A, 97 A,
135 A (see Figure 1.1).

A filter with maximum transmission at 5350 A and
half-width 45 A is used for estimating the background
intensity, The filters are symmetrically mounted on a
circular disc which can be rotated with a synchronous
motor. A geneva rotation 1s ‘arranged so that each filter
in turn stays for one minute against the cathode of the
photomultiplier and its characteristic light intensity
is recorded., The zero level when there is no light

incident on the photomultiplier is also recorded for
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one miﬁute, - Thus in five minutes, one complete set of

intensities of all the transmitted Wévelengthsvof the

ifferent filters is' recorded. The photometer is provided
with a shutter and is exposed to light only when the shutter

is uncovered,

. The output of the photohultiplier is fed to a Kipp
and Zenen 'Micrograph' pen recorder. The recorder itself
is of the balanced bridge type, with a transistorized low-
drift d.c. amplifier. Its sensitivity is 10~9 amp/division.
The chart is 21 cm wide and is linearly divided into 100
‘ divisioné. With the help of a single rotary switch, any of
the six ranges from Ofl [MA to 5.0 ‘/MA can be utilised,
The micrograph recorder has proved to be a very valuable

asset for night airglow studies.

For Pole photometer, no inter-stage d.c,amplifief.
is needed, because the 1600 VDC applied to the tube is
sufficient to record the nightglow signals on O llﬁvA and
0.25 }uA ranges of the recorder, in all seasons of the vyear.
The A.C. mains supply to all the units is regulated by a
constant voltage transformer, Figure L.Q shows a sample

record ebtained with .this .photometer,

1.2.2 Red photometer:

This photometer uses a high gain, $-20 response

EMI 9558 B photomultiplier tube, Other constructional
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details are the same as in the Pole photometer. The signal
is fecbrded on an Evershed Vignoles milli-ammeter. As the
output of the photomultiplier is insufficient to be recorded
directly on the 0-1.0 mA range of the recorder, a d.c.

amplifier is used to amplify the signals.

With the high sensitivity of the S$-20 tube, it is
possible to record OH (7-2) (band origin at 6862 A) and
OH (8-3) (band origin at 7272 A) on this photomefer. The .
rotational structure of these two bands are given in °
Figure 1.3, The relative total intensities of P branch
(%P), Q branch (¥ Q) and R branch ( 3_R) are gi&en in the
figure, The OH (7—2).and OH (8-3) filters have half
transmission width 105 A and 90 A respectively., One of
the other two filters transmits 6300 A and has a half
transmission width 100 A, The other is a backgpound filter
centered around 6080 A with half transmission width 45 A,
The angle of this photometer is about 4,5°, Figure 1.4
shows the transmission of the filters used on this
photometer, Figure 1,5 shows the sample records obtained

with this photometer.

1.2.3 All-sky scanning photometer

An RCA 7265,'S~20 response photomultiplier is

used in this photometer and interference filters
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(type B10,Baird Atomic -Inc.) centered at 6300 A, 5893 A,
5577 A, 5750 A/ 5300 A (background) having half widths of
about 45 A are mounted on a ciréular disc, enclosed in a

rectangular box.

Recording the intensities of light of the four
.wavelengths and of the zero-level takes 22.5 sec each filter
staying on fhe photocathode for 4.5 sec. The angle of the |
photometer is about_5o. The photomultiplier is given a
negative D,C., voltage of 2500 volts from a regulated power
supply. The output from the photometer is amplified with
a drift free electrometer amplifier developed by SATYA PRAKASH
and SUBBARAYA (1067), and is recorded on the chart of the

micrograph recorder,

The photometer is mounted on an alta-azimuth frame
(see Figure 1.6). The frame can be rotated round the vertical
axis. The photometer looking in a defined altitude scans
360° of azimuth in one rotation, taking 6 minuteé._ Using
the four filters in succession, the photometer observes
the sky at zenith ahgles of 750, 700, 60°, 40° and 0°.
The scanning of the whole sky at these five elevations
and in all azimuths is completed in 30 minutes, taking six
minutes for each zenith angle. These pérticular zenith
angles were chosen to give roughly equal distances along the
eartHs surface. In Table 1-II the radii of the aircles of
observations with these zenith angles for the different

emissions and the geographic latitudes covered are given.



Fig. 1.6 Scanning Photometes
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" The transmission curves of the filters used -on
| . | (Se pogelD),
this photometer are giyenwln.Figure-l.ﬁ(_ The filters wan
be easily interchanged with other filters. On many nights
the OH filters are used on this photometer and the sky ?
is scanned. Sample records obtained with this photometer

are'given in Figures 1.7 and 1.8,

1.3 . Observations schedule and data collection:

The Pole and Red photometers are operated on all
clear moonless nights whenever more than 3 hours of
observations could be taken, The scanning photometer is
‘operated for six to eight nights around new mponlgnd also
on the nights of special interest, On Tables lQiiI A and
}I-TII B the data collected at Mt, Abu wifh’théiﬁole photbmete#

during 1964-1969 is given,

In Tables I-IV and 1-V the data collected with
the '

- the Red photometer andégcanning photometer during 1966-69

is givens The results of all these gbse¢rvations are

discussed in the following chapters,
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Fig. 1.7 A Sample record obtained with the Scanning Photometer
with filters 6300 A, 5893 A, 5577 A and 5300 A

OCT 7-8,1967

6300
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5893 A €300A
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Fig. 1.7 B Sam.p:le record obtained with the Scanning Photometer with
filters 6300 A, 5893 A, 5577 A and 5300 A
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CHAPTER II

- EXTINCTION COEFFICIENT‘(fT:a) OF THE ATMOSPHERE

2.1 Introduction:

The airglow emissions from the upper atmosphere,
“the zodiacal light, and the light from stars are weakened
by passihg through the lower layers of the earth's
atmosphere, The decrease in intensity is due partly to
scattering and partly to absorption. The total attenuation
is called 'EXTINCTION'. i

The extinction has three components caused by

a) Rayleigh scattering by air molecules;

b) Scattering by aerosols (dust and haze -

particles much larger than molecules);

c) Selective absorption by air molecules.

Compénent (a) follows }\*4 law, Variations due
to seasonal changes in the total air mass and changes in
the water vapdur content are of small impbrtance.
Component (b) is subject to large variations in space and
time, Gomponent (c) includes absorption due to Oy, O,

H,0, CO, etc. In the visible region, the absorption due to

2
the Chappuis bands of ozone is the most important,



. In Table Q—I? the total étmospheric absorption
coeffiéieﬁts are givén for wavelengths in which we are
immediabéiy interesteé, These are the central wavelengths
transmiétéd by the optfcal filtérs. The values of
absorption were interpolated from ALLEN'S tables (1963a).

In airglow studies, since the airglow emitting
layer is an extended source (the whole sphere radiates);
‘the scattered light also contributes to the measured light
even if the field of view of the instrument is sméll. Hence,
for akcurate determination of intensities, the observations
must .be corrected for the scattering of light into the
field of view as well as for the attenuation dué to the
atmosphere between the observer and the emission layer,
The method of correcting the observations is given in
Chagter III. Here, the experimental determination of jotal

extinction using point sources, is discussed,

The measurement of extinction coefficient is usually
made with a point source and an optical instrument by which
the intensity of the light-of the point source can be
measured, If the field of view of the instrument is small
(gay 3°) the addition of scattered light to the transmitted

1ﬁght can be neglected,
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For a point source of light, we have the well

known formula

Ij =1 e (1)
where

If is thé intensity aé observed from the earth's
surface, I the intensity unaffected by extinction, that is,
the intensity above the layers of the atmosphere which
cause the extinction. T is the optical depth (or) the
extinctidn coefficient.

e~ is the coefficient of transmission and M is
the number of airmasses traversed by the light with zenith

" airmass. at sea-level as unit,

To a first approximation, M = Sec Z, Z being the.
Lenith angle of observation. This is valid upto 70°.
When Z exceeds 70°, due to the curvature of the earth,
the actual oblique airmass is smaller than Sec Z.
Tn Table 2-II the actual éir~mass and Sec Z are tabulated
for some zenith angles (ALLEN, 1963b). Also in the same
table the effect of refraction on the true zenith distance
and the observed zenith distance is tabulated, The
cffect of refraction is very small (about %° at: 90° zenitﬁ_

angle) and is unimportant in the present context.



Values obtained by M
Airmass at various zenith angles.

.
.

TABLE 2 - II

Sec Z and Aetual

Apparent True
zenith zenith Air Mass
angle 7 angle
90° 90° 35 38,000
85% 85° 10* 10,400
80° 80° 5! 5.600
75° 75° 4 3.820.
70° 700 30 2.900
60° 60° 2! 1.995
50° 50° 1 1.553
40° 40° 11 1.304
30° 30° 1 1.154
20° 20° O 1.064
10° 10° O 1.015
0° 0° - O 1,000
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‘Before describing the procedure for determining‘ﬁf ‘
experimentally by using star brightness, the importance
of determination of 'tf in the airglow measurements, is

mentioned below.

As q:"occurs in the exponent, its magnitude affeéts
the intensities considerably. In reduction of all ground
based observations of airglow, ’tf plays an important part.
Its importance is particularly marked in thé height‘
determination of airglow 1ayers; by Van Rhijn method.

In this method, the heights of airglow emission layers

are determined from the intensity at zenith, and at a

high zenith angle. ROACH et al. {1958a) in one of their
earlier papers have commented that if a constant extinction
coefficient (0.164 at 5577 A) is used in the reduction of
data of all the nights they analysed, the deduced heights
varied from 51 km to 136 km, with 100 km as the méan value
for 5577 A emission. They concluded that a more probable
interpretation would be that the actual height was near

100 km and that the extinction coefficient varied from

night to night (0.12 to 0,19 for 5577 A),

CHAMBERLAIN (1961b) comments that the Van Rhijn

method is notorious for the wide variation in the calculat§§
- Gnd -

heights of emission. In Tables2-III A, 2-III B, 2-IIT C}\2—IIIfD
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TABLE 2 - TITII A

Height of night airglow 5577 A emission

1(1970)

T From ground observations By rockets
e e et Tt e o e s e e H- = oom o o som o — [ e e o o e et o e e
' %;g%ht Reference E;;?ht Reference
260  |Karimov (1947,1952) 92.5 | Berg et al.(1956)
400-1000{ Abadie et al.(1949) 96 Koomen et al.(1956)

110 Roach and Barbier(1950) 97 Heppner and Meredith

300 |Davis (1954) (1958) |
215 |Barbier et al.(1951,1954)| S0 | Tousey (1958)

200 |Rosch and Pettit(1952) || 20 Cooper et al.(1960)

- 98 Huruhata et al.(1962) -

403 Huruhata (195%)

250  |Dufay et al.(1953) 70 rerasova (1963)

180 Roach et al.(195%) -0 : 0" Brien et al.(19622
100 |Roach et al.(1954) 222 Eiffﬁzgz :: :i.§1266;
62-104 |Roach and Meinel (1955) ' '
80~100 |St.Amand et al.(1955) - AN . Greer and Besﬁ (1967)

195 Dufay and Tcheng (1955)

270-300 |Huruhiata et al.(1955,
. 11956)
90 Blsasser and Siedentopf
(1956 a,b})
100  |Barbier and Glaume (1957)
85 Manring and Pettit
| (1958 a,b)
100 |Roach et al.(1958 a,b)
226 Chiplonkar and Kulkarni
(1960) |
214 Chiplonkar et al.(1961)
140 . |Dandekar (1961)
145 Kulkarni (1965)
T 152 Chiplonkar et al.(1966)
170 | Tillu (1966) |
170 Chiplonkar and Tillu
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TABLE 2 - TTI B

Height of night airglow 6300 A emission

From ground observations

By rockets
mmm e s L
Height . ' Height ‘Reference
—— AReference [—_—
1400-100 |Abadie et al.(1949) >163 Heppner and Meredith -
275  |Roach and Pettit( 1952) (1958) *
260  |Karimav (1952) D146 | Tousey (1958)
170 Huruhata (1953) | :>130 Tarasova (1963%)
116-143 |Roach and Meinel( 1955) 210-280) Huruhata et al.(1966) |
i 280 Dufay and Toheng(1955) ;>245 Gulledge et al.(1966)
205

Greer and Best (1967)

4139
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TABLE 2 - III C

Height of night airglow 58973 emission

From ground observations - By rockets:
Height ' Height
Kms. Reference . Reference
150 | Barbier (1944) | 85 Koomen et al.(1957)
310 Roach and Barbier (1950)| 95 Tousey ( 1958)
275 Roach and Pettit (1952) 89 Packer (1961)
125 Karimov (1952) 93.5 |Huruhata et al.(1962)
356 Huruhata (1953%) 82.5  |Tarasova (1963%)
108-129 | Roach and Meinel (1955) 89 Greer and Best (1967)
200 Dufay and Tcheng (1955) '
7
TABLE 2 - ITII D.
Height of night airglow OH emission
From ground observations By rockets
e ot e o e e e ot et e ke o e e S ot B S e 8 o b et S e ot e e e 4 b et e e et e e e v e st s e e . e v e s e i e e [
%;éght Reference i;éght Reference
70 Roach et al.(1950) 56-1001 Heppner and Merediﬂ&q
900 .| Pavlova et al.(1950) (1958) '
306-335 | Huruhata (195%) 8> Packer (1961)

160-180

Berthier (1956)




the heights determined by different observers.for the
different night airglow emissions are reproduced. From
recent rocket ekperiments and from the theoretical knowledge
of the relative importance of the various reactions giving
these emissions, the heights of these emission layers are
becoming clearer. Of all the uncertainties in the Van Rhijn
method, the error due to using incorrect values ¢ T 1is
perhaps one main reason for so much diversity in the heights
determined from ground observations. Hence for précise
detefmination of emission heights from ground based photometric
observations, ftfishould be correctly determined. KULKARNI
(1965) has determined the height of 5577 A emission using
'measuréd values of U (WEINBERG, 1964) and the birefringent

photometric observations of 5577 A,

As 1: affects the individual observations, the
pattern of the isophote lines is also dependent on‘the value
of TT'. To demonstrate the effect of ’tf on the isophote
maps on the dome of the sky, with different assumed values
of ‘T for 5300 A and 5577 i the isophotes are plotted in
Figure 2.1l.from the observations obtained from the scanning
photometer at Mt. Abu oﬁ the night of Dec 3-4, 1967, In
the case of BB77 A with low values of W: ‘there is
concentration of more intensity at the centre. With increasing

Tj the overall intensities increase; whereas the intensity
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in the centre is less and the periphery becomes more
intense, Thus the nature of the isophote lines changes

with the value of /tj that is assumed.

Out of more than two dozen airglow observatories
in the world, at very few places, (tf is measured simult-
aneously with airglow observations and used for the reduction
of airglow data., To the best of our knowledge only at
three/four places, T, is measured and used in the
reduction (ABADIE et al,, 1945; ELSASSER and SIEDENTOPF,
1956a,bHURUHATA et al., 1957; KULKARNI, 1965; BROWN, 1969).
The extinction coefficients by broad kand filters are
determined at many places for Astronomical studies (JOHNSON
and MORGAN, 1951; ARP, 1958; JOHNSON, 1963; DACHS et al.,
1966; GUTTAMAN, 1968; IRVINE and PETERSON, 1970 etc.).

In general, the higher the altitude of the place
the less will be the value of er as the atmosphere will be
free from the dusf and haze to some extent. Also it may |
remaih more or less constant %p"different seasons if
contribution due to water vabour is very small. In general,
for all stations and especially for observétories.ground
5000' altitude, including Mt. hbu, determinatian of "(f on |

day to day basis is very important for airglow calculations.
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Keeping this in view, and to have improved quality
of reduﬁed absolute intensity values, we started measuring
the extinction coefficients daily since 1967, A photometer
was constructed in September 1967 with one filter having
peak transmission at 5360 A and half width 130 A, In 1968
September another photometer was constructed with provision
for three filters having transmission peaks at )\ 5360 A
(half width

11

55 A), }\ 5750 A (half width = 34 A), )\ 6080 A

I

(half.width' 48 AY, The constructional details of both
the photometers, are described below, Later the method of
determining 7;% frém star brightness observations, ié
described and finally the observational results are given,

These photometers are named as 'EXTINCTION PHOTOMETERS',

2,2 Extinction Photometers - Description:

2,2.1 Extinction Photometer I:

This photometer was constructed in the month of
September 1967 and used for observations from October 1967
to September 1968, Figure 2.2 gives the detector part of
the photometer.- A simple stand is made with iron plates
and the photomultiplier assembly is fixed at the centre,
It is possible to rotate the photmmeter in any desired
direction manually. A shutter is used to shield the

photometer and record the dark current.



Photometer 11

inction

Ext

Fig. 2.5

Photometer 1

2.2  Extinction

Fig.



1 43

Only one filter centered at 5360 A is used énd is
“kept above the photomultiplier inside an aluminium tube
which is coupled to the brass tube in which the photo-
multiplier is kept. The transmission curve of the filter
is given in Figqure 2,3 . An achromatic lens with
diameter 6.5 cm and focal length 19.0 cm is fixed at the
other end of the aluminium tube and its position is.so
adjusted that the photocathode of the photomultiplier is
at near the focus of the lens. A circﬁlar aperture of

1 cm diameter is kept before the photomultiplier and this
together with the focal length of the lens determiné.

the angle of view of the photometer, The angle subtended
by this photometer was{w;3o, An RCA 6217 (S-10 response)

end-on photomultiplier is used.

A negative d.c., voltage of lOO? volts is applied
to the photomultiplier from a well regulated power supply.
The output of the photomultiplier is given to a tube
d.c. amplifier the input resistance of which is 10°—f1. .
The output of the amplifier is recordéd on a 1 ma current
meter of Evershed and Vignoles. The circuits of the power

supply and the amplifier are given in Figure 2,6.

A 1" objective guiding teleScope is fixed on the
photometer to position a star on the photocathode of the
multiplier, A sample record of the star deflections

obtained with this photometer is given in Figure 2.7,
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2.2.2 Extinction Photometer IT:

This photometer was constructed in the month of
lSeptember11968 and used for observations from October 1968

‘to May 1969. Figure 2.5 gives a view of the complete photometer '
f(_Sgg'pag@. 42)A polar mounting stand is made and the photometer:

is fixed on the stand, Thewadvantage with this set-up is

that it is easy to adjust for any star, and .once a parti-

cular star is in the field of view it is easy to follow

the star with the adjusting screws till the star sets,

A turret is made where the filters are mounted
symmetrically and an opaque shutter is provided for recording
the dark current of the photomultiplier, The turret box |
contains a geneva gear assembly which positions the filters
on the photomultiplier. The turret is driven by a four
sector geneva in such a way that each filter stays for
30 secondé on the photocathode so that one rotation of the
turret is completed in 2‘minu£es. The turret is driven
through gears by a Hurst motor ‘(110 volts AC, 120 ounces
‘torque, 60 CPS, 1 RPM) mounted directly under the filter

box.

Three Baird Atomic Inc. filters having peak
wavelengths at 5360 A, 5750 A, 6080 A are used, The trans-

mission curves of these filters are given in Figure 2,4(se¢e page 44).




The optics and the sighting telescope are similar to the
ones used as in Extinction Photometer I, The angle

subtended by this photometer is also ~ 3°.

An EMI 9592 B (S-10 response) photomultiplier is
used. This photomultiplier-has less dark current than
RCA 6217 used in Extinction Photometer I. The output signal
from the photomultiplier is‘given to an electrometer
amplifier which is very stable and has very small or no
drift. AThe input resistance of this amplifier is l08~—EL.
The circuit diagram of £his amplifier is given in

Figure 2.6. (see page 45 ).

A Kipp and Zonen micrograph recorder which can
record currents from O.1 tv 2 to 5.0 /bu@ full scale in
various ranges on a scale of 100 divisions of chart
breadth 21 cm is used, A sample record obtained with this

photometer is given in Figure 2.8.

2.3 " Method of observation and procedure_df determinincyq:

The procedure to be described applies to both the
photometers. Each time the photometer is pointed to a star.j
- (non-variable type ) and the deflection on the current metéf
is observed. After the star trails away from the photocathode
of the photomultiplier the deflection without the star
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in the field is also observed, Thislis in general the
airglow plus other continuum radiations in the field.

The defiection without the star in the field is subtracted
from that with the star which gives the deflection due |

to the star alome. This is a function of the stor brightness
- and the position of the star in the sky. For each obser-
vation about iSkaminutes are required to have the full

trace of the star.

Three methods are feasible to determine the

extinction coefficients,

1) | If a good calibration source is available
a single observation of any star can give the
measurement of (CT from relation (1) provided:
we know thé absolute brightness of the star (IO)
and the zenith angle of observation. From the
observed déflection, and the deflection with
the calibration source we can determine observed
brightness (I§‘at any time of observation.
Then using relation (1) we can determine T
with a single observatiénk We have avoided
this method purposely although we have calibrated
radiocactivated phosphorescent light sources,
simply to avoid the errors in the absolute

calibration.
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If one bright star is observed at about 6 to 8
zenith angles say from 20° to 800, so that
we have its intensity measurements (I), the

- m »
extinction coefficient k, can be determined

by plotting a graph of 10910,1 vs., M the

- airmass traversed by the light ray. A straight

line should result. This line is extended

to cut the ordinate at A. The ordinate value
corresponding to M = 2.3 is read at point B.
Then (loglO Iy - logy, Iz) directly gives

the extinction coefficient. Alternately
if/loge I is plotted against M the-vélue

of the slope gives directly the extinction

coefficient,



3) In a short interval of timé, say half an hour
or less, if six to eight different bright
stars are observed (without complete tréils)
and their intensities are measured, a similar
procedure described in the second method can
be used for determining 1:'. But this ﬁethod
involves the normalisation of the intensities
of the different stars observed to a single
magnitude and single spectral type star.. The
necessary reduc%ion factors to normalise

o

different stars/a single magnitude and colour

must be known,

2.4 Observations:
2.4.] Procedure:

In the year 1967-68 both the second (one star
tracking) and the third (observing many stars) methods for
measur ements at 5360 A were used. For reduction by the
third method the normalisation factors at 5250 A kindly
provided by Dr,HURUHATA of the Tokyo Astronomical
Observatory, Jaban were used, The normalisation factors

for some of the bright stars are reproduced in Table 2-IV.

In the second method, since a single star is observed,

normalisation is not needed. This is comparatively easy
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TABLE 2 - IV

EXTINCTION STARS

Normalisation to 1st Magnitude GO type 5250 A
(From Tokyo Astronomical Observatory)

Sr. Name of the Spectrum | Magnitude »Normali;
No. star . |. type at 5250 A |sation
B IR SR ==
1. | o Andromedae B8p 2.04 2,61
2.| B Casiopeioe F3 2,27 3,22
3. | o, Persei 75 1.80 2,09
4,1 & Taurui - = K5 0.90 0.912
| 5.] & Aurigae e | 0.13 | 0.449
| 6. f®Orionis ‘ B8 0.06 0.421
7.| ¥ Orionis B2 1.61 11,75
8.| (> Tauria B8 1.61 1.75
9.| € Orionis BO . 1.60 1.74
10.| % Orionis , BO 2.00 2,51
11.] /3 Aurigae A2 1.96 2.42
12.| /3 Canis Major B8p 1.87 | 2.23
1%.| ¥ Gemini A 1.90 2,29
14.| of Canis Major A1 | -1.50 0.100
15.] o Gemini | AT | 1.40 1.45
16.| £ Canis Minor F5 0.33 0.540
17.] /3 Gemini G9 1.15 1.15
18.| o Leonis B8 1.2% 1.24
19.| /3 Ursa Major Al 2.30 3.3
20.| ® Ursa Major : -G 1.86 2.26
21. o Virgo B1 0.94 | 0.946
20,0 of Bootis - KO . 0.06 0,421
23, a{‘Lyfae ' AO ~-0.02 0.%91
24. £ Cyeni A2p 1.16 1.16
25, of Piscis Austuni | A3 1013 ] 113
26.] of Pegasi . AO 2.45 3.80
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and using this method mostly in the year 1968-69, the
extiﬁction coefficients at three wavelengths 5360 A, 5750 A
and 6080 A are determined. It is necessary to have a
number of observations from 80° to 40° zenith angle to

have a best fit line, 1In about 4 to 5 hours, 8 to 10
observationgat reasonably spaced zenith anglés could be
taken sé that the Z spacing of the plotted points is uniform.
However, there is disadvantage with this method that it
gives an average extinction coefficient for the entire
period of observations. This is a good compromise if the
value of fo does not change during the period of

observation.

The zenith angle of the star at any particular instant
can be determined accurately from the time of observation,
the star‘co—ordinates (right ascension and declination),
the sidereal time of the day and the co-ordinates of the

observing station,

The zenith angle of the star is determined from

the relation

Cos Z = Sin q) Sin &> + Cos QS Cos /A Gos H (2)

where

Z is the zenith angle of the star




H is hour angle of the-star

gﬁi is the declihation of the star

?é is the geographical 1atitude of the observing
station |

H = Sidereal time - right ascension

Airmass M is calculated from the Sec Z law if Z is léss than
70°., For higher Values of Z the airmass is taken from the
interpolated values given in Table 2-II reproduced from

ALLEN (1963b).

Instead of drawing a straight line manually between
log I and M, a computer program was written which fits the
line of regression and computes the value of T, together with

probable error in 1it.

2.4,2 Observation schedule:

As the adjustment of the instrument to measure the
star deflections is manual, the measurements are restricted
to about 6 to 8 nights around new moon in each lunation and
the extinction.coefficients are determined. However, in
summer months as  the local atmospheric conditions change
efratically on many more nights the extinction coefficients
were determined. Table 2-V gives the number of nights

on which ftj was determined,



"TABLE 2 -V

Number of nights on Which/t; was experimentally determined,

1967-68 1968-69
5360 A filter 5360 A,5750 A, 6080 A
filters:

ST} : No.of § Sr, : No, of
| No. Lunation nightSJ;No, Lunation nights
1.{October 1967 3 1, {October 1968 11
2, |Dec 1967-Jan 1968 7 2. |November 1968 5
3,{Jan -~ Feb 1968 9 3. |December 1968 8

"4,1Feb - Mar 1968 6 4, {January 1969 6
5.{Mar ~ Apr 1968 10 5. [March 1969 6
6.|Apr - May 1968 14 6. ApTil 1969 2
7.{May - Jun 1968 15 7. May 1969 7

- 8.|September 1968 8

Total 72 45




2.5 Results and conclusions:

In Figure 2,9 the value of the extinction coefficients
(’TT ) determined on all the_nights are ploﬁted date-wise.
It shows that r{; varies from night to night at Mt. Abu,
There are some occasions whenfﬁf is &bﬁ@ﬁméli?ﬂhigﬁTand_ﬁame
occasions when it is very low compared to the average |
values, Lower values of imply that dust and haze content
is very small and the atmosphere is tending to "ideal"
molecular atmosphere. The nights when rtf is low can be
sorted out for more reliable airglow calculations. In
general the variation of F[j from night to night is less in
the months from October to January and is more and random
in the near summer months, It is to be expected thatAdue
to dust storms in the nearby desert areas and other reasons,
in summer at Mt., Abu, there is more aerosol content- in the
upper atmosphere than in the winter months. Also especially
on clear nights following a few showeré the values of f[f are

lower than the normal,

In Figure 2,10 the histograms of the WEJ values using
60 nights data in the year 1967-68 and 43 nights data in
the year 1968-69 are plotted. 1In Figure 2,11 the 'percentage
error histograms' Showing the percentage errors in the
determined extinction coefficients of the above nights are

plotted., With the 5360 A filter the maximum number of
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observations lie in the 10-20 % error region in 1967-68,
while.thos: in 1068-69 lie in 0-10 % error region. A major
factor which might have conﬁributed to less statistical
errors in the determination of 1;d values in 1968-69 compared
to 1967-68 could be attributed to the usevof a better
photomultiplier, and better filters and recording system,
However, with the 5750 A and 6080 A filters the maximum
number of observations are in the error ranges 10-2C% and
50-30 % respectively. This is due to the fact that the
deflections are small due to the smaller response of the

photomultiplier at those wavelengths than that at 5360 A.

From the histograms of /Ef for the year 1967-68
the most frequent values of U at 5360 A is 0,27 whereas
in the year 1968-69 1t is 0,18, This difference can be
partly due to the fact that the filter used in 1967-68
was rather broad and with less peak transmission than that
used in 1968-69, The most frequent value of T at 5750 A
is 0.17 whereas at 6080 A it is 0.15, In Figure 2.12 A
the mean values of the extinction coefficients for the entire
junation are plotted lunation-wise. In Figure 2,12 B
the average values of the entire data versus wavelength
are plotted, It is seen that the extinction coefficient
is less in Oct-Nov-Dec months and slowly and continuously
increases in early summer months. But in Jan 1969  high
extinction coefficients were observed because of other

disturbed local conditions.
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The data of tﬁe daily ozone amounts determined by
Dobson Spectrophotometer at Ahmedabad waé looked into.
‘Although the contribution due to ozone is small, whenever
there is an increase in ozone amount the extinction coeffi-
cient determined is also more than normal, Very high values
" of extinction coefficients say greater than 0.3 at 5360 A
always imply @ major contribution due to aerosol. In
Figure 2.13 the extinction coefficients of a few nights are
plotted when they are less than 0.3 and the daily ozone
amounts determined by Dobson Spectrophotometer at Ahmedabad,
It is seen that the extinction coefficient increased with

increase in ozone amount to some extent.

In Figure 2.14 the extinction coefficients versus
wavelength are plotted on some nights to see how 'If'varies

with wavelength,

i) On 70% of the occasions it was observed that (]

decreased with increasing wavelength;

ii) On about 10% occasions U increased with

wavelength from 5360 A to 6080 A and

» J .
iii) On about 20% occasions ‘(. was more at 5750 A

than at 6080 A/5360 A and T’ was less at
5750 A& than at 6080 A/5360 A,
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VAN DE HULST (1957) has summarised in his tretise
on "iight scattering by small particles" the work of VASSY
and VASSY (1939) and DESSENS (1947 é,b) who distinguished
the extinction from the particles of different sizes and
the various occasions on which we can observe the variation

of extinction coefficient with wavelength,

If .'a' is the radius of the particle -

i) Extinction roughly neutral; a = )\max:> 0.8/&0
i1)  Extinction maximum at 5000 A; a = )\max =‘Q{5f&*

1ii) Extinction decreases gradually fromléooo A

to 4000 h; a8 = A, = 0.6/

iv)  Extinction maximum at 4000 A; a = >\max: Oﬁ4fA’

GOTZ (1944) concludes from the extinction measurements
that the most common radii of particles are a = O.3/UJ for

light haze and a = O.4ﬂfor heavy haze,

From this it is clear that the nature of the vari-
ation of extinction with wavelength is critically dependent
on the radii of the particles present. As 70% of the nights
showed occasions when f[: decreased with increasing

wavelength it may be concluded that at Mt.Abu on most of



the occasions there are particles of sizes of radii 0.4/00
to 0.5 fﬁ .  However, on the rest of the occasions there
are different KC, variations, becausé of bigger sized

particles of radii O.6/hu or more,

The/Tj values are low on many nights in winter
months at Mt,Abu, It may be concluded that on these.nights
the dust content is low and the atmosphere is approaching
to the ideal 'molecular atmosphere'., These nights can be

sorted out and can be used for a more rigorous study of

determining heights and any other étudy,-which demands greater

accuracy in the reduced data,

It must be emphasised here that the primary object
in the above study was the 'determination and use of
extinction coefficients for airglow studies'; and not the

interpretation of the variations in T .

2.6 fictual use of (Ef in night airglow calculations:

At present, as there are no observations at all
the wavelengths, the interpolated rTT values at the wave-
lengths of the current interest from the smooth curve were
obtained from three wavelengths for which there are

observations and they were used for the reduction of



the nightAairglow data. The mean values of the extinction
coefficients as determined from all the observations are
used in the reduction of the en mass data from the various
photometers. However, in reducing the scanning photometer
data on nights of special interest, the extinction

coefficients determined on those nights are used,



e  CHAPTER _III.

REDUCTION OF ATRGLOW DATA TO ABSOLUTE UNITS(RAYiEIGHS):

3. ' Intreduction:

Fer an extended area source the brlghtness (1)

of the emitted light is usually expressed as ergs cm 2sec"l

sterad l‘ In alrglow-aurora work the 1nten51ty.of llght
emission iéAmeasured in rayleighs where a rayleigh is
~defined as . 47\ I, and I is measured in 108 quanta om™2

sec”t sterad™!, (HUNTEN, ROACH and CHAMBERLAIN 1956)

The photoelectric current that is réecorded as .
a deflection.on a qurrent_meger is a function of thé
intensity of light receivedAby the photocathode in a.cerﬁain
range of waveléngfhs. The deflection is related to the
spectral response of the photomultiplier S ( )\f)and the
filter transmission T ( N ). | |

14

A radioactive C~7 phosphor source ( Y-240)

14_

{half life of C™'= 5720 years) which emits /3 parficles.

st + /A (.16 MeV)

and produces light emission from the phosphor is used



for calibration. This source is callbrated in- absolute
unlts against a primary standard by Dr.M. Gadsden of ESSA,
Boulder, (U S.A.) at intervals.

3,1 ~ Principle of the 'two colour method!:

The 'two colour method' of ROACH and MEINEL (1955)
is used for reducing the data to absolﬁte units (Rayleighs).
In this method, two filters are used, onelcéntered at or
near the emission wavelength and the second at. wavelength
where there is no line emission but is as near‘és possible
‘to the emission wavelength, We shall call the first filter
as the line filter (1-filter) and the second as the
background filter (b-filter). From the response of the
second filter, the contribution of the total backgfound
intensity transmitted by the line filter is determined
and this is subtracted from the total response of the line
filter to détermine the intensity of the emission line.

The photomultiplier response, kyawswisdion of the filter and
the ratio of the backgréund intensity'af both line and

background filters are all taken into consideration,

The same procedure is used in the case of the
triplet lines of bxygen (0I), the double lines of Na, and
thelmolecular bands of'OH, taking into consideration

the relative line:intensities.
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The observed deflections have to be corrected for
atmospherlc extlnctlon and scattering, The method of
“correcting the observed intensity to "outside atmosphere™
is described in seetion 3.5, 1In séction 3.2 the theory of

using the Cl4 source for calibration is given.

The procedure and the formula given by SMITH and
ALEXANDAR (1963); KULKARNI and SANDERS (1964) are used for

,the reduction of the line intensities of airglow emissions,

3.2 Method of usinq cl4 source for calibration:

The present measurements are concerned with the
emission lines 5577 A/ 6300 A/ 5803 A ang the near infrared
OH bands, OH (7-2) (band origin at 6862 A) and OH (8-3)
(band origin at 7273 A). The reduction procedure for the
emission lines of atomic oxygen and sodium,is described
in section 3.2.1, and the procedure for hydroxyl bands ,

is described in section 3.,2.2,

The various symbols and the notation used (in
this chapter) to deseribe the reduction procedure are

listed below for the sake of clarity,




Notation used @

b filter 1 filter ' OH filter
[j\\\\\Nn“ {:ROTnT\oNpL LsNEg)’
7 z>\ (WAVE LEN GTH W /~\."U)
Background filter Emission line OH filter,OH (7-2)/
filter - OH (853)
153 is the wavelength of an emission line such as

6300 A/ 5893 A/ 5577 A,

S)\ - 1s the spectral response of the photomultiplier
at any wavelength >\..

%/X is the spectral response of the photomultiplier
” at /\ .
°p(2), %P (3) i °P,(2), °P,(3)......etc. are

the spectral responses of the photomultiplier at the
wavelengths of the rotational lines. Pl(2); Pl(B).....
P,(2), P,(3) ....etc. of the OH band.



SQ and Spare the spectral responsesof the photomultiplier
at the mean wavelength of the Q and R branches
of the OH band.

T)\ 1s percentage transmission. of the filter at any

wavelength )\

?/\ is percentage trensmission at £\

2(2), p (3) ..... are the
percentagetrawmissions of the filter at the
wavelengths of Pl(2),’PL(3).....P2(2),-P2(3)...etc.

TQ and Tp are the percentage@tyawsmissions of the Tilter
at the mean wavelengths of Q and R branches of the

OH band,

CX%pﬂ,Qﬁ(s) .......... <{p CKP ........ :

are the relative intensities of the rotatlonal

~lines Pl(z), P1(3) P (2 , P2(8).. ..... etc,

(X(Q and O(R are the relative 1nten51t1es of Q and R
branches of the OH band

N \ is the radiance of ¢t% source at any waveléngth )\ .
) | _
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is the nightglow intensity of the emission

line in rayleighs,
is the OH band intensity in rayleighs,

is the background intensity in rayleigh/a
at the peak wavelength of the background filter b,

is the background intensity is rayleighs/A
at the peak wavelength of transmission of the

line emission filter or OH filter,

is the ratio of the background intensity at the
peak wavelength of the emission line to the back-
ground intensity at the peak wavelength of trans-

mission of the background filter.

is the ratio of the background intensity at the

‘peak wavelength of the OH filter to the background

intensity at the péak wavelength of the background
filter,

is the deflection on the current meter due to
the night sky intensity through the background
filter b, *



dCb

dC

OH

dCOH

is the deflection obtained on the current meter
due to the ct4 source through the background
filter b,

is the deflection due to the night sky intensity

throughthe emission line filter 1.

is the deflection due to the ¢* source with the

emission line filter 1,

is the deflection due to the night sky with the

QH filter. -
is deflection due to C'* source with the OH filter,

is the geometrical-constant of the photometer

(i.e. energy per unit deflection.on the current

meter- ) . s ‘ :

Correction to be applied to observed intensities:

Tt

intensity (deflection)measured at the ground-

at any wavelength,

intensity outside the atmosphere,



HERAC :

Sc S;attering termA

Ex Extiqction term

771 ' Molecular~sc§ttering coefficient

732 Total extinction coefficient.

M is the airmass at any zenith angle ( M = m sec Z)
m is the mass of the atmosphere overhead

VA is thé zenith aﬁgle of observation

Ghamberlain's procedure;

Iinc(“ f”) Intensity above the ozone layer at any zenith

angle Z.

fb = Cos Z Z is angle angle
I is zenith intensity outside the atmosphere,

- tfans(qj{*/x) is the intensity of the scattered light due

to molecular scattering,



: 74

. :
I 7: "f@ is the scattered light due to ground albedo,
TTO extinction coefficient due to ozone,

jj is extinction coefficient due to the

scattering atmosphere,

3.2.1 Method for the emission line:

Let the corrected deflection for atmospheric
- scattering and absorption through the line filter when the

photometer is pointed to the night sky be d This deflection

ll
is due to the emission line intensity plus the background
intensity passing through the filter due to the finite

width of the filter,

Let the deflection due to the cl4 scurce through
line filter‘be dCl. The response of the photometer in

~the above two cases can be written

.SA N R + j s/.\ T/\ B dh = e (1)
- 3
‘where

k is the geometrical constant of the photometer.

i {energy per unit deflection). |



?/\ " is the filter transm1551on at the line em1551on

wavelength A

B is the total night sky background brightness
in Rayleighs/A,

and
S N T d A AChvinnnenn.... 2)
j SV S N kCl (2)
IVA | is the radiance of Cl4 source ih rayleighs,

(converted from ergs 5ec“lcm“25terad"%g*l)_

The integrals XS?* Ty B dA and j Sy Ny Ty dA
give the response of the photometer to ghe night sky
continuum and the Cl4 scurce respectively through the line
filter, The integral is to be taken over the range of

wavelengths transmltted by the filter (1dea11y from O tocij).
For moderately narrow filters (~2 50 A) B can be

considered as constant in the small spectral region

transmitted by the filter, From (1) and (2)

S, Tn Rp +B~£S)\ T, dA g

j s)\ N}s T/\ dX
1



The ratlo of deflections of sky to carbon14 source through

the same filter ig represented by D

S A T, R+ B gr SN T%dﬁ = D é Sy Ny Ty A (3)
To evaluate B the background intensity in R/A

another filter where there .are no airglow em1351on llnes

is used,

Let the deflection due to the sky with this
background filter be d, and that with the M eoupee be dC, ,

The Tesponses of the photometer rare

\é}S}\ T)\ B' daA = k db (4)
quk-NA 1} dx = 1<.dcb (5)
b ‘

B! is the background 1nten51ty in Raylelghs per A, In
the spectral region of this filter b, B! can be assumed
to be constant in the spectral region of the fllter,'if

the fllter is not wide,

Thefefore'from (4) and (5)




$TT s

B_’isf\ Ty d.,\ ' a,

Sy Ny T, dA

Therefore

B! = Db,j Sy T Ny aA J Sy T d)\; (6)
b | b o

when B' is known, B can be calculated providéd the ratio
of the background intensities at these tWQ'wavelengths

is kmown, If the ratio of background intensify at peak
wavelength of the d ~filter to the background intensity
at peak wavelength of b — . filter is Ky ‘then |

B =K, B

1

Therefore

B =D K, J\ s/\ Ny TA d/\/j S,‘; TH dA. coreen (7)
b b |

substituting this value of B in equation (3) and;rearranging

"the terms we get

VN et | = K Py 7 —
A Ta 1573 T Aln |
. . b "‘“‘““"‘-\\_



3.2.2  Reduction of OH band intensity into Rayleighs't

i .
£y i

Let the total absolute 1nten51ty of the OH band

be. ROH raylelghs 3

Let h%\ be the Cl4 source radiance’ ?nd S)\ -be

the relative sensitivity of the photocathode,at any
wavelength ;\ Let the deflection due to ¢ H fllter when

the photometer is p01nted to the night sky be d®s and the -

'deflectlon obtained with Cl source through the'same fllter

; 6
. i

OH* ) "; ] . f
. , P

i

be dC

Let the relative intensities of tHe rﬁ%ational

- lines in the band in P, Q, R branches be ? }

Q(P (2)’ O(P (3)? Q{P (4 o(% (2 0(p2{31
ettt eee e e C(. and o(R' 5 ;

Il

In the case of Q and R branches the!separatlon
of the llnes is vary small and the relatlve 1ntegrated
1nten51ty of the branch is considered at 1ts mean‘

wavelength,

e 'S are computed by CHAMBERIAIN (1961c)
with a Boltzman distribution of levels for T"( %25)K and

the line strengtiis from the Honl- London formﬁla[as qL ced



by HERZBERG (1950). These values are used in the reduction,

Let the filter transmission at the rotational line wave-

lengths be

T T L2 T T S 1T T -ouo.;
P (2)* P (3)" Tp (4) =,(2)7 Tpy(3) Tp,(a)
....... TQ and TR

- and similarly the photocathode relative sensitivity § be

S; S

P(2)0 5 (3) Spy(a)reee

ce s SQ and SR

p2(2 2(3 2(4)”*#'

The conversion between Q, in ergs qm—gsterad"l sec'lﬂ_l

to @ in rayleighs at any wavelength )\-is given by
Q = O, x 6.3227 x 10° x A

where ;\ is in A,

- The response due to the rotational line intensities in

all the branches is

RoH O<Pﬁ(2) ?pl(z) e, (2) * Fon C<~pl(3) Spl(a) Tpl-(:a) e

ROH'Q(p2(9¥ SP2(2) sz(z) + Ron O{pz(s) 592(3)' TP2(3)+°"‘

Rou Kq Sq Tq * Pon AR Sp Ty



‘In the night sky there is background continuum
due te starlight, zodiacal light and genuine airglow
continuum (it ié&%%t known whether true airglow continuum
is there in the infrared region), This.will aiso cbntribute
to the observed response through the OH filter. The |
~deflection observed is‘a.mixture of the deflection due to
the total continﬁum, and the deflection due to the emission

rotational lines,

If the continuum intensity is B R/A in an OH
~band and under the assumption that B is same (as the bands

under consideration are spread to about 200 A only) the

total continuum included in the OH filter is B ‘Y S;‘ ?ﬁ dAax .

OH

Therefore the response of the photometer is

B -
7 Py o{p Sp Tp) + Ry g Sq Tq + Fon 0(8 5z Tn
P2
P B Ty dd =k dy, .
\P,=2 ' ‘y SA A OH | ()
OH

where k is the geometrical constant of the photometer,
In the P branch the lines upto J = 8 only ( J being the
rotational quantum number) are considered &s tabulated

by CHAMBERLAIN (1961c). Lines with J » 8 are very weak.



P, =2

g
Ez (q; Sp Tp) +0<Q 5q Tq +o(§-SR T
C pe |
N
Np =2

2

Let
A =

Therefere Rog+ A + B ?A ?A(iA - =k dQH (11)

OH

14 Source with the OH filter is

The_respohse of C

JSA T ',N)‘ dA = k dCqyy, (12)
-OH '

From (11) and (12)

Ror = Do g SAONACTA A o oSy Ta A ()
A

oH OH
where"DOH is.equal to dOH/dCOH

To evaluate B the bhackground intensity in rayleighs
per A, another filter, where there are no airglow emission
lines is used, In the present case a filter having peak

transmission at 6080 A, has been used,

Ry \:E (ofp Sp ?P) + °<Q 8o Tg * D(R Sg TR:{+ BSS/\ Ty dX
| ' . OH
p’ 1 - |



Let the deflection due to this filter from sky

be d, 14

b and that due to C

source be dCb.

The response of the photometer with Cl4~source is-

S N T dA =k dC (14
b

If the total night sky continuum intensity is B' R/A in

this spectral region and is assumed to be the same in the

region transmitted by the background filter, we have '

_ b
" Therefore from (14) and (15)

B js/\"r/\ dA = kS ... a .'(15.)

(16)

Bf‘s/\ Ny Ty dA

J sy
b

Thus when B' is known B can be calculated provided the

. B! =D (17)

b *

ratio of background intensity at the two peak wavelengths

“of the filtergis known. If this ratio is Kgy, then



B = Kqy B .u (18)-

i
v,

Therefore the intensity of the OH band is given by

'ROH = T S)\ NA T/\ d A~— —,~—~ JSA T)\ d/\ (19)
OH OH '

Substitut;l,ng{ffor B, we get

/\ /\T dA -

ROH is in rayleighs.

3.3 Approximations and errors in the two colour method:
KULKARNI and SANDERS (1964) have assumed an average
value for both S)\ and N)\ for the whole filter range when
the range is ~ 30 A, Also they assume that the background
continuum inteﬁsiﬁy for adjacent spectral regions does not

change appreciably within 200 A.




BLACKER and GADSDEN (1966) have pointed out
the following objections to the procedure éﬁopted by
KULKARNI and SANDERS (1964), r

a) Long term variation of the CL4 source is

not considered,

b)  Transmission of filters in the infrared
region is not considered (possibility of
"secondary" transmission in interference

type filters),

¢c)  Approximation of one single value of S x
and N/\ for the entire filter transmission
range is not satisfactory, In short,:

S)\ N)\\S‘TA dA is not a sufficiently good

approximation for

Regarding (a) wé're-of.the view that long term

variation of ct? is:yet to be established, It is' dependent

-

on the properties of the phosphor., ‘We get our Cl4 source
calibrated at intervals by Dr. M.Gadsden of ESSA and have.

used appropriate values of the radiances in the reduction,



The 014 source Y-240 is calibrated at temperatures
13° and 20°C. There is slight difference in the radiances
at these two temperatures. These are the normal night-time
temperatures at Mt, Abu in the winter and summer respectively.
At Mt. Abu, during night, there is only a change of a few

14

degrees in temperature. Appropriate values: of C radiances

are used in the reduction of the data,

Regarding (b) one must admit that if there is a
secondary transmission band in the filter and if the
photometer is sensitive to it, this is of serious concern,
All our filters have been calibrated with the help of a
Beckman quaftz spectrophotometer at the Ahﬁ%dabad Textile
Industries' Research Association. And theé%'calibratiohs'
are repeated occasionally. Modern interference filters
are subjected to special treatments so that they do not
have any secondary transmission bands. In some of the
filters wherever it was necessary, additional filters have
~been used to“cut all secondary transmissiod‘bands, Also
Wé hQVG ugedméio and Sy type of photomultipliers. They
do not have any Asensitivi‘ty. at >\>\ > 8000 A |

Regarding (c), the response of thé photomultiplier

as Supplied'by the manufacturers, is considered.
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In Tables3-I A and 3-1 B are given the data for
all the filters which are used on the different photometers
and S/A y D%x values at the peak transmission of the said

.filters.

In Tables 3-II A and 3-II B are presented the

values of the responses of the photometer as

S/x N)\ T)\(at % max. transmission).....  (21)
Sy Ny, 51*)\ dX (22)
N SNA Ty d )\ | (23)
Ny J sy Ty d A (24)

jSA /\ T/\ A | (25)
AN isTakeyy w  wilevvals of s Ay '
Tables 3-II A and 3-I1 B are self explanatory.

Values of the responses obtained through equations (22),
(23), (24) ‘and (25) do not differ by more than.l tqhz%

~ for all the narrow filters, In case of (i}rbfb;d filters
and (ii) when the relative response of the photocéthode' |
is small, the values calculated from equations (22);(23),
(24) and (25) differ by more than 5 to 10 per cent.
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It may be noted that results obtained by equation (21)
and (28) ‘may differ by 10% to 20% in the case of narrow

filters and a little more in the case of broad filters.

Similar calculetions are also done with anothér

14

- C7" radioactive source (0-315) which we got recently.

The results are similar,

It may therefore be concluded that the only
important step is to include T}\ inside the integral sign.
That is the value of | Ty dA is to be obfained from the
filter transmission curve, It matters littie whether S)\
and N;& are inside or outside the integral sign. However,
since we had all the detailed calculations Including S/R

and N}\ in the integral, we have used them?in our reduction,

Perhaps the weakest point of the two colour method
is the assumption Kl or Ky = 1 when the transmission of
the background continuum filters used is not very near

that of the emission line filter,

The following table shows details about the

background filters that are used in different photometers...



Photometer Emission wavelength |Background
: filters filter peak

Pole photometer 5577 A, 5893 A, 5350 A

: 6300 A
Red photometer 6300 A, OH (7-2), 6080 A

' OH (8-3)
Scanning photometer] 5577 A, 5893 A, 5750 A/5300 A
6300 A

When the background filter transmission is not
very near those of the emission line filtef, it is necessary
to know the value of Kl or KOH to eliminate the backgrbund
continuum intensity properly. The percentage error in
deter&ining the absolute intensities if Kl is not exaétly
known;is largely dependent on the width of the filter and
also on the emission line inﬁensities. This error increases
with wider filters and it will be greater in case of less
intense 1ihes such as the sodium.lines in summer, or if

incorrect values of Kl are used in the reduction.

SHEFOV (1959) has given the total intensity of
night sky (both.airglow and astronomical components included),
in R/A for a few nights in the year 1957, Table 3-III shows
thé average values of continuum intensity from Shefov's
cgrves'(1959). There are variations in the intensity

values of different nights.



The background intensit

on-a few nights.
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TABLE 3 - ITI

y in R/A at a number of wavelengths

: ﬁafe

L) 00%.2.23,| Apr.4-5, Jiov. 1920, [Mar 31 wenn]

;\Jfﬁq»u 1957 .1957 - 1957 $£§%1,

5300 3.0 2.4 2.7

5350 . .8 | 2.4 2.6
5570 2.0 2.4 3.9 2.3 2.6

5750 3.1 3.1 4.7 3.9 3.7

5890 2.8 3.3 4.3 4.2 3.7

6080 2.3 2.9 3.7 3.8 3.2

6330 - 1.6 2.4 2.8 2.9 2.4




- The background continuum intensities (total )
at three wavelengths 5360 A, 5750 A -and 6080 A are measured
with the help of the Extinction photometer II described
An Chapter II, This photometer is directed towards zenith
and the background intensity is continuously recorded,
A sample record is given in Figure 3,1, The observations
are only interrupted when star deflection are needed for

determlnlng the extlnctlon coefficient,

Using equatlon (17) the background intensity can be
'determlned at each of the three wavelengths separately.
The Kl values are determined from the extrapolated curve
of {intensity vs, wavelength) obtained from the above
measurements; and used them for the correct evaluation of

airglow,

3,4 Contaminatioen of OH in the intensities of emission

lines:

It should be noted that OH (9-3) band at 6256 A
(110 R) is a source of contamination for measurements,
when a coarse fllter is used for isolating the 6300 A line,
Also OH (8-2) band at 5886 A (~57 R) will contaminate
the observations of sodium D lines at 5890 and 5896;

éspecially in summer when OH and Na intensities are of
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Fig. 3.1 Sample records obtained with the Extinction Photometer Il pointing
the photometer to zenith (with filters 6080 A, 5750 A and 5360 A)
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the same order, The OH (7-1) band at 5562 is quite weak
(22 R) and a minor source of contamination in 5577 (OI)

measurements,

Since there are measurements of abselute intensities
of twe OH bands OH (7-2) and OH (843) with the Red photometer,
OH contamination could be corrected in 6300 A and 5893 A
observations. Assuming that all OH bands covary at all’
times and knowing the ratio of intensities of OH (7=2) or
OH (8-3) to OH (9-3) from the absolute intensities determln@
by CHAMBERLAIN and SMITH (195%) and KRASSOVSKY et al.(1962)
and the perecentage contribution of OH.(953) in the 6300
filter, the contribution of OH (9-3) is calculated and
subtracted from the observafions. This aséumption is quite
satisféctory in the case OH (7-2) and OH (8-3) and is
substantlated from éur inten51ty measurements (These
results are dlscussed in Chapter V), A similar method

can be empleyed for 5893 observations.

~As an example the nocturnal variation of one

typical night for 6300 is given in Figure 3,2,

A more effective method of eliminating OH

contaminatlon in 6300/5893 observations is given below,
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FIGURE 3,2 Example of the nocturnal vaeriation of 6300 A

after subtracting OH (9-3) contamination,
OH (9-3) contamination 1s estimated from the
intensity measurements of OH (8-3),




There are simultaneous 6300 A observations with 3 different

filters on different photometers,

1) Pole photometer;
ii) Red photometer and

dii) Scanning photometer,

There are two 5893 filters on (i) and (iii),
The 6300 bMGGhﬁetransmission of 6300 filters and the
- relative infeﬁsiﬁies of OH (9-3) rotational lines are

given in Tables 3-IV and 2.V and in Figure 3;3.

The 6300 filters on (i) and (ii) ‘.. contribute
effectively the same amount of OH (9-3) to the 6300
observations (see last line of Table 3-V),With this added
. advantage our red photometer (ii) was turned towards the
pole from January 1968 and the observations are compared
with the ;ecordihgs of pole photometer (i). After
reduction of data with both photometers, identical values
of 6300,A intensities, were obtained which showed that |
the method of eliminating the background contribution is

quite‘éatisfactory.

From the observations of (ii) and (iii) photometers

@é‘can effectively eliminate the OH contamination from
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TABLE 3 - Iy

ge transmissions of different filters

- for 6300-64 lines and OH (9-3) rotational lines.
Bne | vave | TaESTC | PSMOT Pro) Bedmi[zere e
length | sity meter meter meter
| T g V.CKQA A LA EEN
(0I) | 6300 3 62.5 g 52.5 38.0
(o1) | 6364 |1 45.0 | 55.0 35.5
Py(2) | 6287.6 |0.0763 32.0 | 2.442 | 33,0 |2.518 ||52.0 | 1.679
P,(3) | 6306.8 |0.0922 68.5 |.6.316 | 59,0 [5.440 || 32.0 | 2.950
P,(4) | 6329.2 |0.0772 37,5 | 2.895 | 72.0 5.558 |[39.0 | 3.010
P,(5) | 6355.1 |0.0497 8.0 0.397 62,5 13.106 | 38.0 1.889 |
P,(6) | 6384.4 |0.0260 1.2 110,031 | 30.5 [0.793 || 26.5 | 0.689
'P1(7): 6416.9 |0.0117 0.1 | 0.001 9.5 [0.111 ] 8.5 | 0.099
‘P{(S) 6458.5 | 0.004% — 1o 2.5 10,011} 2.5]0.010
By(2) | 6279.2 o,oz7é 19.0 fo.530 26.5 10.739 119.5 | 0.544
P,(3) | 6298.7 |0.0%90 57.5 |i2.242 | 50.0 1.950 |[26.0 | 1.014
Py(4) | 6321.7 10,0357 . | 60.0 | lo.140 68.5 [2.445 (138.0 | 1.357
P,(5) | 6348.2 0.0252 11.0 | 0.277 | 67.0" 1.688 [139.5 | 0.995
"P2(6) 6378.1 |0.014% 1.5 0.021 38.5 10.551 }29,0 | 0.415
92(7) 6411.6 |0.0068 0.2 |,0.001 | 11.0 10.075 || 9.5 0.065
P,(8) | 6452.5 |0.0027- — 5_; 2.5 10.007 || 2.6 0.007
Q@ | 6264.0 |0.2270 6.0 | 1.362 14,5 13.292 ||15.0 | 3,405
R 16240.0 |0.2840 2.0 |, 0.568 7.0 |1.988 | 10.0 | 2.840
39.225 30.272 20.968
Total OH (9-3) transmission |
percéntage . ' 19% 30% 21%




Effective Transmissi
~for OH(9-3) band.

¢ 100

TABLE 3 — v

on percentages of-different filters

Absolute zenith intensity OH (9-3)

Transmission percentage of filters
} Scanner F Red Pole
Bio B,
6300 62.5 2.5 38.0
6364 5.0 56,5 35.5
Effeetive Trans- v
migssion 48,0 5%.5 37.5
OH (9-3) 3
at effective 19.0 30,0 21.0
- Effective Trans- o
mission 39, 5% 56.0% 56.0% ‘
- 1
Assumed absolute genith intensity 6300 + 6364 = 200 R
| = 110 R
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the'63OO observations and determine the absolute intensity
of OH (9-3). The following is the procedure,

On photometer (ii) there is a B, filter and on
photometer-(iii) there is a By filter. Let T6300 and Tqy
be the effective transmissions for 6300 A and OH (9-3)

/ ' ,
300 and TbH be the effective

transmissions through Big filter, and let RéBOO and Rny  be

/
through Bl filter and let Tg

the absolute intensities of 6300 and OH (9-3)., Then we
can write the following equations.

Roy Toy = X (B filter) .(2f)-

+

Rezoo Tezoo +

/
Rony Toy =

ou ¥

/
Re300 Te3oo *+

Y (Bjgfilter)  (27)

X and Y can be determined from the observed deflections

and from equation 8,

Solving the above two equations we get -

/
X Toy = Y Toy
Rezoo = (28)
T T/ 1/ T
6300 "OH ~ 6300 "OH
/
X T6300 - Y'Tésoo
Ron = 7 (29)

/
Ton Tez00 = Tou Tesoo
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Similarly from observations with photometer (i)

and (iii) we can determine the intensities of OH (8-2)
and 5893 A, A sample curve for 6300 is given in Figure 3,4;
.For this method it is necessary to have two filfers which
cover the entire region of OH band and the emission line,
with dlffer@nt transmission’ percentages so as to account
properly for the OH contamination in 6300 A observations
‘and in turn determine the OH band intensity, The background

subtractlon has to be properly accounted for, Thus this
method is preferable to the method of using very narrow
band filters and facing the inherent difficulties in their

use,

Accurate determination of airglow intensities is
very necessary for studying the long term variations of
éirglow intensities, quantitative study of solar
terrestfiél effects, Barbier's relation, and also to
understand the relative importance of the various reactions

giving these emissions,

3,5 Gorrections to be applied to the observed deflections:

In what follows, the procedure of correcting the
observed intensities is described, These relations are used
~with the observed deflections which are measures of the

intensities.



INTENSITY ~ RAYLEIGHS
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INDIAN STANDARD TIME

v

Example of the nocturnal variation of OH (9-3)
and A300 A, The OH (9«3} contamination in
6300 A observation is eliminated from the
responses of 6300 A& filters used on different
photometers,
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- Two types of correction have to be applied to
the observed intensities, because the emitted light from
an extended layer has to travel thrbugh the atmosphere

'Below it to reach the photometer. So the observations

have to be converted to the values just below the emitting

 layer or "in the absence of lower atmosphere", After this
conversion, the observations are referred to as the

"observations outside the atmosphere",

3.5.1 f Atmospheric correction:

Because the airglow layer is considered to be
a unifﬁrmly diffused light source and the photometer has
a finite fiéld some intensity is added due to scatterlng
which must be subtracted and some 1nten51ty is subtracted
due to attenuation by molecular and aerosol scatterlng,
and ébsorption by water vapour, ozone etc, in atmosphere;

this must be added.

" The usual practlce (IQSY manual 1963) has been
the fdllOW1ng. If I is the observed intensity at any
wavelength from a ground-based photometer, then the

intensity I outside the atmosphere is obtained by

I = (I/ - Sc) Ex ' (30)
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where - Sc  is the scattering term
Ex  is the extinction term.
3.5.2 Scattering correction:

As a first approximation the scattering is

. proportional to ( 1 - e",t"l My where ’T:i

scattering coefficient and M = m. Sec Z where m is the

is the molecular

- mass of the atmosphere vertically overhead, at the

observing station and Z is the zenith angle.

In Table 3-VI the relative airmass for different
zenith angles for Mt., Abu 4s given. In Table 3-VII the
wavelength dependent molecular scattering coefficients

as compiled by ALLEN (1963a) are given,

- 3,5.,3 Extinction correction:

After correcting the intensity for scattering as
' descfibed above, it is cerrected for extinction by

) A B
multiplying by a factor e’tai where 'té is the

total extinction coefficient which is again wavelength
: % |

dependent and is contributed by scattering, dust, haze,
: od

water vapour, ozone etc.
I~
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TABLE 3 - VI

- Relative Air-mass at different Zenith angles.

Zenith angle

75° 70° 60"

40°

Air Mass Mt. Abuf

3.29 |+ 2.49 1.72

1.12

0.86

Air Mass is taken as unity for see-level zehith
Alr Mass at Mt. Abu zenith = 0.86.

The molecular extinction coefficient (ﬂ:1) and assumed total

TABLE 3 - VII

‘extinction coefficients (fCé) at different wavelengths. -

Wavelength T, | ﬁfg |
n 4 molécular'extindtion' Total extinction’
coefficient coefficient(assumed)
5300 0.1120 0.248
5350 0.1080 0.240
5577 0.0910 0.225.
5750 0.0800 | 0.215
5893 | 0.0720 0,206
"6080 10,0630 0.195
6300 0.0540 0.180 -
6860 0.0380 0.150
7270 0.0310 10.120




EIn Tablp 3-VII the values of 'Ij wh;ch are

l
estimated from our experlenco are glven . ThGSe values

are used for the en masse data reduct;on of observatlons

- with the flxed photometers (Pole and Red) In the reduction

of the scanning photometer data, the extlnctlon coeff1c1ents
determined :on the individual nlghts are used, Théi |
extinction coefficients measured on=the various nfghts 

in the years 1967-69 are tabulated and discussed in B
- Chapter II, | : | |

Alternately, 1nstead of assuming the scatterlng
“to be ﬁroportlonal to (1 -é-77l M) ASHBURN (1954) has
calculated the scattering values in terms of the 1nC1dent
’uzenlth intensity for different zenith angles, using
Chandrasekﬁar's radiative transfer equations. To use
Ashburn's tables one must know m the'airmaés at tﬁe
zenith of the observing station, h the height bf the
emitting layer, ) the wavelength of emission and ‘'a!
the albedo of the ground.' Albedo correction is smail,
and for ordinary ground (no snow) a = 0.25 is a fair

value. Ashburn's tables have been widely used since 1954

for scattering corrections.

To use Ashburn's tables for different zenith
angles other than the zenith one must have observations

~at zenith along with those at the other angles,
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Under these éirgumstanceé, method given'in Chamberlain's
fext book (lQGld) to covert the observataons to "outside
the atmosphere" values can be used, In the scanning
photometer data there are zenlth observatlons, along with
observations at various zenlth angles, ‘Hence for reducing

,ﬁscannlng photOmeter data the method given in Chamberlaln s
itext book has been used, The method is briefly given

. belOW.

The intensity above the ozone layer is written

ﬂnc /¢)) ' | A (31)

where IO is the zépiih intensity outside the scettering
atmosphere, if theaemission originates in an optically
thin, plane parallei_layer, fﬁj: cos Z where Z is the
zenith angle of theiobservation. Then the intensityl
incident on the scattering atmosphere is
—T / /w
= o .

(o \-d/pdx = Line (— ﬁM) (32)
where -Tjo is the optical thickness of ozone. The observed
intensity at the ground is then

e | : — (T+T
- ('U,*f») = Linc(=M) e ' O)ﬁflfrans(rcy*ﬁﬂ)

4+ I ) | (33)
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Itrans (le-/w 15 the 1nten51ty of the scattered llght

due to molecular scatterlng. - ﬁ ;; f f%i

PE =z
PR S
i

¥y o - f t I
- I {'t“wl‘*‘) is the scattered light due to grotind albedq.
]

ASHBURN (lé5a)‘has given the valuesbof Itransia”d o
in units of zenith 1nten51ty entering the atmosphere
" I< 0 %-ul) for several values of zenlth dlstances of
observqtlong (4. e‘_/ﬁ') for a range of ‘U between 0. Ol
to l.OO for H = 100 km, 200 km, 300 km and C)C . 'ghef
valuesfneé&ed for intermediate ‘Tj and Z can be inﬁérpolated

o | i
from theose values, _ . - C e

The relatlon to be used between the obseIVed and

.outsxde‘atmosphere 1ntens£%y is “f

| }; | 1:+(T: %”* % _l»t' .
I nglnwfﬁ) = I . /ﬁ . + Ilnc g -1) e 3.()><

“ezans CT*"” . - ] (34)
I(Q T I(O‘—-—J_ 1 :

'Where T - applles to the s cattering;atmOSphere only and 736
tQ the ozone layer, B



:.lilbzk

Accérding,to this equation the values, obtained

from Ashburn‘

s. tables should be multiplied by I nc( -1 ?

to glve the total scattering component of the 1nten51ty._

1
A

;fd*: 1 in the above equation gives zenith intensitly,

R  » ”_,...(C.;. tUO) _‘_."C’O
IincL"l ) = Iy = I“(j;\fl) {he + e X

i- trans(t‘ ~1) L Vt\ -1)

1lof-0  T(o]- ﬁ 35)

Determining this zenith intensity,

J

the intensity
at an angle can be determined from equation (34),

Substituting
equation (35) in (34)

and rearranging the terms we get -

Tnelmp) = 1Tl -1, 00 Vo

rans CFC M“fﬂ i*(wjmwf”) (q:+'Tj°)/?M Mw; H“
"I (0 | -1) " of -] <§54;)

- (Ve T) T

trans (T l* 1) . 'I*(Tj‘"
I (0f-1) S I(o]-1)
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A The values of ozone amount at Ahmedabad are
avallable for §éys in the year:, as reasured with a Dobson
'SpectIOphotomcter. These values are used for determlnlng
FEO values at the wavelengths of our 1nterest The
method given by Chamberilsin 18 used for reducing the

scanning photometer data obtéinea in the years 1967-69,

LA N ]



CHAPTER TV

faal

5577 A AND 5890-96 A EMISSIONS IN NIGHT AIRGLOW

4, ' Introduction:

) At Mt. Abu, observations of 5577 A (OI) green line
and 5896—96 A NaI D lines were taken earlier by DANDEKAR
(1961) during 1957-60 and later by PAL (1068) during
'1964-67; and the results were discussed by them. The
obsérva?ions have been continued by the present author on
all clear moonless nights since 1967, For obtaining
additional‘information,.all-sky scanning photometer
observations have been taken on:many nights since October
1967. The results of all these observations are discussed

in this chapter,

A Dbrief summary of 5577 A emission and 5890-96 A
emission in.night airglow is given in sections 4.1.1 and
4,1.2 respectively and the exci{tation mechanisms of these

emissions are discussed,

The observational results of 5E77 A and 5890-96 A,
their statistical distribution, nocturnal and seasonal

variations, spatial variations, and the correlation between
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them are discussed in sections 4, 2 1 through 4,2.5, In .
section 4 2. 6, the effect of solar flares and magnetlc

sborms on these emissions is studied.

4,1 Brief Review of the Earlier Work:

4,1,1  Atomic oxygen (OI) 5577 A emission:

55?7 A (OI) line of atomic oxygen is the most
prominent upper atmospheric emission in the visible part
of the airglow spectrum. SLIPHER {1919) at the Lowell
Observatory discovered the greén line 5577 A in the spectrum
of the night sky., This was confirmed by RAYLEIGH (1922)
in England. An evaluation of the sevéral experimental
measurements of wavelengths (BABCOCK, 1923; CABANNES and
DUEAY, 1956; etc.)gave a wavelength 5577.345 + ,002 A.

The line was produced by McLENNAN and SHRUM, (1924) in the

laboratory.

McLENNAN McLEOD .and TRETON (1928) and RAYLEIGH.
(1929) reported a maximum in the intensity of 5577 A near
 midnight from mid-latitude observations. Since then,
people in many countries includiﬁg India, have studied
this emission and its nocturnal variations. ANGREJI (1961)
' frém Srinagar data and DANDEKAR,(1961) and PAL (1968) from

Mt . Abu data drew attention to a seasonal variation in the
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time of occurrence of the midhight maximum, SILVERMAN (1964)
and later BR%&ON and SILVERMAN (1970) concluded from the

IGY data of 22 stations that the diurnal variation was not
the same everywhere but shows marked.variations. Even at
the same station, the diurnal variation can be markedly
different in different seasons. Statistically significant
fegulér nocturnal variations are not found at higher

latitudes,

Lord Rayleigh Using colour filters studied the
seasonal variation of 5577 A emission from 1923 to 1927,
and found that it had a minimum brightness in December and
two maxima in March and in October. ' Later, many people
with improved techniques of observation and narrow band
filters have studied the seasonal variation(RAYLEIGH and
SPENCER JONES, 1935; DANDEKAR et al., 1961; DANDEKAR, 1961;
CHRISTOPHE GLAUME, 1965; ANGREJI, 1967; PAL, 1968) and |
substantiated the earlier finding by RAYLETGH (1928).

The variation of 5577 A (OI) emission intensity
with sunspot cycle was first pointed out by RAYLEIGH and
JONES (1935). Subsequent published studies have provided
information on thié variation ( RAYLEIGH and JONES, 1935;
DUFAY and TCHENG, 1946; DUNCAN, 1960; NAKAMURA, 1961 ;
HERNANDEZ and SILVERMAN, 1964:; ROSENBERG and ZIMMERMAN,

1967; ANGREJI, 1967). SILVERMAN (1968) has reviewed

~



: 116 :

the literature on the day-to-day.variation of 5577 and the

effect of magnetic disturbances and solar activity., BARBIER (1959)

found an increase in the mean annual intensity of 5577 A
corresponding to an increase in sunspot number from 1953 to
1958 at Haute Provence, ROACH. (1955)on the other hand
reported no correlation between mean annual green line
intensity at Cactus Peak (36°04' N, 117°48' W)California
ahd sunspbt number in 1949-53, More recently, HERNANDEZ
and SILVERMAN (1964) using data obtained at Sacromento Peak
(329431 N, 105°45' W) New Mexico during the 1953-62 period
found a correspondgnce between mean annual green line.
intensity and Zurich sunspot number, CHRISTOPHE—GLAUMEK
(1965) considering the data covering a solar cycle beginning

in July 1953, also found that the mean annual and monthly

intensities of the green line showed a positive correlation -

with the Wolf numbers averaged for the corresponding
periods. DANDECAR. (1961) did not find a relation between
5577 A emission and sunspot number on a day-to-day basis

from Mt,Abu data during IGY,

The influence of solar flares of class 2+ or 3
on the variation of 5577 A was examined by DANDEKAR (1961)
and subsequently by DANDEKAR and SILVERMAN(‘(1964).. From
these studies it was concluded that a substantial increase
in 5577 A intensity occurred on nights following solar

flares,




RAYLETGH and SPENCER JONES (1935) found from
the Capetown observations that the intensity of 5577 A
emission was greater on magnetically disturbed days. DUFAY

and TCHENG MAO-LIN (1947) found;gxﬁtive correlation,

¢ Vs

while MANRING and PETTIT.'(1958) found no correlation between
the two phenomena, SANDFORD.(1964) reported an increase

in 5577 A emission with increase in magnetic acti&ity.

An increase in the green line intensity following sudden
commencement storms has been noted by CHRISTOPHE-GLAUME,
(1665); WEILL and CHRISTOPHE-GLAUME.(1965) and SILVERMAN.
and BELLEW (1965)., CHRISTOPHE-GLAUME (1965) noted that
magnetic storms having sudden commencement were folloWed

by an &6 increase in intensity 45 minutes later at. Haute
Provence, and by 10% increase at Tamanrasset(Sahara) one
hour later. WEILL and CHRISTOPHE-GLAUME (1965) noted that
about two hours after the sudden commencement the intensity
of 5577 A (OI) increased again and correlated with A5 H

during the main phase.

The study by SILVERMAN and BELLEW (1965) at
Sacromento Peak, New Mexieco confirms the existence of an
increase following sudden commencement of a magnetic stbrm;
The delay time'pf the intensity is of the order of one
hour folloWing sudden eommencement, similar to that
observed at Hauﬁe Provence and Tamanrasset. However,
STLVERMAN and BELLEW (1965) found from the Sacromento Peak
data that the effects begin some hours prior to the onset

of sudden commencement,
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The idea thaﬁ'there'qre zOnéé.of maximum intensity
and that there azﬁuf?lls.of diameter o 2500‘kms has been
examined by ROACHL(lQBBb)and BARBIER and CHRISTOPHE-GLAUME
(1959)., It was found that at Fritz Peak (39.9°N) and Haute
Provence (43.9°N) the southern sky was brighter; while at
Sacromento Peak (32.7°N) and Cactus Peak (36°N) the northern
sky was brighter, The seasonal variation of the zone of

maximum intensity was studied at Fritz Peak by ROAG™ (1959).

Rocket measurements in the middle latitudes have
shown that the height of emission of 5577 A is near 100 km,
A second layer of 5577 A emission Which in low latitudes
makés a substantial contribution to the intensity of 5577 A
has been shown to be present at F layer heiéhts (KULKARNT,
1965; GULLEDGE et al., 1966). |

The most important contribution to the theory of
5577 h night airglow was made by CHAPMAN (1931). He hypo-
thesised that the most likely excitation mechanism was the
recombination of twn oxygen atoms in the presence of a third
oxygen atom with the enerdy of recombination appearihg in
thé electronic excitation of the third atom,. He placed the
height‘of emission at 100 km, A more‘recent version of
this theory is given by BARTH (1964). He has argued that
the energy of recombination first appears as electronic -energy

in the oxygen molecule that is formed in the recombination.
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‘ *
O+ 0+M == 0O,+M
% _
where O2 1s an excited oxygen molecule in a level higher
than 4,16 eV, The electronic energy is transferred to the
oxygen atom in' a subsequent collision as

®»

| *
0, +0 —» 0, +0

A consequence of this mechanism is that above the
maximum at 97 km the intensity of the 5577 A emission;is
proportional to the product of the square of atomic oxygen’

concentration times the neitral particle concentration.

Isg77 - [o]”. (] |

Below this level where collisional deactivation
of the excited intermediate molecule is important the intensity

is proportional to the cube of the atomlc oxygen concentration,
ol o]?® (BARTH, 1967)
5577 ™7 . : .
Further caleculations on the relative importance of

the above mechanisms were- done by TOHMATS® and NAGATA (1963)
and LAGOS ({1968)., Thus there is a great deal of informatibn



about the morphology of 5577 A emission in the night airglow,.
However, the causes of the variations observed in 5577 A

ére not vet firmly established,

4,1.2 - Sodium 5890-96 A emissions in the night airqglow:

The resonance doublet 5890-96 of Na I was discovered
by SLIPHER (1929) in the night airglow spectrum and identified
conclusively by CABANNES et al,(1938) and BERNARD-(lgsdl.bf)
Excellent reviews arevgiven by CHAMBERLAIN (19614 ; DeNAHUE
(1967) and GADSDEN (1967), Sodium D lines do not show |
a regulér pattern of nocturnal variation, DUFAY and TCHENG
(1946) reported a slow increase of intensity during the night,
The sodium D lines show almost at all latitudes pronounced
seasonal variation with a maximum in winter and a minimum
in summer (DUFAY and TGHENG, 1946; PETTIT et al.,1954:

MANRING and PETTIT, 1957; FISHKOVA, 1962; BARBIER, 1963;
STEIGER, 1967; PAL, 1968). ROACH and PETTIT (1951) have shown
that in the northern hemisphere the sodium intensity shows

a minimum in summer and a maximum 3 to 5 times stronger in
winter and this variation is six months out of phase

with the annual variation in the southern hemisphere,

PACKER (1961) reported the data of two rocket

flights measuring Na intensity with little contamination
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from OH glow and duly corrected for background, He showed
‘that Na D'lines were observed from 70 to 107 km with peak
at 84 km. CHAPMAN (1939) proposed that the reaction

Na O+0 —3 Na¥ 4 o,

produces the night airglow Na emission. The essence of this
suggestion is that this excitation, like that of the 5577
line, originafes in atomic oxygeh recombinafion. Inspite

of changes. in details, this reaction still seems acceptable.
BATES and NICOLET (1950) in an analysis of the sodium problem
doubted the exothermicity of the above reaction and suggested

that

Na O, + H —— Na H+ 0

2 2

NaH+0 > Na* + oy

as an alternative to the: Chapman reaction. KRASSOVSKY (1958)
and POTTER and DEL DUCA (1960) have postulated excitation by -

vibrationally excited 02.

+* *
O (V 22 16) + Na 0, + Na

This suggestion has been criticized by BALLIF and VENKATESWAFA®i
(1962, 1963) who argue that the covariability of Na and OH

nightglow follows from a combination of the Na O and Na H
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processes but not from the 02* process. Further DALGARN?
(1963) has indicated that there is reason to doubt that‘og:
can survive vibrational deactivation long enough.to give
excited Na™ to produce the nightglow emission at the obsered

rate,

BALLIF and VENKATESWARAN (1962) have indicated that
the covariabilitonf_OH and Na glows in the night sky might

| follow as a consequence of the nocturnal variations of O,

at their common levels of origin. The production of OS at

the mesospheric levels depends on atomic oxygen. Thus iﬁ

this chain of reactions, ultimately Na emission is dependent

on concentration of atomic oxygen. Since 5577 A also

depends on the atomic oxXygen concentration we have consideréd

the two em1851ons together and their possible interrelation

in the folIOW1ng sections of this chapter.

4,2 Observational results:

4,.2.1 Statistical distributions:

In Figure 4.1 a, the intensities of 5577 A at Mt.Abu -
during 1964-68 are plotted as ‘a histogram by. grouping the "
intensities in interval of 25 R, using all the half hourly

data. The intensities around 50 R - 200 R are more frequent,
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A positive skewness is Shownein the intensity disfribution
as pointed out earlier by ROACH - (19634). The positive
skewness is expected as on the low intensity side there is
a definite boundary at zero intensity, whereas on the right

side any intensity is possible. The skewness in the

distribution may be empirically removed‘by using a cube root

of the intensity or logarithm of the intensity as shown B
in Figure 4.1.b and Figure 4.1.c. The fact that the use of
the cube root leads to an essentially 'normal"distribution
is in support of the Chapman triple collision mechanism

as the source of the excitation (BARBIER, 1960; RQACH,

19630 -

‘The histogram of 5893 A shows more frequent
intensities around 25 R - 100 R (see Figure 4,2),
{

4.,2,2 Nocturnal variation:

Figure 4.3 shows a few examples of nocturnal
Intensity variations of 5577 A emission in the year 1967-68,
It shows three types of variation show1ng intensity max1mum

around mldnlght (22 02); after midnight (02-06), and before
midnight (19 22). Considering all the nights data during
1964-68, it is noted out of 352 nights 200 nights (57%)

showed a maximum around midnight, 63 nights (18%) showed
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a ﬁaximum'before.midhight and”ég (25%) nighés showed &
maximum after midnight, The timé of occurrence of the
-'qidnight maximum is different in different months,
Aﬁalysing-data of all'the nights, it'is noted that the
ﬁidnight maximum is quite prominent in Equinoctiél months,
Qhe time of occuﬁénce being around midnight, ‘ In winter.
éonthé‘, on many nights the maximum occurred before
midnight. Thus on tﬁe average 5577 A shows é-mg;imum
intensity in the night, the time of maximum intensity

being different in different months.

The nocturnal and seasonal variations of the
intensities of 5577 A in the pole-ward direction from-NoQ.
1964 to May 1968 are shown in Figure 4.4, in a composite
isophote map. Half-hourly average intensity values in
each lunation were plotted lunation-wise.and isophote

R (Urets Wk dead)
lines plotted. The two maxima of 5577 A one in October
and another in April are seen in all the years; the October
~intensities being more than those in April. The 1argé
nocturnal variation with a broad maximum around midnight
in April and October may be noted, The range of intensity
variation during the night in November, December, Janﬁary
and February, in all the years was small while there wére
much larger intensity variations in the months of April;

May, September-October,
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The data of 5577 A from the scanning photometer
were reduced by the procedure described in Chapter'III.
The slant intensities of all the zenith angles veré |
converted to local zenith intensities using appropriate
Van Rhijn factors. The data of the meridonal scanning of
a few individual nights are presented in Figure 4,5, The
data of one night in each lunatioﬁ is presented. (In general,
nights belonging to the same lunation showed the same o
general trends ofvvariation). The maximum around midnight
"on October 5-6, 1967 andApwil 27-28, 1968 were clearly
seen at all the latitudes rovered by the scanning photometer.'
In November, December, January and February months, a maximum
before midnight is noted in latitudes south of Mt, Abu.
The isophote maps of a few nights (one in each of the
months - October, December, Japfv are shown in Figure 4,6)
which show the general behaviour of 5577 A at Mt. Abu and

near latitudes,

Thus it can be concluded that 5577 A at Mt.Abu
(24.6ON) shows a prominent maximum around midnight in

April and October,

| The nocturnal variation of sodium D lines (given
a
in Figure 4.7 of/ few nights in 1967-68) does not show any

statistically obvious regular feature like 5577 A but shows
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Mr. ABU 5577 A ISOPHOTE MAPS INTENSITY IN RAYLEIGHS
DEC. 28-29 '67
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FIGURE 4,6 B - Tsophote maps ot 5577 & on December,28-29,
» 1967 ,
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MT. ABU 5577 A ISOPHOTE MAPS- INTENSITY IN RAYLEIGHS.
' JAN. 29-30, 68 |

FIGURE 4.6 D -~ Isophote maps ot 5577 A on January 29«30, 1968
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5893 A NOCTURNAL VARIATION
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a continuous increase or decréase in intensity., There is
not much inteénsity variation during a night in the Na
emission‘like 5577 A, It may be noted that at Mt. Abu,

the intensity of 5893 A in more than 50% cases gradually
 Increases throughout the night, Such type of continuous
rise in intensity (see Figﬁre 4,7) has been observed and

" reported by many people (DUFAY and TCHENG, 1946; ROACH, 1955;
BARBIER, 10§}- STEIGER, 1967). In other cases, the
intensity of 5893 A slowly decreases or is more or less
constant throughout. the hight. On many nights, intensity
fluctuations are observed. Observations at Poona
(CHIPLONKAR and AGASHE, 1961), Barbier's observatlons(19543b
at Haute Provence and Tamararasset, and observations at
Haleakala\(STEIGER, 1967) show similar fluctuations iﬁ

nocturnal variation of sodium intensity,

From the isopleth map given in Figure 4;8 for
5893 A (for_l964—68,data) it may.be noted that in November,
December ana May, June months, the sodium intensity
remains more or less the‘éame in the course of ‘a night,
Ih October, MarchXApril 5893 A intensity shows an
increase towards morning, The meridonal scanning data
of a few nights (one ﬁight in.eachY lunation) are given
in Figure 4,9, On October 5-6, 1967; November 3-4, 1967;
April 27-28, 1968 5893 A intensity showed a continuous

increase in.the intensity. In December, January months
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there is not much variation during the night, The isolines
are more or less vertlcal showing that the behaviour is
in general similar at all the latltudes covered by the

scanning photometer,

The isophote maps of a few nights when the
intensity continuously gncreased and of a few nights.when
the intensity continUously decreased are shown in
Figure 4,10 and Figure 4,11 respectively, Two nights are
shown for each of thé above types, Tt is noted that in
the case of continuous increase type, (Figure 4,10)
the regions beéame active within half an hour on both the
nights October 5-6, 1967 and April 27-28, 1968. A cell
formation near zenith can be noted, This cell developed
in the successive isophete maps. - Thus a continuous
development of néw cells with increased intensity occurred
~on both these nights, On December 18-19, 1968 the intensity
increased from 2030 IST to 2130 IST and afterwards the
intensity continuously decreased with sohe?SUperposed
fluctuations., Thus the development of cells in the case
of contingously‘increasing type of variation an® the
irregular behaviour superposed cause a fluctuating pattern
of sodium line inténsity. This type of fluctuating

behaviour has been noted on many nights at Mt. Abu,
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Mq  ABU 5893 A ISOPHOTE MAPS. INTENSITY IN RAYLEIGHS.
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MTABU 5893 A ISOPHOTE MAPS INTENSITY IN  RAYLEIGHS
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FTGURE 4,11 & - Isophote méps of 5893 A on December 18-19, 1967,
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M7, ABU 5893 A ISOPHOTE MAPS: INTENSITY IN RAYLEIGHS.
NOV 22-23, 1968

2200

] tld.ll B Isophote maps of 5893 A showing decrease
Fe of gntensity with time on November 22-23,
1968,
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BALLIF and VENKATESWARANA(1962) have suggested
that the sodium emission in the night airglow is governed
by ozone concentration at the hﬁlght of Na emission,

- BATES and NICOLET (1950) and WALLACE (1962) have given
theoretical estimates of n(OB) by taking pure oxygen;
and oxygen-hydrogen atmosphere at the appropriate heights,
They have shown that after sunset the ozone concentrafion
inCreases>towards morning which increases the sodium

emission {BALLIF and VENKATESWARAN, 1962),

Observations of Na intensity show that though
on many nights, the intensity rises contlnuously, there are
other nights on which it continuously decreaseSOI remains
steady durlng the night, If BALLIF and VENKATESWARAN (;962)
hypothesis is assumed this leads to the conclusion that
ozone has similar variations during these nlghts at the

height of sodlum emission,

4,2.3 Seasonal variation:

To study the seasonal variation, the half hourly
1nten51tles were dvoraged for each complete lunation
"round the new moon. The data from 1964-68 are prosented

in Flgure 4,12 for 5577 A and 5893 A,
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SEASONAL VARIATION OF 5577 A AND 5893 A
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Both 5577 A and 5893 h showed 3 minimum intensity
in January in each of the years, A maximum is noted in
Aprll and a second maximum in October. The October ma x 1lmum
was‘stronger than the April maximum for both 5577 A and
5893 A emissions, Thus there is a proad similarity between
the seasonal varietions of 5577 A and 5893 A, but there
seems to‘be‘a small delay'in the occurrence of the ma x imum
n‘of 5803 A with respect to the 577 A max1mum. A similar
conclusion was reached by DAVIES and McCORMAC, (1967).

The seasonal variation of 5577 A in 1967-68"
is compared with those in 1965-66 (IQSY) and 1958-59 (IGY)
.(DANDEKAR, 1961) (Figure 4,13). The months of maximum
intensity (October and April) and minimum intensity (in
Januery) are noted in each of the years. In 1958-59,
intensities were greater than in 1967-68 and the latter
‘were slightly higher ihan-in'1965—66. Thus year-to-year

ceasonal variation runs nearly parallel to solar activity.

‘ . It may -be noted from the lunation average Curves
presented in Figure 4.14 that 5577 A 1ntensities from
November to March in 1967-68 were higher than the
‘corresponding months in 1964-65, In April, Mey, June
5577 A intensities were smaller in 1967-68 (than fhose
in 1064-65). In the case of 5893 A (Flgure 4,19) there

scems to be no solar cycle varlatlon in contrast ta

5577 A,
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4.2.4  Spatial Variations:

A simple téchniqUe’of some usefulness is to compare
‘the intensity at some zenith angle south to that at north.
The greater the zenith angle the greaﬁer the latitude'
difference in comparison (STEIGER, 196%). 75° zenith
angle ischpseﬁ as the optimum angle in scanning the sky of
Mt. Abu in consideration of the possibility of the various
uncertainties at large zenith éngles (extinction, definite

field of views of the'photometer etc.(ﬁg&cﬁ‘ et af 1958.4.

CHAMBERIAIN ;1961 d)

The average’nocturnal variations of the intensity
ratios of 75° zenith angle south and north at Mt. Abu for
5577 A and 5893 A emission are shown in Figureg4,16 and
Figure 4,17. The average values of the lunation afe also

plotted.

In the case of 5577 A, a maximum intensity ratio
of 755/75N is seen in January and a minimum in April. In
the case of 5893 A a maximum is seen in Fébruary/March.
Thus there seems to be an intensity maximum in south of
Mt.Abu in the month of January and slightly later in
the ﬁase of 5893 A. The average trends of the ratios
in the course of awpight can be seen in the Figures 4.16

and 4,17.
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4,2.5 Correlation of 5577 A and 5893 A:

Numerous investigations have.sought correlations
for the intensities of the atomic lines 63@0 A, 5893 A
and 5577 A, In particular the observations%with -t eight
-colour photometef by BARBIER (1954, 1956) have been |
valuable in establishing three covariance groups. Thé
emissions within each group are well correlated with one

another, These groups are -

a) The green line including )\ 5577 A& (OI),
0, Herzberg bands, the blue bands, the
green continuum and the O, atmospheric

bands,

b)  The sodium group including 5893 A and OH.

'¢) The red line X 6300 A (OI).

BARBIER (1956) finds that whereas the two ;’

- grours(a) and (b) tend to vary 1ndependently, they may
also appear to become coupled and vary in 2 parallel way:

for several hours,

As the heights of emission of 5893 A ( v 85 km)

and 5577 A ( ~y 100 km) are near and as the concentration
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of aiomicrokygen.is méinly Tresponsible for?the emission
(as discussed in section 4.1), here it is proposed to see
the interrelation between the emissions for Mt.Abu data.:
Correlation coefficients of all the individuaidnightS'weré
determined (one correlation coefficient fof each night
considering all half hour observations when data was
available for more than 5 hours) and a histogram is
prepared (Figure 4,18) for the 1964-68 data., It showed

a wide spfead in the correlation having values both :
positive and negative. This shows that there is no obvious
relation between these emissions 5577 A and 5893 A, as

noted earlier by KULKARNI and STEIGER (196%),

A cloée inspection of thé data showed that on
some individual nights an increase is seen in both these -
emission, the 5893 A lagging behind the 55%7 A (see
Figure 4,19). This may be interpreted as following, As
the atomic oxygen comes down from slightly higher heights
( > 100 kms) the increase in 5577 A starts earlier to |
5893 A, In the next chapter it will be shown that 5577 A
and OH «'so showed increase on some occasions with a time-
lag, OH lagging behind 5577 AR, A qualitative explanaiion
may be suggested, From the delay time in %he-maxima

of 5577 A and 5893 A it appears that if a common agency,

(in this case atomic oxygen) vertically descends such
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maxima chld’be explained.. Howevér, it is notéd the
increase starts slightly earlier in case of sodium compared
to that of OH; both lagging behind 5577 A, It is shown
~in séction 4.2,4 that the seasonal variation of 5577 A

and 5893 A show a broad similar behaviour. It is shown

in the next chapter V that 5577 A and OH show a somewhat
opposite behaviour in their seasonal variation. This
shoWS'ﬁhat the heighf of 5893 A is slightiy above the OH
emission height and thus it is nearer to 5577 A‘and their
seasonal variations (of OH and 5577/5893) relate to ﬁhe
seasonal variation of the amount of atomiceoxygen at these

heights,

4,2.6 Effect of solar flares and magnetic storms:

Day to day variation of the night airglow intensity
of 5577 A at.Mt. Abu and the relative sunspot numbers (RZ)
~ were compared.for the data of 1964-68, The.correlation |
is not conspicuous as noted from the scattered piot
presented in Figure 4,20, A study of 3 hourly average ‘
intensitiés of 5577 A and Kp index values is also made,

In this case also no obkyious relation is observed,

An examination of the data of all nights during
1964-68 and other geomagnetic data of solar flares and

magnetic storms (data taken from the Indian Journal of
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Meteorology) was made. It is noted that there is an
enhancement of 5577 A intensity following an intense
solar flare of importance 2+ or more.. A few cases are
shown in Figure 4.21 where the intensities of 5577 A on
the following and preceeding nights of the flare day are
plotted. A notable increase is observed on the following
night of the flare day, @s observed earliéﬁ by DANDEKAP "
(1961); DANDEKAR and SILVERMAN (1964). :

An increase in intensity of 5577 A is also
¢ served following magnetic storms. Storms during
1964-68. were analysed wherein simultaheous airglow data
were also available., The particulars of some'storms'are
tabulated in Table 4-I. Tew examples of increase in
5577 A intensity following the wagnetic storms are
bresented in Figure 4,22, Increase in 5377 A following
sudden commencement is noted earlier by CHRISTOPHE-~GLAUM™
(1965); WETLL and CHRISTOPHE-GLAUME (1965) and $1LVERMAN

and ‘BELLEW . (1965),

Tt is noted that, airglow emissions of 6300 A
and 5803 A are not appreciably enhance after solar flares

and magnetic storms at Mt, Abu. i
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“ CHAPTER v

STUDIES OF OH BANDS IN NIGHT ATRGLOW

5, Introduction

A brlef review of the present state of knowledge |
about the emission. of- OH bands. in the night alrglow is |
given in Section 5.1 and a few points are discussed in .
somewhat greater detail, In section 5.2 the obser;ational
results obtainmed at Mt, Abu of the intensities of OH (7-2)
“and. OH (8—3 bands in nlght airglow during 1966-69 are .
} Summarised. In section 5.3, the 1nterrelatlon between
OH emission and other night airglow emissions:63OO A, 5893 A
"and 5577 A and the relation between the nocturnal variations
of OH and 5577 A when Qertical movements téke piace are
dlscussed Lastly, in sectlon 5.4, an inferesting new
feature in OH nlghtglow emission is reported .It is
observed that ‘the time of maximum intensity of OH emission
shifts with sidereal time, and approximately coincides with
the trangit times of celestial X-ray sources, whéhAtheir
ienith angle is a minimum, It is suggested that the
increaéed'iohisation in the mesosphere caused by these
Xfray SOques increases the amount of ozone and/or H atoms,
which by mutuai interactioh are responsibie for the

formation of execited OH,
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5,1  ‘Brief Review of OH work:

As early as 1933, low resolution spectra of the

night éky in the red and infrared obtained by SLIPHER (1933)

demonstrated the presence of bright emissions in thls region..

'“AW1th subsequent. improvement in instrumentation and spectral
._resoluLion observations were made by a number of workers
(ELVEY 1943 STEBBINS, WHITFORD and SWINGS, 1944 1945
RODlONOV and PAVLOVA, 1949; KRON 1950; KRASSOVSKY, 1949)
MEINEL (1950a) resolved the rotational structure of the
bands between 7000-9000 A with a fast grating spectrograph

- and suggested that hydroxyl (OH molecule may be the source
of emission, More detailed work by MEINEL (1950b) and
HERZBERG (1951} proved that the airglow features in the
infrared upto about 5 fo, with the exception of an O band

at 8645 A, were rotation-vibration bands of hydroxyl (OH)

radical,

The hydroxyl nightglow is quantally more than
1000 times richer than all other known nightglow emissions,
. o
- ROACH (1963a remarked that if tHe hydroxyl emissions were

concentrated in the v151ble region of the spectrum the ‘

L ——————

~—

nlght sky would glow like mid- -twilight, the Milky Way
' WOuld be invisible, and only the brightest stars would

stand out agalnst the competlng background
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The Melnel system of hydroxyl bands is composod of
rotatlonwv1bratlon bands whose ground- state is l‘ 3/2°
.Each band has P, Q, R branches the R branch being on the ‘
short wavelength side, The _ground-state is designated as

'rf3/2 and gives rise to the socalled Py Q, Ry lines,
Because of spin doubllng, the electronic states are split
into _TT1/2 and -Tré/z’ the frequencies of " 2-Vrl/2 lines
being approx1mately 140 c¢cm -1 higher than «rTé/z Its

2, Q2 R lines are weaker than those in the lower, more
'populated state and consequently there is a difference .in
- the intensities of the P) and P, llnes in the band, There is
also a jﬁ;type doubling (which arises due to interaction of

'L, the azimuthal angular momentum vector with nuclear .

'rotation) which has been observed in hlgh resolution laboxatorv

.spectra, but not in airglow so far,

The intensities increase rapldlv towards the longer
wavellengths. Bands at the shortest wavelengths (about |
5000 A) are very faint and difficult to detect, From 6700 .-
8000 A the increased brightness makes them more easy to
' observe. BLACKWELL et al, (1960) working at Mount Chacaltaya
in the Andes at wavelengths shorter than 67OO A, and KVIFTE
(1959 a,b) at )\A 5100-7300 A made accurate determlnatlons

of the wavelengths of the rotatlonal lines,
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A review of the work done “on OH bands in North Amerlca
W Europe and USSR has been made by CHAMBERLAIN (1961f) and
also by WALLACE (1967)

Work in USSR with image convertors has yielded
excellent results from 5100 A to l.2%/~ and these are summarieed
in the "Atlas of the airglow 5pectrum BOOO~124OO A, by - | -
KRASSOVSKY et al. (1962a)., For ready reference Table 5-I is
reproduced (KRASSOVSKY et al.,lQéQa)qf CH band systém: giving

band origins in A,U, and intensitieséin rayleighs,

The last OH band which has be;n detected from the
ground is at 2,16 M ( NOXON et'al.,_l§59; MOROZ, 1960), Frqm'
a balloon with an interferometer, Gusé and BUIJS (1964) have
obgserved bands in the 1, 4 to 2.3 ﬂ» reglon ‘Concurrently,

a number of important laboratory studies of the spectrum have
- made available precise wavelengths and intensities of the
bands BENEPICT et a1, 1953: GARVIN et al.,1960). The
observed zirglcw band intensities are in reasonable agreement
w1th the calculated intensities based on rotation-vibration
transition probabllltles using only the linear terms in

the dipole moment expansion (SHKLOVSKY, 1950; HEAPS and
HERZBERG, 1952; CHAMBERLAIN and SMITH, 1959 SHEFOV, 1961a

- WALLACE, 1962; KRASSOVSKY et al,, l962tgLYTLE and HAMPSON,
1964), It allows an estimated»5000 kR for the emission
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of the whole system and vibrational temperatures 8500°K to
13000°K (CHAMBERLAIN and SMITH, 1959; SHEFOV, 1961 a,b;
YARIN, 1962)., Since these high vibrational temperatures

indicate an yield, of about 4 quanta per excitation, the
' 12

quanta/(cmz(column)sec.) (WALLACE, 1967). No bands with V 710

excitation rate neglecting deactivation comes to about 10

have been detected in OH'airgiow so far.

RS S

Tﬂe resolved rotafional structure of the baﬁds makes
it possible to determine the rotational temperatures. McPHERSON
and VALLANCE JONES (1966) have noted that if the Einstein |

| coefficient A = lOz/sec, collisions would occdr fast enough
below 90 km to ensure thermal equilibrium'distributiéh in the
rotational levels, As the rocke£ observations of PACKER (1961)
aﬁd.TARASOVA (1963).indicate, the peak of the OH emission

layer is bétween 80 and 90 km and the rotational temperatures
WOQld be not far from the gas temperatures;' While an Einstein
coefficient of lOz/sec is generally accepted, there have been

no measurements of the coefficien

A:A largé number of determinations‘of rotational
temperatures have been madé by many authors using different
types of equipment. MEINEL (1950b); CABANNES et al, (1950);
DUFAY et al,(1950); CHMMBERLAIN et al.(195B); KVIFTE (1960) ;
McPHERSON et al,(196@) used spectrographs, GUSH et al.(1953);
DUFAY et al,(1985); WALLACE (1960) used phbtometers,‘and
. SHEFOV (1969); KRASSOVSKY (1963) used image convertors.



All these measurements indicated.temperatures of 200 - 25OOK
at 450N‘and 220 - 300°K at 75°N., Direct measurements in

the atmosPhere'over'CburchiJl (59°N) indicate summér
temperatures of around 180 °C in the 80-90 km region; and
winter temperatures of 240 - 290°K in the same altitude _
region (SPENCER et al., 1964), Seasonal variations of the.
rotational temperatures have been studied by KVIFTE (19%9a,b)
- in Norway, WALLACE (1960, 1962) in U.S.A.,.KRASSOVSKY et'ai.
(196»b)at Yakustak and FISHKOVA and MARKOVA (1962) at
Abastumani. The ranges in-temperatures are from 200° to
325% at 62°N and from 200°K to 320°%K at 42°N, The northern
observations shbw maximum intensity ahd maximum temperature

in January/February.

| SHEFOV (196la) has noted that the temperatures
“derived from V' =9 to 6 are generallylequal and those from
vVt =5 to 3 are progressively l.wer, KRASSOVSKY (1963)
comments that‘very;high rotational temperatures do not
reflect the gas temperatures, Much work has been done in

- establishing relations between intensity and rotational. :
temperatures, seasonal variations, latitude variations of
temperature.and théir interpretation, However, there

have not been any low latitude measurements of OH rdtational

temperatures so far.
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The work on intensity measurements of the OH bands
is summarised in the following sections, and later, the
results of the measurements at Mt., Abu of the two OH bands

OH (7-2) and OH (8-3) are discussed,

A number of measurements have been made in the
infrared OH spectral region. However, many of the measure;
ments have been made with wide band filters which include
the O

2
Tt is difficult to interpret these results without knowing

band at, 8645 A in addition to some of the OH bands,
the relative intensities of the bands,

ELVEY (1943) recorded three types of night-sky
OH variations from his photometer observations towards the

polestar,

a) A steady fall in intensity from evening to morning;
b) A minimum at about midnight;

¢) Enhanced emission with irregular variations.

 HURUHATA (1950) observed a moving pattern in the
form of a bright wave travelling ﬁostly from north to south,
He used a scanning photometer. BERTHIER!'S (1956)resu1ts
showed %'decrease in intensity from evening to midnight

followeé by a steady value and then a sharp fall before dawn,



Midnight minimum type is the most prominent in Berthier's

results

ARMSTRONG (1956) has classified the intensity

variations into four types.

a) An over-all fall in intensity from evening to
morning,

b) An almost constant intensity throughout the night.

c) An intensity rise in the morning hours.

d) A maximum of intensity near midnight.

He comments that these types are not considered to

have any physical significance, Except the fourth type; all

the others are similar to Elvey's types.

greater

NAKAMURA (1961) studied the nocturnal variation in

detail and classified the curves into six types.

Type A has a midnight minimum
Type B is similar to A but intensity decreases

again in the early morning hours.

Type C deereases monotcenically throughout the night,

Type D is almost constant intensity throughout the
night.
Type E  has a continuous increase in intensity,

Type F has maximum intensity near about midnight.
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Thus Nakamura has added two more types. Howevér,
he concludes that types A ande are more common than the rest.
At Poona (India), CHIPLONKAR and TTLLU (1967) noted from
a study of OH (7-3) and OH (9-4) from 3 months of observations
(January to March 1964) that the nocturnal variation was of
type G above, except on one night when a midnight maximum
was observed, Also they note a maximum at 2100-2130 IST
ahd after this the intensity continuously and rapidly decreaséd(
towards dawn, The maximum to minimum ratio is generaily

greater than 10.

BARBIER{1959) and FISHKOVA (1962) report a seasonal

variation in OH with a maximum in winter and a minimum in
summer similar to that of Na D lines. Berthier's extensive
work (1956) showed very little variation in the monthly
means. The observations of HARRISON and VALLANCE JONES (195%)
with an infrared sensitive spectrometer did not also show
any systematic seasonai variation, but the night-to-night
fluctuations covered a range of a factor of two., Very
recently, SHEFOV (1969) has discussed the average seasonal
variations of intensity and rotational temperatures of

the hydroxyl emissions at different latitudes from the
observational data obtained ovelr many years at Zvenigorod

and other stations. He concludes that the seasonal variation

of the OH emission is of a complicated nature. In the data
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of different stations, two maxima during the year are
observed, but their relative intensities and the seasons

in which they occur differ, At present there are practically
no data on the latitudinal variation of the rotational
temperatures and intensities other than those from USSR.

Sb it is not possible to draw any conclusion about the
latitudinal and longitudinal variations and of long-term
variations in OH emission, SHEFOV (1969) showed that
periodic variations in the intensity and rotational
 temperatures appear after the commencement of a geomagnetic

storm and lasts upto 30 days.

BARBIER (1954 a,b) with an eight-colour photometer
established three covariance groups of the airglow radiations.
Na D lines and OH were grouped together in !'sodium-group',

The correlation of Na and OH was found independently by
BERTHIER (1954a), Earlier, BARBIER (1954a) included 6300 A
alségin this group, but the contamination from OH (9-3) band

throﬁgh the 6300 A filter had been inadequately corrected,

These.are some of the results that have been obtained
about the OH night glow. However, there are no systématic
studies so far to establish nocturnal and seasonal variation,
or long term variétions, or latitudinal variations other than
thé work in USSR, There are no low latitude studies in this
direction except the study for three months at Poona by

CHIPLONKAR and TILLU (1967),
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5.1.1 Mechanism of Excitation of OH bands ¢

Soon -after the identification of the OH bands the
ozone mechanism was suggested independently by BATES and
NICOLET (1950) and by HERZBERG (1951). The primary reaction is

. ! »* .
H+ 0y — OH + 0, (43,32 ev)

il

The excitation energy of V =9 in the 2‘TT_ ground-state of

OH is 3.23 ev, whereas for V = 10 the energy is 3.49 ev.

‘ KRASSOVSKY (1955) pointed out that OH with V :> 10
could react with O,, de-activating the excited OH molecules
pefore they could radiate. He considers another mebhanism

which can give OH bands with V ~> 10 also as

* *
02 +H —>» OH + 0

BALLiF and VENKATESWARAN (1963) and WALLACE (1962)
examinéd these reactions and advanced arguments to show that
the nighttime variation of the emission intensities stimulated
by these two reactions would be characteristicalxytdifferent,
Solving the necessary continuity equatiohs with reasonable
assumptions and using the known rate coefficients, BALLIE

and VENKATESWARAN (1963) arrived at the conclusion that the
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OH glow from any single level in the earth's atmosphere will

simply. reproduce the temporal variations of 03 at that level.,

It is necessary to remember that the O, variations which are
reflected in the net OH intensity whether recorded at the
ground or observed from a satellite will be a weighted sum of
the variation at the separate levels; the weighing_for each

level will be different at different timesof the night.

Let o ‘n{a) (h%, t,)
n(OB)(hS’ to)
and n(H) (hg, t,)
be the initial number of oxygen, ozone and§hydrogen atoms
at time t = t_ at height hy ~o 85 km. Théh BALLIF and

VENZATESWARAN found that t_, the time when n (Q3>_(h3)

reaches its maximum depends on the ratio

)

n (H) (hy,ty) n(0g) (hg,t,)

n(G) (hSr to

3

C 2 x 1074

Tf the values of this ratio are 2 x 10~
the corresponding values of tm are 12 hours, 3 hours, and
lO'minutes. Obviously the time variation of OH due to this

reaction would fall under three different types.

and 2 x 10—5,
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a) an increase throughout the night;
b) a post-twilight increase followed by a decrease;
and c) a decrease throughcut most of the night.

Similar calculations for the Krassovsky mechanism
made by BALLIF and VENKATESWARAN (1963) showed that this
reaction contributes a more or less steady component to the
total OH excitation rate. If in the atmosphere, n (H)

s constant at height h3, quantal emission of OH will exhibit
variation of Og{BALLIF and VENKATESWARAN, 1963). They
suggest that the relative importance of theée reactions can
therefore be judged by a systematic observational study of

the intensity variation of OH,

According to HESSTVEDT'S (1962a)theoretical caléulations,
the Krassovsky mechanism yields only 1% of the total observed
intensity. ELVEY (1943); HURUHATA (1950); RODICNOV and
PAVLOVA (1949, ; ARMSTRONG (1956); BERTHIER (1956); and
NAKAMURA (1961) have all noted that variability in the t?pe
of night-time variation is a characteristic feature of OH
emission. However, systematic observations are very few and
hence a guantitative study of the reactions and their relative

importance is yet difficult to make,

BALLIF and VENKATESWARAN (1962) have discussed the

covariation of Na and OH emissions by considering the respective
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reactions. They conclude that the covariatioh is mainly
due to the fact that thelr helghts of emission are almost
the same and that in each of these emissions the nocturnal

variation of ozone is reflected.

| Recently HESSTVEDT (1968a) has made elaborate
calculations of the effect of vertical eddy trensnort on
the atmospheric composition in the mesosphere and lower
thermosphere, He gets a theoretical value of OH* emission
to be 2300 kR with maximum at 88 km and concludes that tﬁe
incorpofation of vertical eddy transport into the model |
atmosphere, represents an 1mprovcment in the earlier - i
photochemical models. Introduction of horlzontal tranSport
in the model is not likely to cause any significant changes
in the results, On the other hand, vertlcal mean motion Wlll
considerably influence the results. In section 5.3.3, 1t is

shown that how some of the observational results can be of

help in understanding the vertical mass motions. | ;

Thus by studying the many features of OH nightgléw,
it is expected that transport processes, and chemical |
reactions taking place at the OH emission altltudes Wlll

get clearer.
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5.2 Observational results:

5{2.1 Methods of observation:

The airglow observations at Mt. Abu feported and
disecussed in this chapter were obtained with the photometers
described in chapter I. The intensities of the two OH bands
OH (7-2) and QH (8-3) have been systematically recqrdéd -
£rom Nov,1966 onwards, The Red photometer was pointed
towards the zenith from Nevember 1966 to January 1968 and
later, it was directed towards the polestar (24.6°fo
Assumihg the height of OH emission layer to be around’

85 km, the pole-ward observations correspond to local zenith

observations at a distance of s 220 km north of Mt.Abu,

that is, at 26,5°N geographic latitude.

3 The Red photometer also contains a 6300 A filter in
addition to the two OH filters OH (7-2) and OH (8-3). The
reasen for changing the direction of observation from
zenith te pole after January 1968 was to make an inter-
comparison of the results of 6300 A intensity obtaimed with .

the Red photometer and with the 6300 A Pole photometer
(both pointing to pole-star), With the two 6300 A filters
and background filters at 6080 A and 5350 A, and a common
calibrating source, a comparison of the reduced intensities
was made and it showed more or less the same values of

6300 A intensities within the limits of experimental error.
It was thus tested that the values of K (the ratio of
pbackground intensity at the emission Wa%elength to the
background intensity at the neighbouring continuum filter
wavelength in the two-colour method of reducing airglow
observations) is justified. The extrapolated value of KOH
from Shefov's curve was used for reducing OH data.
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5.2.2 ‘Data collection and reduction to absolute units:

The intensities of the two OH bands OH (7-2) and OH
(8-3) were recorded froﬁ November 1966 to May 1969 on all
clear moon—leés nights. In Table 1-T¥ are éiven the number
of nights and hours on which data were acquired at Mt, Abu -
for OH bands with the Red photometer‘during the above mentioned

. period, Following the method described in Chapter IIIL, the

intensities were determined in rayleighs from the observed
" echart deflections, Also the pole;ward observations were
converted to local zenith intensities using the appropriate
Van Rhijn factors assuming the height of OH emissionAto be

85 km,

5.0.,3 Covariation between OH (7-2) and OH (8~3):

The nocturnal variations of the intensities of these
two bands on a few individual nights are shown in Figure 5¢l,
It may be observed that both OH (7-2) and OH (8-3) bands show i |
strikingly similar time variations. Thevcorrelation coefficients
obtainéd by considering all half-hourly infensity values are
:glven 1n Table 5-II for the three years of data, 'On many
individual niglits Cabout 60%6) the coorelation coeff101ents
are greater than +0.90, The histogram of the correlation

petween OH (7-2)and OH (8-3) from the three ?eaps' data is
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TABLE 5-1I

Correlation coefficients in OH (7-2) and OH (8-3) band

intensities:
i Number of | Correlation
Period half hour goefficient'
observat- | E7~2)/ '
ions OH (8-3)
(intensities
November 1966-June 1967 1663 + 0.88
October 1967-July 1968 1736 + 0,94
September 1968-May 1969 1739 | +0.93

given in Figure 5,2 which shows very high.positivé correlation

between the intensities of the bands OH (7-2) andAOH (8-3)."

In Figure 5.3 A hlstograms of the lntenslty values

—

of OH (7-2) and OH (8-3) are plotted considering all the

half hour values during l966—l969. It is noted the intensity

of OH . (8~3) has most frequent values between 300-500 raylelghs

and.OH (7-2) has between 200-400 raylelghs giving the average

ratios of these bands between 1,2 to 1.3 (Figure 5.3 B).
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In Figure 5,4 are shdwn-the ratio of the average
nocturnal variation of OH (8-3) and OH (7-2) for all the
- lunations from November 1966 to May 1969, There are consider—
able variations in these ratios; On most of the nights it is
observed that the ratio increased for a few hours and then
decreased, Some examples are shown in Figure 5.5, There
are considerable fluctuations in these ratios during the
course of the night which can be due to the temperature fluct-

vations at the height of OH emission,

5.2.4 Nocturnal variation of OH emission:

The night time variation of OH emission has been
recorded on clear moon-less hours of all possible nights in
each lunation covering a period of about 20 days around
new moon. On Table 1-TH'the number of nights and hours
on whigh data were acquired at Mt, Abu during November 1966

to May 1969 is given,

The OH intensity exhibits different types of night
time variation. Although in a particular lunation, many
nights show similar variation, on some successive nights
the variation becomes different, All the dafa recorded
at Mt.Abu during 1966~69 were grouped accordihg to the six
different types defined by NAKAMURA (1961) and a histogram
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was prepared showing the.frequencies of océufrencé of the
different types (Figure 5.6), Similar histograms were
prepared for different months and different years and
seasons, In plotﬁing these histograms only the nights in
which observations were available for more than 5 to 6 hours

and on which the types of variation could be clearly

‘assessed were considered,

The D and E types of Nakamura are less frequeht
at Mt.Abu than the other types. Type B is the most frequent.
According to BALLIF and VENKATESWARAN (1963), A, B, C and F
types imply that Bates and Nicolet hydrogen~ozone mechanism
is the main reaction involved in the nocturnal variation of
OH. Thus it appears that ozone-hydrogen reaction is the

main reaction responsible for the nocturnal variation of OH

-at Mt., Abu,

The average variation obtained from the data of
all nights in a lunation presents a general picture of the
nocturnal variation in that particular lunation. The averégei
curvesiof all the lunations from November 1966 to Aprii 1969
are given in Figure 5,7, The similarity of different
monthly curves over the three years of data cén be seen

o

from this figure,
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Type A hag a midnight mindmum,
Type B is similar to A but intensity decreases

agaln in the early morning hours,

variation

Type G decreases monotonically throughout the night,
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Tt is seen that in the month of September and

October, there is an increase/in,intensity in the second

Half of the night. In November a peak appears in the later
part of the night, This peak shifts by about 2 hours from
month to month and vanishes by March, Iwm: March, April

the intensity is a maximum in the beginning of the night ]
and decreases afterwards‘ Just before dawn it again | “
increases slightly. In May, the intensity increases after |
20200 IST. The trends of variation are more or less the same ;}
'in the same months in éach of the three years, However, LT S
it has to be remembered that the direction of observation |
after January 1968 was éhanged from zenith to pole, Some of f ¥

the lunations fall in two months and hence there is a slight

shift in the position of the peaks, owing to superimposition
of two slightly differing types. Thus it can be concluded
that in general, OH intensity decreases till the middle of

the night and this is followed by a slight increase towards

dawn. Also on many occasions, 1in the.begihning of the night

there is an increase which lasts for about an hour and then

the decrease starts, Although typesAjpand ¢ are the more

common types after removing the superposed peak, it 1s very ‘hf

difficult to predict the day to day variation. In Figuré 5.8
some groups of successive nights are presented when OH )

nocturnal variationé‘were markedly different.
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5,2,5 Possible cause of different types:

It is noted that these different types of variation
on seme successive nights are not the direct Consequéncélof
magnetic storms/solar flares etc. (It is noted that on nights
following magnetic storms, the OH intensity increased but
the type of 'variation remained the samé. In Figure 5.9
the data on alfew'nights'are plotted following and preceeding
the magnetic storms in which the increase in OH intensity
following the commencement of the magnetic storm is seen),

It is probable that the initial value of.ox§gen atoms which
determines the ozone density in the beginning of the night
is responsible for the type of variation observed (RBALLIF

and VENKATESWARAN, 1963),

5,246 Fluctuations in the noctufnal variation:

A close examination of OH intensity curves on a day

_ to day basis shows that the intensity can have "fluctuaticns®
on many occasions. The same is the case with sodium emission
also. These fluctuations'! are superposed on the general
trend of the variation, whether the intensity falls, cor
rises, 1In the average curves, these fluctuations are
smoothed out. The genuineness of fhese fluctuaticons is

confirmed as it is found that simultaneous 6300 A/BIT7

!
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observations reduced with common calibration do not show such

fluctuations. These fluctuations may reflect the temperature

fluctuations at the height of OH/Na emissions.,

5.2.7 Seasonal variation:

To study the seasonal variation of OH emission, half~
" hourly intensities were averaged for each complete lunation,
Half—hdurly data of each lunation centred round each new moon
were used for the averaging, The lunation averages from
November 1966 to May 1069 are plotted in Figure 5,10,
Observations were not p.ssible in the months June toA__
September due to cloudly skies. Tbé cdnfingous Curve-of”
Figure 5.10 with maximum and minimum values mﬁrked in it

gives a picture of the seasonal variation of OH emission,

The following conclusions can be drawn regarding

the seasonal variation of OH emission at Mt. Abu.

1) The minimum intensity is .observed in April.v
This was repeated in each of the years 1967,
1968 and 1969, “

2)  The intensity apparently increases in May/June,

This was observed in 1967 and 1968,
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3) The first maximum of intensity appears in
November/December in eachubf thefyears:df

observation.

| Figure 5,11 shows a plot of the curve of seasonal
variation of OH airglow intensity at Mt, Abu in 1967-68 and
the seasonal curves at different latitudes as given b?‘
SHEFQV (1969); The seasonal variations of hydroxyl emission
intensity are of a complicated nature, From ﬁhe data of the
‘different stations, two maxima are observed ih a year and
their relative intensities and seasons of appearance differ.
The second maximum of intensity could not be confirmed at

Mt. Abu due to lack of data in the monsoon months.
There is apparently a reversal of phase in the
seasonal variations at stations north of 24°N and at station

south of 24°N (geographic),

5,3 Interrelation between OH and other night airglow

emi,ssions:

5.3.1 Correlation between OH and 5893 A (Na) emissions:

Figure 5.12 shows a comparison of OH (8-3) and Na
(5893 A) emissions on a few nights, There is a good general

parallelism on most of the occasions} but there are
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significant differences on some nights as for example on
February 12-13; 1967. When the averages of observations on
all night5 sre considered, the similarity between the
intensities of OH and Na is less close. The OH intensities

have a tendency to decrease at a faster rate in the first half

of the night than the sodium line intensities (See Figure 5,13}

A correlation study was made between OH (7-2) .and
5883 A for the two years 1966-67, 1967-68, Nights when
observationsrwere available for more thanv5 hours are
considered for correlation studies. From the half hourly
observations a correlation coefficient is found for each
of the individual nights. A histogram grouping of the
- correlation coeffieients is made for the nights in intervals

of O.1.

From the histogram of the correlation coefficients
in the case of OH (7-2) and 5893 A shown in Figure 5.14
it is seen that there is a high positive correlation (v770.6)
between OH and 5893 A as noted earlier by BERTHIER (1954)
and BARBIER (1955). However, there are occasions when the
correlation is spread between -0.,1 to +0.6. An explaﬁétion
of the positive correlation petween OH and sodium emissions
was.given by BALLIF and V ENKATESWARAN (1962). They showed

the interlinkage of the excitation mechanisms involved,
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BATES and NICOLET (1950): and HERZBERG (1951) attri-
buted the OH excitation to the two body reaction’

> od" + 0 (1)

+ H 5

' » .
where OH indicates the state of excitation.

At a given time 't' the rate of production of such

excited OH molecules is given by
: L]

Vv
€‘(OH*, t) = ZE‘( OH*’t)V = kl n (H,t) n(OB’t) (2)
V': 1 .

n(H) and n(0,) are the concentrations (particles cm‘3) of
hydrogen and ozone; k, is the specific reaction rate of the

reaction (1).

Assuming n (H) to be constant throughout the
night, the alternate form of equation (2) is

E (OH*, t) = K n(OS, t) 2(a)

where K = k; n(H, t ).
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Ffom'2(a) it is obvious that the OH glow from any
single level in the earth's afmosphere will simply reproduce
the temporal variations of 0y at fhat level, However, it is
necessary fo T emember tha£ the integrated O3 variations which
are recorded either at ground or fromra satellite will be a
weighted sum of the intensities at the separate levels the
'weighiwfr for each level being different at different times
of the night. '

A significant‘result shown by rocket photometry
(PACKER, 1961) is that the OH and Na glows have nearly the
same height of'emission. This means that the chemical
reactions involving Na and its compounds take place in the
same reaction zone as that of OH emission. According to
CHAPMAN (1939) the primary excitation mechanism for sodium

was

®
Na O+ 0 ——> Na + 0, (3)

BATES and NICOLET (1950) doubted the exothermicity

of the above reaetion and advocated as an alternative,

-

’ *
Na H+ O ~——3 Na + OH. (4)

The sodium atoms formed by the reactions can undergo

oxitbaation in the following ways.



ioY92 T :
Na + OB 3 Na O # 02 (5) ;
Na + 0, + Z ————% Na O, +2Z F(B)
| ) p 3
, il
Na Oy + O ————> Na O + 0, :"-f'.}'w{'gy
RO EH > Neror (o)

The instantaneous volume emission rate is given.as

Ema*t) = n (Na,0){ K n(Oa,t)-i—iké n(0,) n(Z}+ k. n{0,8 ) nl

whieh shows that sodium execitation rate has both a stééd?
state component given by the curly brackets and a tempgréi
component governed by n(Og,t). Only (02) can be treated

as constant. (9) ~can be variable,

Hence the observed eovariability of the OH and Na.
glows in the night sky might follow as a consequence of the
fact that they primarily reflect in their intensities the
ﬁocturnal variation of O8 at their common levels of origin.
The different types of O3 variations that can éccur when
K changes, may in faet be responsible for the different

types of nocturnal vaeriation of OH glow.



The OH emission is a maximum at 85 km, but there is
a range of heights over which the emission extends. Even - : 1
a slight difference in the level, of emission of OH and |

Na can show a change in the type of variation of the

emissions,amo\ thuzk 0‘6 COYVel.A_tOJ‘M )

5.3.2 Gomparison of OH and 5577 A emissions:

A comparative study of thewseasonal Qariaticn of OH
and 5577 A {OI) was made. The 5577 A data were taken from ' i
the pole photometer amd converted to local zenith intensities,
The OH intensities were obtained from.the Red photbmeter
pointing to zenith during November 1966-January 1968,
In Figure 5,15 the seasonal variation of OH (8-3), OH (7-2)

and 5577 A are shown for one complete vyear. It can be éeen

that while there is a maximum in 5577 A in April, a minimum
is observed in OH emission and when there is a maximum |

in OH (Nov/Dec), a minimum is observed in 5577 A (OI).. The :

concentration of atomic'oxygen has é seasonal variation at
both OH and 5577 A Heights, being greater.above 100 km in
April and less in December., It is probable that atomic | é
ox?gen descends to lower heights in the winter months and |
thus the formatién of Og and the intensities of OH are

greater in those months and thus behaviour of OH and 5577 A
variation is opposite, Also, since the heights of 5893 A :

emission is mearer to that of 5577 A,the seasonal variation of5893 /.

L4
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and 5577 A are broadly simiJar. A model was.developed by
TOWVATSU  (1958) and TORMATIVand NAGATA (1963) for the
explanation of mid-latitude maximum of 5577 A and its
seasonal variation by invoking meteorological transport of
oxygen allotropes by large secale circulation in the upper

atmosphere,

5e3e3 Relation between 5577 A and OH due to vertical

eddy transport:

From the correlation histogram of all the individual
nights given in Figure 5.16 for 5577 A and OH (7-2), it is
seen that there is no obvious relation between these emissions

in thelr noeturnal variation.

Recently HESSTVEDT (19€8a, 196¢b)has made calculations
of the various chemical reactions in the lower ionosphere’
including vertical eddy transport. He mentions that in the
case of 5577 A and OH, horizontal gradients in the number
density of atomic oxygen are likely to be less significant
than the vertical gradients., With an upward vertical mean
motion of air, both green line and OH wouldbdecrease,while
descending motioh will result in inereased intensities,

His calculations predict a sharp maximum at 88‘km for OH

emission (see Figure 5,17). The measurement of the half
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thickness of the emitting layers of 5577 (OI) and OH show
an approximéte value of 10 km. centered around 95 km for

the green line and 85 km to 90 km for OH emission,

In the following Hesstvedt's suggestion is compared
with our observational results, The data of all the nights
for 5577 A, 5863 A and OH emissions were scanned, In the
case of 5577 A, and CH on a few occasions (as shown in -
Figure 5,18) a decreasing tendency in both these emissions
for a few hours after sunset wés observed and then the
intensities started increasing., A time differehcé in the
times of their maxima was noted, the OH maximum lagging

behind the maximum of 5577 A. This may be interpreted as

" follows. From the time delay in the maxima of 5577 A& and

OH, it appears that the descent of a common agency, (in
thls case atomic oxygen) might have been responsible for

the increases of 5577 A and OH,

D364 Correlation between OH and 6300 A emissions ¥

" In general, 6300 A emission at Mt., Abu shows post-
twilight decay followed by a steady value and then an
jnecrease on approaching dawn, and this variation is similar
to type B variation of OH., Hence a high +ve correlation

may be expected between OH and 6300 A emissions as type B




k 198 :

variation of OH is the most frequent. But one has to
' consider whether this positive correlation has any physical
significance -or whether it is merely due to a contamination

of OH (9-3) intensity with that of 6300 A.

KRASSOVSKY (1963) comments "OH emission is closely -
correlated with the nocturnal variation of Na and PI@('a
A tendency for a similar relationship is also seen in the
case of 6300 A (OI) emission when its intensity is low and
there are no magnetic disturbances or aurorae. He concludes
that on the average, it is possible to note a certain tendency
for similarity in the general progress of OH, 02, Na and
6300 A (OI) night airglow variations and even those of
5577 A (OI) and the continuum, He gives a possible
éxplanation of the correlation between 6300 A and OH
emissions, namely that these two emissions are connected
with intense upward penetration of molecular.oxygen which
reacts with N+, This reactibn is exothermic with an yigld :
of 6,45 ev, Red oxygen emission may thus ocecur. At‘thé'-
same time more intense atmospheric circulation may also lead
to intensification’ of hydroxyl emiséion.l Together with this;

he explains the red arcs also.

For a correlation study of 6300 A and OH emissions,
6300 A observations were taken with :the same 'red photometér'

as OH, and the correlation coefficient was det ermined



i_considering all the half hourly observations in a night.

A histpgram.is plotted in Figure 5,19 for all the correlati@n
~coefficients determined for the nights during 1966—69.

The correlation coefficients are grouped into 20 groubs

from -1,0 to +1.0 at intervals of 0.l.

It is seen from this histogram that the frequencies
of nights of the cofrelation coefficients from ~0,1 to-*ﬂ@}
are more or less equally-distributed, This is the conséquencev
of observing the different ﬁypes of variation and also the
péak observed which moved with sidereal time in the OH night-
glow and a more or less regular type of variation in 6360 A

~emission. It can be concluded that there is no'relatidh
between 6300 A and OH emissions at Mt, Abu as far as their f
excitation mechanisms and the dynamical processes are -
coneerned; the main reason being, the heights of the two
emissions are very different (85 km and 300 km) and it is
difficult to}See how the effects in these region could, be

"similar,

- The high positive éorrelation sbtalned on some
nights is only due to the nature of the variation of the two
emissions which are more or less similar on some nights
and. not merely due to the contamination of OH (9-3) band |
in 6300 & a8 reported by some earlier workers (BARBIER, 1958;
CHAMBERLAIN, 1961F), |
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Figure 5,20 shows the nocturnal variation of OH
(7-2) and 6300 A on some typical hights>when OH and 6300 A
variations were different, which show that there is no

relation between these two emissions,

5.4 - Effect of celestial X-ray sburces on OH»niqht airqlow

intensity:

- In this section an interesting finding is ieportéa
that celestial X-ray sources affect fhe atmosphere in the

meso~-pause region causing an increase in OH emission,

Redenfly, ANANTHAKRISHNAN. and RAMANATHAN (1969)
~reported that there is an effect of X—rays‘from celestial
X—ray sources Sco X-1, Tau X-~1, and Gyg X-1 on the night ..
time field strength of 164 KHz. radio waves fransmitted'from
Tashkent and received at Ahmedabad over a distance of 2100 km,
Later in a detailed paper, ANANTHAKRISHNAN et al, (1970)
presented the calculations of ion production and the resulting

electroh densities from 75 to 90 km due to the X-ray sources,

In the average nocturnal variation curves of OH (7-2)

in different lunations presented in Figure 5.21, a pronounced
' ' 1IN Nov 196¢

maximum is noted between 0Ol and 03 hours I,8.T} This maximum

shifts to the earlier part of the night by about 2 hours
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each‘month from November to March.and mérgeé with the twilight
maximum inlﬁpril 1967, The same is repeated in the next year,
As the dark halves of the lunations in 1967-68 fall in two
months, there is a small time difference between October—
November 1967 maximum and November 1966 maximum, The times

df oceurrence of maximum intensity of OH glow nearly

coincide with the minimum zenith angle (i.e. transit iimes)

of the celestial X-ray source Taurus X;l (g{='5h31m,

§ = +21°59t)., The times of transit of Taurus X-1 for Mt.Abu .
'(24,6ON, 72.7°E) from November to March are shown in

Figure 5,22,

In Figure 5.23 the OH intensities of all the individual
nights in each lunation from November 1966 to October-November
- 1967 aré plotted in composite graphs. Almost all the nights
showed an increase in OH intensity near the time of transit
o% Taurus X-l. The amount of increase in intensity variés
somewhat from night to night, but in general the time of

maximum agrees well with the transit time of Taurus X-1.

e The months fpril, May and June are favourable to
sée the effect of Scorpius X-1 (o<: 16h17m; cg: "15053,)
and Cygnus X-1 (o = 19"57™,  § = 434.5%) on the OH
infensities, although tos ome extent the latter two months

are effected by haze and cloud. The average nocturnal
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‘varlatlon curves of lunatlons in Manth, At\»ul“maﬂtb \‘\QT W
March-April, April-May, 1’?5"3%Zw§}g§ﬁ%tod in Figure 5.24,

A small maximum is. noted in fpril 1967 which becomes a

broad maximum in May 1967 with a,shift in the time of maximum,
The same is repeated more clearly in 1968, The trénsit |

times of Scorpius X-1 and Cygnus X-1 for Mt,Abu are also
plotted in Figure 5,25.

5.4,1 Nocturnal variation of OH (7-2): Isophote maps:

On a number of occasions, the scanning photoelectric
photometer has been operated with OH (7-2) filter. After
appropriate reduction as aescribed in Chapter_IIi all-sky
isophote maps have been drawn. The iéOphote maps OfntwO
nights are shown in Figure 5,26 and 5,27, which show the
effect of the X-ray sources, In each isophote map, it is'
seen that the region of maximum intensity is around the
position of the X-ray source. The maximum‘intensity mov es
with the movement of the X-ray source, If the zenith angle
of the source is more than 60° (denoted by the inner circle)
the efféct is less clearly seen owing to variable scattering and

extinction of light,

The increase in intensity of OH radiation which
ehifts with sidereal time may also be due to the transit of

the Milky Way, Simultancous measurements of 6300 A
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intensities with the. same photometer, reduced to absoluté

" intensities Wlth similar calibration and reductlon
procedure as those used for OH (7-2) emission, do not show
any increase which shifts with sidereal time, This confirms
that the increase in the case of OH is not due to the -
transit of the Milky Way, The lunation average Curﬁes of
OH (7-2), OH (8-3) and 6300 A of four lunations are plotted
~in Figure 5.28 where it is seen that OH (7-2), and OH (8;5).
‘show a clear peak which is not seen in 6300 A, After
January 1968, we changed the direction of observation from
zenith to pole and due to higher zenith angle and Sec Z
effect the magnitude of the increase in intensity is

reduced,

The increase i QH intensity whieh ig observed when
X-ray star transits take place ean be accpunted for by an
increase in ozone or hydrogen or both near the level of
maximum intensity due‘to the increased ionization.due to
the X-ray source in the mesosphere, A detailed discussion
of the possible chemical reactions and the mechanismlof
increase in OH intensity due to X-ray sources will be

published elsewhere,

LI ]
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GHAPTER VI

PﬂREGION NIGHTGLOW EMISSIONS OF‘ATOMIC&OXYGEN

6. " Introduction:

Among the night airglew emissions, 6300 A of atomic
axygen is particularly interesting due to its connection with
the dynamical behaviour of the lenosphere and its close
relation with the iondspheric parameters, In this chapter
the results obtained from 6300 A measurements with the three

photometers described in chapter I_afe discussed,

In section 6,1, a brief review of the present -
state eof knowledge of 6300 A emissiom and its behaviour in
low latitudes is.described and the problems which require

_ further studyAare outlined,

in seetion 6.2 the nocturnal variations, the pre;3
dawn and post-twilight decay effects and seasonal variatiéns
ebserved at Mt, Abu are discussed using_the data acquired
at Mt. Abu in 1964-69. From the ionospheric data of Ahmedabad
and Delhi, wusing Barbier's relation, calculations are made
for the quantal éhisgions of GSOb A and they are éompared with
-the obgerved intensity of 6300 A, The hehaviour ef 6300 A

‘during spread F conditions is investigated,
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In section 6.3 +the airglow: enhancements in 6300 A

observed atwceriain times of the night are discussed at

length and a possible explanatlon of these enhancements is

e given with calculatlons of night time vertlcal drifts durlng

-those hours, The behaviour of the ionosphere in low latltudes

‘during the times -of these.-enhancementsis con51dered‘

In sectlon 6,4 the relation of the electron denslty
at dlfferent heights and 6300 A varlatlons is con51dered and
a method is given for relating the probable height of max1mum'
-emission:of 6300 A from thevelectrenccontent in the F—regien_

~and 6300 A ground observations,

In section 6.5 isophote maps of 6300 A emission on .
-a number of nights obtained with the scanning photometer'f
_are considered and a classlflcatlon of aligned and structured |
maps is made and the frequency of occurrence of these maps
~is glven. The similarity between the movement of isolines
~and the crests of F—reglon peak electron density is p01nted
out (KING, 1968). Considering the data of many nights in-
‘different months, the decay phase of equatorial anomaly is

studied,

In section 6.6, it is shown that on occasions
when a good positive correlation is obtained between. 6300 A

and 5577 A Barbier's relation fits reasonably well even in




the case of 5577 A, The constant term in thét relation is
interpreted to be the contribution to 5577 A emission from
the 100 km layer. Towards the end of this section an attempt
is made to use the detailed expressibns of PETERSON et al.

1 1

{1966) for calculating the -D and 'S terms from the electron

density profiles obtained from Ahmedabad ionospheric data.

6.1 Brief review of earlijer work:

6.1.1 . Introduction

The F-region atomic oxygen nightglow consists of
only two emissions in the visible region, a triplet at .
6300 - 6364 - 6392 A 0( D) and 5577 A 0('S), The relevant
part of the energy levél“diagram of atomic oxygen‘taken f;om
PETERSON et al,(1966) is shown in Figure 6.1. Of the
triplet lines of O( 1D), 6392 A is very weak, and 6300 A
is the brightest, The intensity ratio of 6300 to 6364 is
. 331 (GHAMBERLAIN, 196lg)and the ratio of 6300 A to the

5577 in the F-region is 3:1 (GULLEDGE et al.,1966, 1968),

N

BATES (1946) suggested that the oxygen atoms in
the iohOSpheric.F region are excited by dissociative
recombination. This suggestion has been developed by several'
scientists (NICOLET, 1954; CHAMBERLAIN, 1958; LAGOS et al.,
1963 : PETERSON et al,, 1966), The agreément between the
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‘observed intensitymof 6300 A and ﬁhe intensity'bomputed
from‘ionOSbﬁeric parametérs was shown 5y St JAMAND
(195%) and BARBIER (19574?7Eé%éi, the relation has been
studied byAmany people., Using the electron density profiles,
the close relation between the observed and cdmputed 6300 A
was.shown by NAGATA and OGAWA (1964), PETERSON and STEIGER .
| (1966) and VAN ZANDT (1969). - Since the discovery of its
connection with ionospheric parameters, the 6300 A and its
dynamical behaviour in low latitudesvhas been studied by
many people (pAL and KULKARNI, 1968; VAN ZANDT and PETERSON,

K

11968).

| Review articles have been written from time to time n‘
by outstanding workers (BARBIER 1961; CHAMBERLAIN, 1961 .3,__"“' |
ROACH, 1963a; 1963b; BARBIER ~ 1965; ROACH, 19§8
'VAN ZANDT, 1969). However, quantltative relatlonsbip bétweéh‘
6300 A and ionospheric parameters'has been established)thé.A
éorrelatioh between the observed and computed.iﬂténsitieg
thoughﬁgood is not perfect, It is difficult to say whether
the discrepancies are due to the approximations that have.
been made in thé theory, or due to inaccuracies in'the. R
atmosbheric and atomic data that have been used in the
| calculatlons, or to observational inaccuracies, or to
contributions to eml5810n from some other processes (PETERSON

et al., 1966). It is the aim of the study of 6300 A to give
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a quantitative basis to the relationship between the
ionosbherig recombination_raﬁes'ahd the inténsity of the
6300 A airgléw fadiétion in the night sky. Work in this
direction by different workers (PETERSON and STEIGER, 1966;
BROWN and STEIGER, 1967; PETERSON and VAN ZANDT, 1969) is

in progress,

6.1.2 Phenomena connegted with 6300 A'emission:

A) Barbier's Relation:

S.K. MITRA (1945) Suggeste'd that there was a
relation between the optical and ionospheric properties of .
the high atmOSphére.v Later St,AMAND (1955) found evidence
that the intensity of 6300 A emissine line was related to
iOhOSpheriC.F layer parameters. BARBIER (1957, 1959) madé
observations at Haute Provence (France) and empirically
'fouﬁd the following rélationship between the ionospheric

parameters and the 6300 A quantal emission Qg3 38

- i 2 .G h'F-200 % -
Qz00 = A_+ B (foFZ) exp 4 - .E

{, H
- where

Qggng  1s the quantal emission of 6300 A,



fon and h'F are the critical frequency and
virtual height of the F.layer
H | is the scale height of molecular
oxygen
and A and B . are constants.

. Later, PETERSON (1968) derived the above relation’

from more detailed considerations.

BARBIER studled the above relationship -and dlscovered'
and eXplalned new phenomena of 6300. A airglow and related .
them to thﬁ physics of the 1onosphere The various phenomena
observed in 6300 A are post twilight decay, predawn enhance-
ment in npcturnal variation, wpstern sheet, 1ntertrop1cal
red afcs etc, In the folloWlng we shall very briefly -

. descrlbe these phenomena,

B) Nocturnal variation:

ELVEY and FARNSWORTH (1942) studiéd the nocturnal
vériation of 6300 A at the McDonald obsérvatory in Texas,
They detected a}post twilight decay of 6300 A followed by
a predawn enhancement., DUFAY and TCHENG. (1946) also |

observed these features and termed them as 'post twilight!
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and 'pfedawn' effects. These were later confirmed by
other workers, Now post-twilight decay, steady values
around midnight, and predawn enhancemént can be considered
to be the general nocturnal variation in midlatitude
statiens. . But in low latitude statipns this 'ciassical
&urve' ié frequently disturbed by one or more rapid
increase in intensity extending over a period of about

two hours,‘ The abrupt increases characte:istic of the
tropics have been obs erved by ROACH (1955%, DELESEMMEand
DELESEMME(1960) , SILVERMAN " and CASAVERDE (1961), SILVERMAN(1962),
BARBIER, ROAGH and STEIGER (1962), SAITO (1962), DAVIS
and SMiTH (1964), BARBIER (1964)., GARMAN et al. (1964),
ROACH et al,(1964), PAL and KULKARNI (1968), PAL (1968),
and BROWN (1969).

1) Post twilight decay:

CHAMBERLAIN (1958) gave a theoretical
explanation of the post twilight deéay of the red lines,
Of the three processes, resonance scattering of sunlight
at 6300 A, dissociation of O, in the Schumann - Runge
continuum, and the dissociative recombination of O;, he
fouhd that the last one was the predominent contrilbutor

to the gradual decay in the early evening,
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ii) Western sheet:

b,C ~
BARBIER (19%7) found that the intensity in

the evenihg to the east of Haute Provence at 75° zenith
disténce was equal to that at the West 80 minutes later and
the height of emission of 6300 A& was 300 km. This phenomena
'was.named as 'Western sheet', He énhoﬁnced another low
‘latitude phenomenon obs erved-at Tamanrasset. in Algerié.

Here the intensity during some hours increases by a’facto:‘
of lO and later decreases in about two hours, BARBIER (1958)
‘showed that these bursts had no relation to magnetic
activity and occurréd mor e frequently in winter than in

summer (BARBIER, 1959),

iii) Intertropical Arcs:

BARBIER and GLAUME (1960) observed from
Tamaﬁrasset observations ar . East-West oriented arc which
was present in both 5577 A and 6300 A, This arc appeared
in the north and moved to south and was not perpendieular
to the geographic meridian, The deduced height for.this
arc was 210 km. BARBIER, WEILL and GLAUME (1961) announced.
the existance of an intertropical arcs syétem (ie,, a pair -

of' zones of increased intensity in the red lines centered

- near + 15° magnetic latitudes and about 10° width,),




: 220 :

They'found that as the night progresséd the arcs closed
towards the equator. The northern arc waé'stronger in
‘November and the southern arc was stronger in -March, Their

behaviour is perhaps dependent on longitudé.

_ BARBIER (1964) from simultaneous observations

" from three stations determined the heights of 6300 A to be
535 to 280 km, BARBIER and GLAUME (1962) used hourly‘x:/alues».
of h'F and £ of 0. from many. ionospheric stationsbaround the
world and studied the morphology of the intertropical arcs,
They found that these arcs were not ‘homogeneous bands but
“contained a 1ot of fine structure, This phenomenon was
also'observed at Haleakala(BARBIER ROACH- and STEIGER,.1962).
The existance of the intertropical arc has been verified

by CHIPLONKAR and ACASHE (1961) at Poona in India, NAKAMURA
(196l)'usinq observations from the research ship 'SOYA!

alsb found the intertropical arés and showed its close
relationship to ionospheric morphology. The existance of
intertropical arc is yet to be'established at other

~ latitudes.

Another discovery by BARBIER (1965) concerns
observations of the red llne at Haute Provence, It is common
" in winter nights near 2200 UT when the 6300 A alrglow shows
a brlghtenlng to the south and frequently this brlghtenlng

ig very large and increases rapidly for a short time.

&l
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iv) Predawn enhancement:

| BAﬁEIER (1961) discovered a traveliing
idnosphericvdisturbance in which the intensity of the red
lines did not obey the usual relation; Towards the mofning,
out of norfh, comes brightening which propagates and spreads

over the entire sky.

The intensity gradually increases and finally
merges into dawn, This”nhenomenon, the predawn enhaneement,
or sub-polar sheet has been attributeda by COLEi(1965) to
the effect of photoelectrons from the sunlit atmOSphere
"of the conjugate hemlsphcre The predawn enhancement has been
observed at both Haute Provence and Tamanrasset, but not at
Haleakala, possibly because of the displacement of the ‘
magnetic equator. Many people have tried to test Cole's
hypothesis from actual obseryaticns(CARLSON and WEILL,1967;
CARLSON, 1968; BROWN,] 1969; PAL and KULKARNI 1968; COGGER
and SHEPPARD, 139'2‘9Tf'1\116c?H0L 1970). Theoretical calculations
have also been made by different people (DUBOIN et al.,1968

FONTREIN ot al. ,11068)

C) Seasonal variation:

The seasonal variation of 3?80 A has been studied by
I9¢s ¢ '

different people (BARBIER, 1965, OKUDA, Ll963) STEIGER, 1967;

PAL, 1968) but its character remains 1ndec151ve because
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of the large variations in the daily post-twilight decay.
The occurrence of a minimum in the red line intensity around

midnight shows very little seasonal variation (BARBIER,1965).

D) Longterm variation:

 STEIGER (1967) has described the seasonal, solar;
cycle and spétial variations of 6300 A at Haleakala, - The
6300 A in 1961-62 went through a very strong autumn maximum
with a maximum immediatel? after twilight, In 1964-65,this
evening maximum in autumn shifted to summer, The magneticA
" control in the variation of 6300 A has been discussed by
.STEIGER from Haleakala observations, GCARMAN, KILFOYLE and
GIBSON-WILDE (1964) have reported the appearance of a |

patchy structure in 6300 A at Townsville (Australia).

E) Studies at equatorial stations:

DELESE@% and DELESE&% (1960) made zenith airglow
observations at Lwiro, Belgian Congo, four degrees south of
magnetic equator and found that what Barbier had described |
as 'intensity bursts' and concluded that dissociative
recombination of O; could explain these bursts, a general

propertyvof the tropicai ionosphere.
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' STILVERMAN and CASAVERDE (1961) piesehtéd the
observations of 6300 A at.the equator at Huancayo. They
nofed that 6300 A paéses a maximum at some time between
2200 and 0200 hours local t ime, WEILL (1967).reviewed.
the observation at the magnetic equator, VANZANDT (1969)
‘also reported an increase of 6300 A intensity around midnight
from observations made at Jicamarca observatof?,”Peru,

and he attributed that the height changes of F-layer

caused an increase or decrease in intensity of 6300 A,

F) Airglow enhancements and their-explgnatiOn;f

The occurrence of the tropical enhancements is
statistically similar to the occurrence of the Appleton
anomaly (KING, 1S&8). From a careful considerationé.bf
the effects of electromagnetic drift and from observations
made at Jicamarca observatory,Peru, VANZANDT and PETERSON
(1968) concluded.géﬁgwggf enhancements are caused by
equator-ward and/drift, The occurrence of tropical
enhancéments decreases with decreasing sunspot number
(WEILL, 1967; SMITH and STEIGER, 1968), They occur most
often during September, October, November in the ndrthern
hemisphere (BARBIER, 1961) and six months later in the
southern hemisphere (DELESEME and DELESEME; lgéq‘i
BARBIER, 1963), |
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G) Correlation with 5577:

Early work of CHIPLONKAR and.KULKARNI.(19$Q) at
Poona showed a high correlation between 5577 A ani‘6300'A
intensities., ANGREJI (1969) showed that at low latitudes
Barbier's formula is equally adequate in case of 5577 A also;

considering the observations at Haieakala, Huancayo,

' Tamanrasset, Lwiro, Poona and 'SOYA'. CHIPLONKAR and TILLU

(1970) aiso determined the F layer component from the‘Poond
observation of 1964 by correlation analysis of 6300 A and
5577 A,

H) Effect of Magnetic storms:

The tropical F region nightglow is perturbed by
large magnetic storms (BARBIER, 1961; WEILL and CHRISTOPHE-
GLAUME, 1967; WEILL et al,,1968). All these are associated
with F2Alayer disturbanées and electromagnetic drifts

(VANZANDT, 1969).

6.1.3  Earlier work at Mt.Abu:

DANDECAR (1961) showed that the intensity of 6300 A
at Mt.Abu decreases répidly_in the first part of the night

which is prominent in autumn and less so in summer, that

the intensity of 6300 A depends on f F,, and a decrease of
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observed as a regular feature a hump-like increase of

and increase of h'F; PAL and KULKARNI (1968) have‘

6300 A which is separate from the predawn enhancement and
théy have interpreted this as being due to vertical downward

“drift of the layer of maximum electron density..

6.1.4 Problems for further study of 6300 A in low latitudes:.

Because the nightglow can be obsérved with good
directional and temporal resolution over a large area
(radius ~u1000 km) from a single station, it provides a very
convenient method of studying the complex structure and
variations of the F, layer. There are not many such
observations with fast scanning other than those'frpm

Haleakala (Hawaii),

Detailed further study of the tropical nightglow
‘enhancements are useful for studying the thsics of the
excitation processes, As the low latitude enhancements_are
much 1ightéf than those in midlatitudes and as they are
less contaminated by particle bombardment effects, the study
of these enhancements can provide critical tests for
theoretical models when the vertical motions of the ionOSphefe
are related to the variations in the rate of change ofvinﬁensity
(VAN ZANDT,1969), Thus further detailed study of 6300 A will .
provide information on electron loss processes and movements o

of ionisation,
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Change in atmospheric composition have been  "

invoked to'explain the anomalous seasonal behéviour'of the

} F. region and the changes associlated with magnetic storms. -

)
It would éppear that observations of the twilight effect

in 6300 A emission could indicate whether such atmospherlc

éhanges do occur (THOMAS, 1968), Thus it will be suff1c1ent
to say that for some of these reasons given above nlght—glow:
bbservatlons of 6300 A Wlll be very useful in understandlng

éome of the atmospherlc processes of F reglon (VAN ZANDT,
l969)

An attempt has been made by CHIPLONKAR and TILLU
(1967) to subtract CH contamination in 6300 A observations
with available OH (7-3) and OH (9-4) bands intensity

- measurements, SMITH (1969) has also accounted for the OH '

contamlnatlon for %3leakala observation from OH (8-3)
measurements, It ls very necessary to account properly‘for
this OH contamination if we wish to study the quantitative
relationship between 6300 A and ionospheric.and geomégnetic
bhenomenon. In the study of‘Barbier's relation;’RETEW¥SmN
and VANZ ANDT (1969) comment that if very narrow filter
observations are made, as they have done,tha~m may not be.
the 'A' term in Barbier's relation and the total 6300 A

emission can be determined from the dissociative recombination

‘reactions. Further observations at other low latitude
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stations with very narrdwlfilters or observations with OH
contéminétion propérly'accounted'for, will decide this
point at other latitudes. Wﬁ-have made an attempt to
account for the OH contamination from the methods ogtlined

in Chapter III; on nights of special'interest.

6.1.5  Scope of the present work:

Pole photome£e£ observations of 6§OO A, corfespbndl
to the zenith of geographic latitude 29°N, Red photometer
which was operated from November 1966 to Jénuary 1968 at
zenith gave observations at a geographic latitude of 24,6°N,
The measurements of 6300 A (OI) line in the nightglow made
,with the scanning photometer at Mt,Abu #=~ made use of to -
understand the dynamical state of thennight time F layer
(geographic latitudes 17°-32°N). If we assume that the 
effective height of 6300 A emission is 2807km then thé
outer circile with 757 zenith angle has a radius of U960 km
and_includes a regicn 140 geographic latitude (7ON_and 7%
of Mt.Abu ie, 32°N to 18°N geogréphic latit'udes)‘.b The |
~geomagnetic co-ordinates covered by the scanner are 20°N
dip.to 48°N dip; The geomagnetic parallels are inclined
about 19W to the geographic parallels, As Mt, Abu is near
the sub-tropical peak of F layer équatorial anomaly, nightglow
observations from Mt, Abu (34°N dip) with the scanning
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photometer are most useful in studying the spatial
structure of F layer as well as the chénées during the
decay phase of the Appleton énomaly.' Regular ionospheric
observations are made at Ahmedabad (geographic latitude
23 °N) and Delhi (geographic latitude 29°N). 6300 A

observatlons made with the pole photometer at Mt, Abu

are compared with 1onospherlc data of Delhi. Mt. Abu

alrglow zenith observations and observatlons at 40°%
zenmth angle from the scanning photometer,, and 1onospher1c
observatlons of Ahmedabad are compared and; calculatlons
are made of 6300 A 1nten51ty from N(h)-proflle- obtalned
from4Ahmedabad ionosonde data., These results together
with other results—are.discussed in section 6.2 through

6.6,

6.2 Behaviour of 6300 A at Mt, fbu:

6,2.1 Introduction :

In Tables 1-IIY 1-I¥, 1-.V, the 6300 A data
collected (from the three photometers described in

Chapter I) are shown,
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6SCO A observations at Mt, Abu show significant

temporal changes. Some examples of different nocturnal'
variafions of intensity of 6300 A are given in FigUre 6.2,
(In Figure 6,2 A the post-twilight decay and the predawn
enhancement are clearly seen, Figure 6,2 B is an example
whén an enhancement 1s superposed on the post-twilight
“-~-ay. In-Figure 6.2 G an énhancement superposed on the
predawn enhancement is seen, - Figure 6.2 D;showsvmany
enhancements superposed on the normél variation of 6300 A,

For each of these types two examples are given), All these

wvrmples "are dealt within this chapter.

The intensity variation of.red lines during a
night under normal and disturbed conditions and in different
months present many interesting features, Iﬁ Figure 6,3,
the nocturnal aQerage values af half hours in all the
lunations are pletted as isophotes, These data were
obtained with the pole phbtometer looking towards the
pole star (65Ozénith angle, ie.vBQON). The, period covered

is 1964-1969. The following conclusions can be drawn,

6.2, - Post-twilight decavy:

A post-twilight decay is observed in all the
lunations in both low and high active periods, Starting

from the beginning of the night the intensity decays roughly
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-Tt where t dis the

exponentially and proportlonal to e
time and T is a constant on any glven nlght (CHAMBERLAIN,

1958), T is not necessarily the same from night to nlght

Flgure 6.4 is the hlstogram of T values on all the 1nd1v1dual

nlghts (340 nights) in the year51964—l969 T was determlned
by flttlng a least square line to the logarlthm of the

flrst 12 readings of the intensity durlng the night '
provided the first value was within one hour of the end of
astronomical twilight. There is difficulty in fitting

this line on many nights in winter, when an enhéancement is
superpos.ed on the post-twilight decay. In section 6.3

this enhancement 1s dealt with in detail, But here it is
smoothed out for determining the T values. From the
histogram-if will be seen that T values areﬂmosf frequent

between 8.0 %o 12.0 x 10 °sec™t.

6.2,3 Intensity around midnight:

Around midhight the 6300 A emission attains its
minimum value and this minimum value is different in low
and high active periods, being more in the high active
period, Normal 1nten51ty is 50-100 R, It has been more'
0T less accepted that the duration for which the minimum
1nten51ty remains more or less steady is much larger 1n'

middle latitudes than in the tropics. However, NICHOL (1970) .
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from observations from Hobart (geomagnetic¢ latitude 54°s)

noted that there is a wide spread in the commencement -time

6.2.4  Predawn enhancement: Cole's hypothesis.

The predawn enhancement is seen in-ali’thevmonths
in both low and high active periods, and this enhancement
starts just after midnight on many summer nights and much

later in winter nights.

This predawn enhancement, of 6300 A airglow
emission was observed by BARBIER (1959) from Haute Provence

data and later observed and reported at maﬁ% low latitude

‘stations,

In 1965, COLE suggested that eveh befofe dawn in
winter, normal O atoms could be excited to O(lD)»state
by coilision with energetic eleétrons which are produced
by the phgtoelectric action of sunlight in the conjugate -
summer hemgspheré and trénsported to the dark hemisphere

along the magnetic lines of force.

Cole suggésted that

= A N_ n(0). per unit volume



where N is the electron density, n(0) is the concentration
.pf.atomic oxygen, and A'is a temperature dependent coefficient
.foi excitation of atomic oxygen to D state. COLE showed.
that for 100 R emission of 6300 A from 300 km layer the
electron temperature Ie has to be about 2100°K when the
normal temperature of atomic oxygen is 900°K. These hof
electrons Would be cooled by collisions with atoms in the -
atmosphere, while the lattér would get excited. The 6300 A
enhaﬁcemehts which were examined by COLE were most marked in
winter and the hypothesis is certainly possible for a station
like Haute Provence for which_the~conjuga£e point sunrise
atSSOO km is earlier by abput_B% hours in winterﬁmonths.
CARLSON (1067) has shown that at Arecibo ( 18,4°N) 6300 A
starts inéreasing from the time of conjugate point layer
sunrise at 300 km; this time is about 45 minutes before '

the beginning of local twilight. The predaivn on-set of

6300 A enhancement has thus been found to gccur at'the same
time as the cqnjugate point layer sunrise %t 300 km in

this case,

To examine whether this is true for Mt.Abu;Delhi
the data of'all.(1964—69) the'nights for Mt,Abu Werév
‘efamined. . The time intervals by which the beginﬁing of.

- morning twilight at theAmagnétically conjugate point would

be earlier (positive sign) at 300 km height than that at
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29°N on January 20, 1965 and on Aprll 6, 1965 would be

Oh 58" -and -oh 10" reSpectlvely. If the conjugate p01nt
photoelectron hypothesis is the explanation for the predawn
enhancement of 6300 A at Mt. Abu,the enhancement should
start only an hour before the beginning of the morning

twilight at Mt.Abu-Delhi in January,

Figure 6.5 is a plot of 6300 A intensity on a few
successive nights in the months of December and January,
" The conjugate point layer sunrise and Mt.,Abu layer sunrise

timings are marked. On all these graphs an increase’in o

6300 A 1nten51ty is observed accordlng to Cole s hypothesls,._

t 1 -

Tt is noted that 5577 A does not show any such increase,
which shows that the energy of the incident photoelectrons
are capable of exciting the oxygen atoms to O( D) state
only, but not to O(lS). It can be concluded that in winter
months there is some contribution to 6300 A.from the

- photoelectrons reaching Mt,Abu from its conjugate point.
Thislparticular increaee is observed on successive nights'
almost at the same time,. This is expected as the sunrise

time does not:change appreciably on successive days., It

may be mentioned that in plotting the intensities of 6300 A -

to test Cole's hypothesis, 5 minute values obtained from

{

pole photometer data were used,
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Figure 6,6-sh5ws the isophote maps (in{ensities

. in rayleighs) on 3 successive nights in the month of December,
1968 obtalned from the scanning photometer af'hour 0500 and
0530 IST L and H show that the 1nten51ty 15 less or more
than the isophote line bounding the letter. 1In the map .
of 0530 IST an increase in intensity is seen as compéred'to
the map of 0500 IST in each of the nights in the directions
from North to South through East (the layer sunrise time on
thesé.nights‘was 0600 IST), This increase in intenéity ' |
the 'Subpolar sheet! could be due to the péotoélectrons

coming from their respective conjugate points,

A Buf as the observed predawn enhancement at Mt.Abﬁ{
- actually starts much earlier (Figure 6.3) and is observed
‘even more pronouncedly in summer months,VCole’s hypotheéié
obviously cannot be the agency reSponsibieﬁfor such
enhancements., PAL and KULKARNI (1968) proposed that
whenever tq:?e are vertical moVements in the F region,
there Woulchhanges in 16300' Actually, I6§OO and theA

vertical drifts show good anticovariation,

6.2.5 Comparison of the intensity of 6300 A in low -

and high active periods:

The average nocturnal intensities in the year
1967 68 were higher than those in the low actlve year
l964*65. This shows that solar activity hak a major role -

,
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COLE'S HYPOTHESIS.  A6300 A

DEC.18-19, 68 « 0300 7 T ‘
RN
)\

FIGURE 6.6 Iﬁcﬁhate maps at 0500 I5T and 0530 I5T on 8 few
nights showing increase in intensity according
to Cole's hvpothesis, :
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o play'in the intensity of 6300 A and its variatiohs}
Figure 6.7 is a plot of lunation-average intensities of
6300 A in 1964-65 and 1967-68. In November-Deéémber,

. December—January, January—February, February—March March—
April lunations, the intensities in 1967-68 (high active
year) were greater than in.thé year 1964-65 (low active year),
Howevér,-the.intenéities in the summer months are more.or

less equal in 1965 and 1968.

As the rangevof intensity within & night is quite
con51derable, it is very difficult to draw any conclusion |
regardlng the seasonal varlatlon. From 1964 to 1968 there
Twas ,however, contlnuous 1ncrease in thehlevel of the red
llne 1nten51ty running somewhat parallel to 10.7 cm wave-
length solar flux. In 1968-69 there was decrease in 10.7 cm
wavelength solar flux, In Figure 6.8 are plotted lunation-
average values of 6300 A (one average value for the entire |
lunation is marked by a p01nt) and monthly average values
of solér flux S (dotted line), It may be noted that the
intensity of red line runs somewhat parallel to the curve éf
solar flux, the values in l968—69 being smaller than those
in 1967-68. o - |
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'6.2;6- " Barbier's formula:

Barbier's formula
Q630c§ = A + 13(4:“0}3*2)2 exp Z—(h'F—QOO)./H}

is found to be valid at Mt. Abu, This formula relafes

the airglow quantal emission Q300 to the ionospheric
parameters h'F and f F, and the scale height of O,.

6300 A intensities on 86 nights covering the period from
November 1966 to January 1968 were analysed. .The 6300 A
data were obtained from theR@j;ﬁmtometér which was looking
towards zenith in that period, Ahmedabad ionosonde date

of fOF and h'F for the hours when airglow observations

2
. were taken at Abu were used for the calculétions.. The -
least square line which best fits the airglow intensity
versus the function on the right of the above equation was’
found for each'night; and the slope B and the intercept A
were determined.  The average correlation coefficient
between 163005 and Q300 the observed and caiculaﬁed
quantal emissions for 86 nights was found to be 0.94.
Only those nights in which observations were available

f@r more than 5 hours are taken into considerétion.

The histbgram of the correlation coefficients is given

in Figure 6.9.
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Similar calculations were also made for the above ‘
period for .the 6300 A»data obtained with the pole photometef,
-‘and ingthis case,the ionospheric data were those obtained »
at Delhi. Also on.the scanning nights from Mt, Abu; the data
of 40°S zenith angle which relates to the ionospheric F layer
of Ahmedabad, and 60°-70° zenith angle data whichlrelates'
to Delhi ionospheric F layer data were also analysed, On
all.theée occasions, it 1s found that Barbier'é formula
fifs'reésonably well with Qgqqy determined from ionospheric -

parameters and I63OO obtained from observations.

In Figure 6;lO, the nocturnal average values
of the intensity of 6300 A emission for different lunations
are plottéd for the period November 1966 to Jume 1967,
The. photometer locking at the zenith of Mt.Abu and the
other looking at 65° zenith angle'(poleward) were operating
simultaneously in this period. To compare the ionospheric
paramet er fOF2; monthly median values at Ahmedabad and
Delhi are plotted, By the side of this graph h'F values
(monthly median) of Ahmedabad and Delhi are also plotted,
I£ is interesting to note that 6300 A intensities at
Ahmedabad are more than those at Delhi in all the lunatidné.
values at Ahmedabad were larger than those at

2
- are :
Delhi and h'F valueg/ smaller at Ahmedabad than at Delhi,

Also fOF

This is all in agreement with Barbier's relation,
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FIGURE 6,10 Average nocturnal intensity values of 6300 A
at zegith and poleward directions of Mt. Abu

and monthly median values of f F, and h'F in
different lunations at Ahmedab8d? and Delhi
during November 1966 to June 1967,
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In Table 6-I the conétants A and B obtained for
the Redphotometer 6300 A data at Mt.Abu, ianosphéric data
at Ahmedabad are given, Tt is seen from this table that
A and B have variations from month tb month, The seasonal
variation of A is not similar to the seasonal varia%ion of =
OH which shows that the term A is pot entirely due to the
OH (9-3) contamination in 6300 A observations. In general,
the values of B are more in the winter months than iﬁ

summer. This seasonal variation of B is quite unlike

the temperature variations of neutral gas ctoncentrations

in the F regioh as noted by PETERSON et al, (1966), The A
term may be due to |

0(3p) + N(?D) ———> N(%s) + o('D)
or  o%) +e —m > o(lp) + e

Evidence is available for both these mechanisms. The
reactions

NoT + @ > 0(°P) + N(°D)

| N(°D) > N(%S) + h) (5200 A)
are known to occur at low latitudes (WEILL. et al,,1968),
Also fluxes of energetic electrons are possibly present
in the night time F fégion at low latitudes (KNUDSEN
and SHARP, 1968),




. 248

TABLE 6-I

Barbier's A and B coefficients (Red Photometer data)

Lunation period A Error B Error| Correlation
., in én ‘Eoeff}cient !
63007 %6300
Nov 1966 73 24 5.7 | 0.6 0.95
Dec 1966 58 | 19 |1l.0 | 1.3 0.94
Jan 1967 |19 12,2 | 0.8 0.98
Feb 1967 89 38 5.9 | 0.9 0,92
 Mar 1967 134 34 2.8 | 0.5 0.90
Apr 1967 59 31 5.0 | 0.9 0.89
May 1967 131 22 12,1 | 2.1 0,92
Oct=Nov 1967 | 111 | 23 | 3.8 | 0.4 0.96
Nov-Dec 1967 03 16 5.6 | 0.4 0.98
Dec-Jan 1967 96 31 7.2 | 0.7 0.96




A similar conclusion fegarding A and B coefficients
‘was feaéhed by BROWN (1969)from Haieakala airglow data,
" However, an.inferesting observation by PETERSON and
VANZAN®BT(1969) is worth mentioning, They say that when
- very narrow filters were used for making 6300 A intensity
observations at Jicamarca observatory, Perg, the A term in
Barbier's formula élmost Completely vanished., This indicated
that at that place 6300 A emission Was almost entirely due
to dissociative recombination. It is very necessary to get

6300 A intensity data with very narrow filters,

6.2.7 Behaviour of 6300 A during &pread-F conditions:

The scattered reflections, either diffuse or
-duplicate traces on ionograms are called spread F echoes,
The occurrence of spread F at different stations and their
possible causes have been considered by various authors,

At Ahmedabad, spread-F is found to be very variable;Aiﬂ

From a large amount of data, RASTOGT and KULKARNT (lQéé)
have investigated ‘the frequency of occurrence of sbread-P
during one complete ;olar cycle (1954-65) and they noted
that spread F at Ahmedabad and other low latitudes stations
is most frequent when the layer is descending. VAN ZANDT |
and PETERSON (1968) concluded that 6300 A structure is

mainly due to changes in h'F and to a smaller extent to
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changes in critical frequency. KING (1970) noted that
from the 6300 A airglow scanning observations, the geometry
of the large tilted surfaces of ionization (which are

possibly the cause of spread F echos) can be investigated,

The airglow observations made with a narrow field
(5° or less) photometer will help to understand the behaviour

of the 1onosphere during spread F conditions,

Figure 6,11 shows observations of 6300 A with the
pole photometer on a few nights when spread F was seen on
the Delhi ionograms. Figure 6,12 shows a few nights 6300 A
observations from the scanning photometer directed to 40°S
zenith angle or at zenith of Mt,Abu, during which spread F
occurred at Ahmedabad, Whenever data of h'F and fOF2 were
available,they are also plotted.Jt was noted that at Delhi,
spread-F was observed while h'F was increasing on a few

occasions, while it was decreasing on a few other occasions

(see Figure 6,12),

However, on mdst of'the occasions height variations
were in anti-relation with 6300 A intensity variations, On-
many occasions, when spread F started at Ahmedabad, 6300 A
intensities increased and the intensity of 6300 A was in

anti-relation with the height variations., As the occasions
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during which 51multaneous obsorvatlons were available were
few, further Co= ordlnated observatlons are required to study

the behaviour of 6300 4 during spread-F conditions,

6,3 | 6300 A _Enhancements :

6.3.l Introduction:

In addition to the normal post twilight decay and
pre-aawn enhancement, there are often peaks of intensity in
6300 A nocturnal variation in the course of a night, Figure 6,13
shows a hlstngrum of the number of such enhancements in each
hour during the night, based on 714 nights of observations
taken with the Pole photometer during 1964—69§ The figuré
shows that statistically more enhancements occur in the post
midnight period, eften around 0300-0500 IST, compared to the

pre~-midnight period.

Comparing enhancements in two directions of ghser-
vation, poleward (29°N geographic) and at zenith (24,6°N:
geographic) during January 1967 and April 1967 (Flgures 6.14
and 6.15) it is found that the zenith enhancementsare stronger,

‘Both pre mldnlght and post-midnight enhancements have been
',studled us1ng lunation average curves and also curves of
individual nights, The latter show up the characteristies

more'clearly._
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FIGURE 6.13

6300 A ENHANCEMENTS
POLE PHOTOMETER
1964-69
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Histogram of the 6300 A airglow gnhance@ents
abserved in the nocturnal varia@}on dur ing
1964-6G, (The enhancement 1is defined as

an increase in intensity tollowing a decreas €
. after some time). :




*L96T T1xd% ) , ook
ut {atydeabosb N.6Z pIemeTod _ 1961 hnmmamm ut{otyde 0@
wcmﬁmmwmmwmmoww N m.vw Yyyruez)y N,6C premslod umm.u%ﬂ%owm mmm e
SUSTINSITR oMY nwowwmmﬁqumnmm,.) , xﬁhmmwvmco« I08ITp oMY U muc.wamw eyua .
'y QOrg #0TbITe ay3i 30 wosjiedwo) GI°9 IWOIL ¥ 00£9 moIDITe &y} 30 uOSTICWO) $I1"9 TFWOII

LLST ¥mimX
1104 OOES o—s—a

¢

HINIZ QOLS weme

¢

H3iFNOI0Nd HLINIZ

YIALINOIOHE 3704 T T T 1 1 H
Il CGEYCNYLS  NYION; i OWYOHYIS  RWON
$0 W 090 WL 0T W ©o 2T oz ;o
25°3-¢2t vivr \:
\v
os2
- -~ 083
{9211 Ydy 29T~ WAV _ -
- 4 ~11
= G.ﬂ.u ¥ U~ Nw ~
Nw
f A -
’ ose —osz _
: . 2
19°1- 0F w2y 23— N4Y VL o T 29501 K : M
— ¥ T =z
Z v & -
£ =
<0352 —082 <
&
i8'Ci-§ ¥dY 297035 ¥ay e £9°01-6 uvwr L3706 NY = =
< < %
<
< g
w.aw L2508 N¥E 136~9 ¥V W
£9°6~8 2d¥ S-G Yay -
£9°5-g ¥ FS '
» \J\/\
r
—052
ase
2992 wee &3°8~ N A
hw n%lw g ~ /
v‘\/\n - Q5E
. ~3 @82 2229 gvr F- YO Ry
A
- oos Y3LINQIONd 304 H2LINO0LOHd ooyt
£49'S-§ ¥dv 2998 ¥av

Y3I13WOLOHd 13104

HI1IW0LONHd oax

s w 20

{3710¢) 00E9 e
INL QBVONVIS NVioN

%0 22 R’ zo

(HuN3Z) 0088 —
IWIL GHYONVIS NVIONI
00 W [+74




6,3.2 Pre-midnight enhancements:

1256 ¢

Superposed on the post twilight decay, an increase

in intensity was observed for some hours on many nights in

|

|

. «

6300 A intensities. The number of nights on which pre-midnight L

benhancement Was observed ‘and the total number of nights of

" observation in each lunation at Mt. Abu are plotted in Figure 6,16.

as_mohthly,histograms.in_éach of the years 1964-l969. The

composite histogram of all the years is given in Figure 6,17.‘ ' i

Out of 391 nights of observation in 1964-69, this enhancement

was observed on 231 nights. The following conclusions can be -

drawn regarding the pre-midnight enhancement at Mt. Abu,

1)

The pre-midnight enhancement is more frequentv

in winter months than in summer. In high activity

years, however,-it is observed on a few-occasion§ o
in the summer months also(See Figures 6.l4tand' |
6.15). It occurs more frequently at. zenith and

at latitudes south of Mt,Abu, Figure 6,18 show#
isophote maps of a few nights obtained with the
scanning photometer. The enhancement occurs' |

at all the southern latitudes as seen from Mt Abu
with the scanning phetometer, Figure 6,19 shows
the intensities at different latitudes from .

17°N to 320N(geographic)obtaihed with Mt,ﬂbﬂl»
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‘scanning photur-%er and converted to local

zenith intensities on a typical night December 3«4,
1967, This night is presented.as an example

out of the data of many nights taken from
Mt. Abu. - R |

2) The pre~midnight enhancement is more intense
“at théizenith over Abu than at 650N zenith
angle ie,, towards pole star. Both the zenith
and poleward data are plotted for a few nights
in Figure§6.14‘and-6.l5. From Figuré 6'14.it is
seen that in wintet months 5577 A also shows |
an enhancement correspénding to thevincrease'

in 6300 A on many nights,

6.3.3 Correlétioh of pre-midnight ehhancementvofv63oo A

with the changes in electron density profiles of

the F region of the ionosphere:

A) Pre-midnight enhancement : Electron content (NTl

in the ionosphere:

The pre-midnight enhancement is always éssociated'
with an increése‘in total electron content, (NT) up-to hmFé.

Figure 6,20 shows the time variations of 6300 A emission
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end the elethon‘content up te h Fz'in the]ionosphere one

12 nights on which the pre-midmight enhancement was prgnounced,

The. airglow data were taken from the scannlng photometer at |
40 °s zenlth angle and the ionospheric data from ‘Ahmedabad
donasonde observatisns, The 1on05pher;c electron content

was determined from true height anaiysie.' It is seen from
Figure 6,20 that'the pre-midnight enhancement is associated'

- with an increase in electron content (N up to hszj,

B) . Pre-pidnight enhancement: Vertical drifts =

in the ionosphere,

~ As noted sbove in Figure 6,20 the pre-midnight

enhancement .is always associated with increase in NT the .
~electron content up to h P Downward vertlcal drifts -

of plasma which occur some time after sun-set can brlng down
mor e electrons causing increase in the eleetren content .
up'to‘hsz which then,recombine and give moie 6300-A, In
Figure 6,21 the electron density profiles (N(h proflles)

on a few nights are plotted during the hours when the
pre-midnight enhancement occurred, The N{h profiles were |
obtained from the ionograms-§{ Ahmedabad hy tfue height
Bnalysis. The downward movement of the. electron den51ty
proflles and also of h F during the tlme of thls enhancement

are seen from these N(h) proflles.
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From‘fhe electron density“profiles; aesuming
5the temperature variations as given by GiRH($3821 atmosphere;
fallowing the prdcedyre of solving the eontinuity equation
as given by SHIMAZAKI (l?&%. 1966} the vertical drift
velocities can be calcula£ed.' This procedure takes into
~aceount, ambipolar diffusion and asseciated velocity of
- the ionised-gas VD, velocity due to temperature ehanges VT’

and the vertical electromagnetic drift veloCit? Ly ¢« On many

- nights on which the pre-midnight enhancement ocgurred,

the vertiecal drift velocities were calculated téking all the
relevant data required for the procedure given by Shimaiaki,
The data of a few, nights are plotted in Figure 6,22, It is
noted that the vertical drift velocities are more negative

‘ (downward) at the time of the pre-midnight enhancement,

C) Pre-midnight enhancement in low latitudes:

Height variations of the F, region at the

magnetie equator (Thumba),

From Figure 6,19 1t is seen that the pre-mldnlght
enhancement of 6300 & airglow is qu1te pronounced and occurs
more often towards the south of Mt, Abu (maximum intensity
' is'around 20°N geographic), From the ionospheric dataiof
. Thumba ( BON'geographic)India, an ionospnéric station near

the magnetic equator, the h'F and hsz values reach a very
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high value at about 17-20 hours IST. In the Figure 6,23

the monthly average values of h'F and hpF2 at Thumba obtained
from the C-4 recorder and the lunation average values of
6300 A zenith observations at Mt.Abu ére plotted; Also on

a few individual nights the same parameters are plotted in -
Figure 6,24. It may be mentioned that increase of h'F at
Thumba in evening hours is inconspicuous inlthe summer
months. The pre-midnight enhancement is also net observed

PuE—Y

prominently on those oceasions,

It may be said that as the F region at the magnetic

equator rises in the evening hours, there can be diffusion .
of electromsalong the field lines of force which diffuse -
and descend at higher latitudes. After the reveréal of

the field, vertical downward movements increase 6SOO A, as
the electrons descend to the favourable height of 6300 &
emission, which then appears as an enhancement superposed

on the post twilight decay. However, the magnitude of the
enhancement depends on the.rate of post twilight decay and

“the vertical drift velocities,

This particular increase of electron content in
the evening hours at low latitudes is responsible for more
pronounced enhancement of 6300 A in the southern skies of

Mt, Abu,
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6.3.4 Post-midnight enhancements:

This enhancement has been studied from Mt, Aby
and Haleakala (Hawaii) data by PAL and KULKARNI {1968), They
observed at Mt, Abuy a hump of intensity at about 0430 IST on
many nights of observation in the year 1965, They offered
an explanation for this eﬁhaﬁcement that vertica% dowﬁward
movements of the ionisation in the F region‘were the cause
of this increase. The following gives additional information
about this post-midnight enhancement from +he data from

1964-69,

1) The post-midnight enhancement is seen in all
the years from 1964-69, The histogram showing the number of
nights this enhancement was seen against the number of nights
of observation at Mt. Abu during each of the lunations in the
years 1964-69 is given in Figure 6.25. The composite histogram
.of the lunations in all ﬁhé years combined is givén in
Figure 6.26. Out of 377 nights of data, on 306 nights (81%)
this enhanqement was-observed.. There is a high probability
of its occurrence in all the years in both low (1964-65) and
~high (1967-68) solar active vears, and on all the nights

in the year,
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2) The magnitude of this enhancement is large in
summer months as compared to winter months, From Figure 6.14
and 6,15, this point is clearly seen, 1In the same figures, -
the 6300 A nocturnal variation at zenith and poleward direction
are compared (poleward observations are converted to local
zenith), It shows that this enhancement is stronger at the
zenith of Mt, Abu compared to that at 65°N zenith angle
(29°N geographic) of Mt, Abu, 5577 A does not show any

corresponding enhancement to this 6300 A enhancement

3)  This enhancement is seen at all the geographic
latitudes from 17°N to 32°N with varying magnitudes, it>is |
most intense at nearly 23°N geographlc latltude Figure 6,19 A"
'shows the 1nten51ty variation at dlfferent latitudes from
17°N to 32°N (geographic) obtained from Mt,Abu scanning
photometer on typical nights December 3~4 1967 and April 18-19,

1968,

4) The time of occurrence of this enhancement
varies from night to night although around 0400 IST is the
most common time, No solar activity control is seen on -

the time of occurrence of this enhancement,

6.3.5 Correlation of the post-midnight enhancement with

changes in the’electron density profiles of the F2

region.

As a typlcal example of a post midnight increase

of 6300 A intensity, December 31 -January 1, 1968 night may be
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considered, Detailed N(h) profiles given in‘the Figure 6,27
showed tha£ the electron content was sztly confined to

the higher'heights till midnighﬁ. After midnight electrons
drifted déwnwards ahd 6300 A emission started increasing,
reachlng a maximum intensity around 0130 IST, It is also
noted that the alrglow enhancement occurred when the electron
content decreased rapidly as was pointed by BROWN and
STEIGER (1967).

Thus the vertical downward movementsofiionisation”
in the ionosphere are the main cause of airglow 6300 A

enhancements in low latitudes.

6.4 Correlation of 6300 A intensity and the electron

content in the ionosphere —— Height of 6300 A

emission,

To test whether the total electron content in the
ionosphere above 200 km was responsible for the 6300 A emission

the correlation coefficients of the electron content in the

's1ab 200 km to h F, and the 6300 A intensity on many nights

were found, A1l half hourly values of observations in

a night are considered for this analysis, Also we calculated
the electron content in the slabs defined by 200 km and the
height h, where h2 was started from 300 km and increased in

steps of 20.km up to 400 km., In each case the electron
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content between hl(2OO km):and h2 was found considering ail
the half hourly observations. A graph of the correlation
coefficient between N(h, - 200) and the intensity of 6300 A
‘and the height h, is plotted in the Figure 6.28, The last

height point on the curve refers to hmFQ‘

On each of these nights the correlation coefficients

with NT

correlation coefficient with h2 between 300 andA4OO km. This

the eiectron content upto hmFZ is smaller than the

shows that the electron content above 400 km is not importént
to determine the 6300 A& emission rate, The positive |
correlation reacﬁes its maximum value when h2 lies between
300 and 400 km with some differencefrom night to night.

Thus the maximum emission of 6300 A is between 300 and 400 km,

6,5 6300 A isophote maps.

6.,5.1 Introduction:

From the observations with the scanning photometer
described in Chapter I, isophote maps of 6300 A have been
prepared after reducing the data by the method described in
Chapter ITIL, Figure 6,29 gives some examples ofAtﬁe iéophote

maps,
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The maps are classified.roughly into two types in

the same way as was done by STEIGER et al;(1966);

(1) Maps that show a patchy (or spotty)character

with some of the isolines making closed loops

as in the Figure 6,29 A, and

(2) Maps that show somewhat 'aligned! éharaoter

with the isophotes roughly linear and- parallel

to each other as in the Figure 6, 29 B, It

..should be made clear here that this allghment~

is not due to twilight effect which will be

in north-south direction,

The spotty or patchy character is often ‘associated

- with localised tropical enh:ncements discussed in section 6, 3.

“'Allgned 1sophote maps could occur at any time of the night,
uVWhen the isophotes were aligned,the direction of alignment
in the vicinity of the zenith was determined, ~the direction
belng spec1f1ed as the direction of the gradient of airglow
1nten51ty as was defined by STEIGER et al, (1966), Our
observations were limited to measurements at different

altitudes and 224° azimuth angle only, Hence a rough

estimate whether the alignment is south-west (Figure 6, 29 C)'

or north-west (Figure 6,29 D) or south (Figure 6.29 B) could be

made within.22%o azimuth angle,
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C6.5.2. 6300 A aligned isophote maps :

The analysis of the isophote maps of 53 nights of
the 130 nights data taken at Mt.Aby during 1967-69 showed
that out of 840 isophote maps 475 were of the aligned type,
Out of the rest, some were patchy (Figure 6,2¢ A) and a few
of them were more or less uhiform (Figure 6.29 F), The last

ore occurred during the early morning hours,

From the aligned maps, histogréms are prepared and
plotted in Figure 6,30 to see the predominent approximate
direction of alignment during different hours. It is'seen
that out of 152 south-west aligned maps, a greater number
occurred before midnight. Out of 72 south-east aligned maps,
the greatest number occurred after midnight and out of.

232 south aligned maps most of them were spread between

2100 and 0400 hours, Thefe were a few Maps ( 19) which

were partly aligned towards west (see Figure 6,29 E) in the
beginning of the night, FIn total, there are more south and
south-west aligned isophote maps, With time, these aligned
maps move south or south-west with a veiocity of approximately
200 m/sec. In Figure 6.2] the isochrones of a few nighfs |

are plotted to know the velocity of movement,
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- Further, it may be mentioned in addition to
southward movement on a few hours of some nights an east-west
movement in the isophotes as a sinusoidal wave was observed,
This is identified by seeing the crests which éhange their
position in the successive isophote maps, 1In Fngre 6.32,
the isophote maps of one night are shown where the sinusoidal
movement is seen in east-west direction, Although such
movements are not regularly observed, they are observed on
a few nights the velocity of movement being approximétély
200 m/sec. It is suggested that travelling ionospheric
disturbances are fheicause of such a sinusoidal manifestation
in the east-west movement., Further study with fast scahning

»

will help in understanding such phenomena,

"6,5.3 Southward movement of 6300 A isophotes and the

decay phase of the equatorial anomaly:

The movement of 6300 A isophotes towards south
during night is consistent with the conqepf of the geomagnetic
control of the F region of the ibnosphefe and the associated
6306 A emission region of the équatorial anomaly (APPLETON,
1954; BARBIER et al., 1952; STEIGER et al., 1966),

In the equatorial region, the electron density of
the F2 layer is enhanced in two zones centered at about + 30°
dip and there ‘is a minimum near the dip equator around local

noon. This is called the equatorial inregion ariomaly,
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ThislaQOmaly 1s absent at sunrise, builds up in the'forenqon
and persists during the day. At solar minimum,  the anomaly
decays rapidly after sunset,(RASTOGI, 1959), At solar
maximum, it persists or is even enhanced after sunsét-and
.decays around midnight, SANATANT (1966) hés_sh0wn the
detailed morphology of the equatorial anomaly from a large
amount of data covering two solar cycles (1945-1963), 1In
high sunspot years, in the months of March September and
December, the subtroplcal peak of F reglon ionisation is

- maximum around 2100 hours IMT at 34° dip and this peak stays
over 34° + 2© dip from 1500 hours to 0100 hours LMT and
later moves back towards the equator, Df course these
variations are-only average since the anomaly is variable

from day to day, particulariy at night,

B KING (1968) has shown many points of similarity
between the movement and morphology of the intertropical

arcs described by Barbier and his co-workers and the crests

of the equatorial anomaly durlng both disturbed and quiet
conditions, WEILL (1967) has drawn attentlon to the
relationship botween measured airglow 1nten51tlos andAionospheric
@quatorlal anomaly parameters, ROACH (196@) has empha51sed

the intimate association of the optical phonomena of 6300 A

emission and the ionospheric anomaly,
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6300 A observations from Mt, Abu (dip 34ON) are
very significant for.understéhding the decay phase of the
equatorial anomaly, as Mt, Abu/Ahmedabad(34%wdip) are at
the subtropilcal peak of the equatorial anomaly.‘ We have
observed the 1ntertrop1Cdl arc on many nights and studied
its behaviour in detall on a number of occasions, Flgure 6.33
is @ plot of the intensities at different azimyths and at
75° zenith angle on a few nights. The data of one night in
each lunation are preserted to show the behaviour of the
tropical arc and its movement, It is noticed that the arc
was seen on most of the nights in the years 1967- 69, and as
the nlght advanced, the arc closed and moved towards the
magnetlc equator It is seen from Figure 6,33 that the rate
at which the arc closed from east and west and moved towards
the equator was different in different months; aiso it was
different‘on magneticaily disturbed days (December 29-30 1968)
The 1nten51ty of the arc was different even on succe551ve
nights, To study the intensity variation and the movement
of the anomaly, meridonal observations (N-g ) at all the
zenith angles 75., 7OO, 6OO, 40° and zenith at different

hours were made on many nights.

, . .d
In Figures6,34 A and B/few nights observations of
the meridonal scanning are plotted and the isophofe lines are

‘plotted, The occurrence of maximum intensity around 30°dip
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in the beginning of the night and its movement towards the
.soﬁth of Mt. Abu is seen on all the nights, the rate at
which it moves is dlfferent from night to night. The 1ocatlonA
of the 1sophotes of maximum intensity in the beglnning of the.
night is different in different months. However, in December
and January, the maximuym intensity was located up to midnight .
towardé_thé,éouth-west, and later it moved towards south and
south~eaét. This.behavi0ur in high active period is consistent
w1th the behav1our of the equatorlal anomaly movement dlscussedV"

by SANATANT (1966).

The results of solving the continuiﬁy equation

are givén by HANSON and MOFFETT (1966), They show with

a downward drift velocity (ie. a westward electric field),

the vector plot of electron fluxes that are associated witﬁ
the electron concentration profiles. An 'invert fountain'

is created, | Ionlzatlon from higher latitudes flows along
the field lines towards the equator. and eventually recomblnes
at low qxtltudes near the F? peak, 'On the field lines above
450 km, the plasma flux is towards the equator, while below
it, it is downwards near the equaﬂor. The reason forlthis
behaviour is that as the plasma tube drifts dothards,.the
‘particle concentration over the equatdr must increase if
diffusive équilibrium tends fd be maintained. Thus ﬁost_of.

thevphotoproduétion above 450 km is transported fo the equator



in this manner for eventual recombination. Thus the principal

effect of downward vertical drift is to replace the Appleton

- peaks with an equatorial ionization enhancement, (HANSON and

MOFFETT, 1966).

VANZANDT and PETERSON (1968) explained the equator-
ward movement during the night of both the peaks of the anomaly
and the nightglow enhancements with the increase in
Vlonlsatlon by the downward drifts and 'inverse fouﬂkawu
effect!, At the dip equator the F2 layer starts at a higher
level and so takes more time to move down into the region |
- of high recombination, Thus the 6300 A behaviour at equator
showing midnight maximum can be explaihed with the above two
processes, VANZANDT and PETERSON (1968) suggested a ﬁodel

for the nightglow enhancements and the equatorial anomaly

that f F is enhanced every where in an east-west band and !

that the enhancement occurs in this band, This enhancement
is usually homogeneous and much weaker than what ig observed
Then the F 1ayer moves downwards either over the whole
east-west band or in narrow north-south ridges causing
lassociated nlght airglow enhancemenﬁs Further measurements
with fast scannlng, simultaneous observatlons from two or -
three locatlon within the equatorial belt will help towards. “
~a fuller understanding of the decay phase of the equatorlal

anomaly,
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6.6  Covariation of 6300 A and 5577 A emissions in

tropical night airglow and the emission of 5577 A

Swowmth& F region:

The months of the year are grouped according to

season as -

a) ‘D-months .. November, December, January and

February,

b) E-months ., March, April, September and October,

c) J-months -,. May, June,'July and August’,

The night airglow observations made in the pole-
ward direction at Mt, Abu indicate in general an absence of
covariation between 6300 A and 5577 A emissions in E and J

months.,

Observations in June are very few and there are»no
observatlons in July and August due to the monsoon at Mt Abu,
Statistically in E and J months, 5577 A emission shows a
maximum around midnight, On the other hand, on most of the
nights, 6300 A shows a minimum around midnight, A close
examination of'all the data (1964—1968) taken in the,poleward
dlrectlon (65°zenith angle) showed that in the D months
on a number of occa81ons both red and green lines showed

a covariation. In Flgure_6.35, the histogram of the
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correlation coefficients of thé individual nights between

6300 A and 5577 A are shown, using the data of .all the nigﬁts
in 1964;1968. It shows that.although the occasions when
negative correlatioh was more common, there are many occasions
‘when there was a positive correlation, Figure 6,36 shows

the histogram of the correlation coefficients of the individual
nights in different vyears, Figure 6,37 shows the histogram

of the total number of nights which showed positivé and
negative correlations in October, November- December, January
and April, The negative correlation is partlcularly

pronounced in October-November and in April,,

The nocturnal variation on a few nights when these
two emissions show an anticovariation are shown in the
Figure 6,38, Figure 6,39 shows a few occasions when these
two emissions covaried through out the night, It is interesting
to note that the pre-midnight Pnhancements Wthh were dlscussed
in section 6.3 are present 1n both 6300 A and 5577 A, This
shows that tn@re is a significant contrlbutlon to 5577 A

trom 02 reaction in the F region,

A similar study of the scanning photometer data
showed that the correlation coefficient between 6300 A and
5577 A is more positive on a greater number of observations

in latitudes south of Mt. Abu (34°N to 20°N dip) compared to
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FIGURE 6.39 Nocturnal variation of 6300 & and 5577 A
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latitudes north of Mt,Abu (34°N to 48°N dip), The correlation
coefficients between 6300 A and 5577 A for the latitudes that
could be covered from Mt. Abu on a few nights -are plotted in
'_Figdre 6.40, - Histograms- are. plotted in Flgure 6,41 showing
the correlation that is observed on 46 nlghts fromthe 7
scanning photometer pointed towards different zenith angles.
The large frequ@ncy of high positive correlatlons when
observatlons are made towards the south may be noted, In
Figure 6,42 is shown the isophote maps of October 5-6, 1967,
in which the variations of 5577 & and 6300 A are independent,
In Figure 6,43 the isophotes of January 31*February 1, 1968
and December 28-29, 1967 are shown which show close 51mllar1ty
for many hours between 6300 A and 5577 A emissions. Thls
shows that on such occasions which occur in the winter months

a major contribution of 5577 A emission comes from F-region.

Such occasions when peak to«peak covariation 15
observed in 6300 A and 5577 A emissions are frequent in
D months and are more pronounced in south latitudes -

(20° to 34~N dipbf Mt. Abu than in northern latitudes
(34° to 480Nd1p)

When the.5577 A and 6300 A emissions co~-vary, the.
100 km component is steady or varies in the same way as the

F.region component, 1In other months when covariation is not
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FIGUKE 6,42 Isophote maps of
independent varia

6300 A and 5577 A showing
tion on October 5-6, 1967,
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Isophote maps of 6300 A and 5577 A on
January 31-February 1, 1968 showing
close similarity in their nocturnal
variations, :
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FIGURE 6,43 B Isophote maps of 6300 A and 5577 A on
December 28«20, 1967 ahowmq close similarity
in their nocturnal variationg,
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seen, it is to be presumed that the F region component.
of 5577 A is masked by the strong component from the 100 km

region,

6,6,1 Barbier's relation for 5577 A emission:

On occasions when there is a high positive
correlation between 6300 A and 5577 A, it is found bhat
Barbier'é relation using ionospheric parameters for 6300 A

emission can also be'used for 5577 A emission. The obser-

vations on some clear nights made with the scanning photometer.

“towards 40°S zenith angle are plotted in Figure 6,44, The
correlation coefficients( ™/ ) between 6300 & and 5577 A

on these nights were found to be high and positive, Aiso

“in the same graph, fOF2 and h'F are plotted, Barbier's.
relation is fitted for both 6300 A and 5577 A, This relation

for
fits reasconably well/both 6300 A and 5577 A emissions,

v‘Figure Gldgfgives the Egany Vs, Q300 aNd Issom Vs, Q5577
plots, where I denotes the observed and Q the calculated

+intensities using Barbier's relation, The constant term in
.Q5577 relation gives the contribution from the 100 km region .
and other unresolved contributions. This when subtracted
from the observed intensity gives the F region component

of 5577 A,
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6,6,2. Calculations of 6300 A and 5577 A intensities from

N(h) profiles:

Tn the folloWing, a summary is given of the
theoretical expressions for the F region night airglow
emissiéns of atomic oxygen 6300 (lD) and 5577 (lS). With
these expressions, using the electron density profiles
obtained from the ionograms at fihmedabad, the inteﬁsifies of
- 6300 A and 5577 A were determined on a few nights when these
two emissions showed a highbpositive correlation; They were
compared with the ground based observations made with the

scanning photometer at 40°S zenith angle of Mt, Abu,

The emission rate §Z>\Of a line of wavelength;ﬁ
from level (lD or lS) is given by the product of the
transition coefficient A}\ and the concentration [ji]

of atoms in the 1level i,

é}\ = A)‘[i] (1)»

Expressions for‘the VG£;\<h) can be derived by solving the
continuity equations for the populations of the lD{or lS
levels.
(1]
3t

= P, (h) —— L. (h) —— div ({1 v, ) (2)
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where Pi is the production of atoms in level i,

L. is the loss rate of i, and div ( Ci]
is the divergence., The quantity that can pe compared with
the observations made by ground based airglow observations

is Q}\ the integrated emission rate in the vertical dlrectlon.

Q /\ (rayleighs) = jé (h) dh

10~ )\ j(] (@)

where h is the height above ground in cm. The factor 10"6

converts the integrated emission rate from photons cm™ (column)

€
sec -1 to rayleighs, (The integral c¢an belbetween the helghts

200 km to 500 km).

PETERSON et al,(1966) have given the following
expressions for {:i} , for (ﬁ ST and Lﬁb} after solving

the continuity equations.
kg 8 VAT
( 1 } LA & o ”
S A 1+ /ia,/o<l N (1 + a) |
. kp /gl Ny _ 1
.lJ : (5)
D
[ Ap /51/0<l (1 + a) 1+ dD/AD ‘

i



and

where. a =

(51" Y’lfog /5 Yz_Ysz

o 10 A2 Yy W/Q are the rate coefficients of the

reactions.

+ -

0, + e —= 0 4+ 0 + 6,96 ev (O(l)
Not +.e —>N + O + 2,76 ev (0(2)
+ -+ ‘ .

0 + Op—s )+ 0 + 1.53 ev ()
o* + Ny — NO'+ N + 1.09 ev (Wé)

AS ahd AD are the Einstein transition coefficients for S and

D levels of atomic oxygen.

kg and kp are the number of excitations per recombination,
dy is the collisional deactivation coefficient,

e

N, is the electron density at any height,

The integrated emission rate can be calculated

from equation (3).
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From the ionograms obtained at Ahmedabad using
the true height analysis - the electron den31ty at each 10 km
level was determined and the electron density profiles were
obtained. The particle concentrations of 0, 05, Né and thein
distribution with height and the temperature distribution
are taken from CIRA model atmosphere taking the appropriate-
value of solar flux. The rate cocefficients and other constants'
‘were taken from PETERSON and STEIGER (1966), The integrated:
~emission rates of 6300 A and 8577 A were calculated on'a few
occasions., The ground observatlons made with the scanning
photometer towards 40°g from the zenlth of Mt, Abu are used
onwughﬁkwhen the correlation coeff1c1ents between 6300 A4
and 5577 A were high and positive, The data of some of these
nights are plotted in the Figure 6, 45 |

In Flgure 6.46 the plot of Q300 = E [lD.} .dh
determined from equation (5) and the Chbserved IéBOO is: |

shown for the night January 19 20, 1969, 1In the same graph
577 = j;:'{?éi] dh determined from equation (4) and the
observed I5577 are also plotted, It is seen from this graph
that the theoretlcal expressions given by PETERSON et, al.
reasonably account for the F regicn contribution of 6300 A
and 5577 A, considering that there are uncertainties in o {h
the assumed values of the cneff1C1ents and in the calculated - lﬂ

electron density profiles,

. 8 0w L 1?,;?



CHAPTER VII

SUMMARY AND CONCLUSTONS

The material presented in the previous chapters
is summarised in the following, giving the main observational

" results of night airglow made at Mt, Abu and the conclusions.

" CHAPTER I: Brief yeview of night airglow work in.

low latitudes:

Experimental set.up at Mt. Abu.

Usihg two fixed photometers, night aifglow
obsefiatipné of 6300 A, 5803 A, Na and 5577 A (OI) emissions
ané?of two hydroxyl bands OH (7-2)'Cband origin 6862 A),
and OH (8-3) (band origin 7272 A) were taﬁén on all clear
‘moonless nights at Mt.Abu from 1966-69, Wiﬁh an automatic
all sky scanning photometer, observations in the same |

spectral regions were also taken on many nights,

CHAPTER II: . The extinction coefficient (T )_of the

atmosphere:

For measuring the extinction coefficient (qzk ) of
the atmosphere which affects the airglow calculations, two
separate photometers (named as Extinction photometers) were

construeted for measuring extinction coefficients ( T%h)‘
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at thé.Wévélenéths 6080 A, 5750 A and 5360 A where there are
no airglow emissions, From the measurement of the star
intéhsities at different zenith angles, values of #tr were
determined, Thé interpolated Tyhvalues at all the necesséry_
waveleﬁgths'obtain@d frqm the above measur ements were used

in the reduction of the night airglow observations.

Tt is observed that & varies from day to<day.- The
~average monthly variation of W from October to Jéhuary‘ié |
- small. It is ratﬁer largé and random in April to June; due
to strong dustly winds and dust storms arriving. at the alrglow
station from the desert area, It is observed that on (07 of
the occasions, " decreased with increasing wavelength, and
on the rest of the occasions, U had different types of
variations, The different types of variation can be attributed
to the varying sizes of the aerosol particles present in the
atmosphere. It was concluded that at Mt. Abu, particles of
radii O.4fsb to 0.5 /VU are most common, ". |

GHAPTER III: Reduction of airglow obserVations into absolute

units - Correction of OH contamlnatlon in nlqht

aqulow intensities of emission llnes.

Night airglow cobservations of 6300 A, 5893 A and
5577 A emissions were taken and reduced to absblute units by

the two colour method described by Roach and Meinel., Filters
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centered at 6080 A, 5750 A, 5350 A and 5300 A are used for
esfimating the background intensity., The formula and procedure
given by Kulkarni and Sanders were used for reducing the observed
data to absolute units, using a radioactive Cl ‘source for

calibration,

The two colour method is extended to measure the
intensities of OH (7-2) and OH (8-3) bands taking into consider-
ation the relative intensities of the rotational lines in the

band, The background filter is centered at 6080 A,

The objections raised by Blacker and Gadsden to the
above procedure of reduction were examined taking into consider-
ation the photomultiplier response, filter transmissions ano
radiances of C14 source, It was noted that for a};ithe :
moderately narrow filters (/"7 50 A half width) it is adequate
to take into account the average photomultiplier response and g
Cl4 source radiance, instead of making detailéd_integration
over the photomultiplier response and the filter transmission

curves of the filters.

One of the important factors in ascertaining the

- Intensities accurately is the ratio of ﬁhe background intensity

at the peak wavelength of the line filter to that at the.peak
transmission of the background filter, Total'background inten- B g;

sities at 6080 A, 5750 A and 5360 A were measured and the

necessary ratios were determined,



:_304 :

Froh the measured intensities of the two OH bands
OH (7-2) and OH (8-3) an’estimate of OH (9-3) contamination in
6300 A ob§érvations was made, and similarly OH (8-2) contamination
in 5893 A observations. Thus, the OH contamination was accounted

for in the estimation of the intensities Qf the emission lines.

Also, with the simultaneous observations of 6300 A
with three different filters of different'transmissiOns, and
solving the simultaneocus equations 6300 A intensities (without

OH contamination), and OH (9-3) intensities were estimated,

CHAPTER IV: Studies of 5577 A and 5890-06 A emissions:

A statistical analysis in the case of the intensity
6f 5577 A (Q) emission showed a normal distribution witflwe/qywﬁ

or LoglO Q.
| |

The nocturnal variation of 5577 A shows in general
a maximum in intensity during a night. It is noted that out

: 2Q0 Nignts o ‘
of 352 nights, (57%) zhowed a maximum around midnight, 63 nights

)
(18%) showed/:\maximum ' before midnight and 89 nights
(25%) showed a maximum after midnight. The seasonal variation
of 5577 A shows two maxima of intensity one in October and
the other in April. The range of variation is more in October

and April months compared to those in the other months, The

isophote maps of 5577 A show a similar behaviour showing
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midnight maximum in October and April months at all the latitudes
(+ 39 of Mf. Abu zenith) coveréd By the scanning photometer,

The avérage‘intensifies of 5577 A show the solar activity

effect over the 11 year cycle, ThereAseems to be an intensity
maximum in 5577 A in south of Mt, Abu in the month of Januarvy:

and slightly later in the case of 5893 A,

5893 A shows two types of intensity variatiéns;
1) continuously increasing in the course of the night; or
ii) decreasing in the night. The isophoﬁe maps show a cell
" structure, the cells forming and expanding resulting in the
continuous increasing type of variation, contracting and

condensing in the decreasing type of variation,

5893 A also shows a somewhat similar seasonal
behaviour as that of 5577 A, However, no solar activity control
is seen, It is interpreted that the 5893 A emission height
is slightly above OH emissioh height.and thus nearer to 5577 A
- emission height and the variations of concentrations of atomic
oxygen at these heights are reflected in their long term:

variations.

There is no obvious correlation between 5577 A and,
5893 A emissions. However, if vertical downward movements of
atomic oxygen take place 5577 A and 5893 A may show an increase
in intensity with time differences in thelr maxima; the 5577 A

leading the 5893 A,




There is no Cohspicuous effect of R, or Kp in 5577 A
intensity, An increase in intensity of 5577 A is observed at
Mt. Abu, following solar flares and magnetic stofms. Other
alrglow emissions viz, 6300 A and 5893 A do not appreciably

enhance following the solar flares, and magnetlc stormso'

CHAPTER V: Study of OH bands in night airqglow:

It is observed that OH (7-2) and OH (8-3) bands shom
similar time variations. There is a very high positive
correlation between the intensities of these two bands. Most
frequent values of the intensities of OH (8-3) and OH (7-2) are
between 300~-500 R and 200-400 R and an average ratio of these
two band intensities is 1.2 to 1.3. It is noted that the
nocturnal variation of the ratio of OH (8-3) to OH (7-2)
intensity incfeases during the early party of the night and
then show a decrease on many occasions. There are coﬁsiderable
Tluctuations in the ratio during the course of a night which

may be due to temperature fluctuations.

The OH intensity exhibits different types of night
tlme varlatlon The type of variation with constant intensity
throughout the night is seldom seen at Mt, Abu, Type B
(shOW1ng a minimum 1nten51ty-aroun§ midnight and again another

decrease in the early morning hours) is more frequent here,
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Thus it appears that ozone-~hydrogen reaction is the main
reaction responsible for the nocturpal variation of OH at

Mt. Abu, It is noted that solar flares or magnetic';torms

do not cause the different types of variations observed in OH,
It is possible that the initial value of oxygen atoms which
determine the ozone density in the beginning of the night is

responsible for the type of variation observed in OH,

The -times of occurrences of maximum intensity of OH
glow from November-March nearly coincide with the minimum zenith
angle (transit times) of the celestial X-ray source Tau.X—l,

( o{=5"31"; §=421%01), The effect of other celestial
X-ray sources 1s also seen in the months of April and Mavy,
The positions of maximum intensity and their movement with the
position of the celestial sources are seen clearly in the OH
isophote maps. It is interpreted that due to the increased
ionisation in the mesosphere due to the X-raygfrom tﬁeée
celestial X-ray sources, ozone and or hydrogen also increase
and thus OH intensities are enhanced during the transit times

of the celestial X-<ray sources.

It is seen that generally there{is a high poéitive.
correlation between OH and Na emissions, The observed covari-
ability of the OH and Na emissions in the night sky might follow
as a consequence of the fact 'that they primarily represent in
their intensities the nocturnal variatiqn of"O3 and O at the

common levels of origin,
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A comparison of the seasonal variation of OH and
5577 A emissions showed more or less opposite behav1our The
minimum 1nten51ty is observed in April and a maximum in
November /December months, It is probable that the atomic
oxygen descends to lower heights in the winter and thus the
Tormation of 03 and the intensities of OH are greater in those

months,

A study of night time variations on individual nights
of OH and 5577 4 has showed no similar behaviour, However,
there are a few accasions when maxima in 5577 A and OH are
seen with a time lag, Tt is interpreted that if atomic oxygen,
which is important in d@termlnlng the excitation rate of all
these emissions (5577 A, OH and 5893 A), comes down due %o

vertical eddy transport such maxima can be understood.

CHAPTER VI F region night airqglow emissions of atomic

Qxygen:

6300 A emission at Mt. Abu shows significant temporal
changes., A post twilight decay in intensity is observed in al}] b
the months in both 1ow and high active years, Around midnight ‘
6300 A emission attains its minimum value and this minimum is
different in low and high active periods being more in high

active periods,




A pre-dawn enhancement in 6300 A is seen in all
months in both low and high active perlods and starts Jjust after
midnight on many summer nights and much later in winter nights.
Cole's hypothesis (that the photoelectrons from the conjdgate
sunllt point are transported along the magnetic lines of force)
explalns some enhancements in winter months only, On other
occasions, especially in summer months when the enhancements
aré more pronounced the vertical ﬁovements of electrons in

~ the ionosphere can explain such enhancements,

It is noted that year to year seasonal variation of
6300 A Tuns parallel to the solar flux variation at 10.7 cm

wavelength,

Barbier's formula which relates 6300 A intensity and
the 1onospherlc parameters f Fz and h'F is founq to be valid on
all occasions at Mt, Abu - Ahmedabad/Delhi. Even during
spread F condition the height variations of F region are in

antirelation with 6300 A intensities,

Superposed on the post twilight decay an increase
in intensity was observed for some hours on many nights in

6300 A emissioh. Out of 391 nights, on 231 nights this

C pre-midnight enhancement was observed during 1964-69, It is

more frequent in winter months than in summer. It occurs more
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frequently at the zenith of Mt., Abu and at all southern
latitudes, 5577 & also shows a slight enhancement corresponding

to the increase in 6300 A.

The pre~midnight enhahcement is always aésociated
with an increase in total electron content (NT) uptoc hsz.
Downward vertical drifts of plasma which occur after sunset
can bring down more electrons causing increase in the electron
conteht (NT) which then recombine and give more 6300 A,
Downward movement of the electron density profiles are noted

“at the time of this enhancement., It is also noted that the

calculated vertical drift velocities are mo¥e negative (downwards)

at that time,

h'F and hpF2 values at the magnetic equator reach
a very high value in thé evening hours at aboutl???@ hours,-
It may be said that as the F region goes to high heights in
the evening hours there can be diffusion of electrons along
the field lines.‘ After field revérsal, vertical downward
movements of electron density at other low latitudes increase
6300 A due to the electrons drifting to the favourable height
of 6300 A emission which appears as an enhancement onAthe post

twilight decay. This explanaiion favours the observations that

the pre-midnight enhancement is more frequent and intense in

the southem latitudes of Mt.Abu. However, the magnitude of the

enhancement depends on the rate of post twilight decay and

the vertical drift velocities,
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The'post—midﬁight enhancement occurred on 306
nights out of 377 nights (81%) of observation. The magnitude
of this enhancement is large in summer mont hs compared to
winter months. It is strohgéE in intensity at the zenith
compared to poleward direction, It is seen at all the geo~
graphic latitudes covered by the scanning pHotometer, The
time of occurrence of this enhancement is not controlled

by solar activity,

Detailed N(h) profiles showed that the downward
"drift of electrons cause this enhancement, Thus vertical
movements of the ionisation in the ionosphere are the main

cause of the airglow 6300 A enhancements in low latitudes.

The electron content in the ionosphere and 6300 A
intensity showed that/the correlation is maximum some where
between 300~400 km which should be the height of maximum

emission of 6300 A,

6300 A isophotes at Mt, Abu are classified into
two types, maps with patchy structure and maps that show
aligned character, The analysis of 53 nights showed that. out
of 840-isophotes.map§.475 were aligned, The patchy or spotty
maps occurred duriné the time of airglow enhancements, Many of
of the aligned maps were aligned in south dlrectlon and occurred
durlng:UrOB hours IST of the night; the velocity of movement
being ~200 m/sec.
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On many nights,'anxeesb—west oriented arc was seen
in the beginning of the nigbﬁuaf Mt.Aborand the arc-closed to
couth as the night progressed, and moved to south with a velocity
2200 m/sec. The mdgnltude and the rate of movement and
c1051ng of the arc in the south are different on dlfferent
nights, months and solar act1v1tv._ The movement of the arc to
‘~South is con51stent with the movement of the crests of the
equetorial anomaly,

The poleward.observafions sbowed in general an.absence
of covarlatlon between 6300 A and 5577 A ih E and J months,
_Whlle on most of the nlghtc in D months they showed a.
;covarlatlon. A study of the correlation between these two
_1ines.ab'the different latitudes covered by the scanning
photometer showed that a greater number of observations in
latltudes south of Mt, Abu (34 - 24C” i )showed positive
correlatlon between 6300 A/5577 A than latitudes north of

Mt. Abu (34° - 48°N dip), " When these emissions covary, the
variations in the F-region component of 5577 A are reflected
pronouncedly in the ground‘observatlons the 100 km component

remaining steady.

On these occasions Barbier's relatlon fits reasonably
well even ir. the case of 5577 A, the constant term in that
equation representing the contribution from 100 km level., From .
the expressions of Peterson et al.(1966) the emission rates of
6300 A and BRTT A from F region are calculated, using the
deduced N(h) profiles and are compared with the ground observation
T+ is found that the agreement is reasonably good,

.00u
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