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The analysis of data from both the 1968 and 1969 NASA Airborne
Expeditions has covered the general aveas of gnectral variasbility of
both aurora and airglow emissions in a wide range of latitudes and
longitudes, Much of the analysis is still dincomplete and under study
but some trends seem noteﬁorthy, i.e.,

.

a) The ratio of A4278 Né/%5577 [0I] seems to be constant across

at least one discrete auvoral form.

b} The A5001-)5006 N II emissions appear to be due to direct

dissociation donization and excitation of N2°

c) The mid-day sector of the auroral oval and polar cap shows

zones of electron precipitation (as deduced from the A6300/24278

ratios with latitude)

1) >3 kev in the oval associated with 26300/24278 ratios < 1

2) <1 kev in the magnetosphere cusp reglon associated with
2630024278 ratios.> 10

3) discrete eartli~sun aligrned auroras over a < 1 kev background
ir. che polar cap.

d) The boundary between the oval and polar cap on the dayside is

interpreted 2s tha boundary between open and closed field lines.

e) The boundary region seen on the night side where the A6300/24278

ratio changes rapidly with latitude is also interpreted as the

boundary between the open and closed field lines on the nights

f) The discrete earth-sun aligned auroras seen in the open field line

polar cap region on the day side have a similar appearance to some

rayed auroras seen on the night side both in terms of characte

particle energy spectra as well as visual appearvance, and this may
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imply rhat the acceleration of auroral particles Jor these

discrete avcs is not in the tail region but is a near-earth
phenomena.

The clarification of problems in aurvoral conjugacy, northern
latitude limit of pulsating aurora, and other morphological
effects may be explained by the determination of the instantarecus
night time latitude of the boundary between open and closed field
lines.

Airglow OH measurements show no appreciable change with latitude

or longitude but do show diurnal changes.
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Fig. 1

Fig., 2

Fig. 3

Fig. 5

FIGURE CAPTIONS

Development of a narrvow zenithal aurcral arc as seen on 5
all-sky camera exposures taken every 10 seconds starting
at 0636 UT March 3, 1968 when the NASA Convair 990 was at
dp latitude 68.6°.
a) Intensity versus zenith angle in the wavelengths 6
A5001-5006 (N TT), 24278 (X)) and 15577 [OT] at 063640 UT
Mareh 3, 1968.
b)Y Intensity of X3001-5006 N II and A5577 [OI] plotted

4
against the intensity of A4278 (Né} from Fig. 2-a.
Original data showing the photometric observation of 8
the aurora illustrated in the gll-sky camera photograph.
The weak emissions of HE (34861) and N II/A5001-5006 give
deflections on gain 1 and 2 only. The stronger emissions
0TI (A5577) and Ng (A4278) éppeaf on gains 3 and 4 also.
The size of the clear vindow aperture through which the
photometer observed is indicated directly below the ASC
photograph. The arrows on the AST photograph indicate the
direction of th~ photometer scan.
Zenith intensities in arbitrary units for the 4 emissions 12

25577, 26300 [0T], A4861 HE and %4278 (N;) on Flight 12,

Dec. 13 UT 1969.

t“"""
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Zenith intensities in arbitrary units for the 4 emissions
wde
A5577, 26300 [0OL], 24861 (HR) and 24278 (Né) on Flight 13,

Dec. 14 UT, 1969.
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Fig. 6 Composite plotograph of rhie all-sky camera and scanning 15
3

photometer data for the midday polar cap aureora on Flight

13 at 073340 UT Dec. 14, 1969.

Fig. 7 Composite photograph of the all-sky camera and scanning 16
photometey data for the widday polar cap aurora on
Filight 13 at 081230 UT Dec. 14, 1569.

'ig. & Compogite photograph of the all-sky camera and scanning 17
photometer dsta for the midday polar cap aurora on
Flight 13 ar 081430 UT Dec. 14, 1969.

Fig., 9 Flight path and orientation of polar cap aurora on 18
Flight 13, Dec. 14 UT, 1969.

Fig. 10 Observation geometry from the aircraft of the aurora 19
seen in Fig, 7.

Pig. 11 Intensity vs. eltitude profiles for various aurcoral 20
enigsions in the auroral arc ghown in Fig. 7.

Fig. 12 Intensity variation with geographic laticude of 26
various airglow infrared emissions,

Fig. 13 Intensity variation with geographic longitude of varicus 28
airglow infrared emissions.

Fig. 14 Intensity variation with geographic longitude of various 29
auroral emissions and airglow infrared emissions.

Fig. 15 Temporal variation of some airglow infrared emissions 32

on Flight 11, Dec. 11 UT, 1969,
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Fig. 16 Temporal variation of
infrared amissicns on
Fig, 17 Temporal wvariation of

on Flight 14, Dec. 16

some aurcral emissions and alrglew
Flight 11, Dec. 11 UT, 1969.
some alrglow infrared emissions

uT, 1969.
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INTRODUCTION
During the 1968 NASA Airbcroe Aurorval Expedition, the Geophvsical

Institute, supported by NASA CGrant NGR 02-001-048, operated a scanning

e

photometer onboard the NASA CV 990 aircrart. Data was acquired on

s
&

)

of the 12 flights on which the instrument was onboard the aircraft. A
preliminary inspection of the data indicated that a detailed analysis

of the data was warranted so additional funds were requested and pavti

provided under a supplement to NASA Grant NGR 02-001-048, in Septembe
1969. ©Soon after that date the 1969 NASA Airborne Aurorval Expedition
occurred {(December, 1969). The Geophysical Institute again operated a
scanning photometer on 15 flights funded under NASA Grants NGR 02-001-058&
and NGR 02-001-060. Preliminary analysis and data reduction from the

1969 airborne expedition was included under the analysis funding for

the 19685 exnedition with the understanding that further funding would
become available for the completed snalysis of the data from both airborne
expeditions. Unfortunately, such a continuation of funding has only

recently become available due to NASA budget limitations and consequently

’_1

much analysis of the data from the two expeditions is still in an uncompletad

form. Because of more pronounced scilentific interest, analvsis of data
from the 1969 expedition has taken precedence over that from the 1968
expedition.

Soma of the results were discussed in the Spring 1970 AGU meeting
(Romick, 1970a; Brown, 1970) and elaborated further in the Fall 1970 AGU
meeting (Romick, 1970b). In addition, this grant has also provided some
support for the OH airglow analysis reported in the Master's chesis (to

be awarded in the summer of 1971) of R. Henderson (1971) on data acquired

from the 1969 expedition. Publication of the midday auroral observations



is in progress (Romick and Yrown, 1971).

those data that have been reduced and

NASA airborne expeditions.

1968 AIRBORNE AURORAL EXPEDITION

The Geophysical Institute operated a four filter meridian type scanning

\"

photometer onboard the CV 990 aircraft on 11 of 12 flights (Table I). The

instrument had a 1° field of view and a clear scanning field out of ocne of

the top windows from approximately 10° to one side of the geographic zenith
to 60" on the other side in a direction perpendicular to the flight path

of the aircraft. The data were recorded on seven FM tracks of an onboard

NASA-14 track tape recorder as well as on 35 mm £ilm.

One of the specific problems attacked on this expedition was the study

of the relative intensity of the 24278 (N;), A5577 [CI] and A5001-5006
emissions across the horizontal width of a narrow auroral arc.

The originsl plan was to look at the ratio of these emissions in
various brightness aud width arés in order to determine the frequency or
the narrow cone of 15577 cmission noted by Romick and Belon (1967},
Murcray (1967} and others and whether it occurs in any particular phase
of the substorm. This will hopefully ched light on the possible excitation
mechanism for the A5577 [0I] emission. The N IT emissions at A5001-5006
to a firvst order approximation should be directly proportional to the

+
NZ emission and will, among other uses, indicate whether the horizontal
ienization profile within the arc can be assumed constant in all ions at

all heights. This is, of course, important in the interpretation of the

meaning of the A5577 and X4278 ratio.
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The sequence of ASC (all~sky cemers) photographs in Fig.
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a zenith avc selected for this study and its changes during

U

Lotween 0636 UT and 0637 UT March 3, 1968, An intense investig

e

1

of the 1968 data revealed only a few cases where arcs were stable enough to

~

allow the detailed investigation of the relative emissions even tl

photometric data for all three emissions were acquired within tw

“
i

or less, The photometric data shown in Fig. 2(a) is a plot of intensity

versus zenith angle for one set of scans taken in a 2 second interval startd
at 062640 UT on March 3, 1968. The ratio obtainad from these data (Fig. 2{(b))

for X4278/35577 is 1/5.5 and 24278/15001-5006 is 13/1 and within the

of this particular scan i1s reasonably constant over the form. Howeve
continuation of the analysis is obviocusly needed to determine whethey the
scatter observed in Fig. 2 is due to the random noise or whether it is

due to actual changes in the signal due to a horizontal or al

=

dence of these ratics. The data reduction to date has covered 60

scans for this particular auroral form and specific conclusions musgt

the completed analysis of more than the one scan depicted in Fig. Z. Note,

+
however, that the M4278 (NO)/15001~5006 (N II) ratioc of 13 obtaine

is very close to the ratio (14.5) obtained through the laboratory measur
. . . . I X
of the ratio of the total emission cross sections of the x3914 (W,.)/x5001-5006
2
) . ) ES + _
(W IL) lines (assuming 13914 (N?)/A4278 (Nz) = 3) reported by Srivastava

(1969). This closeness implies that all of the observed N II in the aurcra

was created by direct dissociative ionization and excitation of N2 by
B . Ak
impact, i.e., N, + e+ N + N + Ze.
L
Other individual auroral forms such as indicated in Fig. 3 are also

Bl .

ht data and should be analysed before definite conclu

present in the flig

can be published,



Table 1

Operational Regumé

18658 (U UT Time Mode of

_ Date Flight No. JOn o Off Operation

February 21 14 0930 1100 Scanning 1/2 rps 2°
February 22 15 NO OPETration e o s e s s s e
February 23 16 1030 1105 Scanning 1/2 rps 2°
February 25 17 0200 0504 Scanning 1/2 rps 2°
February 26 18 0207 0648 Scanning 1/2 rps 2°
February 27 19 0307 0726 Scenning 1 rps 1e
February 29 20 0352 0800 Scanning 1 rps -
March 3 21 0530 1015 Scanning up to 4 rps 1e
Merch 4 22 0950 1028 Zenith 5577 only 1°
March 6 25 0610 1038 Scanning 1 rps 1°
March 8 24 0534 1005 Scanning 1 rps 1°
March 9 25 0554 1013 Scanning 1/2 rps 1°

Continucus date was acquired within the times indicated except for short
periods during the changing of the magneiic tape.



NASA 1968 Auroral Airborne FE. xpedition
Flight Number 2/

3 March /968

Geographic
North

Fast

Flight P/)c\)s{gfaze/er
Direction NG / . [
=

063600 0636./10 063620 0636:30 063640 063650
Universal Time

ap Latitude 68.6°

Fig. 1 Development of a narrow zenithal auroral arc as seen on all-sky camera exposures taken
every 10 seconds starting at 0636 UT March 3, 1968 when the NASA Convair 990 was at
dp latitude 68.6°.
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i« 2 a) Intensity versus zenith angle in the wavelengths A5001-5006 (N II), 24278 (N;} and
25577 [01] ax 063640 UT March 3, 1968. .
b) IntQESity of 25001~5006 N II and 25577 [0I] plotted against the intensity of
26278 (Nz) from Fig. 2-a.



1969 NASA AIRBORNE EXPEDITION

The Geophysical Institute of the University of Alaska operated

filter scanning photometer onkoard the 1969 NASA guroral afvbeorne e
The instrument was opervated under two NASA Grante divided between aurora and
airglow studies. The aurorval experiment (under NASA CGrant 02-001-060) was
directed towards tue acquisition of two kinds of information. The first
conicerned studies on the enhancement of the Nj 1¥G gystem through resonant
scattering of sunlight., The second concerned the horizontal distribution
within discrete auroral forms of the A5577 O emission relative to that
of the Nf ING bands under sunlit and midday conditions.

2

Little data on sunlit aurora were obtained but the observations of
nidday aurora are of special interest due to the paucity of information
available regarding their spectral characteristics, relative emission
height variation asnd general height range.

The airglow ewperiment under NASA Grant 02-001-058 had as its primary
goal the study of the geographical distribution of the emission intensities
of the hydroxyl (OH) and related airglow emission features, particularly
at high latitudes. These data were to be analysed to determine the relative
importance of atmospheric dynamical processes including those of a meteoro-
logical origin as well as possible variations from the basic hydrogen-
ozone reaction excitation mechanism. In additica, the occurrence of
sudden increases in the intensity of the OH emissions due to the presence
of active aurora was to be verified and firmly established.

The initial ferry flight of the expedition to Ft. Churchill, Canada,
occurred on November 24, 1969 and the return ferry flight took place on
December 18, 1969. Table II is a resumé of the data flights carried out

between those dates and indicates the mcde of operation of the scanning




27 FEB 1968

0643 U.T.
80° Y4 80° y4
corceee ooy by b
500
5000
P\ AA™.__/~ 0 GAIN -3
o |CLEAR ' ° e
8|0 lWINDOWZ: 80 L " \———— 0 GAIN -4
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>\ 486| )\5000 \ 4278 \5577

Fig. 3 Original data showirg the photometric observation of the aurora illustrated in the
all-sky camera photograph. The weak emissions of HR (A4861) and N IL/25001-5006
g_J[_ve deflections on gain 1 and 2 only. The stronger emissions OI(A5577) and
N,(A4278) appear on gains 3 and 4 also. The size of the clear window aperture
tl?n‘ough which the photometer observed is indicated directly below the ASC photograph.
The arrows on the ASC photograph indicate the direction of the photometer scan.



photometer and the varlous wavelengths monitored as a function of time

during each flight.

The same type of scanning photometer was used on the 1969

that was used during the 1968 expedition except for electronic modifications.
From a knowledge of the operational characteristics of the basic

optical system when used at shorter wavelengthe for other types of auroral

3

and airglow studies, a decision was made to use pulse~counting signal

n;

detection techniques. In order to retain flewibility under a variety of
posgible observational conditions, and also to interface smoothly with the
existing analog recording instrumentation, the raw pulse data were converted
te analog voltage levels. hese were then passed into four separate
amplifiers that resulted in four sepavate decades of signal level which
were available simultaneously, ranging from 0 - 200 cps to 0 - 200,000 cps.
In -operation, pulse pile-up cccurred at approzimately 40,000 cps. A manual
multipole switch placed a load resistor chain across the anode of these
same four amplifiers if analog detection were desired over the range of
le7 to 10‘4 amperes full scale. This feature was used successfully for

a short period during a day-to-night transitional flight which occurred
during passage from Ft. Churchill to Bodg,. Norway.

The remaining modifications were minor, consisting for the most part
of installing a 1° resolution shaft encoder assembly on the optical field
of view scanning system, reprogramming the filter Vheel movement circultry
for positive filter identification and stop-motion movement, and general

construction for aircraft mounting. The field of view was 0.5° and was

$)

scanned through a top window of the aircraft having a clear field of view
from 10° to one side of the geographic zenith to 50° on the other side

perpendicular to the flight path of the aircraft.

0
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Table II

Operation Resumé

1969 Flight Mode of Operation Time Intexval Recording Channel Wavelength
Date Scanning Zenithb u.T. Mode
uT Tape~Chart 1 2 3 4 5 5 7 8
1 b4 X Test Flight X
Nov, 24 2 X 08061231 be 4278 5893 5577 6300 8630 7250 8343 9350
Nov. 26 3 x 0042-0133 pe x 4278 7250 4861 6772 8911 8630 8343 9350
p:s 0133-0239 X x
X 0739-0307 X X
X (0307-0319 X X
X 03190437 X X
X 0437~0611 X X
Nov. 27 4 b3 0033-0225 X X 4278 7250 6772 8%11 3630 8345 9550 4861
X 0225-0230 b x
X 0230-0450 X X
x 04500532 pe X
Nov. 2% 3 X 0225-0620 X X 4278 7250 6772 8911 8630 8345 9350 4351
Dec. 3 6 X 0513-053%6 X x 4278 7250 6772 8911 8630 8345 9350 4861
x 0536-1025 x ‘
Dec. 4 7 X 0450-0930 X X 4278 7250 6772 8911 8630 83453 9350 4861
' 8 X 0610-0640 x x
Dec. 5 X 06400756 X X
X - 07560850 b4 X
x 0850-1000 X X
A x 1000-1127 x X
Dec. 7 9 pie 0515-0600 X X 4278 7250 6772 8911 8630 €345 9350 4861
x 060U0-0744 X X
X 0744-~1016 ® ®
Dec. 8 10 0745-1245 x 4278 7250 6772 8911 8630 8345 9350 4861
Dec, 11 11 18502135 bd x 4278 7250 6772 8911 8630 8345 9350 4861
X 2135-2230 X p:e
Dec. 13 12 X 0630-1130 x X 5577 4278 5000 4861 6300 3911 8345 8630
Dec. 14 13 p 9 0530-1030 ® X 5577 4278 5000 4861 6300 8911 8345 8630
Dec, 16 14 x 0120-0203 X X 5577 4278 5000 4861 6300 8911 £&345 8630
X 0203-0550 X X '
® X x
® % *
Dec. 18 15 x % pis 5588 47278 9350 4861 6300 8911 8343 8630



AURORAL STUDIES

The main emphs in the analysis of the auroral data frow the 1968
expedition has becn concerned with the two flights which covered the noo

sector of the auroral oval. Two interesting features which were observed

) ) i ot
on these flights were (1) the high A6300[0I} to A4278(N,)

indicate the presence of very soft incident particles and (2) the occ

of discrete stable auroral arcs which are aligned almost in the dire

of the sun (Romick and Brown, 1971). These have a similar descri

those reported by Custafsson (1967).

Figs. 4 and 5 show plots of the zenith intensity, obtained fr
1, versus latitude (or time) for Flight Ne. 12 on December 13, 1969
and Flight No. 13 on December 14, 1969. 1Indicated on each figure is the
approximate position of the auroral oval during the flight. The magnetic
activity during both of these flights was very low, Kp v 1 on December 13,
1969 and K~ -1 on December 14, 1969. The maximum intensity (X5577) of
the aurora at the zenith reached approximately 2 kR with off-zenith inten-
sities going as high as 15 kR. One feature noticeable on both flights is
the relatively large signal in A5577[0I] ard k4278(NZ) which decreased as
the flicht path crossed the aurceral oval. 1In contrast, the 126300 0I signal
increased across the oval into the polar cap. All of the discrete aurora
observed occurred poleward or at the poleward edge of the oval on both
flights. The high 26300[0I] to X4278(Nz) ratios observed are characteristic
of soft particle precipitation which loses most of its energy at high
altitude (>150 km) where not only is A6300 OI only partially quenched

but the 0 to NZ ratio is high. Thus these flights appear to indicate a

relatively hard (> 3 kev) uniform particle flux precipitating equatorward
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and into the position of the statistical auroral oval, producing a
rulatively uniform glow or weak broad aves. On the poleward side a
soft particle flux (< 1 kev) appears, which increases as one proceeds
at least partially towards the polar cap. 1In addition, discrete
auroral forms which appear to have typical characteristic energies

(2 kev) appear within the more uniform soft particle precipitation.
This description matches very well the particle data obtained in the
same region by Hoffmgn and Berko (1970) and Heikkila and Winninghan
(1971). Some of these discrete arcs observed cn Flight No. 13, December

14, 1969, are shown in Figures 6, 7 and 8, which are composite photogrs

of all-sky camera data ard photometer data taken of these discrete arcs.
Figure 9 is a mqp of the arc orientation and position of the observations
along the flight path. TFigure 10 shows the observation geometry for one
view (0812:;30 UT) of the stable arcs. TFigure 11 gives the best fit of
the observed inrtensity versus zenith angle data to the height variation
for these arcs. This data indicates that these rayed arcs are produced
by incident particle spectra which, based on an exponential spectra,
have characteristic energies near 2 kev and are thus very similar to
the same type auroral arc observed in the eveuing or midnight sector of
the auroral oval. The only difference is the orientation of these arcs

with respect to the L-shell configuration since, as seen in Fig. 9, they

lie almost along geomagnetic longitude lines and in the direction of the

(_L

sun, Winningham (1870) and Winningham and Heikkila (1971) have discuss
the penetration of :he magnetosheath plasma to low altitudes during the
daytime from data from the ISIS-1 satellite. The region at the poleward
edge of the oval in Figs. 4 and 5 where the 26300 emission begins to
become enhanced coincides with the latitude limit of closed geomagneti

field lines in the dayside magnetosphere. As stated by Winningham (1970)

14



1969 NASA Auroral
Airborne Expedition
Flight 13
07:33:40 UT
December 14, /1969

Zenith

Geographic
Coordinates

78.42° Latitude
27.23° West Longitude

Intensity (5577, 6300 Rayleighs)

2500 2000 1500 1000 500 0
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Fig. 6 Composite photograph of the all-sky camera and scanning photometer data for the midday

polar cap aurora on Flight 13 at 073340 UT Dec. 14, 1969.
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1969 NASA Auroral . Zenith
Airborne Expedition e Geographic
Flight 13 Coordinates
08:12:30 UT 80.0/° Latitude
December 14, 1969 1 29.76° West Longitude
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Fig. 7 Composite photograph of the all-sky camera and scanning photometer data for the midday
polar cap aurora on Flight 13 at 081230 UT Dec. 14, 1969.
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1969 NASA Auroral '
Airborne Expedition - —_ry
Flight 13
08.14:30 UT

December 14, /1969
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Fig. 8 Composite photograph of the all-sky camera and scanning photometer data for the midday
m‘a}Q i s '

polar cap aurora on Flight 13 at 081430 UT Dec. 14, 1969.
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"this boundary can be identified through a sharp decrease in the flux of
electrons of somewhat higher energy v~ 10 kev" He further goes on to

1

ghow that, sbove this latitude, flumes of low enesrgy {< 1 kev) electrons

are observed. His description fits our cbservations presented in Fi
4 and 5. Eather and Mende (1971) have alsc come to this conclusiocon in
their analysis of similar data. Thus the discrete arce seen in Figs.

6, 7 and 8§ must originate from field lines well above the limit of the
last closed field lines and come directly from the tail region of the
agnetosphere.

In the analysis of conjugate nighttime suroral data, Belon et al.
(1969) found that detailed conjugacy depends upon the latitude of the
aurora and the level of geomagmetic activity. It is suggested in these
analyses that in auroral arcs poleward of major activity there appears
to be poor conjugacy possibly as low as dp latitudes near 69°.

If this lower variable latitude is the latitude of the limit of
closed field lines on the nightside, then it too may be characterized by
a change in the characteristics of particle flux which may be determined
by the change in the background X6300/34278 ratio similar to that observed
on the dayside. Indeed, the statistical results of Eather (1969) from
results of the 1568 NASA Airborne Expedition indicate a rapid change near
72° invariant latitude (approximate latitude 73°) for the A6300/)1427
ratio which implies that averaged over the 22 flights the latitude limit
of the closed field lines is near 72°. This latitude may shift with
activity since Eatuer's plot was obtained only when all data were combined.
Thus 1t represents an average latitude for the average of the activity
which occurred over these flights. Sharp and Johnson (1968), from

satellite data, show a displacement of the peaks in the hard and soft



™
O

nes on the dayside; although the separation was not pronounced on the
nightside, they seemed to be able to detect a softening of the electron
spectrum towards the pole. I appears that the boundary between these
hard and soft zones is the region of the last clesed field lines and is
the poleward limit of the auroral oval. It migrates in latitude both

on the evening and dayside due to the level of magnetic activity, i.e.,

5

it moves equatorward as the activity increases. The region of sharp

3o

A6300/24278 does change in latitude as observed by Eather and Mende

3

(1971) using statistical results of the 1969 NASA Airborne Expedition,

Here, the region on the nighteide moved poleward from that indic
the 1968 data. This movement fits with the change in average activity
between the two expeditions. In addition, the access of the solar wind
particles into the dayside is easier than on the nightside (causing a
hardening of the nighttime spectra due to gradient drift), thus explaining
the larger observed 26300 O enhancement on tns dayside than on the
nightside, the softer flux in the dayside soft region compared to the
nighttime soft region and the difficulty in separating the two zones on
the nightside. Thiz concept may also at least in part explain the poleward
limit of pulsating auroral displays.
In addition, the conjugate studies (Belon et al., 1969) and the
results of the NASA flights (Eather, 1969; Eather and Mende, 1971)
that the auroras in the oval are on closed field lines and are not
associated directly with magonetospheric tail plasma. Such a conclusion
ig contrary to the interpretation of satellite data by Zmuda et al. (1970).
Perhaps, although somewhat premature at this stage in the analysis,
the fact that the discrete arcs observed in the dayvside have the same
appearvance and precipitating energy spectra as other similar arcs scen

on the nightside implies that they all have the same acceleration



.

mechanism regardless of the origin of the particles, i.e. the acce!

of the particles is carried out ciose to the esrth rather than in the
tail region. Thus one expects similar aurora even on the nightside

both above and below the limiting closed field lines, but only those
below need be closze to conjugate in the Southern Hemisphere, Obviously,
further work needs to be done to substantiate these ideas, but if they
are true, the A6300/24278 ratio as a function of latitude may allow

the determinaticn of the position of the boundary between the open

and closed field lines at any time and at any degree of activity.

AIRGLOW STUDIES

High Latitude CH and 02 Intensities

The average intensities of the (6-2), (7-3), (8~4) hydroxyl bands
and the 02 (0~1) atmospheric band during low auroval activity at latitudes
48.6°N, 58.5°N and 71.6°N are summarized in Table III. 1In order to
determine times of low auroval activity, the auroral emissions 24278
(N; ING) and A4801 (HB) were monitored. The points chosen for the
calculation of the average intensities found in Table IIT were taken from
aircraft flights on nights when the general intensity levels of A4278 and
Mis01 were low. In particular, the points were chosen at times when there
were no bright discrete auroras at the zenith. The average auroral
background as measured by A4278 and 24861 for the three latitudes are
given in Table IV.
Latitude Variations

When these average values were plotted as a function of geographic
latitude, as in Fig. 12, it appeared at first that there was & slight

latitude effect. However, the average times for the observations at

2



Tarle TII

Average CH and O,

) Zenith Intensities and Ranges

Geographic Average Range of
Latitude Imission  Transition  Wavelength (A) Intensity  Intensities

48.6°N OH 62 83454 1500 R 1400~1600 R
48.6°N OH 7-3 8G11A 2200 R 2000-2500 R
48.6°N 0" B~4 9350A 2500 R 20002600 R

48.6°N 0] 0-1 86454 550 R 500~650 R

58,5°N8 0H 6-2 8345A 1200 R 11060-1500 R
58.5°N OH 7-3 89114 . 2200 R 2100-2300 R
58.5°N 0OH 8-4 9350A 3000 R 27003200 R

58.5°N 0 0-1 86454 600 R 550-700 R

71.6°N OH 6--2 83454 1500 R 14001600 1
71.6°N OoH 7-3 89114 1500 R 1400-2000 &
71L.6°N OH 84 93504 2500 R 2300-3000 R

71.6°N o 0-1 8645A 600 R 550-650 R

£

[as



Average Auroral Background Intensities and Ranges
Geographic Average Range of
Latitude Emiszion Wavelength (A) Intensity Intensity

48.6°N N, 1KWG 4278 20 R 10-30 R

48.6°N He 4861 0O R OR

53.5°W N, 1NG 4278 30 R 20~40 R

58.5°N HB 4861 10 R 10-60 R

71.6°N N, ING 4278 30 R 20-60 R

71.6°N He 4861 10 R 10-50 R



fr

in

s airglow

iou

itude of vari

lat

C

i

ith geograph

1ron w

4u
L

Il

ity varia

ensi

12 Int

.
He



the latitudes were 03500 LT, 0041 LT and 1845 LT for 48.6°N, 58.5°N

71.6°YW vespectively. The diurnal investigations of Bertheir (1955) at
low latitudes and tha current dnvestigation at high latitudes described

in this report suggest that the same type of temporal behavior occu

in both regions. Since the average latitudinal intensity values coverad
a rather large diurnal period, the average diurnal variations were

compared with the deviations found in Fig. 12, The changes shown in

Fig., 12 easily fit into the intensity ranges found for the diurnal
variation. Therefore the existence of a significant latitude effect

is doubted for the range of latitude from 48.6°N to 7L1.6°N during
December. Most of the systematic investigations ot the effects of
latitude on OH have taken place in the range from 40°N to 50°N (Huruhata,
1963; Kodama, 1963), thus the above conclusion stands almost alone.
Shefov (1969) presents a graph indicating little or no latitude variation
in the range frow 40°N to 65°N in November and a slight increase in
intensity with latitude in December. In ovdexr to make his graph, Shefov

has to assume that the OH emissions in the Northern and Southern Hemisplie

are similar in behavior. He makes this assumption in the face of the

Jebb

et

growing importance of horizontal transport processes and the work of
(1967) indicating that the upper atmospheric circulation systems for the
Northern and Southern Hemispheres are different. At middle latitude

Barbier (1957) found a slight increase in OH dintensity with increas

latitude while Noxon (1964) observed a decrease. Shefov (1969) finally

concluded that, since latitudinal variations seem to change from month

to month, all of the types of variations mentioned sbove might

w
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Since almost no data arve available on longitudinal variations,

13 and 14 are unique. igure 13 shows a portion of Flight No. 11 from

Ft. Churchill, Canada to Bodd, Norway. The graphed portion of the

is entirvely within the polar cap reglon within a latitudinal range of

0.58°. Despite the 33° change in longitude, the average OH and O2 levels

remained unchanged. The auroral background throughout this time

fairly uniform, as indicated on the graph. Figure 14 is compiled from a

constani local time section of Flight Wo. 15. The fluctuations in

intensity are due to the increased auroral intensity at the zenith.

ic

part of the flight took place igpside the auroral oval. Again, no par

-t

pattern was established over the 18° change in longitude.
Diurnal Variations

The diurnal variations that were observed fell into four types.
They were: (1) a minimum at or before local midnight, (2) a maximum
during the night, (3) counstant from local midnight to about 0400 LT,
followed by a sharp decrease and (4) constant through the night. Types

(1) and (2) were observed most often with each being seen as often as the

other. Type (3) was observed once as was tvpe (4). Although he claimed

no seasonal dependency, Elvey (1943) presented examples of type (1)
(minimum at or before midnight) that all occurred in winter and exampleg
of a decreasing intensity throughout the night that all occcurred in the
spring or summer. Type (2} (maximum at night) was seen most frequently
by Rodionov and Pavlova (1949) and Radionov (1950). Armstrong (1956),

unlike Elvey, observed type (2) in winter. He also observed type (&)

(constant throughout the night). The results of 103 observations

/

throughout the vear by Bertheir {(1955) also showed tvpe (1) (minimum ne



t} as the predominant type. Bertheir also observed a sharp decrease

.

midni

around 0400 LT on long nights (winter). Bertheir, observing at a latitu

of 44°N, observed some of the same types of diurnal changes as one reported
in this paper for high latitudes. Therefore, since there seems to be no

1

general latitude effect on the intensity of either CH or O, bar

the data indicare that OH and 02 both et high and at low latitudes during
this month are very simllar both in form and intensity.

OH Enhancements

The question of auroral enhancements of CH has been discussed for

some time (Brown and Belon, 1969; JTsaksen et al,, 1568).

the concentrations of atomic hydrogen or ozone helps produce more excit

molecules of OH through the reaction

o
oot
et

H A+ 03 - QH% + 02
One of the first suggestions, that the concentraticn of ozone might be
increased by intense auvoras, was made by Murcray (1957). Although his
attention was focused solely on the emission intensity enhancements of
the 9.6 band of ozone, the bulk of which arises from around 30 to 35 km

level, the implications for higher altitudes is appavrent. Recently

Gattinger (1969) suggested that not only czone is enhanced but also

oo
atomic hydrogen, which causes a further increase in 0H intensity. Atomic

hydrogen is stored as OH and HO, at night. The dimportance of atomic

2

oxygen is illustrated by the two fast reactions (Gattinger, 1969)

H+ 0> H+ o0, (2)

and

N
o
s

HO, + O -~ 01 + 0
Z 2z
which may liberate atomic hydrogen if the concentration of atomic oxygen

is enhanced by an intense aurora.
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Since ozone is dissociated by sunlight with O, <1“g> molecul
produced, the auroval enhancement of atomic oxygen might be verified by
observing the intensity of the infrared atmospheric oxygen system, as has
been suggested by Gattinger (1969). Any increase in ozone due to added

the infrared

h

atomic oxvgen should be weflected by an increased

o

intensity o
atmospheric oxygen system at dawn.

Auroral Enhancements of OH

Two different types of enhancements were observed in the course of

the current dnvestigation. The first type occurs at or near the
an intense aurora and ie characterized by a gquick rise and fall of inten~
sity with the corresponding auroral changes. The second is a general
increase in O intensity over a three~ or four-hour interval, During
this interval there were no intense auroras at the zenith, and the
general intensity level of the auroral background remained‘unchangedﬁ

An example of the first type of enhancement is the 29350 (8~4) band
of OH shown for Flight No. 11 in TFig. 15 (flight from Ft. Churchill, Canada
to Bedg, Norway). Figure 16 shows the auroral activity at the same time.
The enhancemeuts occur at 2148, 2200, 2206, 2217 and 2224 UT. These
enhancements ranged from a factor of 2.0 to a factor of 3.0. This type
of enhancement is definitely aurorally associated and might be explained
by the increase in atomic oxygen as indicated by Gattinger (1969). The
auroral intensity as measured by 14278 (N; 1NG) was 2500 R. The 19350
emission was chosen since the filter pass band allowed only a negligible
amount of aurorally excited emissions to pass through the filter. Therefore,

all of the changes in intensity were due to an enhanced OH signal. (Recent

(spring 1971) high wavelength resolution (5A) spectral measurements ir

o

the presence of an as yet unidentified auroral emission feature within the
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Thus aurcral enhancements of QH

passhband of the 9350/

observations of the emissions near

ey

Anomalous I

7 0L - B T oy v Iy T b~ oy T = y ¥ -t -~ 3 = £
in 28345 emission was by a factor of 2.7. Again, during this period of

increase the auroral background was almost constant

h\,D

intengity of 20 R as measured by 24278, The explanarion for this t

of enhancement is either in an as yet unknown excitation process that
can be enhanced by weak auroral precipitation or by high altitude

meteorological effects. High altitude neutral winds and circulation
systems, as described by Hook (1970) and Webb (1967), might be very
important in transporting atomic oxygen, molecular oxygen, oczone, 0T
any other constituent horizontally and vertically. Under the proper
transport processes, the concentrations of O, 02 and 03 could be changed
in such a way as to produce an increased OH intensity.
Further Studiec

Further investigations should begin with a concerted effort fo confirm

the results presented here on OH intensity wvariations with latitude,
longitude, and Jocal time. These studies shouid take place at high
latitudes where seasonal efiects are more pronounced, making the annual
variations easier to delineate. Once the OH intensity variations have

been clearly established, then the causes of the changes might be found

by studying the variations in the concentration of atomic oxygen dug to

local, diurnal, seasonal eorological effects. A solution to the
enhanced seasonal effects might be found in the latitudinal transponl
of atomic oxygen proposed by Kellogg (1961), Young and Epstein (C .

;
N



The temporal and spatial variations of atomic owygen due to auroral o
meteorological effecte should also be investigated with reference to

“

o P S DR & wrma e @ PO N bt ar
enhancements of the OH intensity. As was pointed out by Gattinger (L

the importance of atomic owygen can not be over-emphasized.

DISCUSSIORN AND CONCLUSION

The data obtained on board both the 1968 and 1969 RASA auroral

r

expeditions have provided much informati on the details of

airglow

jo
fondt

and auroral spectral morphology in diff ris of the suroral ovsz

and polar cap at various local times. These data, although only part

analyzed, have shown that
, - -t I - .
a) some discrete arcs may have a constant A&Z/S(NZ)/K35/7[OLJ ratio
across theilr horizontal width;

b) most of the A5001-25006 N IT appears to come from direct

dissuciative ionization and excitation of NZ;

fv

¢) the midday sector of the auroral oval an polar cap shows zones

[OF]

ks

of electron precipitation (as deduced from the A6300/24278 rat

with latitude)

1) »3 kev in the oval associated with A6300/14278 ratios < 1

2) <1 kev in the magnetosphere cusp region associated with
A6300/34278 ratios > 10, and

3) discrete earth-sun aligned auroras over a < 1 kev background
in the polar cap:

d) the demarcation between the oval and polar cap is the boundary
between the open and closed field lines:

e) the instantaneous background 26300[0I]/)\42

the determination of the boundary between

lines on the night side at any

gilven time orv

activity:

-



£) some of the discrete arcs in the polar cap are very stable in

time and align more closely with the sun and along geomag

Longitudes rather than along L-shells;
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and consequently auroral acceleration mec

0

closely associated with the earth th

ith latitude and with

<y

h) the OH airglow seems to be constant w

longitude between 48.5° and 71° but does become enhanced at

times not necessarily associated with particle precipitation.

expeditions and point towards areas where further analyses of the exist

data should be pursued as well as indicating the need for further obser—

vations of certain emissions at different degrees of magnetic act:

and at different local times.
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