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measurements [see the review by Monfils, 1968], and on the type of aurora [Sandford, 1967]. The
Geopole all-sky camera shows an arc near the horizon in the southeast and a diffuse brightening
over much of the sky at 0345 UT. By 0350 UT the arc had moved out of range of the camera. The
diffuse brightening was still clearly evident until at least 0415 UT. Sandford [1967] has shown
that for mantle aurora, statistically, the ratio of 5577 A to 3914 A emission intensities depends
on magnetic time. For our case this ratio, from his figure, would be about 1. If we use this to
estimate the low altitude contribution, then the ratio of the high altitude 5577 A intensity (ob~
tained by difference from the total additional intensity) to the 6300 A intensity is 0.29, consis-
tent with the ratios obtained on 6-~7 March.

Intense overhead auroras were present later in the day, and the absence of data on the plots
in the period around 0730 UT is due to saturation of the intensities resulting from the auroral
activity. The spectrum shows well marked development of the N2+ bands and the Vegard-Kaplan bands
of Nc).

Photometeric Results

The four~barrel photometer at the AFCRL Geopole Observatory had been installed to monitor
changes of intensity rather than absolute intensities. Our discussion of the photometric results
(Figure 4) 1is therefore in these terms, though some indication of the absolute values can be ob-
tained by comparison with the results of the scanning spectrometer (Figure 5).

6 March. Enhanced emission of 5577 A and 6300 A occurred between 0110 and 0210 UT. The in-
tensity variations during this period are similar to those which are associated with aurora at other
times. The all-sky camera records from Thule (Qanaq) do not show aurora during this period, but
these were twilight conditions, with solar depression angles ranging from 13° to 16°, so that the
presence of faint aurora cannot definitely be ruled out. Auroral activity resulted in fluctuations
on the photometer during the periods about 0530, 0600 and 0635 UT, the same times noted on the spec-
trometer records. The photometric records show fluctuations of intensity with periods in the range
of about 5-20 seconds. At 0530 and 0600 UT there appear to be two trains about 4 minutes apart.
Similar periodicities and behavior have been noted in the auroral zone on many occasions [see, for
example, Campbell, 1970, and the references cited therein]. During these periods both the 5290 A
and 5893 A filters showed a marked increase. It is not clear, however, whether these were increases
in the continuum and line emission or were molecular bands within the range of the filters. The
scanning spectrometer data do not show increases for the sodium emission during these periods, so
that other excitations must be present. We have not yet examined our data carefully enough to de-
termine what these are, A preliminary look indicates that these may be the lst positive bands of Nj.

7 March. The increase in intensity in the period 0150-0200 UT concurrent with the major solar
flare is also evident in the photometer records as a fairly steady increase in both 5577 A and 6300 A
over this period. Smaller increases for a 1-2 minute period are also present at about 0212 and 0218
UT. Similar small and steady increases occur at about 0335 and 0339 UT, and at 0408 and 0412 UT.
Fluctuating peaks of intensity in the 5577 A emission occur at about/0638 and 0643 UT with the inter-
vals between fluctuations 20 seconds in the first and 50 seconds in the second case.

9 March. The most interesting part of these records is between 0700 and 0800 UT, a time of
pronounced auroral activity as seen on the all-sky camera. The intensity variatioms of the 5377 A
and 6300 A emissions are quite evident, with intervals between the fluctuations from 20 to 60 seconds.
In the period around 0710 UT the 5290 A and 5893 A traces also show marked activity, which may be
due to higher excitation resulting in the emission of molecular bands in the regions passed by the
filter. Examination of the spectrometer records shows no sodium enhancement, so that the situation
is probably similar to that on 6 March. Similar activity is shown in the 5577 A and 6300 A emissions
in the period about 0750 UT.

10 March. Fluctuations in the 5577 A emission similar to those of the preceding day are present
at about 0720 UT. Intervals between fluctuations are of the order of 20-40 seconds.

All-gky Camera

During the period 6~10 March 1970 the all-sky camera at Geopole operated only intermittently
and, in a number of frames, with multiple exposures. As a result usable data are available only for
9 March, Figure 6. All-sky camera data from Thule (Qanag), about 1° to the north of Geopole, are
available for the entire period, and were furnished to us through the courtesy and kindness of Dr.
K. Lassen, Danish Meteorological Institute. Our discussion will make use of both sets of data.

6 March. The period from 0520 to 0650 UT was characterized by three well defined periods of
auroral activity. These coincided in time with the active periods noted in the spectrometric and
photometric data.

7 March. No aurora was present.
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Fig. 5 A reproduction of the chart records of the scanning spectrometer for the time intervals centered at
0634 UT on March 6, at 0I152 UT on March 7, and at 0804 UT on March 9, 1970, The spectral
lines discussed in the text are labelled.
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Fig. 6 A reproduction of the all-sky camera film taken during March 9, 1970 at Geopole. Time in UT is
indicated on each frame. Multiple exposure due to faulty camera operation is identified by multiple

digits, i.e., frame at 0147 UT is the only single frame registered. All others are double exposed.
North is at the right of each frame while east is at the bottom.
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8 March. BExcept for a faint, fleeting aurora at about 0200 UT no aurora was observed. The
observing period ended at about 1200 UT, prior to the magnetic storm sudden commencement at 1417 UT.

9 March. This was the most active night with regard to auroral activity during the period 6-10
March, with auroras present several times during the night. Usable data from the all-sky camera at
Geopole were obtained on this day, and these will be the basis of the following description. In
general the arcs were aligned along the sun-earth azimuth, a behavior in accord with that typically
found for the polar cap [see, for example, Davis, 1960, 1962, or for Thule specifically, Danielsen,
1969]. Marked auroral activity was present during the periods from about 0140 to 0150 UT; 0210 to
0220 UT; 0345 to 0355 UT; 0610 to 0620 UT; and through most of the period from 0645 UT until twilight
effects became too strong at about 0810 UT, :

During the period 0140 to 0150 UT an arc was present aligned from the NW to the SE and to the
east of Geopole. A patchy aurora was present to the east of this arc in the northeast. At 0147 UT
the arc definitely broke up. The zenith photometer records showed fluctuations in the period from
0145 to 0155 UT indicating the start of the breakup as somewhat earlier. An enhancement of the
3914 A Not emission also occurred at this time, indicating a connection of the breakup with particle
precipitation. During the period from 0210 to 0220 UT, a faint arc was present in the zenith for the
first two minutes, and a diffuse patch was present to the east which moved in a north to south direc—
tion during the period. The zenith photometer showed fluctuations of intensity from about 0206 to
0217 UT. The scanning spectrometer showed an enhancement of the 3914 A N2+ during the period 0200
to 0215 UT, indicating particle precipitation. At 0345 UT an arc was present near the horizon in the
southeast quadrant and another, less well defined, parallel to this, closer to the station, and cen-
tered more to the north., The more prominent arc had moved out of the field of view by 0349 UT. A
diffuse glow over much of the sky remained until at least 0355 UT. GEnhancements of the major emis-
sions are seen in the scanning spectrometer records for about an hour, with maxima at about 0400 UT.
It is interesting to note that the 6300 A and 5577 A emissions do not peak at the same time, The
6300 A peak is at about 0350 UT with a lesser second peak at about 0400 UT, while the 5577 A peak
is between 0402 and 0408 UT. The photometer records confirm this behavior. The 3914 A emission does
not show any marked peaks at these times., At 0612 UT an arc becomes yisible on the southern horizon
a few degrees west of south. The arc moves to the north reaching an elevation angle of about 60° by
0619 UT and then breaks up about 0620 UT. A second arc is visible to the east. The 6300 A emission
shows a noticeable but not yery marked enhancement starting at about 0550 UT and continuing on until
the intense auroral emission later in the evening. The photometer records do not show any strong
enhancement. At 0645 UT an arc is visible in the southeastern quadrant near the horizon and this
remains distinct until at least 0705 UT, with perhaps a slight movement to the southeast. At about
0658 UT a second arc becomes visible towards the southwest, aligned in a direction that would take
it over or near the zenith if extended. This intensifies and moves across the zenith and towards
the northeast horizon. By 0710 UT breakup has occurred with a suggestion of multiple arcs and with
convolutions which are particularly marked in the southwestern half of the sky. This phase continues
until at least 0720 UT. From 0730 UT until the end of observations multiple arcs, initially two and
subsequently at least four, develop and extend across the zenith from the southwest to the northeast
horizon. The auroral activity is reflected in strong intensity variations in both photometer and
scanning spectrometer.

Discussion

The period preceding 6-10 March was one of much activity, both solar and magnetic [Solar-Geo-
physical Data, Sept. 1970; AFCRL Geophysics and Space Data Bulletin, 7 (No. 1), First Quarter 1970]
so that the attribution of effects to specific causes is difficult. We note, however, an effect of
the Polar Cap Absorption event, a possible effect of a solar flare, and the presence of luminosity
fluctuations with time intervals similar to those previously observed in the auroral zone. We dis-
cuss these below.

A Polar Cap Absorption event began between 1025 and 1100 UT on March 7 [R. Cormier, private
communication], presumably resulting from the class 2B or 3B flare which occurred at about 0140 UT
on that date. The PCA was a moderate ome, lasting at most two days with a maximum absorption of
the order of 5 dB. A geomagnetic storm of unusual intensity and short duration began at 1417 UT
on 8 March [Akasofu, private communication]. Because of the short duration of the PCA, the twilight
conditions over much of the observational period, and the overall disturbed character of the period,
it is not possible to compare spectral intensities with the course of the PCA for more than two or
three points. The 6300 A emission intensity was used to eliminate short term disturbed periods (of
the order of 1-2 hours or less) since the post~twilight decay served as a readily apparent base line.
The intensities for the remaining times for which the solar depression angle was greater than 17°
were then averaged for the 5577 A, 6300 A, 3914 A and 4278 A emissions. These are listed in Table 1
together with the times and the riometer absorptions for these periods. Some No™ emission was pres-
ent on 7 March following the flare but preceding the PCA onset. This, together with a barely notice-
able riometer absorption, is indicative of some particle precipitation during this period. NyT emis-
sion was definitely present during the PCA of 8-9 March, and the decline of intensity on the 9th is
consistent with the much reduced riometer absorption on that date. The ratio of the two NZT emissions
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was at the low end of the normal range found in aurora, but the experimental values are not suffi-
ciently reliable to distinguish between different modes of excitation, and the lowness of the ratio
may indicate experimental error in scaling. The 5577 A and 6300 A intensities are higher on the
8th than on the days preceding or following, and this is also consistent with the anticipated cor-
relation with the PCA. A quantitative estimate of the effect, however, cannot be made because of
the disturbed character of the period preceding the PCA and the consequent difficulty of establish-
ing a reference leyel of intensities. The intensities themselyes are relatively low, indicating a
low particle flux, consistent with the moderate character of the PCA shown by the riometer records.
If we take the reference level for the N2+ as zero, then the intensities on the 8th and 9th, taken
together with the riometer absorptions, indicate a strong softening of the energy spectrum from the
8th to the 9th [see, for example, Hultqvist, 1969, p. 79, for a discussion of the use of concurrent
riometer and luminosity data as a measure of hardness].

Table 1

Emission Intensities 6-9 March 1970

Date Time Period Emission Intensities Riometer Absorption|

5577 6300 3914 4278

6 0300-0430 136 166 - - 0

7 0420-0540 82 144 <10 <10 0.1~0.2
8 0300-0330 135 280 55 25 2.1-2.3
9 0415-0605 97 179 42 17 G.2-0.3

The largest solar flare during the period began at about 0140 UT on March 7, ended between
0300~0400 UT, and had its maximum phase at about 0150 UT. The 6300 A photometric record shows an
increase beginning at about 0149 UT, a maximum at about 0150 UT, then a decrease for about 20
seconds followed by a slow increase to the maximum for the entire period at about 0155 UT, followed
by a slow decrease with a return to the original level at gbout 0200 UT. The 5577 A intensity shows
a similar behavior. The initial increase is of interest because it occurs at the same time as the
maximum of the solar flare. The solar depression angle at this time was about 15°, corresponding to
a shadow height of about 225 km. Allowance for screening by the long path length in the lower at-
mosphere might rule out a direct effect, depending on the screening height for the appropriate ra-
diations. Another possible mechanism would involve the production of energetic photoelectrons at
greater heights and their downward movement along the magnetic field lines. We have not investi-
gated the various possibilities and point out here only the concurrence of the intensity increase
with the solar flare maximum, and the possibility of their causal connection. ~ Similar increases
are also observed in the absence of flares, however, and caution must therefore be exercised in this
attribution. A search for flare-comnected increases of intensity would be of interest but we have
not yet attempted this.

Luminosity fluctuations of the order of seconds to minutes were observed on a number of occa-
sions. On some occasions, notably on 9 March, these are definitely associated with the presence of
auroral activity. The appearance of the fluctuations is similar to published reports of irregular
geomagnetic micropulsations. It seems likely to us that the luminosity fluctuations are due to
fluctuations in the flux of low energy electrons, as would be true of the Pi micropulsations. The
use of the same nomenclature for these luminosity fluctuations as is used for micropulsations, as
suggested by Campbell [1970], appears to us to be useful. It would also seem worthwhile to determine
whether they are or are not correlated with the micropulsations, and whether, if so, the origin is
in the region of open or closed field lines. Heacock, Hessler and Olesen [1970] have proposed that
periodically-structured Pc 1 micropulsations originate outside the polar cap and travel in an F-layer
horizontal waveguide. They have also given examples to show that for polar substorms, at least, no
persistent relationship is found between Thule (Qanaq) micropulsations and those in the auroral oval.
They also find some types of micropulsations which originate mainly on polar cap field lines or in
the polar iomosphere. We feel that the period 6-10 March 1970 would provide a good opportunity to
separate the possible sources, whether from polar field lines or by ducted travel from the oval, and
to compare these with the luminosity fluctuations.

Acknowledgments

We wish to thank Mr. Ray Cormier, Air Force Cambridge Research Laboratories for the provision
of riometer absorptions; Dr. K. Lassen, Danish Meteorological Institute, for the use of all-sky

282




camera film from Thule (Qanaq); personnel of the Polar Atmospheric Processes Branch, AFCRL, for
operation and maintenance of the optical equipment at Geopole; and personnel of Sea Farm, Inc. for
reduction of intensities from the scanning spectrometer data,

CAMPBELL, W.

DANIELSEN, C.

DAVIS, T. N.

DAVIS, T. N.

HEACOCK, R. R.,
V. P. HESSLER and
J. K. OLESEN

HULTQVIST, B.

LASSEN, K.

LASSEN, K.

MONFILS, A

PAL, S. R.

SANDFORD, B.

SILVERMAN, S,

1970

1969

1962

1960

1970

1969

1967

1969

1968

1968

1967

1970

REFERENCES

Rapid Auroral Luminosity Fluctuations and Geomagnetic
Field Pulsations, J. Geophys. Res., 75, 6182-6208

Auroral Observations at Thule, Danish Meteorological
Institute Geophysical Papers, March

The Morphology of the Auroral Displays of 1957-1958,
J. Geophys. Res., 67, 75-110

The Morphology of the Polar Aurora, J. Geophys. Res.,
65, 3497-3500

The 2-0.1 Hz Polar Cap Micropulsation Activity,
J. Atm, Terr. Phys., 32, 129-138

Auroral and Polar Cap Absorption in Atmospheric Emissions,
B. McCormac and A. Omholt, Eds., Van Nostrand Reinhold,
pps. 73-90

Polar Cap Aurora in Aurora and Airglow, B. McCormac, Ed.,
Reinhold Publ. Co., pps. 453-464

Polar Cap Emissions in Atmospheric Emissions, B. McCormac
and A. Omholt, Eds., Van Nostrand Reinhold, pps. 63-71

Spectre Auroraux, Space Sci. Rev., 8, 804-845; see
particularly pps. 832 ff

Studies of Night Airglow, Ph. D, Thesis, the Gujarat
Univ,, India

High Latitude Night Sky Emissions in Aurora and Airglow,
B. McCormac, Eds., Reinhold Publ. Co., pps. 443-452

Night Airglow Phenomenology, Space Science Reviews,
in press

283




"Zenith Airglow Intensity at Dodaira Station, Tokyo Astronomical Obseryatory"

by

World Data Center-C2 for Airglow
Tokyo Astronomical Observatory
Mitaka, Tokyo, Japan

The zenith airglow intensities in Rayleigh for A5577A and A6300A are shown in the following
figures for March 5, 6, 7 and 8, 1970 as observed at the Dodaira station (N36°00', E139°12') of
the Tokyo Astronomical Observatory. These data were furnished by World Data Center-C2 for Airglow.
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"Minor Emissions in the SAR Arc of March 8/9, 1970"

by

R. J. Hoch and L. L. Smith
Battelle Memorial Institute
Pacific Northwest Laboratories
Richland, Washington

and

K. C. Clark
Physics Department
University of Washington
Seattle, Washington

Stable Auroral Red (SAR) arcs have in recent years been monitored by Hoch and Clark [1970] from
Rattlesnake Mountain at Richland, Washington, where the magnetic L coordinate at 400 km is L = 2.9,
Although the red oxygen doublet at 6300, 6364A (1.96 ev excitation) is the prominent and often only
spectral feature, the possibility of other auroral emissions carries diagnostic interest far out of
proportion to relative intensity. 1In particular, one seeks arc-associated enhancements of atomic
oxygen at 5577A (4.17eV), molecular nitrogen ions at 4278A (18.7 eV), atomic nitrogen at 5199, 5201A
(2.37 eV), and, for reasons of anti-correlation, the atomic hydrogen Balmer Lines at 6563A and 4861A.

In normal mid-latitude auroras these emissions are routinely detected by use of meridian and
image intensifier spectrographs and by scanning interference filter photometers, and all these tech-
niques have recorded the major red emission in SAR arcs. An example of a SAR-arc spectrum in the
magnetic meridian plane is shown in Figure 1, which is from the March 23/24, 1969 spectra obtained at
Richland. The selective enhancement of the red doublet is seen in the overhead arc just south of
zenith, and poleward the normal aurora is also evident. While the separation in latitude of the SAR
arc and the polar aurora is well documented [Hoch and Clark, 1970; Ichikawa and Kim, 1969], there is
usually some overlap of background emission into the region occupied by the SAR arc. This is the
principal reason why observed intensities of weaker features often cannot with certainty be ascribed
to the SAR-arc. Intense arcs provide the surest opportunities to do so, and all-sky photometric
scans are especially valuable in revealing where arc-associated emission may occur.

Fig. 1. Spectrum of SAR-arc in Richland magnetic meridian, 1953 PST - 23 March 1969. Exposure
times 25 and 5 minutes. Red doublet is at right of visible spectrum; north horizon
is at top. Disregard enhanced exposure patch at lower left.

286




Hydrogen arcs are known to be lower and more poleward than SAR-arcs, and triangulation spectral
measurements from the 600 km Richland-Banff baseline [Clark et al., 1970] have demomstrated the sepa-
ration. The weak forbidden atomic nitrogen doublet is very difficult to localize within a SAR-arc
because of diffusion and low intensity; ome report of it has been given by Carleton and Roach [1965].
Molecular nitrogen ions have also produced weak but identifiable emission, as will be reported here.

The red and green line intensities in oxygen, however, remain as principal data. The SAR-arc
of March 8/9, 1970 yields good measurements of arc-localized increases above the broad background.
This arc was quite intense following the end of astronomical twilight, reaching 3.5-4.0 kR at the
observing times of 1950-1953 PST. Figure 2 illustrates photometric records of this arc made in almu-
cantar sweeps., Absolute calibrations are obtained by use of carbon-14 standard and known star cross-—
ings. Final data include corrections for zodiacal, galactic, and background light, for atmospheric
extinction, and for Van Rhijn brightening appropriate to a 1ayér at 400 km.
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Fig. 2. Chart records of red and green SAR-arc emissions in 10° and 50° almucantar
photometer sweeps. 1950 PST - 8 March 1970.

Table 1 tabulates the corrected intensities in the arc I, at various elevation angles, the ?or—
rection factors used for extinction and layer geometry, and the resulting ratio of red to green in-
tensities. This ratio is seen to remain about constant at

I,(6300)

—_—_ =26+ 3
Ia(5577)

over the range of elevation angles for which arc measurements of the green line were valid. At other
times I,(5577) was below sure detectability, while T,(6300) remained large.
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Table 1

Table of corrected intensities in kR, extinction and geometry correction factors, and intensity
ratios, 1950 PST - 8 March 1970.

Elevation angle 10°E 15°E 20°E 30°E 50°E 50°W 30°wW 20°W 15°W 10°W
Ia(5577) 0.153 0,176 0.138 0.129 0.142 - - - - -
Ia(6300) 3.88 4.09 3.99 3.71 3.32 3.00 2,94 2.39 2.20 2.13

2=5577 | 2.48  1.87  1.61  1.39  1.24  1.24  1.39  1.61  1.87  2.48
exp(1,m(2) y _g300 |1.75 1.46  1.3%  1.22  1.14  1.14  1.22 1,34  1.46  1.75

h = 400 km

V(z,h) 2.66 2,40 2.14 1.72 1.26 1.26 1.72 2.14 2.40 2.66
Ia(6300)
T;?§§77) 25 23 29 29 23 - - - - -

The occasional mature of the 5577A arc emission is to be emphasized. On the previous two nights
of March 6/7 and 7/8 a SAR-arc was detected, being perhaps a single arc lasting the three nights and
occurring in unision with the main phase of a single geomagnetic storm. On the first two nights
T,(6300) was only a few hundred Rayleighs, and I,(5577), if present, was below limits of certainty
with respect to airglow and polar aurora. The red-to-green ratio, which came as low as 26:1 on the
third night, is to be compared with 80:1 reported by Barbier [1960] in an even brighter arc, with
10:1 and 4:1 reported by Schaeffer [1969] as lower limits with weak intensities, and with the comment
of Roach [1970] that many attempts to record I,(5577) have failed to yield even 80:1 when the arc was
bright enough to permit possible detection of both intemsities. The extreme case of monochomatic ex-
citation of 5577A at mid-latitudes is the purely green arc reported by Manring and Pettit [1957] over
New Mexico; its production has remained quite puzzling.

On the night of March 8/9, 1970 there was also measured a very weak arc of purely 4278A (No+ lst
neg. bands) equatorward in elevation angle relative to the principal SAR arc. This is of interest
because of its high (18.7 eV) excitation level. Corrections for background and geometry are diffi-
cult. The measured intensity I,(4278) = 5R is here reported. This is the measured intensity in a
25A band centered at 4278A., To deduce from this measurement the total emission in the first negative
bands would require an estimate of the No+ion temperature. We believe this to be the first mid-lati-
tude observation of the 4278A emission in a SAR arc.

We now consider what these data may mean in regard to the excitation processes in a SAR-arc. It
is useful to interpret these data in terms of thermal electron energy distributions. However, it
must be kept in mind that intensity measurements at only two or three wavelengths cannot establish
any more than the gross characteristics of the actual distribution.

Relating the light output to an electron energy distribution requires straightforward consider-
ation of atmospheric composition and the cross sections for excitation and quenching. The typical
atmosphere near 400 km under conditions of high solar activity [CIRA (1965), mod. 9] is assumed, and
the temperature of 1200°K which is used for neutral scale heights is that measured by Hays gg al.
[1969] for a SAR arc. Excitation cross sections are taken from the calculations of Smith, Henry, and
Burke [1967]. Recent reviews of quenching collisions given by Hunten and McElroy [1966] and Peterson
and Van Zandt [ 1969] lead to the conclusions that at 400 km deactivation is negligible for 0(lS)
(5577A) but amounts to about 37 percent for 0(1D)(6300,6364A). The latter figure is based upon a
quenching rate constant of 8 = 7.5 x 10-11 cm3 sec~l and a density of n(Np) = 4.7 x 107 em~3.  Allow-
ance is made for temperature and density changes through the vertical extent of the typical SAR-arc.

It could be possible to account for the observed I,(6300) using hot ambient electrons at a tem-
perature about 4000°K and a density somewhat above 105 cm~3., Roble [1969] reached a similar conclu-
sion. The stability of emission at 6300A suggests that the electron temperature and density do not
fluctuate greatly. However, the rather sporadic occurrence of I;(5577) poses different requirements,
which are not reasonably satisfied by readjusting a simple thermal distribution. As shown in Figure
3, the observed red-to-green ratio, if produced by a Maxwellian distribution, would require an elec-
tron temperature of about 9000°K. The disparity between these two temperatures is too large to be
reconciled by accentuating thermal gradients in the arc or by decreasing the electron density, al-
though there is occasion for some adjustment. It is more reasonable to postulate the occurrence of
an appropriate high energy tail on the principal electron distribution.
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Fig. 3. Calculated red-to-green ratio including altitude dependence
of volume emission rate.

To characterize this distribution, it is sufficient to use at 400 km an electron density of 1.3
x 105 em™ at a temperature of 4200°K and to replace the function above 2.0 eV by a second thermal
distribution at 9000°K, preserving continuity at the junction. Only about 1 percent of the electrons
are involved in the high energy tail, but the increase in population is adequate to provide the ob-
served intensity. This combined distribution is illustrated in Figure 4 and is presented as a consis-
tent, though not unique, description. The total content is satisfied by the cooler portion below 2.0
eV, while the minor but warmer fraction above this energy influences the intensity ratio critically
through its temperature. Very valuable evidence concerning fluctuations postulated at the higher en-
ergies would be afforded by direct measurement of the flux of hot electrons, as might be made with in-
coherent radiofrequency backscatter techniques, if time and place could coincide. It is not the pur-
pose of this report to speculate on the correct cause of the varying high energy component. Its pro-
duction could easily be made a part of any injection model, while the location of the SAR-arc would
remain stable at the latitude of the plasmapause.
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"Airglow Variations, Mid-Latitude Red Arc around March 8, 1970"

by

J. Christophe and G. Weill

Institut d'Astrophysique
98bis Boulevard d'Arago

75 - Paris 14° - France

This report presents some of the data obtained by the French network of airglow stations on

March 8, 1970, along the Meridian sector of Europe and Africa. The stations used here and corre-
sponding radiations observed are as follows:

Table 1
Station Country Latitude Longitude Colors observed

QOO Ml ~NlOj®|O
MO || N O~~~
NjOjr |0 N NN |
~Sjwo |l nlin|g o

Haute Provence France N43.9° E 5.7° ! x| x| x| x| x| x| x

Sde Boker * Israel N30.9° E34.8° x| x| x| x| x| %

Adi-Ugri #*%* Ethiopia N14,9° E38.8° x| x| x| x| x| x

Zeekoegat South Africa $33,1° E22.5° x| x x| x| x b4

Operated in cooperation by the Department of Environmental Sciences, University of
Tel Aviv, Ramat-Aviv, Israel.

%% Operated in cooperation with Geophysical Observatory, Hailé Sélassié I University,

Addis Ababa, Ethiopia.

Data from a number of other stations (Indian Ocean, Antarctica) are not yet available. 1In the
period March 6-10, the weather was favorable on March 6, 7 and 8, as shown in Table 2.

Table 2
Station Mar 6 Mar 7 Mar 8 Mar 9 Mar 10
Haute Provence 1 3 2 2 3
Sde Boker 1 2 2 3 3
Adi-Ugri 1 1 2 3 3
Zeekoegat 1 1 1 1 1
1 = good
2 = partly good
3 = bad

The bulk of the data presented here come from 9 lines of obseryations; their intersections with
the emission layers at two assumed altitudes are summarized in Table 3.

This period was marked by the occurrence of exceptional events in the night-sky emission at all
stations during the night March 7 to 8. These events included the brightest mid-latitude aurora seen
at Haute-Provence since July 8, 1958, a broad and intense arc of emission at mid-northern latitude,
and a considerable airglow enhancement of 6300 X radiation over a wide range of middle and low lati-
tudes. These events are unmistakably connected to the development of the geomagnetic storm.
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Table 3

. Zenithal . Coordinates Coordinates
Station Distance Azimuth Line at 100 km at 300 km
Haute - 75° North 1 N46.91° E5.72° N51.61° E5.72°
Provence 46° North 2 N44.83° | E5.72° N46.53° | E5.72°
75° South 3 N40.93° E5.72° N36,23° E5.72°
Sde Boker 75° North 4 N33.91° | E34.83° N38.60° | E34.83°
75° South 5 N27.92° | E34.83° N23.22° | E34.83°
Adi-Ugri 75° North 6 N17.87° | E38.82° N22.57° | E38.82°
75° South 7 N11.81° | E38.82° N7.19° | E38.82°
Zeekoegat 75° North 8 $30.12° | E22.50° S$25.41° | E22.50°
75° South 9 $36.08° | E22.50° $40.79° | E22.50°

Mid-Latitude Aurora

Observations started at Zeekoegat, in the geomagnetically conjugate.area of Haute~Provence, at
1807 UT (Astronomical twilight at 1823 UT.) Auroral activity began to develop, in line 9 (see Table
3) at about 1900 UT, reached a peak of 7000 rayleighs (slant) for the red lines 6300 about 2045 UT,
and decreased quasi-exponentially with a time constant of about 90 minutes until 2400 UT.

At Haute-Provence, clouds interfered with measurements along lines 1 and 3 until 2100 UT; the
aurora was then observed to decrease monotonically on line 1 until 2400 UT. Slant intensities on
line 1 were as in Table 4.

March 8, 1970 - Slant intensities of the mid-latitude aurora about 2100 UT (line 1).

Table 4
Radiation 6300 (0I) 5577 4278
Time 2053 UT 2057 UT 2109 UT
Intensity 26,120 ’ 1720 670

The cloud situation was better along line 2 and measurements started about astronomical twilight
at 2005 UT. The auroral maximum occurred at 2052 # 2 min UT, and was marked by a considerable
emission of Npt lst negative, observed in the near UV. The corresponding enhancement was 100 R in
5577 radiation and 400 R in 6300 &, (Figure 1). Line 2 at 2052 UT crossed the earth shadow at 1050
km, latitude 51.5° North. The great No* enhancement was likely to originate in the sunlit region
of the aurora. It yas reported from the same station (Nguyen Huu Doan, 1970) that this aurora was
visible with the naked eye in the North - North-East from 2045 till 2130 UT as vertical red rays
with draperies. The aurora was visible, at its maximum, up to an elevation of 40°.

At 2100 UT, the 6300 intensity along lines 1 and 2 started inecreasing again to reach its major
peak of 1900 R at 2130 UT, This peak was not noticeable on any of the other radiations, nor could
it be detected in any radiation in the conjugate area (lines 8 and 9) or at the stations of lower
latitude., The scanning photometers at Haute~Provence detected no latitude maximum in the range 36°
to 52° N in the early part of the night, and the 2130 UT maximum of red line intensities, despite
its spectral purity resembling that of a Mid-latitude Red Arc, cannot be identified with such a
phenomenon, but rather with a mid-latitude red aurora,

Mid-Latitude Red Arc ?

From 2230 UT March 8 until 0330UT March 9 the 6300 intensity was enhanced along line 3. The
enhancement peaked at 600 R about 24 hours. It was clear from the scanning photometer records that
the enhancement had an elongated arc~like structure. The arc was centered on latitude 40° N and
had a width at half intensity of 600 km, assuming a 300 km altitude. It was separated by a marked
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Fig. 1. Mid-latitude aurora March 8, 1970

trough from the poleward's auroral enhancement which subsided all night but was then about its
minimum. The latitude-time map in Figure 2a was derived from the scanning photometer.

A concommitant enhancement of about 10 Rayleighs occurred for the NI doublet 5198 - 5200 E,
together with a 100 Rayleighs enhancement of the 0I Green line. On the basis of these spectral
characteristics, we would attribute to an effect of ionization drift to lower altitudes and sub~
sequent faster recombinations. Unfortunately, the ionospheric data for this period and region are.
badly spoiled by spread F and cannot be analysed quantitatively.

A notable fact is that neither at the time of the arc maximum, nor at any other time throughout
the night, could any arc-like structure be detected in the conjugate region of the Southern Hemi-~
sphere, (Figure 2b),
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Slant Intensities
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Low-Latitude Airglow Enhancement

by
|
l

At 2ll stations, a marked relative maximum was recorded about 2337 UT * 1Q min, at least in
some directions. This can clearly be seen in Figure 3, where 6300 OL intensities are plotted versus
time for eight of the 9 lines. The enhancement appears to be controlled by Universal Time rather
than local time. It was also detected on the green OI line and on the 5198-5200 NI doublet and the
relative intensities of these emissions were not noticeably different from those observed in inter—
tropical arcs. We believe that radiative recombination of 02+ is responsible for the enhancements.
To account for it, a considerable amount of ionization must have been drifting into the atmosphere
over a considerable range of latitudes, The latitude profiles of 6300 & intensity are given for the
four stations in Figure 4, for the night under study and for the reference night of March 6 to 7,
about 2335 UT.

- MARCH 8, 1970 -
MARCH 6,1970 -

at 2335 UT -

— SDE

- O.HP ZEEK -
——
e \\\‘ 4"\\~’I“\\\ -

0 I I I I I I I l I I
+50 0 Geographic Latitude -50

Fig. 4. Latitude profiles of 6300 & intensity for the four stations for March 8 compared to
March 6, 1970,
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"Middle-Latitude Aurora of March 8-9, 1970 at Zvenigorod"

by

V. G. Sobolev, A. A. Kozlova, E. P. Kropotkina,
L. V. Simakova, Yu. L. Truttse, N. N, Shefov,
and 0. T. Yurchenko
Institute of the Physics of the Atmosphere
USSR Academy of Sciences, Moscow

On the night of March 8-9, 1970, a strong aurora of III IBC was observed at the Zyenigorod
Geophysical Observatory, the Institute of the Physics of the Atmosphere, USSR Academy of Sciences
(¢ = N55.7°, X = E2h27® ), During the same period a geomagnetic storm with sudden commencement
occurred at 1715 MDT (Moscow Decree Time) (1415 UT) on March 8, 1970. According to the data of
the Krasnaya Pakhra Magnetic Station which is the closest to the Zvenigorod Geophysical Observatory
the storm maximum (K = 9) was observed within the interval of 2100 to 2400 MDT (1800 to 2100 UT).

Conditions for observations of the aurora were favorable. Although in the evening the western
horizon was covered by light clouds, by night the sky became absolutely clear. The average coeffi~
cient of transparency in the range of 5000 to 6000 X was 0.7. The observational conditions on the
previous and next nights were approximately the same as on the night of the aurora.

Observation of the aurora emission in the range of 3200 to 7000 & was conducted by patrol spec~-
trographs SP-48 and SP-49 [Gerasimoya and Yakoyleya, 1956; Galperin et al., 1957] which recorded the
visible and ultrayiolet protions of the spectrum, respectively. The spectrographs were directed
northwards at the angle of 30° to the horizon. One of the spectrographs had an all-sky camera which
permitted the registration of the radiation intensity distribution along the meridian within the
range of 5700 to 7000 A. The emission within the range of 10400 to 11200 & was recorded by the spec~
trograph 5P~50 with the image converter FKT-1 [Shefov, 1961]. Observations by spectrographs were
carried out from 1915 to 0624 MDT (1615 to 0324 UT). The time of individual exposures is listed in
Table 1. The intensity of oxygen emission at 6300 X at the zenith was recorded by an electrophoto-
meter with an interference filter. Measurements were conducted each 5 min from 2058 to 0611 MDT
(1758 to 0311 UT) with two 30-min breaks at about 2200 and 0000 MDT (1900 and 2100 UT). From 2230
to 0500 MDT the shapes of the aurora were photographed with the aid of the Stoffregen all-sky camera
at a frequency of one frame per minute. In addition, emission at 6300 & was also observed by the
Fabry-Perot interferometer [Truttse and Yurchenko, 1970a,b] which made it possible to obtain esti-
mates of the Doppler temperature at the height of this emission. The measurements were performed
in the northward direction at the angle of 30° to the horizon.

Table 1

Emission intensities (kiloRayleighs)

X,K Atom |Transition [Mul- | March March March
or mo- ti- 7-8 - 8-9 9-10
lecule plet

MDT MDT MDT MDT MDT MDT MDT
2031- 1900~ 2037~  2259- 0033~ 0457- 2034~
0457 2037 2259 0033 0457 0624 0455
UT UT uT UT UT UT UT
1731-  1600- 1737- 1959~ 2133~ 0157- 1734~
0157 1737 1959 2133 0157 0324 0155

3884 |N,* [ 1NG(L,1) 0.47 3.8 0.32

3914 |Ny* !lNG(0,0) 9.6 9.3 57 8.5 2.2

3978 |N, VK(1,12) 1.6 0.76

3998 |N, 2PG(1,4) 0.39 3.8 0.45

4026 |NII 3lpo_slg 40 0.44

4035 |NII 33F°-43¢ 39 0.46 0.06

4041 |NII 3%pe-43¢ 392

4043 |NII 3F°-43G 39 0.02 2.8 0.64

4057 {NII  |3%F°-43¢ 39%

: 1. 0.15
4059 |N, 2PG(0,3) 2
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Table 1 (continued)

Emission intensities (kiloRayleighs)

A,K Atom |Transition {Mul- | March March March
or mo- ti- 7-8 8-9 9-10
Lecule plet | —ypr MDT ¥DT ¥DT MDT MDT MDT

2031~  1900- 2037- 2259~ 0033- 0457~ 2034~
0457 2037 2259 0033 0457 0624 0455
uT UuT Ut uT UT UuT uT
1731~  1600- 1737-  1959-  2133- 0157~ 1734~
0157 1737 1959 2133 0157 0324 0155

4070 01T [3*p%-3"*Fr |10
4072 |otr  [3*D°-3*r |10
4072 |N, VK(2,13)
4076 |011  (3*p°-3*F |10 0.52 8.6 1
4079 |0II 34D-3%F 10
4092 (o1t (3*D%-3%*r |10
4095 |N, 2PG(4,8)
4112 for1  |3*pP-3%F |21 0.35 0,07
4120 |o11  [3*pP°-3"D |20
4121 lorr  |3*P-3%P 19
4151 |NI 3¥p-4*s” 6
4167 Nt [1Ne(3,4)
4169 |0EI  [3*P°-3%P |19
4172 |NIT  |3'p%-4%F |43} 0.56 4 0.63
4176 |NIT  |3*D°-4l® |42
4185 |01I 3%2p°-32¢ |36
4190 |0II 32r°-32¢ |36
4199 N, |1nG(2,3) 0.3 2.4 0,27
4236 [Nyt ING(1,2) 0.25 1.1 5.5 0.8
4242 |NIT  [3°D°-41F |47
4242 |NII 3%p0-43F 48
4278 [Nyt 1NG(0,1) 0.48 1.9 9.2 1.4
4317 {011 3%p-3"p?
4320 |0II 3%p-3"%p?°

\

0.3 0.04

0.18 0.17 0.6 0.15

0.06 0.45 0.06

NN
A masar

4320 |N, VK(1,13)

4337 |011 | 3*p-3"p° 2

4340 |HI Hy 1

4344 |No 2pG(0,4) 0.23 1.6 0.16
4346 |0IT | 3*p-3%p° 2

4347 1011 | 32p-32p° 16

4349 |01I | 3*p-3%p° 2

4351 | 011 32p-32p° 16

4368 |01 3%s%-4%p 5

4369 |0II | 32D°-3%D 26% .28 1.3 0.2
4378 | 011 | 3%D-4%F g

4379 |NIII? | 42F°-5%¢ | 17 0.08  0.35 0,04
4415 [0II | 3%P-32D° 5$

4417 |o1T | 32p-32p° 5 9.09  0.85 0.1
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Table 1 (continued)

Emission intensities (kiloRayleighs)

A,& Atom |Transition [Mul- | March March Marxch
or mo- ti- 7-8 8-9 "9-10
lecule Plet | 51 DT MDT  MDT  MDT  MDT MDT

2031~ 1900~ 2037~ 2259~ 0033~ 0457~ 2034-
0457 2037 2259 0033 0457 0624 0455
uT UT UT T uT uT UuT
1731~ 1600~ 1737~ 1959~ 2133~ 0157~ 1734~
0157 1737 1959 2133 0157 0324 0155

4425 |Np VK(2,14)

4430 {NII 33p-43Dp 0.3 2.3 0.33
4440 |NIT 33p-43D
4452 {011 32p-32p° 5

4460 |NII 33p-~33p0 21
4466 |NII 33p-33p? 21
4467 |N,* 1NG(6,8)
4478 |NII 38p-33p? 21 0.04 0.12 0.02
4486 |N,* [1NG(5,7)
4486 |NIT 3%p-33p? 21
4488 |NII 3%p-33p° 21
4508 |NII 3%p-33p0 21

0.22 1.5 0.26

0.11 0.46 0.04

4516 |Ny | 1NG(4,6) 0.08  0.34  0.09
4534 [Ny  |VR(3,15) 0.17 1.4  0.22
4554 |N,T |1NG(3,5) 0.54 1.9 0.29

4574 | Ny 2PG(1,6)
4591 | OTT 3%2p-32¢° 15
4596 | 01T 32p-32§° 15

0.43  0.24 0.3
4600 | Nt [ 1NG(2,4)

4601 | NII 3%p0-3%p 5

4607 | N1T | 3%p"-3%P 5

4621 | NII 33p0_33p 5

4631 | NI 3%pt-33p 5 0.12 0.4 0.08
4639 [ 011 | 3*p-3"D° 1

4642 | 0TT | 3*p-3*D° 1 i 0.1 0.8 0.19
4649 | 011 | 3*p-3"D° 1

4651 | 0IT | 3*p-3*D° 1 s 0.24 1.7 0.44
4652 | Nt | 1NG(1,3) 0.36 2.8 0.29
4662 | OTI 3%p-3tpt 1 0.05 0.38 0.08
4676 | 01T | 3*p-3*p° 1 0.04  0.29  0.09
4709 | Nyt | ING(0,2) 0.5 6.2 0.66
4857 | 01T | 3*s-3*D 0.24

4861 | HI Hg 1 0.25

4891 | 01T | 3*s%-3*p | 28

4895 | NIT | 2°p%-3'p 1 % 0.12

5003 | NIT 3*pi_3g 4

5005 | NIT | 3°D-3°F® | 19 s 2.3 0.3
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Table 1 (continued)

Emission intensities (kiloRayleighs)

k,& Atom |Transition |[Mul- | March March March
or mo- ti- 7-8 8~9 9-10
lecule plet | Smr—Tor MOT  MDT | MDT  MDT DT

2031- 1900~ 2037- 2259~  0033- 0457~ 2034~
0457 2037 2259 0033 0457 0624 0455
UT UT uT uT T uT T
1731- 1600~ 1737-  1959- 2133~ 0157~ 1734~
0157 1737 1959 2133 0157 0324 0155
5200 ([NI],, 2%g.22p0 0.83 0.76 1.2 0.4
5577 10114, 2ip-21g 0.25 11 12 55 9 0.3
5632 0,7 |1NG(1,0) 8
5667 | NII  {3%p"-3%D 3 0.5
5680 | NII 3%p0-3%p 3 0.84
6300 {[0I],; |2°P-2'D 0.19 7.5 4.5 20 3.5 2 0.11
6364 [01],, 23p-2'p 0.08 2.2 2 6 1.2 0.53 0.04
8455] 0T 3°p-3%g? 9 0.05
6468 N, 1PG(8,5) 0.84
64821 NIT  |3*P°-3'p 8
6484 NI 3*D0-4"F 21} .29 0.0
6544| N, 1PG(7,4) 2.2
6563, HI Ho, 1 0.6
6624, N, 1PG(6,3) 2.7
6671 N, 1pG(12,10) 1.5
6705; N, 1PG(5,2) 4 0.3
6764 N, 1PG(11,9) 1
67891 N, 1PG(4,1) 3 0.3
10828 oOH (5,2) 9 9.8
10830! Hel 2%85-23p 1 1.3
11036§ N2+ M(0,0) , 4.5
, l

Visually the picture of the aurora was as follows. About 2045 MDT on March 8 (1745 UT) a homo-
geneous pulsing arc of rather small width flared up., By 2150 MDT (1850 UT) ray forms appeared, At
2150 MDT (1850 UT) the rays twined upward reaching the zenith. By 2155 MDT (1855 UT) the rays faded
but the homogeneous arc remained, varying by width and brightness, Until 2330 MPT (2030 UT) sometimes
rays and even columns of low brightness flared up. At 2330 MDT (2030 UT) the glow intensity in the
columns and their extent sharply increased. From 2340 MDT (2040 UT) to 2355 MDT (2055 UT) the emis-
sion was very intense, directed to the south from the zenith and stable. A corona was observed,
columns in the west and east were red, the glow in the north was green. After 0000 MDT (2100 UT)

a diffuse glow remained in the north. It continued pulsating without changing appreciably its size
and brightness. By 0400 MDT (0100 UT) the emission faded.

Spectral data obtained show that the aurora was typical, low-latitude with the predominance of
radiation in emission at 6300 X. The intensities of other emissions especially 1PGNg, 2PGNy and
VK N, bands and also the Meinel system N2+ are low and reached maximum values apparently only durin
the periods of sharp increases of the aurora. The intensity of continuum reached 10 R/& near 6400
during the second auroral flare.

The behavior of the hydroxyl emission did not differ from the earlier obtained variations on
the basis of the data of observations during the IGY [Shefov, 1969].

The intensities of recorded emissions (in kiloRayleighs) are listed in Table 1. As evident from
electrophotometric measurements and pictures taken by all-sky camera the most intense periods of the
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aurora were much lower than photographic exposures during spectral observations. This undoubtedly
led to some underestimating of the intensities listed in Table 1 since during the calculation of the
absolute values of the latter it was supposed that the intensity of the glow during the whole expo-
Sure was constant. YVisual, electrophotometric and all-sky observations show that during exposures
from 2033 to 2259 MDT (1733 to 1959 UT) and from 2259 to 0030 MDT (1959 to 2130 UT) there were con-~
siderable short-term increases of the intensity. For the emission at 6300 A at the zenith they were
approximately by 50 and 20 times, respectively, The maximum recorded intensity of red emission ar
the zenith was 17 kR (2138 MDT or 1838 UT), 20 kR (2342 MDT or 2042 UT), 16 kR (0611 MDT or 0311 UT)
(See Figure 1).
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Fig. 1. Variations of the red emission intensity (thick line) and the H~component of
the geomagnetic field according to Voeikovo (thin line).

According to the data of the all-sky camera (which recorded only the second flare) the integral
intensity of the glow reached a maximum value at 2351 MDT (2051 UT) (See Figure 2). Isophote maps
of some frames where this flare is photographed are given in Figure 3. As evident, at the moment
of the flare maximum the increase of the intensity in the circumterrestrial region reached 10 times.

During the night of the aurora three flares of the intensity of the emission at 6300 & at about
2150 MDT (1850 UT), 2351 MDT (2051 UT) and 0610 MDT (0310 UT) were recorded. The approximate dura-
tion of the first two flares was about 30 min. Apparently the southern boundary of the aurora at
the moments of the maximum was 30 to 35° of geomagnetic latitude.

The measured latitudinal distribution of the red emission is in good agreement with the earlier
detected [Truttse, 1968] latitudinal dependence of the intensity of this emission during geomagnetic
disturbances obtained on the basis of observations during the IGY.

The intensity of red emission at loecal midnight on the night of March 7-8 was about 60 Rayleighs
and on the night of March 9-10 about 200 Rayleighs. During the night the variations nearly did not
differ from typical nocturnal variations.
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Fig. 2. All-sky camera photographs of the aurora from 2330 to 0010 MPT (2030 - 2110 UT).

The intensities of the nightglow emission for the night preceding the aurora and for the next
night are listed in Table 1.

Three estimates of the Doppler temperature of the emission at 6300 2 were obtained which show
that during the aurora the temperature was 2Q00°K. As mentioned earlier [Truttse and Yurchenko,
1970a,b], the increase of the Doppler temperature is greater than that which is predicted accord-
ing to the Jacchia model [1964]. Since measurements were conducted northward at a zenithal dis-
tance of 60°, the temperature value obtained refers to the geomagnetic latitude of about 56°
(assuming that the height of the red emission is about 400 km).
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Fig. 3. Isophote maps of the integrated light of aurora for some frames. Inten-
sities are normalized to the zenithal intensity (it is 100) for the
2351 MDT (2051 UT).
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"Visual Auroral Obseryations in Canada, February - March, 1970"

by

Peter M. Millman
National Research Council of Canada, Ottawa

Visual auroral observing in Canada has been carried out on a systematic basis from a network of
stations during the 14 years from July 1957 to June 1971. The nature of the program has been de-
scribed briefly by Millman [1968].

During 1970 regular hourly reports were received from some 44 meteorological stations, and less-
regular observations from a number of other locations manned by volunteers in Canada and northern
U.S5.A. Because of the interest in the active period during the first half of March, 1970, the vyisual
observations made in the interval February 24 to March 20, 1970, have been examined in some detail.

Normally, reports where local cloud cover was greater than 8/10 are discarded. During the 25-
day period indicated above the average number of stations reporting each day in the interval 0000-
1200 UT was 26, and the corresponding average number of reports received was 130. From these the
greatest northern and southern extents of visual aurora were determined in geomagnetic latitude over
the general area between geographic longitudes 60°W and 140°W. This covers primarily geomagnetic
longitude zones G and H with small portions of zones F and A on the borders [See Annals of the IGY,
XVI, 154}.

The results have been plotted in the upper portion of Figure 1. In the lower part of the figure
is plotted the percentage of reports received each day that indicated aurora of some type.

It will be noted that the percentage aurora peaks strongly on March 8 with a secondary peak on
March 1. The southern extents for these two dates are 56° and 59°, respectively, the two lowest
minima during the period studied. The greatest northern extent near March 8 is G.M. lat. 79°,
showing a slight tendency for the auroral zone to expand both north and south, at the time of a major
disturbance. The drop in auroral activity after the disturbance, from March 8 to March 11, is very
striking.
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Fig. 1. A plot of auroral activity for 25 days in the February - March period 1970.

Below:

Above:

The percentage of visual reports received each day which contained
observations of some type of aurora.

The greatest southern and northern extent for visually observed aurora
seen in sectors G and H and plotted in coordinates of geomagnetic lati-
tude. Dates plotted are UT. Dates and observations analyzed here were
all made in the period 0000-1200 UT.
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"Auroral Infrasonic Wave Activity at College, Alaska
During the March 8, 1970 Magnetic Storm"

by

Charles R. Wilson
Geophysical Institute
University of Alaska
College, Alaska 99701

Continuous observations of infrasonic waves associated with auroral substorm activity are made
at College, Alaska with a four microphone array. The horizontal trace velocity Vi, the azimuth of
arrival ¢ , and the wave form are determined for each infrasonic waye packet [Cook, 1962], The mor-
phological characteristics of auroral infrasonic wave substorms have been described in a series of
papers based on five years of observations at College, Alaska, [Wilson 1969a, 1969b, 1969c¢, 1970].

During the great magnetic storm of March 7-8, 1970 there was a high infrasonic noise level at
College due to local winds, however, large amplitude auroral infrasonic waves were observed above
the noise on both days. The signals are listed below in Table 1 giving the horizontal trace velocity
(Vh = C sec O where C is the local speed of sound and o is the angle between the wave normal and the
horizontal), the azimuth ¢ from which the signal has come, the amplitude of the signal in dynes/cm?
and the UT time of arrival of the signal (LT = UT-10 hrs at College).

Table 1
Auroral Infrasonic Waves

7 March 1970

U.T. Vh(m/sec) oS Amplitude (dynes/cm?)
1809 795 324° 2.5
1856 640 303° 2.7
1917 625 302° 1.9
1952 435 315° 1.9

8 March 1970

U.T. ¥y, (m/sec) ¢ Amplitude (dynes/cm?)
0616 620 56° 4.5
1257 375 359° 5.2
1428 510 8° 4.6
1452 575 341° 3.4
1507 340 303° 3.5
1526 ) 530 352° 4.3
1531 475 345° 5.5
1557 580 357° 5.2
1604 520 311° 5.5
1618 450 338° 5.3

The typical relationship [Wilson, 1969a] of the onset of infrasonic wave activity to the deyel~
opment of the DP currents during a magnetic substorm is illustrated in Figure 1 by the substorm at
1420 UT on 8 March 1970. The times of arrival are shown by arrows on the insensitive H College
magnetogram for the auroral infrasonic waves listed in Table 1. A very sharp negative pressure
pulse was received at College at 1428 UT just 8 minutes after the sudden onset of a very strong
negative bay in H. This auroral infrasonic signal, as shown in Figure 2, was traveling toward the
south with a high trace velocity characteristic of a pressure wave from a source at ionospheric
heights. The 30 MHz riometer at College measured a sudden onset of "F" type auroral absorption of
greater than 20 dB beginning at 1418 UT. The riometers at Fort Yukon and Inuyik to the north of
College on the magnetic meridian showed sudden absorption omsets at 1422 and 1423 UT, respectively,
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Fig. 1, College insensitiye H magnetogram with the arrival times
of auroral infrasonic wayes shown by arrows for 8 March 1970

indicating that the auroral disturbance was expanding poleward over College with a speed of about
2.4 km/sec, Thus, the infrasonic signal at 1428 UT was radiated in. ‘the direction opposite to that
of the motion of the region of auroral electron precipitation. A negative pulse and a somewhat
longer acoustic delay time of 10 minutes are characteristic of this kind of source.

The other signals shown in Figure 1, beginning at 1452 UT, are of the type associated with
the supersonic motion of auroral electrojets as described by Wilson [1969b]. Thus, the signal at
1452 UT from 341° can be associated with the zenith crossing at 1444 UT of a supersonic auroral
electrojet as indicated by the sharp negative bay in H, the eastward change in D and the minus to

plus change in Z.

The auroral infrasonic signals in the bottom half of Figure 2 were scaled at 1526 and 1530 UT
as listed in Table 1. There were, however, coherent pressure waves throughout the period shown
from 1523 to 1536 UT. This is characteristic of very intense auroral infrasonic substorms during

the later part of the disturbance.

The earlier signal at 0616 UT on 8 March from 56° was probably associated with a westward
traveling surge over eastern Canada [Wilson, 1969c]. The late morning signals on 7 March are also
related to supersonic auroral electrojet motions as shown by analysis of the College magnetograms,

Overcast sky prevented good all-sky camera coverage of the 8 March substorm at 1418 UT, how~
ever, the infrasonic records can be used in conjunction with the College magnetograms to show that
supersonic auroral electrojet motions from NW to SE were taking place during this iIntense polar
substorm. This is typical of auroral substorm activity in the early morning local time sector.
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