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ECLIPSE PREDICTION DRAWN MARCH 3, 1970
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The structure of the solar corona predicted for March 7, 1970.
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"Ohservation of March 7, 1970 Solar Eclipse from 0S0-5 in Far UV"

by

R. Parker and W. A. Rense
Laboratory for Atmospheric and Space Physics

Dniversity of Colorado

Boulder, Colorado 80302

Introduction

The solar eclipse of March 7, 1970, was obseryed by instruments in 0SO-5 as a partial eclipse.
First contact occurred between 1608 and 1609 UT; last contact, just after 1634 UT; and maximum phase
at about 1626 UT. At the latter time, 87.847 of the area of the solar disk was covered by the moon.
This report concerns data obtained during the eclipse with the University of Colorado calibrated
ultrayiolet spectrophotometer mounted in the wheel of 0S0~5. The instrument utilizes a grating set
at grazing incidence for dispersing the solar UV radiation. Radiation from the entire solar disk in
‘three spectral bands is monitored by Bendix resistance strip photomultipliers; the spectral ranges
are 280 - 370 X (channel 1), 465 - 630 & (channel 2) and 760 — 1030 & (channel 3). The intensities
of the three channels are measured once every two seconds, the period of the rotating wheel. The
spectrophotometer data consist of photon flux counts over 30 milliseconds for each wheel rotation,
for each channel, and can be converted into relative intensities. The instrument was turned on at
the beginning of the eclipse, and data were obtained until shortly after maximum obscuration of the
sun by the moon. Noise is present in the data, especially for channels 1 and 2, and the computed
intensities at the beginning of the eclipse are affected by turn-on transients in photomultiplier
behavior. Except in regions of obvious noise, the relative intensities are accurate to about 2% in
any channel.

Intensity changes during the eclipse

The solid line curves of Figure 1 show for each channel, respectively, the variation of relative
intensity as a function of time during the eclipse. The dashed curves outline the hypothetical in-
tensity variatioms if the sun's visible disk were uniformly bright in the three spectral ranges (pro-
portional to area of visible solar disk exposed). Most of the irregularities in the curves are at-
tributed to noise, These effects are greater in channels 1 and 2. However, there are two time in-
tervals (shown by arrow pairs in the figures) during which the intensity drops at a rate greater than
that which the areal rate would indicate. For channels 1 and 2 these occur at times between 1618:30
and 1618:56 UT, and 1622:03 and 1623:00 UT, respectively, the times being the same for each channel.
The second of these is duplicated in channel 3, but the first appears to be of longer duration in that
channel.

Around the time of maximum obscuration of the moon, channels 1 and 2 are clearly brighter than
would be the case were the emissions uniform over the sun's visible disk, as is shown by the fact
that the areal curve falls well below the observed curve in each case, On the other hand, for chan-
nel 3, there is fair agreement between the observed curve and the areal curve in this region.

Discussion of results

For channels 1 and 2 (Figure 1), the deviations of the general features of the observed curves
from the areal curves may be explained if one assumes limb-brightening in the emissions correspond-
ing, respectively, to the two wavelength bands. Limb brightening for some of these wavelengths has
been previously observed [see, for example page 33, Report to COSPAR, Thirteenth Meeting, Leningrad,
USSR, May, 1970].

A rough quantitative estimate of the limb-brightening was made by fitting to the observed data
a curve having the following equation:

I,L + IAA =T

2 o

Here I, represents the limb-brightening contribution, I, the areal brightness contribution, L the
perimeter of the solar disk exposed at any time, and A éhe area of the solar disc exposed at that
time. The quantity, I,, is the expected observed intensity. I, and I, are taken to be constants
(uniform distribution of both peripheral and areal brightness).” For convenience, the uniform in-
tensity source of limb-brightening was assumed to be located in a very narrow band around the cir-
cumference of the solar disk., The constant I, and I, were obtained for each channel, respectively,
by normalizing the equation to two points of each of the observed eclipse intensity curves. The
equation was then used to predict the intensity changes during the eclipse as a function of time.
The results for several times are shown by the small crosses on the curves of channel 1 and channel
2 in Figure 1. For channel 3 the value of Iy is essentially zero, so that no limb-brightening is
required, within the errors of observation, to explain the measured intensity variation.
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Fig. 1 Curves of relative intensity as a function of time for each euv
channel during the March 7 partial solar eclipse as viewed from
0S0-5. The arrows mark times during which active areas were
covered by the dunar disk. The dashed curves are predicted
variations if the solar disk were uniformly bright in the three euv
bands. The crosses mark the predicted variations for channels
1 and 2 if limb brightening is assumed gresent.



For channel 1, the ratio IpL /(IjA  + I,L ) is 0.15, and for channel 2, 0.12. These values are
. s ¥ 3 o ; . ; .
approximate measures of llmb—brlgﬁtenlng of the sun for the net radiation emitted in the wavelength
range corresponding to each of the two channels, respectively.

An estimate can be made of the contribution of the active areas of the disk to the total bright-
ness of the sun for the wavelength ranges of the three channels. The upper left hand photograph in
Figure 2 shows the appearance of the solar disk in H alpha light on the day of the eclipse. The
other three photographs simulate the progression of the eclipse as viewed from the satellite; they
correspond to the approximate times, 1618:30, 1619 and 1622 UT, respectively.

Referring to the arrow pairs on the curves of Figure 1, which mark abrupt declines in intensity,
and comparing these time intervals with the solar disk images of Figure 2, one can conclude that the
intensity drops are the result of active areas being occulted by the moon. The decline on all three
channels from 1618:30 to 1618:56 UT, corresponds to the covering by the lunar disk of McMath regions
numbered 10618 and 10614. Since these regions were essentially all covered simultaneously, the effects
of individual active regions cannot be distinguished on the curves. The decline in total solar in-
tensity for the spectral regions for this interval is 3.3% on channel 1, 5.3% on channel 2 and 2.6%
on channel 3, after allowance is made for quiet region contribution. Since the active regions as
measured by calcium plage areas are at the most 1,3% of the total area of the solar disk, they are
considerably brighter than the surrounding regions, at least by factors of 3, 4 and 2, respectively,
for the three channel bands.

A similar analysis of the intensity drops from 1622:03 to 1623:00 UT indicates that the percent-
ages of decline for radiation from all the active regions involved (McMath regions numbered 10607,
10617 and 10619) are 2.3, 5.6 and 3.3, respectively, for the three channel bands. Here the active
regions are brighter than the surrounding regions, by, at least, factors of about 2, 4 and 2, 4.
spectively, for the ‘three channels (the calcium plage areas are 1.6% that of the solar disk).

Since the sun's activity at the time of the eclipse was fairly typical of the solar maximum,

the above data indicate that the total contribution by active areas to the intensity of solar radia-
tion in the entire u.v. range 280 - 1030 } is about 7% during solar maximum.
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"Large Fluxes of 1 kev Atomic Hydrogen at 800 k"

by

R. L. Wax, W. R. Simpson and W. Bernstein
TRW Systems Group
One Space Park
Redondo Beach, California 90278

This is a summary of the full paper published in the Journal of Geophysical Research.

Energetic (1 kev) neutral hydrogen fluxes in the range 10° - 10*% cm-? sec? appear to have
been detected during a rocket flight performed 7 March 1970 at 1847 UT as part of the Solar Eclipse
Rocket Program at Wallops Island, Virginia. The payload was launched on a Javelin Rocket to an
altitude of 840 km; at this altitude the attenuation of such energetic fluxes which might penetrate
the atmosphere from the interplanetary medium would be about 1%. Although the rocket entered a
region of only 80% totality, solar ultraviolet and other sources of background counts made no
significant contribution to the observed atomic hydrogen and proton fluxes.

The average flux of energetic hydrogen atoms was 5 x 10° atoms em—?2 sec™ str! kev~! at 1 kev.
The spectrum was exponential with an e-folding energy of V600 ev. The simultaneously measured total
proton flux was 10° cm=? sec~? str~! with an e~folding energy of 900 ev.

The observed atomic flux was not isotropic; the counting rates increased by a factor of 5-10
during part of the azimuthal scan. The sun appeared in the instrument field of view very near to
the boundary of this region of increased counting rate. It is therefore unlikely, although possi-
ble, that the source of the energetic neutral flux was the sun.

Some eighteen hours after this flight, the largest geomagnetic storm of this solar cycle oc-
curred. Since the measured atomic flux and its energy density are approximately a factor of 102
greater than those of the undisturbed solar wind, it is possible that this flux may be involved
in the production of this particular storm.

REFERENCE
WAX, R. L., 1970 Large fluxes at l-key atomic hydrogen at 800 km,
W. R. SIMPSON and J. Geophys. Res., 35, 6390-6393.

W. BERNSTEIN
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"Preliminary Results from a Meteorological Rocket Experiment
During the Solar Eclipse of March 7, 1970"

by

Robert M. Henry
Principal Experimenter
Langley Research Center, NASA

Roderick S. Quiroz
Co-Experimenter
National Meteorological Center, NOAA

It is clear from evidence of previous experiments that large and important changes in the iono-
sphere occur during a solar eclipse. Changes in the neutral region of the stratosphere and meso-
sphere are not so clearly established. Large increases in total ozone amount deduced from ground
observations are at variance with theoretical changes, and an earlier rocket experiment [Ballard et
al., 1969] conducted at Tartagal, Argentina (23°S, 64°W) during the November 12, 1966 eclipse showed
, temperature decreases much larger than would be expected theoretically. These earlier data are open

to some question because of the relatively large random errors of rocketsonde instruments at that
time because of the difficult nature of operations at the temporary remote site and because correc-
tions for aerodynamic heating, radiation, and other errors were not applied to these data.

In order to better define the eclipse related changes in the neutral atmosphere a series of
ARCAS meteorological rockets was fired from the NASA Wallops Station before, during, and after the
March 7, 1970 solar eclipse. Because of conflicts with the many other eclipse experiments at the
Wallops Station, it was not possible to schedule all of the most desirable launch times, but the
eight launches scheduled give good temporal coverage, and, with the addition of data from the pitot
tube experiment, should provide a clear picture of changes in the stratosphere and mesosphere. All
of the rockets were launched at the scheduled times, with excellent trajectories, radar trackings,
and telemetry for all but one rocket. The telemetry signal of the final, post-eclipse-day rocket
was unsatisfactory and a back-up launch was required.
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Fig. 1. Preliminary analysis of rocketsonde temperature for Wallops Island, Va., for solar eclipse
of March 7, 1970. Arrows indicate the approximate time that the sensors were at the 50 km

level.
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All of the temperature data will be corrected for aerodynamic heating, radiation and other er-
rors using the procedures described by Lacey and Staffanson [1970]. However, these corrections, as
well as the wind computations require use of the processed radar tapes, and all of these tapes have
not yet been received from Wallops Station. Therefore, the present preliminary analysis is based on
uncorrected temperature data. The analysis is shown in the form of a time-height cross-section in
Figure 1 and in the form of temperature-altitude plots in Figure 2. 1In Figure 2 (b), a smoothing in
the form of an overlapping running has been applied.

The salient features of this preliminary analysis are (1) a perturbation of the temperature
field essentially contained within the period of the eclipse, and mainly within the 40-60 km layer;
(2) maximum amplitudes of 5-7°C at 45-55 km with minimum temperatures indicated a few minutes after
totality; (3) rapid warming just before the end of the eclipse.

Final conclusions must await not only the refinement and correction of the present data, but
also comparison with other results, especially the pitot tube measurement and ozone measurements at
Wallops Island, and other eclipse meteorological measurements at Eglin AFB, Florida, and in Mexico.
A more complete discussion of this preliminary analysis was published in Nature, 226, 1970.

REFERENCES
BALLARD, H.N,, 1969 Solar Eclipse: Temperature, Wind, and Ozone in the
R. VALENZUELA, Stratosphere, J. Geophys. Res., 74, 711.
M. IZQUIERDO,
J. W. RANDAHWA,
R. MORLA,
J. F, BETTLE
LACY, W. W, and 1970 A Data Reduction Program for a Rocketsonde Temperature
F, L, STAFFANSON Sensor, NASA Cr-66895.
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"Travelling Jonospheric Disturbances Observed Near the Time of the Solar Eclipse of March 7, 1970"

by

G. M. Lerfald and R. B. Jurgens
National Oceanic and Atmospheric Administration
Environmental Research Laboratories
Boulder, Colorado 80302

and

J. Vesecky and D. Kanellakos
Stanford Research Imnstitute
Menlo Park, California 94025

Chimonas and Hines [1970] and Chimonas [1970] have predicted the likelihood that the shadow of
a solar eclipse moving at supersonic velocity can generate gravity waves of a magnitude which should
be detectable by ground-based and/or ionospheric measuring techniques at considerable distances from
the center of the eclipse path. Chimonas and Hines [1970] pointed out that the March 7, 1970 solar
eclipse would provide a favorable opportunity for making measurements to detect the effects of such
eclipse-generated gravity waves. This paper reports preliminary results from iomospheric measure-
ments conducted during a 6%-hour period centered on the eclipse occurrence.

Two techniques were used; one employed transmission of very short pulses centered at a frequency
of 18 MHz and the other the transmission of a cw signal which was linearly swept from 5 tc 30 MHz at
a 1 MHz/sec rate (CHIRP signal). The transmitters were located at Palo Alto, California and the re-
ceiving equipment at Boulder, Colorado. At this range (1500 km) the propagation during daytime is
usually via one-hop E and F modes. The CHIRP ionosonde data, recorded on magnetic tape, were pro-
cessed in the conventional way to obtain ionograms on 35 mm film, and later the data were reprocessed
and recorded on a 16 mm framing camera. The latter film, when projected as a movie, showed evidence
of interesting systematic changes in the ionogram traces with time. The 35 mm filmed ionograms were
scaled in detail by use of an electromechanical scaler which recorded digital data on magnetic tape
as each ionogram was traced by a manual pointer. These data were then processed by a large digital
computer and the output plotted by a CRT plotter. Figure 1 shows a plot of the CHIRP ionosonde data,
where signal delay is plotted versus time at one MHz frequency intervals.

The short-pulse experiments were performed using transmitters, described by Kanellakos [1969],
which can radiate pulses of submicrosecond duration at HF with peak powers of several megawatts. At
the receiving end, broad bandwidth receivers (0.5 and 1 MHz) were used and the coherent IF output
was recorded by photographing a triggered oscilloscope trace. Time was maintained to within a few
microseconds at the sending and receiving stations, so total signal propagation time and changes in
the latter could be determined to within a few microseconds.

Figure 2 shows the variation of the starting times of the received pulses relative to time of
transmission of the pulses (note the arbitrary shift in time reference) during the period 1654-2316
UT on March 7, 1970.

Another parameter measured from the recorded pulses is the duration of individual pulses.
Figure 3 shows a time series plot of the pulse durations in microseconds for the same time period
as that of Figure 2.

The data presented in the above figures exhibit a number of interesting features. Figures
1 and 2 show several fluctuations in signal delay, with average period about 40 minutes, which look
like those expected from travelling ionospheric disturbances. There is good general agreement
between the pulse delay variations of Figure 2 and the group delay changes at 18 MHz shown in
Figure 1. The group delays on Figure 1 show a leading phase for the perturbations at the higher
frequencies with respect to the lower frequencies (dashed lines comnect approximate peaks). This
is consistent with theoretical expectations and experimental data for travelling disturbances
[See, e. g., Georges, 1967].

Figure 3 shows several peaks in the pulse length parameter. These coincide with times when
the pulse start time is trending toward a maximum delay and may be indicative of multipath con-
ditions which are most likely to occur when the reflection region is from the trough portion of
a travelling disturbance. At such times, rays which leave the transmitter at azimuth angles
slightly off the great circle path to the receiver, may be refracted sufficiently to cause focus-
sing and/also pulse lengthening. Nonsymmetry of the pulse length peaks with the corresponding
peaks in times of pulse starts is qualitatively consistent with tilts in the wave front of a
travelling disturbance.

The principal objective of the experiment was to look for and study travelling disturbances
which may have been generated by the moving eclipse shadow. The occurrence of a rather large
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Fig. 1. Group time delay vs. time curves derived from oblique CHIRP ionosonde data at
several transmission frequencies. The path was from Palo Alto, California to
Boulder, Colorado. Dotted lines indicate interpolations filling in gaps in
the data. Traces have been shifted vertically to avoid overlap.

T I ; I T T ;
200 - -
100 _
0 | ! 1 1 | | 1
7 18 19 20 21 22 23
Hours (UT)

Fig. 2. Plot of pulse delay changes versus time during occurrence of ionospheric
travelling disturbances.
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Fig. 3. Plot of pulse length versus time for the same time period as Figure 2.

‘solar flare at 1603 hrs. UT and the high level of geomagnetic activity which characterized this
period serve to complicate the analysis. It is hoped that other data will become available which,
coupled with the above, will be capable of determining the direction of travel of the apparent
travelling disturbances. If some, or all, of these appeared to travel from south to north, it is
likely that the eclipse could have generated the disturbances. If, on the other hand, they all
travelled from north to south, it is likely that they were mainifestations of the geomagnetic
storm in progress at the time,
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"Ionospheric Effects from Gravity Waves upon Total Electron Content during the Eclipse 7 March 1970"

by

P. R. Arendt
U. S. Army Electronics Command
Fort Monmouth, New Jersey

A bow wave front of internal gravity waves produced by supersonic movement of the moon's shadow
has been predicted for solar eclipses [Chimonas and Hines, 1970]. It is assumed that related pres-—
sure disturbances create travelling ionosphere disturbances, TID's, which could be observed when
they produce variations of the total electron content measured along a slant path toward a synchro-
nous satellite. Such variations of the total electron content were measured at Fort Monmouth, Diana
Test Site (N 40.185° W 74.056°) by means of polarization data from ATS-3 signals on 137.35 MHz., The
measuring and data evaluating system is fully mechanized. The slant path toward the satellite cross—
ed the path of totality. The content data refer to a subsatellite point at N 37.9° W 75.2°, The
geomagnetic field factor for conversion of polarization data to electron content values was esti-
mated with 0.58583 gauss for the subsatellite point. This factor was assumed to be constant during
observations. We have abstained from modifying this factor in order to meet obvious changes during
the eclipse of the electron density vs. altitude profile because no experimental method is on hand
for measuring, in real time, the shape factor, that is, the diurnal change of the geomagnetic field
factor. We consider this uncertainty not to be a serious defect because the electron content varia-
tions were measured against a running average over 27 minutes. It is very unlikely that a substan~
tial variation of the shape factor or of the geomagnetic factor will occur during such relatively
short intervals. The ambiguity of the polarization data was solved by reference to the lowest po-
larization values before sunrise (on March 8). At that time the resultant polarization must be
smaller than 360 degrees for a frequency in the 137 MHz range. The effect from the satellite's
spin was eliminated by continuously averaging over 28 or 35 data points taken within 4 or 5 seconds.
Those averages were obtained every 3 minutes during the period from 08 to 24 hours EST on the eclipse
day.
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A careful investigation of the statistical error of our measurement has been performed [Arendt,
in press]. The readout precision of a single datum is + one-half degree. The statistical error is
t 5.5 degrees for 99.73% of all data point averages (each taken over 3 minutes). For 50% of the
averages the error is * 1.2 degrees.

The search for the anticipated undulatory variation of the electron content was performed by
a smoothing procedure, that is, taking a running average over 9 data points. This running average
(over 27 minutes) was compared with the actual data at the center of the interval. The obtained
differences were plotted against time (see Figure 1). The maximum statistical error for these
differences is twice the error for each data point. Thus, we have a maximum possible error for all
data in Figure 1 of + 11.0 degrees and for 50% of the differences an error of + 2.4 degrees. The
related content values are 2.6 x 10'! e/cm® and 5.7 x 10*° e/cm? respectively. The variations re-
corded in Figure 1 are beyond these limits.

An attempt has been made to read the average wave period from the deviations in Figure 1. For
this purpose only the peaks above and below the levels of * 15 degrees were accounted for. A guess
was made whether the interval between peaks was % or 1 or 2 periods. An average was found of about
18 min. per period with an uncertainty of * 3 min. as introduced by the spacing of the original data
averages.

On the EST time scale, the global start of the eclipse was at 11:00 hours. Thus, electron con-
tent variations before that time cannot be related to the eclipse. Variations like those midmorning
variations prior to 11:30 EST (in Figure 1) are often observed with ATS signals at our test site.

We leave it open here which effects are causing these observations. For the eclipse effects, we
consider the time after 12:30 EST and note that the midmorning variation has faded out by 12 noon EST.

From satellite S-66 BEC observation of orbit 23690, we have estimated [Arendt, in press] the
wavelength of the observed undulations. This passage crossed the totality path shortly after center
of totality had passed. The observed content variations must have shown the beginning of the wake
of the predicted bow wave [Chimonas and Hines]. The wavelength was found from observed minima of
the electron content; it is estimated to be about 320 km. From this distance the velocity of the
undulatory motion is calculated to be about 296 m/sec for a wave period of 18 minutes.

REFERENCES
CHIMONAS, G. and 1970 Atmospheric Gravity Waves Induced by a Solar Eclipse,
C. O, HINES J. Geophys. Res., 75, 875.
ARENDT, P. R. (In Print) USAECOM Tech. Report
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"Reaction of Ionospheric Regions to Solar Eclipse of March 7, 1970"

by

P. R. Arendt, F. Gorman, Jr., and H. Soicher
Institute for Exploratory Research

U. S. Army Electronics Command

Fort Monmouth, New Jersey 07703

Polarization measurements of ATS-3 beacon signals (137.35 MHz) were made at Fort Monmouth, N. J.

(N40.185° W74.056°).

The changes of corresponding electron content data (Fig. 1) were related to

eclipse coverage at a 350 km subionospheric point (N37.9° W75.2°), near where bottomside soundings
(kindly provided by courtesy of R. S. Gray) were taken by ESSA (now NOAA) at Wallops Island (N37.4°
W75.5°) in support of the eclipse observations.

It is difficult to compare data of the eclipse day with similar data from days just before or
just after the eclipse since magnetic storm activity lasted throughout the entire period. For ex-
ample, our amplitude scintillation index measurements of the ATS-3 signals show extremely large val-
However, this scintillation activity was relatively small
made. We abstain, therefore, from
or next days which may have been
to the time period directly after
had already taken place. Thus,
mixed with the strong slope of

ues between March 5 and March 10, 1970.
during the exact time interval when our eclipse observations were
comparing data for the eclipse period with that from the previous
We consider that our eclipse observations are related
local noontime, i.e., when the buildup of the ionospheric regions
the reactions of the ionosphere to the eclipse phenomenon are not
either increasing (midmorning) or decreasing (afternoon) electron
to be accounted for if a solar eclipse were observed during early

disturbed.

19561 or late afternoon hours local time.
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We ascribe the first ionospheric reaction to the eclipse to the first turning point in Fig. 1
The strongest reaction is ascribed as usual to the observed minimum; recovery is ascribed to the
second turning point of the curve in Fig. 1. The E- and F-region reactions read from the Wallops
Island ionograms follow a similar schedule: turning points before and after a minimum. We believe
that for our eclipse observations the correlation of first turning point to first ionospheric re-
action, and correlation of second turning points to ionospheric recovery is less misleading than
correlation to data from days which were heavily disturbed.

We compared the times when turning points and minima occurred with the times when first contact,
maximum coverage, and last contact would have been observed visually at the points of observation.
Data of total electron content and of F-max were related to a 300-km altitude at the mentioned sub-
ionospheric point. The F-max data from Wallops Island were shifted in time by 2 minutes to compen-
sate for the distance between the two locations. The E-region data have been related to 100-km al-
titude at the Wallops Island location. We thus arrived at the schedule presented in Table 1 where
all times are given in EST. A similar table for time delays at maximum coverage has been given by
Rawer and Suchy [1967].

A decrease. in total electron content was found to precede the decrease in F-region maximum plas-
ma frequency by about 5 minutes. These first reactions occurred 13 minutes and 17 minutes, respec-
tively, after first visual contact as seen from the ionospheric position. The delay of 13+3 minutes
for first reaction of the total content is shorter than the value of 40 minutes noted by Flaherty et
al. [1970] for a subionospheric point more southerly and closer to the path of totality than our
reference location. At maximum coverage, polarization of the ATS-3 signal had decreased to only 90%
of its maximum decrease. The minimum electron content was delayed by 24 minutes with respect to
visual maximum coverage; other authors [Flaherty et al., 1970; Almeida and Da Rosa, 1970; Bienstock
et al., 1970] observed delays during this eclipse of between 20 and 39 minutes. Our minimum electron
content values preceded minimum F-max values by about 12 minutes; however, this figure is rather un-
certain (see Table 1) due to broad minima.

Table 1
TONOSPHERIC RESPONSE TO SOLAR ECLIPSE
(all times in EST)

Ist Turning or Min. Tonization Ret. to Normal
lst Visual or . or
Contact Max. Coverage Last Contact
At 300 km
Visual 12:25 13:42 14:55
{Ndh 12:38+3 14 :06+3 15:26+3
Froax 12:4344 14:1846 15:30+15 Interpolated
to ATS-3
Point
At 100 km
Visual 12:22 13:40 14:53
At Wallops
Erax 12:12+1 13:4041 14 14548 Island

The return to normalcy was observed for the total electron content after a delay of 31 minutes
and for F-max, after a delay of 35 minutes relative to last visual contact; again, the F-region data
are uncertain. The already cited observations of Flaherty et al. [1970] give a delay of 43 minutes
for total content recovery.

Total content reaction preceding relative F-max observations is understandable when the known
quick reaction of the E-region is accounted for. These quick reactions accelerate the total content
reaction relative to the F~max reactioms.

The reactions of the E-region were as follows (see Table 1): First reaction was about 10 min-
utes earlier than first visual contact; maximum reaction (E at minimum) coincided clearly with maxi-
mum coverage; and recovery was close to last contact or later within the tolerance limit. This lat-
ter tolerance value is rather large because some ionograms are missing due to a change in the se-
quence of ionograms at Wallops Island.

Literature citations [Rawer, 1956] as early as 1954 mention the advance reaction of the E-region
relative to first contact. For a review of observations from 1932 to 1952, see Ratcliffe [1956]
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citing coincidence, delay, or advance reactions. An Appleton observation from 1927 cited in recent
literature { Bienstock et al., 1970] refers to a 4-minute delay between E-region minimum and maximum
coverage. Our readout of the Wallops Island ionograms have been checked very carefully, but the data
do not confirm the statement from 1927. We are in agreement with Rawer [ 1956] and Becker [1956]
regarding the advance reaction of the E-region. It may be noted that Becker's data also refer to an
eclipse observation close to local noontime.

A simple explanation of the advance reaction of the E-region does mnot appear to be possible.
Zones of specific solar activity may play an important role, as may local events in the outer corona
of the sun. Finally, horizontal electron drifts may have to be considered as excited by electron den-
sity gradients created by the shadow of the eclipse. This shadow produces a void of electrons (main-
ly due to recombinations in the E-region) at positions close to a point of observation where first
contact has not yet been reached. Thus, there exists a temporary steep gradient which causes the
number density in the observed part of the E-region to diminish just prior to the time of first con-
tact. This horizontal gradient is large before first contact; it becomes smaller and smaller with
increasing coverage. Horizontal drifts across magnetic lines of force may take place mainly at E-
region altitudes due to the high collision frequency there. But similar motions are inhibited by
the magnetic field at F-region altitudes, where the mean free path for electrons is considerably
larger. Further, atmospheric motions like these created by internal gravity waves [ Chimonas and
Hines, 1970] must be considered. A synoptic description of the phenomenon could be given if fast E-
region reaction (within a tolerance of +3 minutes) could be assumed throughout, and if effective cor-
ona zones could be assumed to extend so far out that even 10 minutes before first visual contact some
shielding diminishes irradiation in the E-region. 1In this respect observations are of importance
which indicate effective solar diameters larger than the optical diameter and a non-symmetric (i.e.,
elliptical) distribution [Ryle, 1956] of the solar disk's brightness. This concept may explain why
different E-region reaction times are reported [Ratcliffe, 1956] for various eclipses; the shadow
may approach the solar limb from directions where the effective diameter is either large (equatorial
regions) or small (polar regions). It is very likely, however, that all the effects mentioned play
a more or less important role in the observed phenomenon.
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"VLF Phase Changes Produced by the Total Solar Eclipse of 7 March 1970"

by

S. Ananthakrishnan and A. M. Mendes
Centro de Radio Astronomia e Astrofisica
Universidade Mackenzie, Sao Paulo, Brazil

Very low frequency (VLF) transmissions from three locations (Omega, Haiku 10.2 kHz; NLK,
Seattle, Washington 18.6 kHz and NAA, Cutler, Maine 17.8 kHz) were received at Umuarama Radio Obser-
vatory, Campos do Jordao, Sao Paulo, Brazil, during the total solar eclipse of 7 March 1970 by two
receiving stations controlled by a Rubidium Oscillator. The phase outputs have widths of 0-100
Msec (1 usec) and 0-10 psec (#0.1 usec) and the recording time constants are 50 sec, both in phase
and amplitude. The propagation paths are 12,900 km and 7,900 km long, respectively. The simplified
geometry of the propagation paths is shown in Figure 1. Phase and amplitude changes on the three

.frequencies are shown in Figure 2. Maximum phase retardation on NAA and NLK were 3.8 usec and 3.6
psec. The eclipse affected the Haiku - Sao Paulo path during the sunrise period and was in addition
affected by an SID which occurred 35 minutes after first contact. It is, therefore, difficult to
measure the magnitude of the phase retardation. Phase advances from night to day on normal days

are usually of the order of 120 ps on Haiku, 75 us on NLK and 57 us on NAA. Percentage of eclipse
to diurnal changes on the three paths were 3%, 5% and 7%, respectively. A comparison of these re-
sults with the oblique incidence VLF phase observations of Hildebrand [1969] in Southern Brazil dur-
ing the total solar eclipse of November 12, 1966, showed that the two sets of results were similar.
Hildebrand's observations show a phase retardation of about 6 Msec at 31.25 kHz falling to 1.0 usec
at 15.6 kHz and again rising to 4.0 psec at 9.37 kHz. At a frequency of 8.75 kHz, the observed re-
tardation was 3.0 psec which is comparable with the 3.8 usec and 3.6 psec observed at 17.8 kHz and
18.6 kHz in the present case.

By making use of the tabulated full wave solutions of Wait and Spies [1964] and the percentage
of path affected; changes in the conductivity in the affected portion of the path were calculated.
The calculations were made, assuming that only the first order mode was dominant. The percentage
of the path affected in each case was calculated graphically as follows: The time difference be-
tween the commencement of the phase change and first contact was noted. This was 24 minutes in the
case of NLK and Haiku and 28 minutes for NAA. A circle was then drawn with radius equal to the
minimum distance from the position of the eclipse trajectory at that instant to the propagation
path. The length of path affected in each case is given in Table I. Since the eclipse trajectory
crossed the Haiku - SP path at sunrise, only the portion of the path which was sunlit at the time
the phase retardation commenced has been considered. The value of 3.2 mm quoted in Table I is the
lower limit, since the portion of sunlit, path increases as the eclipse progresses. Table IT gives
the values of B and h , the conductivity gradient and reference height for the new profiles in the
portion of the path affected by the eclipse.

Table I
Station Total path Affected Percentage
NAA 7,900 km 2,400 km 29%
NLK 10,900 km 1,900 km 17%
Haiku 12,900 km 3,200 km 317%
Table II
Station Path Affected v/e B h
km~? °
NAA 2,400 km 0.9989 0.28 75 km
NLK 1,900 km 0.9988 0.32 73 km
Table III
Station Deeks Deeks Observed
607 100%
NAA 4.6 us 6.0 us 3.8 us
NLK 3.5 us 5.1 us 3.6 us
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The geometry of the propagation paths from transmitters Haiku, NLK and NAA received
at Sao Paulo and the path of totality of the March 1970 eclipse.
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Fig. 2. Phase retardations on Haiku(A), NLK(B) and NAA(C) produced by the eclipse. Phase

records on average normal (dashed line) are also shown.
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Deeks [1966] has used a general interpretation of VLF eclipse observations to construct elec—
tron density profiles. The theoretical phase variations expected from these profiles have been
calculated using the full wave solutions of Wait and Spies. Table III gives the results of these
calculations for NAA and NLK. No calculations were made for the Haiku-SP path, in view of the
mixing up of the flare and eclipse effects. It should also be mentioned that no attempt was made
to discriminate between the portions of path lying within the penumbral and umbral portions of
the eclipse. Table III gives the results of these calculations.

As mentioned earlier, an SID which occurred at 1605 UT affected the phase and amplitude of both
Haiku and NLK. The plage responsible for this SID had coordinates 145 38E. Figure 3 shows a plot
of the phase changes on NAA and NLK with time. Also shown is the percentage obscuration of the
sun's disk by the moon. The arrows labelled 1, 2 and 3 correspond to the eclipsing and uncovering
of active regions whose respective coordinates are also given. There is a time difference of 6
minutes and 8 minutes, respectively, between 100% obscuration and the phase maximum on NLK and NAA,
respectively. It is also interesting to note that there are two distinct kinks on the phase curve
corresponding to the eclipsing of regioms 1 and 2. There is a noticeable effect present during the
uncovering period also, as can be readily inferred from Figure 3.
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"LF Observations during a Solar Eclipse and Suggested Particle
Precipitation Between March 6 and 14, 1970"

by

R. H. Doherty
U.S. Department of Commerce
Office of Telecommunications
Institute for Telecommunication Sciences
Boulder, Colorado 80302

The phase and amplitude changes on low frequency pulse signals are presented for a solar eclipse
in March 1970 and for one in July 1963. Differences between the two sets of observations are tenta-
tively attributed to seasonal changes in the ionospheric D region. During the period associated with
the March 1970 eclipse, a solar proton event and an associated PCA occurred. The nighttime LF pulse
observations showed rapid phase and amplitude disturbances, which have been tentatively interpreted

as particle precipitation events. The disturbances first appeared on the more northerly latitude
paths and several nights later appeared on the lower latitude paths.

Background
Solar Eclipse Measurements

Phase and amplitude observations of one~hop, ionospherically reflected LF pulse signals have
been obtained for the period 1-14 March 1970 for the following propagation paths:

Nantucket, Massachusetts; Jupiter Inlet, Florida
(both directions, NT-»JP, JP-NT)

Dana, Indiana; Jupiter Inlet, Florida
(both directions, DN —JP, JP—DN)

Dana, Indiana to Bermuda (DN—BR)
Dana, Indiana to Cape Race, Newfoundland (DN-—CP)
Cape Race, Newfoundland to Nantucket, Massachusetts (CP—NT)

Cape Race, Newfoundland; Sandur, Iceland
(both directions, CP —SA, SA —CP)

Jupiter, Florida to Boulder, Colorado (JP-BO)
Nantucket, Massachusetts to Boulder, Colorado (NT-BO)
Cape Fear, North Carolina to Boulder, Colorado (CF-BO)

Phase and amplitude changes observed on all of these paths during this period constitute the basis
for the discussions in this paper.

In July 1963, the path of a solar eclipse swept across the Aleutian Islands of Alaska and sub-
sequently across Canada. Low frequency (100 kHz) pulse transmissions of the U.S. Coast Guard Alaskan
Loran-C chain were observed in the one-hop sky-wave propagation mode for several paths of near solar
eclipse totality. In addition, the three paths to Boulder, listed above, were partially eclipsed.
Two of the paths in the Aleutian Islands where data were obtained were the following:

Sitkinak to Port Glarence (SK—PC, totally eclipsed)

Attu Island ~ Sitkinak
(both directions TT-»SK, SK—TT 94 percent eclipsed)

See Figure 1 for a comparison of the paths observed in 1963 and those observed in 1970.

Nighttime Disturbances

For these low frequency pulse signals the daytime height of reflection is near 70 km and the
nighttime height near 90 km. Over the 1830-km path between Nantucket, Massachusetts, and Jupiter

Inlet, Florida, with a midpoint at 34°15'N, 75°28'W geographic, or 45°40'N, 352°20'E geomagnetic
coordinates, rapid simultaneous phase and amplitude fluctuations are frequently obseryed at night.
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Statistically these events occur more frequently near the equinox, seasonally; and near dawn,
diurnally. They seem to occur more frequently on the path indicated above than they do on higher
latitude paths situated at quite different geomagnetic longitudes, and they have not been observed
on paths at geomagnetic latitudes below 30°N. A possible explanation for the greater semsitivity
on the path mentioned above could be the fact that the midpoint of this path lies slightly west of
the conjugate to the South Atlantic anomaly. Westward drifting protons suffering pitch angle
diffusion in the South Atlantic anomaly might precipitate into this region.

Detailed correlation of both phase and amplitude as seen at both ends of reciprocal propagation
paths tend to rule out gradients, offpath reflections, or instrumentation as causes for producing
these events. Investigations in which several different propagation paths were used suggest that
these effects may be quite localized, but that paths with similar geomagnetic latitudes may be simi-
larly affected even when they are separated by more than 100° in geomagnetic longitude. Nearly si-
multaneous events have been observed on paths widely separated in longitude but at similar geomag-
netic latitudes at times when comparable paths at different geomagnetic latitudes were extremely
quiet. Figure 2 illustrates a highly disturbed night in October 1969. The detailed structure as
seen at opposite ends of the same propagation path is highly correlated. The records for a normal
quiet night would show fluctuations of no more than 2 or 3° and 1 or 2 dB in amplitude during a
comparable 3-1/2 hour period. This phenomenon is more thoroughly covered by Doherty [1971].

0600 0700 0800 , 0900
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i PV
~10d8

NT=-JP
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B | H’\,JL«/*
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0600 0700 0800 0900

October 9, 1969

Fig. 2. A disturbed night as seen at opposite ends of a propagation path.
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Results of the Solar Eclipses

During the March 1970 solar eclipse, LF pulse observations were made over several paths of
eclipse totality or near totality in the U.S. The path midpoints ranged from 34° to 56°N latitude,
and the path lengths ranged from 1000 to 3000 km. The effects observed during this eclipse were
rather rapid phase retardations near the eclipse totality, with the maximum apparent height of re-
flection occurring 5 min after totality; a rather small amplitude change was observed, with the
maximum signal level occurring slightly before the eclipse totality. It should be pointed out that
on March 7, 1970 a solar flare occurred less than 1 hour before the eclipse started. This flare
appreciably affected all the LF skywave signals, and they had not returned to normal conditions by
the time the solar eclipse began. The flare effects may partly account for the amplitude maximum
occurring before the time of maximum obscuration, but a complete explanation of this phenomenon is
not easy. Figure 3 presents the phase and Figure 4 the amplitude for several of the totally or near
totally eclipsed paths on March 7, 1970. The results observed for this eclipse were similar on all
of the observation paths, but were considerably dissimilar from the results observed for the July
1963 eclipse. Figure 5 shows the comparison between the 1963 and 1970 obseryations for paths of
totality or near totality (1970 path is from Dana to Bermuda).

Relative Phase
(360° per Division)

DN—=BR

| l Ly

1900 2000 UT

T B

1600 17

00 1800

Fig. 3. Phase measurements for several eclipse paths in 1970.

440



Relative Amplitude
(I0dB per Unit)
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! l ] | l l ] ! ] i I |
1600 1700 1800 1900

Fig. 4. Awmplitude measurements for seyeral eclipse paths in 1970.

The 1963 eclipse results have been described by Doherty 1968, 19701, but a brief review is
presented here. The retardation of the phase of the ionospheric signal from Attu to Sitkinak was
nearly proportional to the increasing solar obscuration, indicating a maximum apparent reflection
height near maximum obscuration. Following the maximum obscuration, the phase advanced with an
overshoot following the end of the eclipse (see Figure 5). This pattern was shown to be similar
to a theoretically calculated change in ozone densities at heights above approximately 65 km. The
amplitude of the LF pulse signal over the totally obscured path from Sitkinak to Pt. Clarence in-
creased rapidly near the eclipse totality and reached a maximum value 4 min. after the time of
totality. These changes were shown to be similar to calculated changes in the atomic oxygen density
for heights below about 65 km. except for the 4-min. delay, which was attributed to an ionic reaction
time constant that would exceed 4 min. if the [0] <10° atoms/cm® during the eclipse.

Figure 6 shows the comparison of data observed over the partially obscured path between Cape
Fear, North Carolina, and Boulder, Colorado, for both the 1963 and 1970 eclipses. Although the ob-
servations for the 1970 eclipse occur during the recovery phase of the solar flare, it is apparent
that the effects of the partial eclipse on this path must be far less in 1970 than they were in
1963. This is true even though the path was slightly more obscured in 1970 than in 1963 (65 percent
as opposed to 58 percent). The greater effect of the eclipse on the propagation paths in 1963 than
in 1970 can be seen on all of the partially eclipsed paths.
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Suggested Particle Precipitation Related to the March 6th PCA

On March 6, 1970, a solar proton event and a resulting PCA were observed. On the night follow-
ing the solar eclipse, nighttime disturbances were observed on the paths from Cape Race, Newfoundland,
to Nantucket (midpoint at 55°43'N, 8°57'E geomagnetic), Nantucket to Boulder, Colorado (midpoint at
52°49'N, 358°49'E geomagnetic), and Attu Island, Alaska, to Pt. Clarence, Alaska (midpoint at 54°2'N,
234°41'E geomagnetic). TFigure 7 shows large and rapid amplitude variations on the signals received
at Nantucket from Cape Race, at Attu Island from Pt. Clarence, at Pt. Clarence from Attu Island, and
at Boulder received from Nantucket, respectively, from the top trace to the bottom trace. The activ-
ity also occurred on these paths for two nights following the one shown. On all three of these nights,
paths at lower latitudes showed no activity at all; on March 12, 1970, activity began on the lower
latitude paths. Figure 8 shows a comparison for the lower latitude paths. The top three traces show
the phase fluctuations seen at Nantucket from Jupiter, at Jupiter from Nantucket, and at Bermuda from
Dana, Indiana, respectively. The bottom three traces shew the amplitude variations for these same
three paths in the same order. The path from Dana to Bermuda is 2196 km long, which is somewhat longer
than from Nantucket to Jupiter, and generally the events observed at Bermuda were considerably smaller
than those on the Nantucket-Jupiter path.

On the night of March 14, activity was noted on most of the propagation paths monitored. Although
this was not as active a night as the 12th or 13th on most of the paths, there was one particularly
large event that occurred at 0329 UT that could be identified on several of the paths monitored. Fig-
ure 9 shows the results of this event observed on the different paths. The event produced the largest
effect on the path from Nantucket to Boulder, and no effect was observable on the path from Cape Race
to Nantucket. The effect observed on the Nantucket to Jupiter path was very small, but that observed
on the Dana to Bermuda path was relatively large. The longitudes of the midpoints of the Nantucket-
Jupiter and Dana to Bermuda paths are identical; the midpoint of the Dana to Bermuda path is only 2°
farther north than the other path., The results suggest that the effect cuts off rather abruptly at
a certain latitude, Since no effect was seen on the Cape Race to Nantucket path, this suggests a
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cutoff on the longitude also. This particular event appeared to cover a range of at least 20° in
latitude and at least 10° in longitude. This event was different in this respect from the more
frequently observed events in that they seem to be quite localized in area of coverage; however,

this event was of short duration, which helped isolate it as a discrete event on the different paths.

These comparisons are significant because of the close correlations of the particular events as
seen on signals for paths monitoring different parts of the ionosphere. The close correlations
would appear to rule out such things as gravity waves, gradients, blobs, or irregularities in the
ionosphere as causes of the events. Probably the only known phenomenon that could produce such
close correlations at widely separated locations would be a particle precipitation eyent, where
the same 'dumping' mechanism affects all the paths involyed. .

‘-—Solar Flare
Maximum Obscuration

T ‘ Phase

180° MARCH 1970
Sun 65% Eclips.ed

. Amplitude

— |
HOURS -2 -1 0 l 2 HOURS
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Sun 58% Eclipsed
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20 dB

Cape Fear, N.C. to Boulder, Colo.

Fig. 6. Comparison of the partial eclipse measurements between Cape Fear,
North Carolina, and Boulder, Colorado, for 1963 and 1970,
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Fig. 7. Disturbances obseryed on higher latitude paths on the night of March 8, 1970,

Conclusions

Aside from the problems produced by the solar flare preceding the eclipse, it is interesting
from an ionospheric standpoint that the eclipse-produced effects were so different in March 1970 and
July 1963. These differences might be attributed to different times in the solar cycle, different
locations or path lengths for the measurements, or different seasons of the year. Since in both
cases the eclipse occurred near local noon, different times of day should not be a factor. Routine
LF skywave observations suggest that the Propagation does not change appreciably with the solar cycle
except from an increase in flare-produced effects observed during solar maximum. The measurements in
March 1970 covered several latitudes and several path lengths; if latitude or path length were a
factor, the results from this eclipse should therefore have changed from path to path. Also the
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comparison shown in Figure 6 indicates that the eclipse effects were different between July 1963 and
March 1970 even on the same propagation path.

Seasonal propagation changes do occur; they are similar in the United States and the Aleutian
Islands of Alaska. They produce a lower reflection height and greater ionospheric absorption in
July than in March. A lower reflection height and greater signal absorption could relate to in-
creased electron densities associated with increased atomic oxygen production and concentrations
during summer months, This relation could exist from associative detachment of electrons from 0,
by atomic oxygen [LeLevier and Branscomb 1968]. The daytime atomic oxygen density profile would
be expected to be lower in height in the summer than in March because more solar energy is avail-
able in the summer. Therefore, the five-min delay between the eclipse maximum and the phase peak
observed in March could have been caused by the same mechanism that produced the four-min delay in
the amplitude peak in the July measurements., If the apparent height of reflection in March is
determined by the atomic oxygen density profile, few electrons would be produced by associative
detachment by atomic oxygen at heights below this reflection height because of rapidly decreasing
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atomic oxygen densities. Large amplitude changes, such as those observed in July, would not be ex~
pected to correlate with changes in the atomic oxygen density in this case.

It has not been possible to show a direct one-to-one relation between other geophysical phenom-
ena and the occurrence of the LF nighttime disturbances. There is a strong tendency for the occur-
rence of these events to follow solar disturbances that produce proton fluxes capable of causing PCA
events. This may be more related to large magnetic disturbances associated with proton events, than
the proton fluxes per se.

Ionospheric propagation at this frequency is very sensitive to relatively small changes in elec-
tron densities in the D region, Oblique paths covering distances up to the geometrical optical hori-
zon are influenced by a minimum ionospheric area affecting the reflection., Oblique paths that extend
well beyond this distance into the diffraction region are influenced by much larger areas in the
ionosphere, as are long range VLF cw transmission paths. The nighttime events described above be-
come less pronounced as the path length is increased, suggesting that they are quite localized and
that the integrating effect of longer paths tend to mask the effects. Particle fluxes capable of
producing electrons in the 10 to 100 e/cm3sec range near 80 km at night would be expected to pro-
duce variations such as those measured. These LF pulse measurements over oblique paths may prove to
be an excellent method for detecting leakage or dumping of charged particles from the radiation belts
into the lower ionosphere.
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"Radio Obseryations during March 7-8, 1970 at the University of Michigan"

by

Newbern Smith *
Department of Electrical Engineering
The University of Michigan

The ionosonde was operated at its temporary location at Willow Runm, Michigan, N42°14' W83°3L1!'
from 6 March 1700 EST (2200 UT) to 8 March 1800 EST (2300 UT), at which time an equipment failure
occurred. The temporary antenna was a long horizontal folded dipole with a resistor at the feed
point to prevent overload at resonant frequencies. This antenna did not have good radiation char-
acteristics between 6 and 8 MHz, or over 13 MHz; consequently, received echoes were occasionally
below the noise, especially at night.

The operation of the sounder was resumed on 12 March and continued until 28 March. Thus, it
was possible to obtain a median curve for March to compare with the eclipse day and the data during
the geomagnetic disturbance on March 6-8.

During the eclipse day, March 7, data were taken from 1225 to 1459 EST at five minute intervals,
and half-hourly at other times. The eclipse period was about 1230 to 1440 EST, with the middle
about 1330. As noted on the field-strength recordings, there was a solar flare shortly after 1100
EST on 7 March. This showed up as a loss of the E and Fl traces at 1120 and 1149 EST, but did not
erase the foF2,

The f-plots for 7-8 March are given in Figure 1. Also shown are the March foF2 and foE medians;
the F1 cusps were not usually sufficiently developed to obtain significant median values,

The f-plot for the eclipse day, March 7, (Figure 2) shows significant eclipse effects, During
the eclipse a well-developed ¥l cusp appeared, splitting into several stratifications during the
maximum phase of the eclipse., Compared with the small Fl inflections before and after the eclipse,
the foFl at the maximum phase were 0.7 to 0.85 of normal.

In the case of the E region, the minimum foE occurred at 1350 EST and was about 0.765 of the
monthly median value. Considering that the degree of the eclipse at Detroit was 0.778, that Willow
Run is about 35 miles west of Detroit, and that the maximum degree of the eclipse at 100 km altitude
was less than at the ground, the degree of the E~layer eclipse was estimated to be sbout 0.73. The
corresponding fraction of the solar disk left uneclipsed is 0.34. If foE is proportional to the
fourth root of the solar flux, and the solar flux is taken as proportional to the uneclipsed area
of the solar disk, one would expect the minimum foE to be %/.34 of normal, which is consistent with
the observed fraction 0.765 of the median value. It should be noted, however, that the foE before
and after the eclipse was slightly lower than the median; using this as a reference, the foR decrease
was to 0.785 of normal.

The bay in the foF2 covers the same time span as those in the foFl and foE. It strongly suggests
a real F2 effect, although the variation is no greater than is sometimes observed under normal or
somewhat disturbed ionospheric conditionms. It is of interest to recall that during one of the early
ionospheric eclipses observed, in February 1935 by Gilliland et al. [1936] a similar F2 effect was
seen, whereas in one or more summertime eclipses no F2 effect was noticed.

Generally, the F2 plots show the presence of digturbance, as evidenced by the persistent spread-F
and depressed night foF, accompanied by high h'F. The dramatic disappearance of F2 echoes at 1000
EST on March 8, followed by a short period of high electron density from 1350 to 1550 EST and then
nearly or completely unstructured reflections from the F region, indicates the existence of severely
disturbed conditions.

Lake Angelus Riometer Record

The 18 MHz riometer trace for March 7 and 8, obtained at the McMath-Hulbert Observatory, was
examined to see if any eclipse effects were seen (See Figure 1). No such effects were obvious, but
large fluctuations were observed starting at 0800 EST March 8. The absorption increased greatly
after 1330 EST, causing complete loss of signal between 1400 and 1450 EST. This suggests possible
polar cap event observed at the latitude of Detroit, about 53° geomagnetic.

Field-Strength Records

The field strength of WWV (10 MHz) at Fort Collins, Colorado, is recorded on a strip chart at
the McMath-Hulbert Observatory, Lake Angelus, Michigan, as a part of their solar patrol work, The
record chart is not calibrated, but the system for receiving and recording is conventional and is
known to produce an approximately logarithmic scale over a dynamic range of 30 to 40 dB.

* currently Guest Worker at Institute for Telecommunication Sciences, Boulder, Colorado.
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The recordings were scaled in arbitrary linear units for March 7, 1970, the day of the eclipse,
and also for March 6, which appeared to be a normal day; the quantity scaled was the 5 minute median
value, for each 5 minutes of the day from 1000 EST to 1500 EST.

The highest 5-minute mean field strengths at night were taken to represent zero absorption.
The absorption was then calculated for the above periods as the differemce between the scaled values
and the zero-absorption value. To normalize the absorption the differences on March 7 were divided
by the March 6 differences. These quotients then represent the percentages of the normal decibel
absorption for the day of March 7; Figure 3 gives a graphical plot of the values.

The solar flare beginning at 1106 EST is associated with a rise in absorption to 1.5 normal, in
what appears to be a slow-SWF. During the eclipse there is a 40 minute period of significantly less-
than-normal absorption, reaching a minimum of about 0.4 to 0.5.

Considering the degree of eclipse to be 0.47 at Denver, 0.715 at Chicago and 0.78 at Detroit,
we can estimate the corresponding fractions of maximum solar flux as 0.65, 0.36, and 0.28 for the
middle of the eclipse, making the questionable assumption that the flux is uniform over the solar
disk. On this assumption, the average flux over the Denver-Detroit path is 0.43 normal at the middle
of the eclipse. This suggests that the decibel absorption is proportional to the solar flux, or
ionizing radiation, which is not inconsistent with the conventional processes in the D region.

Relative Phase Path Measurements

Recordings were made of the relative phase path length between Fort Collins, Colorado (WWvB,
60 kHz) and the High Altitude Research Laboratory of the University of Michigan at Ann Arbor,
Michigan, using a strip chart recorder. The recorder was not well calibrated as to the drift rate,
so that there was some lack of precision in determining a reference phase; the reference was obtained
by examining the night recordings for days that seemed to be undisturbed. Tt is believed to be a
reasonable one within a microsecond or two.

The recordings were made in terms of the relative delay time in microseconds. The days of
March 9 and 10 appeared to be relatively undisturbed, the data for March 10 were used to represent
a "normal day".

Figure 4 gives the relative path delay in microseconds, compared to the assumed nighttime
reference described above, for the days of March 7 and 8 (disturbed days, shown by solid lines) and
the "normal day" (shown by dashed lines).

No particular eclipse effect is obyious on the March 7 record. It is obvious, however, that
the traces for at least 0600 March 7 to 1800 March 8, EST, are markedly different from the normal.
No particular interpretation is given at this time. Tt may be noted, however, that if a simple
geometrical model is used for the propagation path, the incremental phase delay in microseconds
happens to be about equal to the incremental reflection height in km.

REFERENCE
KIRBY, S8, S., 1936 Ionospheric studies during the partial solar eclipse of
T. R. GILLILAND and February 3, 1935, NBS J. of Res., 16, 213-225

E. B. JUDSON
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"Normal Magnetic and Micropulsation Observations in Canada During the March 7, 1970 Solar Eclipse"

R. J. Stening, J. C. Gupta, G. Jansen van Beek

Introduction

by

Earth Physics Branch
Energy Mines and Resources, Ottawa, Canada

To study the effect of the eclipse on geomagnetic variations, four stations situated on a line
approximately at right angles to the path of totality were specially equipped with geomagnetic vario-

graphs (Table 1).

T

Stations Used

able 1

in Eclipse Study

Station Geographic Geomagnetic

lat. Long. Iat.

Long. Speed of

Chart

Slow Run

Chart

Rapid Run Percent™®
Sensitivity Speed of SensitivityObscuration at

Maximum Eclipse

St. John's L7.AN 52.7W 58,7
Dartmouth 4L1.7N 63.6W 56.3N
rredericton L5.9N 66.7W 57.6N

Ottawa L5. LN 75.5d 57.08

Kindly calculated at 3 minute intervals by

21.4E 2"/hr
6.95 2n/hr
3.0 2"/hr

351,58 2"/hr

2.0v/mm 1"/min
1.95v/mm 2" /min
1.0y/mm  2"/min

2.0y/mm  1m/min

0.197y/mm 99.06
0.197v/mm 100.0
0.197v/mm 91.78

0.197+/mm 77«45

Communications Research Centre, Shirley Bay, Ottawa.

The geomagnetic sensor used at the four stations was a saturable core transistorized fluxgate

of the type described by Serson [1957].

The rapid run recorders were protected from large long

period disturbances by a band pass filter with a gain of unity in the period range 3-~10 seconds and
a gain of 0.5 at periods of 0.7 and 800 seconds,

Effect of Eclipse on Long Period Magnetic Variations

Observations at four stations were used to study the eclipse effect on ionospheric electric
currents (Table 1), The three-component variations at these stations during the eclipse period
are shown in Figure L. It is clear that considerable disturbance is present and that measurements
of AH or AX from some baseline value are unlikely to reveal any eclipse effect. The Kp value during
the eclipse was 6-~, However, an attempt was made to isolate an eclipse effect by cross-correlating
changes at the station with total eclipse (Dartmouth) with the other stations. This method was used
by Boyd [1966]. He performed cross~-correlations for only two intervals, one of five hours during

the eclipse and one of three hours after.

used. These correlations are shown in Figure 2,

variations present to make this convincing.
indicate local structure in the disturbance,

In the present study a series of half-hour intervals were

The dip seen in the Dartmouth-Ottawa correlation
at 1900-1930 (Figure 2a) is the result expected from an eclipse effect but there are too many other

method of little value and the result of Boyd may be fortuitous.

The low and negative D,Y correlation values probably
The large variations in the correlation make this

An examination of the Dartmouth record shows that, during the eclipse, the X variation has

smaller short period fluctuations than it has at the other stations.

A series of these deviations

were selected so that each deviation was identifiable at each of the four stations and their ampli-
tudes were measured. The ratio of the amplitude at Dartmouth to the amplitudes at the other stations

outside the path of totality are plotted in Figure 3.

Here an eclipse effect can be clearly seen.

Fredericton, being closest to Dartmouth, has the smallest effect (largest ratio). St, John's is
almost totally eclipsed 9 minutes after the eclipse maximum at Dartmouth and this probably accounts
for the sharp rise in the Dartmouth/St. John's ratio after 1900 h.

The fourth contact of the eclipse at Dartmouth

is at 2003 UT and coincides with an ST which,

at the four stations considered here, has greatest amplitude at Ottawa and then decreases to the

smallest amplitude at St, John's.

The small deviations showing the eclipse effect probably represent rather more localized cur=-

rents than those found during eclipses at low latitudes [Kato, 1960].
the eclipse effect is also remarkable,

453

The small spatial extent of
The distance from Dartmouth to Fredericton is only 175km.



*9sdITo9 wWNWIXBW JO 9WT3 9U3 93IBOITPUT smoixy (°senjea pazIlI8Ip 9ilnurw

uo woxij s307d P93ONAISUOIDI 918 9SAYL) °0L6T ¢/ YoaeW Jo poriad 9sdr[o9 9y3 Buranp SUOTIBRTARA OT39uley

10

-
€2 “ 2 “ 6!

L “ gl

H S.NHOr 1S

X HLNOW1ldvdad

H NOLO1d3d3y4d

H VMVL1L1O

|*.I

£ 0%

4

‘Bl ‘314

454



'9sdT709 WNWIXEBW JO SWIJ OYJ 9IWOTPUT SMOIIY (' Soniea pazilTSIp 93NUIW
SUC woiy s30Td PIIONIISUOIBL 218 ISAYL) *GLE] °/ UOIBW 3o poraed 9sd11o9 9y3 Suranp suorieraea O139uUSRN  ‘qy ‘BId

an
d + 4 ' ; N._ , 9_

H d S.NHOr 1S

H A HLINOWLYvQd

@ NOLOIY3a344

d VMVLLO

455



smoiiy  (seniea pPOZIJlIBIPp @3nuUIW

cosdI[ o9 wWNWIXBW JO dWI] Y3 93BOTPUT
199 @y3 Suranp SUOTIBTIBA oryouley o1 ‘Sid

suo woi sjofd poldNIISUOIVL 1B ISVYL) “0L61 ¢, yoael jo potraed asdt

n
10 €2 _ 12 “ 6! . Ll “ gl

Z S.NHOM 1S

Z HLNOWLYvd

Z NOL10143d344

Z VMVL110

456



1.0F o—0— DARTMOUTH X - FREDERICTON H
i % ’

Iy DARTMOUTH X - OTTAWA H
C W
-1.0F

o DARTMOUTH X - ST. JOHN'S H

) &WW
-1.0
W /)W ~ DARTMOUTH Y- OTTAWA D
b/v
MW DARTMOUTH Y - FREDERICTON D
[o]

T

Q

o

i

5o

CORRELATION
o

-10F
1.0F
0\0\/\/\ /))H\ })’MDARTMOUTH Y- ST JOHN'S D
° P
”:'g DARTMOUTH Z - OTTAWA Z

<

T AAT
NV

1.0 WI\RTMOUTH Z - FREDERICTON Z
0 P

%

-:.g: W DARTMOUTH Z - ST JOHN'S Z
~o—d
-10 L '

16 17 18 19 20 21 22 23 24 O

UT
Fig. 2. Changes of cross-correlation coefficients of magnetic
variations at non-eclipsed stations with variation at
Dartmouth (a) H or X, (b) D or Y, (c) Z. A slight error
in digitizing the Fredericton D record made results
after 2000 inaccurate for that station.

457



1.2 O DARTMOUTH /ST, JOHN'S
X DARTMOUTH /FREDERICTON
A DARTMOUTH/ OTTAWA
1.0
0.8}
S
S 06+
NS
0.4}
v
OTTAWA T \A,-'
o2t FREDERICTON T
DARTMOUTH T
ST JOHN'S T
0 i 1 1 I ] I
1800 1830 1900 1930 2000 2030 2100

UT.

Fig. 3. Ratio of amplitudes of selected variations in the magnetic record at .
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Arrows indicate the time of maximum eclipse.

A similar treatment of the D,Y components was not made because it was found impossible to iden-~
tify sufficient similar variations at the different stations. The Z variation represents effects
from currents some distance from the observing station and not from those overhead.

A similar study to this was made on the July 20, 1963 eclipse by Roy [1964]. The eclipsed sta-
tion was Disraeli, Quebec (N45.9° W71.3°) and the Kp value was 3+ at the time of the eclipse. The
negative result reported by Roy was probably due to the lower sensitivity and lower time resolution
of the records he used.

Eclipse Effect on Geomagnetic Micropulsations

The effects of eclipses on micropulsations are rather elusive. KXato and Watanabe [1957] summar-~
ize some of the observations and note in particular a decrease in micropulsation amplitude during
the eclipse. Figure 4a shows the variation in Pc2,3,4 amplitude during the March 7, 1970 eclipse and
there is no clear change in amplitude. The sporadic occurrence of micropulsations really prevented
the observation of any clear effect. 1In Figure 4b the variation of Pc5 amplitude is shown. While
there is a decrease in amplitude at Dartmouth and Fredericton near the eclipse maximum, there are
too many other variations present to attribute this decrease to the eclipse. (The dashed lines in
the Dartmouth result indicate that Pc5 was absent during this interval).

Another eclipse effect is described by Kato [1965]. He found that the direction of the princi-
pal axis of the horizontal polarization vector diagram changed during the eclipse (20 July, 1963, at
Northway, Alaska). A search for a similar effect was made in the Dartmouth records of the March 7,
1970, eclipse. While no clear change in the direction of the polarization axis was found similar to
that seen by Kato, there was a tendency for the phase difference between the two horizontal components
to change during the eclipse. The variation of this phase difference during the eclipse is plotted
in Figure 5. A large change is seen at Dartmouth at the time of eclipse maximum. This change is
also noticeable at Fredericton and St. John's, However, at St. John's the change is simultaneous
with that at Dartmouth and not with the time of maximum eclipse at St. John's. It should be men-
tioned that many of these ﬁﬁggé measurements were difficult to perform as the micropulsations fre-
quently lacked a clear sinusoidal form. At Dartmouth the X-component usually had a lower amplitude
than the Y-component. A similar change in the phase difference can be inferred from Kato's results.
However, it seems necessary to perform further analysis to show that this effect does not also occur
at times other than during an eclipse.
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Geomagnetic (continued)
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Ionosphere

Electron Density
Electron Temperature
foF2
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f-plots
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HF Doppler
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Ion Temperature
Ionograms
Juliusruh/Rugen
LF.
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Loparskaya
Narssarssuaq
Neustrelitz
Paxson
Sheep Mountain
Sodanky1}
South Pole
Thule
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Vertical Drifts
VLF
Interplanetary Magnetic Field
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10595
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10614
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Plage -~ see Calcium or Hg Plage
Positive and Negative

Prominences

Proton Flare
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Radio Propagation Quality Figures
Satellite and Space Probe Qbseryations

AD 00N ON U

March 5, 0420 UT
Marxch 7, 014Q UT

Magnetic Field
Protons
Radio Bursts
March 5
6

7
8

International Designation Name
1965-28A Early Bird
1965-58A VELA 5
1965-105A PIONEER 6
1966-110A ATS-1
1967-70A IMP~-5 (EXPLORER 35)
1967-111A ATS~-3
1967-~123A PIONEER 8
1968-14A 0GO~5
1968-17A SOLRAD 9 (EXPLORER 37)
1968-66B INJUN 5 (EXPLORER 40)
1968-81D LES-6
1968-84A ESRO TIA (Aurorae)
1968-109A HEOS~AL
1969-6A 080-5
1969-46B 0V5-6
1969-51A 0G0-6
1969~53A IMP~-G (EXPLORER 41)
1969-68A 050-6
1969-69A ATS-5
1969-97A GRS~A/Azur

Solar

Corona

Eclipse -~ see Eclipse

Electrons

EUV Flux

Event of March 6, 0926 UT

Flares
March 3

Radio "Buystiness' Index
Radio "Emission!
Radio Spectral Events

March 4
5
6
7
8
9
Wind
X-rays
Sudden Ionospheric Disturbances
March 5
6
7
8
Sunspots
Data
Numbers

Ten-cm Flux
Trapped Electrons
Trapped Protons
Whistlers
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