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ABSTRACT

Measurements of O 7774 g and 6300 R tropical nightglow
emigsions were made with a grille spectrometer and a tilting-filter
photometer; respectively, ﬂuring Narch-Seﬁtember, 1972 at Mt. A§u1has
Negras, Brazil. The temporal and spatial enhancements observed are studied
in terms of F-region electron density and height changes, sometimes
associated with magnetic storms. The abserved time variations of intensities
in the zenith are compared.with model calcuﬁationé using electron density
profiles obtained from an ionosonde- operating at Sao Jose dos Campos. There
is a good agreement between the calculated and observed intensities, with
the major contribution for 01 7774 R and 6300 ﬁ emissions coming from

radiative recombination and dissociative recombinacicn processes, respectivel,

Preliminary results of 0I 6300‘2 emission measurements
obtained during January-Feb?uaty, 1973 at Natal, Brazil, near the magnetic

dip equator are presented.



INTRODUCTION

Tropical nightglow has been characterised by large enhancements
in OI 6300 E emission unrelated to magnetic activity {Barbier, 1958, 1959):
These enhancements are closely re]ated to the equatorial anomaly in the F-regio
of the ionosphere and have been recently reviewed by several investigators
(e.g.,Weill, 1967; VanZandt and Peterson, 1968; King, 1568; Thomas, 1969).
~ The ultraviolet spectrometer on OGQ-Q observed 0I 1306 R and 1356 E in the
nigﬁttime tropicai region between 12° - 15° on either side of the magnetic
equaﬁor in positions completely circling the earth (Hicks and Chubb, 1970).
The observed u]traviéiet arcs coincide closely, in position, with the regions
of equatorial anomaly and seem to be correlated with the position and local
time variation of 01 6300'2 intertropical arcs,Chandra et al., (1972,Fig.1)
have observed longitudinal.asymmetry in 0I 6300 E and UV emission ~
enhancements from 0G0-4 observation in the southern hemisphere, but in the

Brazilian sector these emissions seem to be well correlated.

The UV emissions are also accompanied by permitted 0I Tines

4368 3 and 7774 R . Therefore, a corré1ative study of OI 6300 E and 7774 ﬁ
emissions observed at Mt.Agulhas Negras, Brazi1'(22.4°$; 44.1%; altitude
2:4 km) was carried out. Both these emissions emanate from F-region
heights but are controlled by different processes and hence

simultaneons observatiéns reveal valuable information regarding F-region

morphoiogy.



In a recent pub]icatio;, Tinsley et.al., (1973} discussed
excitation of 61 7774 E emission observed from Mt.Agulhas Negras. The
expected emission rates due to radiﬁtive-recvmbination (Hanson, 1969) ard
ion-ion recembination (Knudsen, 1970) were Ea]cuiated and agreed- reasonably
well with the observed intensities. It was concludad that the major source for
tropical oXygen permitted line emission is radiative recombination with a
small contributien from ion-ion recombination. )

0 0

In HMarch 1972 nightglow observations of 01‘55?7 A and 6300 A
emigsions with a tilting-filter photometef were'started at Mt.Agulhas HNegras,
which is approximately under the Appleton Anomaly at night. The temporal anﬁ
spatial enhancements observed in the OIIGBGﬁR emission are-studied in terms of
-F-region electron density and height changes. The observed time variations
of intensities in the zenith are compared with model calculations using
electron densfty profiles obtained from an ionosonde operating at Sdo José
dos Campos (23.205, 45.9°N), 140 km southwest of Mt. Agulhas Negras. The effec

i 0 .
of magnetic disturbances on the observed QI 6300 A emission are also discussed

Burﬁng the period March-September, 1972, ?he grille
spectrometer (Tinsley, 1966) was also in operatioﬁ‘at'ihe sﬁme site which
permitted simultaneous measurements of tropical F-region permitted line
01 7774 R and forbidden line 01 6300 R nightglow emissions. Salient features

of this simultaneous study are presented,



T ~  The tilting-filter photomeisr was operated at Natal, Brazil
{5_:95; 35=2°M} near the magnetic dip equatgr during January-February, 1973.

a
. Tow ohsewved tomporal variations of Of 63080 A emission are discussed,

-

0BSERVATIONS

0 v
Measurements of 0I 7774 R emission were made with the grille

sp&ctrometér (Tinsley, 1966). The spectrometer was operated at Agulhas Negras.
Guring Hovember 1970-September 1972 in a couperative project between the
Unfversity of Texas at Dallas, U.S.A. and the Instifuto de Pesquisas Espaciais
(INPE), Brazil., The measurements were made by observing at a zenith angle

of 60° and at azimuths of 0°, 90°, 180% and 226° (North, East, etc.).

The reduction of the observed spectra has beem described in Tinsley et al.,

(1973). No extinction-or Van Rhijn correctioms have been made in the dété

presented,

The 01 6300 R emission was measured with a tilting-filter type
pholometer. The interference filter (Eandwiﬁtm 11 g) was rocked between two
pecitions to give the on?line and background imtemsities. The photomu1tiplier-
v} was on EMI-9558  with 5-20 type photo~cathode. Analog signals were

-~ widad 44 a Kipp and Zonen micrograph recmrder. The sky scans were made
- with azimutha) sweeps ét zenith angles of ?5@, 70°, 60°, 40° and 0% with

. ¥i3tar in on-Tine and background positioms.
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The photometer wés calibrated with a Kr 85 excited phosphor
1ight source {American Atomic Corporation, U.5.A.}. The source was earlier
calibrated at Fritz Peak Observatory, NOAA, Boulder, U.S.A., Absolute
intensities in rayleighs of-0I 6300 E emissions were calculated using
tilting {ilter (Yano, 1966) and calibration (Kulkarni and Sanders, 196%)
techniques. The absolute céTibration is estimated gs + 10%. As a narrow

band filter is used, the OH contamination at 6300 A has been considered to

be negiigible.

] 0 - )
CALCULATION OF EXPECTED Ol 6300 A EMISSION RATE

Dissociative recembination of phﬁtoicnization products,
created during daytime by solar radiation, is considered to be the major sourc
of excited atomic oxygen giving this nightglow emission. How it is well
established that this emission is ionospherically controlled {Noxon, 1971},
The "Barbier Formula™ (Barbier, 1955) which relates OI 6300 g emission '
intensity to the ionospheric F-region parameters has been considered to be
of only limited applicability (Peterson et al., 1966; Noxon and Johanson,
1970). A more recent approach (Peterson and Steiger, 1966; Peterson and
YanZandt, 1969; Forbes, 19?0; Noxon and Johansoh, 1970; and Chandra et ai.,
~ 1972) has been to use the theory devefoped by Peterson et al., (1966) to
o

0.
estimate the Ol 6300 A emission rate, The volume emission rate of OI 6300 A

due to dissociative recombination of 0; . (Peterson et al,, 1966) is:-
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The integrated volume emission rate is, in rayléighs,
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Since the terms in the paranthesis of the Eq.3 aré of minor
importance (Peterson and VanZandt, 1969) above the height of about 200 km,

Eq.3 can be written as

Jesop = 107 Agzoo Kp 11 [O2](Ne) dz  ....(4)
Ay + Sp (N2)[N]

The values of KD ¥, ; and SD(Nz)used by different workers to

estimate the 1ntegrated volume emission rate is given in Table I, There

-1

seenis to be genera1 agreement for the value [~ 7 x10° ens sec” ) of SD(NZ)

Considerable uncertainty in the estimate of K; exists, Noxon and Johanson

(1970) and Chandra et al., (1972) adopted Ky~ 1 from laboratory work of Zipf

(1970). Recent estimates of Yy, for F-region are 1.5 x 10717 en3 sec”!

(Noxon,1971) and 1 x 1071 en® sec™ (Hanson, 1972; Rishbeth et al., 1972) for

the temperature dependent rate coefficient (Ferguson, 1969).



The expecteq volume emission rate due to dissociative
recambination was calculated by using exospheric temperature and density
profiles {Jacchia, 1971) and electron density profiles obtained from
jonosonda data (Tinsley et.al.,1973). The computations were carried out on

a Burroughs 6700 computer at INPE. Numerical integration of £q.3 was carried

h_-out from 90 km to 900 km. The rate coefficient used were 71- 1x 10"]] 3

-1 (Rishbeth et aT., T97‘2.'}, ¥, = 7x 10713 en? sec™? (toxon, 1971),

Sy(hy) = 9 x 107 'em” sec” (Noxon 1970), % =% =1 %10 Ten® sec™!

(Biondi, 1969), and K 0.9 (Z1pf 1970). Changes in the rate coefficients

D=
with temperature were neglected.

In the absence of any conjugate effects (Cole, 1965} observed
in the 0I 6300 E emission, there appears to be no evicance for any significant
number of photoe]ectrons to exxst locally during the nighttime. The tontributio
to the 0 6300 A emission from ion-iom recombination process is very ‘small

(O1son et al.,1971) compared to the contribution from dissociative
recombination and can be neglected.



TABLE I

RATE LJirFICIENTS OF Kp» Yy: and SD(NE) USED BY DIFFERENT WORKERS TO
0
ESTIMATE OI 6300 A EMISSION RATE.

Author Ky *l(cm3§ec']) | Sn(r~12)r:rn351=.c"1 Remarks

Peterson and '

VanZandt (1968) | 0.2 4 x 1071 5 x 10701 Ky= 0.2 was usec
but calculated
emission rate
vas normalized t
observed,which i
equivalent to
using another
value of KD'

Forbes {1970) | 0.06-0.13) 2 » 307V 7x 1071

Noxon and They have usg?]

Johanson{1970) ~1 {1.4x10" 7 x 1071 Kp'r= 1.4x70 17,

: Te =1000%%k

Chandra et al., P -11 S 0

| 0.9 3.¢x1D-IGT]/2 x 10 T= = 13007k

(1972) )

=11 -11 . s

Present work 0.9 1x10 7x10 T= variation

calculated
using Jacchia,
(1971).




RESULTS AND DISCUSSICH

ol
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: o
THE OI 6300 A EMISSION:

Fig.) shows a comparison between observed 0I 6300 K intensities
from the Mt. Agulhas Negras on April 20-21 and September 19-20, 1972, and .
calculated from dissociative recombination. The Optica[ observations were
made at 257 zenith distance; 235° azimuth to-view through the intersection
. of the ionosonde beam-operating at;Sao José dos Campos at about 300 km
heiéht level. These are the two nights fﬂr whiﬁh complete ionograms are
available. The obsérged intensities have been corrected to the zenith.
The zenith intensity variation for Aprii 20;21, shows an enhancenent around
2000 hours and thereafter cdntinueg to show fluctuations ti11 0200 hours
before decreasing to a low value. This is a magnetically disturbed night
(K

p
September 19-20, shows prominent post-twilight decay and enhancement around

» 4,00-06 UT) and intensity variations are discussed later. Data for.
midnight.

Considering the-uncértainties, the calculated OI 6300 R
intensities are -in reasonable agreement with the observed intensities as
well as time variations. The critical reflection frequency and height of
maximum electron density obtained for April 20-21, 1972 are shown in Fig.2,
The calculated exospheric temperature variation for this night is presented
in Fig.3. The calculated volume emission ratés and zenith intensities as a
function of height are given in Fig.4 for several different hours, the

emitting layer being'located between 200 and 300 km. It is observed from
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Fig.2 that OI 6300 A emission due to dissociative recombination depends
very‘ﬁhhh on the height of Fzrlayer as suggested earlier by VanZandt and -

Peterson {1968).

0
THE OI 7774 A EMISSION:

*

As mentioned ear11er T1nsley et al.,(1973) have discussed the
0I 7774 A emission observed from Mt, Agulhas Negras and compared it with the
model calculation using radiative and ion-ion recombination processes,
It was concluded that time variations and absolute intensity of the
calculated and observed intensities agree reasonably well and that radiative
recombination js the major seource of-the tr0p1c51 oxygen permitted 1ine
emission. It may be noted that the radiative recombination mechanism does not
depend on the height of the,Fz—layer_, wheres the dissociative recombination

does.

TROPICAL NIGHTGLOW ENHANCEMENTS:

‘ 0
The isophote maps of OI 6300 A emission observed from Mt.

Agulhas Negras are typical of the tropical reg{on (Steiger et al., 1966;
VanZandt and Peterson, 1968} and show 1ar§e enhancements of different forms
e.g., patchiness, east-west arc, north-south ridges corresponding to sunset

and sunrise direction, field aligned structure etc, The tropical arc is
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seén on mnst of the nights either overhead {Fig.5) or in the south and

moves n-r*twards. This is consistent with movement of the equatorial jonospheri
anomaly {King,1968). The 2enith intensity variations show post-twilight

decay and enhancements around midnight, which is also typical of'the tropical

region (Ciner and Smith, 1973).

Figs. 6 to 9 show data from simultaneous measurements of
o

0 .
01 6300 A and 7774 A emissions. ATl the nights are magnetically quiet

&,

: var1at1on for March 16-17,°1972, Fig.7 shows two meridian scans, wh1ch also

< 3). Fig.6 shows the zenith intensity (azimuth 2350, zenith 250)

coinC1de with the tzme of zenith 1ntensatj enhanceménts., The 0I 6300 A
emission shows large enhancements first at about 20:15 hours and then again
at about 02:15 hours. Large uost-m1dn1nht enhanremen+ has alsn beer nbserved
by VanZandt and Peterson {1968, Fig.7). The 01 7774 A emission also shows
enhancements twice, but the peaks preceed the 0I 6300 R peaks and the second
enhanceﬁent is much sma]Ter-thﬁn;ihe'f%rstlone, Presnmab1y, the layer came
shown during the second.enhancement and-decayed by dissociative recombination
giving a large enhancement in the observed OI 6300 g emission. The evenin§
and“mnrning meridian scans have been corrected for van Rhijn factor.

The evening scan shows that the are was 40° south from zenith for 0I 6300 g
emission, while it was overhead for 01 7774 g emission. This separation is
to be expected vhere electron density- enhancement is field a11gned

{Tinsley et al., 1973). The morning scan shows that the OI 6300 A emission
peak was situated at about 50° north while the 01 7774 A emission showed a |

broad peak around 30° north. Perhaps due to Targe spatial gradients in the
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. 0 .
height of the Fz-layer, the Ol 6300 A emission was maximixing at a larger

zenith 4i~tance. . -

Figs.8 and 9 shnw the ohserved intensities of 01 5300 A and
7774 A emissions for the n1ghts of September B-9 and September 19-20, 1972
at 60° zenith distance. Assuming that the emission region is near 300 km,
the observations af‘ﬁoo look at areas separated by 975 km in opposite and
630 km in adjacent quadrants of azimuth. Significant spatial gradients are
observed in both the emissions for the night.of September 13-20, while
spatial gradienis are much less for the n1ght of September 8-9 and monotonic
decrease of the 1ntens1ty of both the em1551ons continued throughout the
night. it may be notéd that both the emissions show in general much larger
values on september 19-20 as compared to September 8<%, Data for September
19-20, show more activity in airglow, It can be.seen from Fig.,9 that a
region of enhanced ionization was situated around 60° north during the
late evening hours and movéd'scgthwards duéing the later part of night'aé
evident from the zenith intensity variations shown in Fig.1 for S&o José ,

dos Campos ; 25° southwest.

It is observed that normally both the emissions show
simultaneous temporal and spatial enhancements but 01 7774 g eﬁhancements
are followed by OI 6300 K enhancements, As diséussed earlier (Tinsley et al.,
1973) enhancement from radiative recombination would maximise at the F2 peak,
whereas enhancements from dissociative recombination would maximise in the
regions of increasing Gz abundance, Therefore, the present observations -

indicate that enhancement in the-F2 peak is normally followed by lowering
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of -the height of Fz.peak as well.YanZandt bnd Peterson (1968) have also
observed that the max1ma of f F2 preceded by about an hour the maximum
lowering of h'F. Thej also proposed that OI 6300 A ephancements are a result
of increased recombination due to downward.mot1ons of the F2 layer, which
are caused by downward e1ecbromagnetic drifts which in turn are oaused by

westward electric fields in the F2 region.
| _ . - . |
THE OI 6300 A EMISSION DURING MAGNETIC DISTURBANCE:

Recent -discussions of low=latitude airglow during enhanced
magnetic activity by Akasofu (1970) on the basis of‘the observations of
Steiger (1967) dispels earlier thought that-1ow-1atitude airglow is
uncorre]ated with the polar auroras. Weill et al., {1968) observed large
01 6300 A emission enhancements when Kp reached ? at Debrezeit,Ethiopia
near the magnetic dip-equator. They also observed that the time variations are
greatly modified during magnotic disturbances. Akasofu {1970} points oot.
that the 1ow-1§titude ionosphere undergoes considerable height shifts.during
and after magnetoéphe}iC'substorm but the reaction of the 1ow-1atibode
ionosphere to an impulsive magnetospheric storm is slow , Delays of few
hous after start of substorm, befare ionospheric height changes occur

have been observed (Ruster, 1965).
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The 01 6300_2 emission observation from Agulhas Négras was also

affected by enhanced magnetic activity. Fig.10 shows the zenith intensity

£

variatien for May 15-16, 1972, a magnetically disturbed night (Kp 2 7).

A sudden commencement magnetic storm started at about 1600 hours qua1‘

time on May 15, 1972. The Eorrespanding m&ﬁnetogram from Vassoufas Observatory
State of Rio de Janeiro, Brazil is also presented in Fig. 10. The observed
airglow intensity shows a peak enhancement of about 1.3 Krayleighs at 2]:1%
_hours and then decays to a very small value within a short time.. Similar
ephancement and decay has been observed by ﬁe111 ét al., (1968) at Debrezeit
and the time delay in peak enhanceméent after sudden commencement is consistent
with Ruster {1%65). The zenith intensity variationé for May 17-18, 1972, a
quiet night (Kp < 3), are also presented in Fig. 10, which shows a smaller
premidnight enhancement nermaliy associated with movement of the tropical arc.
The isophotg maps and meridian scans for the night of May 15-16, 1972 are
also ﬁresented in Figs. 11 and 12, respegtivel}. The isophote maps show

broad E-W band of enhancemeﬁt at 30° south at the begining of the observations
The isophotes continue to be mere or less field aligned throughout the qight
except in the early morning when the sunrise effect is evident. This indicate:
geomagnetic control, as isophotes tend to be aligned with the isoclines.

The meridian scans show the movement of the ionizatfon crest during the cours:
of the night. Owing to electrical power fai]ure'at Sao JdSE dos Campos we hawe
only one ionogram available during the time of peak airglow enhancement.

. The éaiculated value of 0T 6300 A emission from dissociative recombination

is shown in Fig. 10. .



Fig. 13 shows data from Ma}ch 15-16, 1972, a magnetically
disturhe’ night (Kp > 5, 00-03 UT). Apart from enhancement during the time
when Kp is high, large intensity variations are observed. The observed
oI 7774 A emission was about 200 ray]e1gh5 in the zenith at 2030 (T1ns]ey
et al., 1973), which was fairly high as compared to the values observed on
the following night. On the night of April 20-21, 1972, Fig.1, which was
also magnetically ﬁfstrubed night (Kp > 4, 00-06 UT), infensity fluctuations
are observed and on the bagis of reasonable agreement'between observed and
calculated intensities, these fluctuations Ean be explained by concomitant
F-layer changes during enhanced magnetic activity. Weill and Glaume (1967)
observed that form and intensity of 01 63002 emiss%on at Tamanrasset were
strongly pertubed during enhanced magnetic-acﬁivitj although close relation -

with Fz-layer was maintained.

It is therefore, evident that tropical nightglow emission
undergoes considerable tempbrary changes duing enhanced magnetic actibify.
It will be interesting to compare observed and calculated OI 6300 E
iﬁtensities with dissociative recombination during the main phase of magnetic
storms to see whether enhanced particle precipitation (Zmuda, 1966} in this
region of South Atlantic Geemagnetic Anemaly, can give a particle excitation
component in the observed intensity. Weill and Glaume (1967) have observed
such an effect for Haute Provence, a mid-latitude station in the northern

hemisphere during the main phase of magnetic storms.
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THE 01 6300 A EMISSION OBSERVED NEAR THE MAGNETIC EQUATCR:

Fig. 14 shows data for zenith iniensity variation observed
at Na;al, on four nights viz., January 31-Febru§r¥ 1, thfuary 1-2, 13-14, _
and 14-15, 1873. AII the nights are magnetically quiet (Kp £ 3). Enhancements
around midnight were cbserved on ail the nights while Feb. 1~2 and 13-14
show much stronéer enhancements. Small enhancemeﬁts around 02:00 hours have
also been obse;ved on most of the nights. Midnight enhancement near the
magnetic equator appears to be a common feature and have beem observed at Thun
(Kuikarni and Rao, 1972}, Huancayo (Silvermén and Casaverde, 1961}, Liwro
(Deisemme and Delsemme, 1960). Midnight enhancements are presumably caused
by downward drift of F-region plasma which brings ionizatiom along the
field lines towards magnetic equator from higher latitudes described as the

'inverse fountain effect' by Hanson and Moffett (1966).

“Although the nocturnal variations are similar, the observed
intensities at Natal is much higher than.those reported for Huancayo during
the period May-Augu%t, 1958 and Thumba during March 1978 and March-April |
1971. A detailed analysis of the observed intens%tieS' and behaviour of

o .
01 6300 A emission on the basis of dissociative recombination and F-region
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CONCLUSIONS

Ll

The isphote maps and zenith intensity variations of
1014 ﬁBﬁQ-ﬁ emﬁssion observed in the Brazilian Sector are typical of the
tropical region. A correlative study of Ol 6300 g emission and ionosphefic
measurements indicate that intensity variations can be explained by
concomitant F-Layer changes with dissociative recombination being the
dominant mechanism for the.tropical emission. The OI 6300 R emission is
also affected by enhanced magnetic activity and undergoes considerable

temporary changes.

HThe observed 01 7774 g intensities are what one would
expect from the recombination processes with the major contribution coming
from radiative recombinatioh. Simultaneous temporal and spatial enhancements
of 01 6300 A and 7774 A emissions are observed. This seems to be consistent

with 0G0-4 data presented by Chandra et al., (1972) for this region.
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FIGURE CAPTIONS

wumparison of observed and calculated QO 6300 g intensities.
Ionospheric data obtained from jonograms takem at Sic José dos .
Campos.

Lxospheric temperature variation Ea1cu¥ﬁted using static model .
(vacchia, 1971) of thermosphere and exosphere.

Volume emission rate and zenith Tntensity ca¥culated by
dissociative recombination, _

0l 5300 g emission isophote map showing tropizal arc overhead

at Mt, Agu1has Negras.

Observed 0I %300 A and 7774 A zenith intensities for azimuth
235°, elevation 65° on March 16-17, 19?2 from Mt. Agulhas Negras.
Meridian scans of Ol 6300 A and 7774 A emissions on March 16-17,
1972, |

Observed 01 6300 A and 7774 A intensities at 60° zenith distances
on Speterber 8-9, 1972. |
Observed QI 6300 R and 7774 R intensities at 60° zenith distances
on September 19-20, 1972,

Observed 01 6300 R zenith intensities on May 15-16, 1972
(magnetically disturbed) and Hay 17-18, 1972 (quiet) at Mt.Agulhas

Negras along with magnetogram for May 15-16 from Vassouras, Brazil.

0 .
+ Calculated 01 6300 A intensity using dissociative recombinations

fur May 1516 is also shown.



Fig.1

Fig.12

Fig.13 .

Fig.14
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o , .
0I 6300 A emission isophote maps for May 15-16, 1972 showing spatial

and temporal variations.
: 0
Meridian scans of 01 6300 A emission for May 15-16, 1972.
0
Observed 01 6300 A zenith intensity on March 15-16, 1972.

o
Observed 0@ 6300 A zenith intensities at Natal for Jan 31-Feb 1.
Feb 1-2, 13-14, 14-15, 1973,
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