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Outline

- Eclipse geometry overview and geophysical conditions

- GNSS observations of TEC response
- Millstone Hill large aperture high power ionospheric radar:
regional and local eclipse ionospheric response
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Eclipse Countdown Until First Contact in Oregon August 21, 2017 UT
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8 weeks, 6 days, 4 hours, and 26 minutes left

On Monday, August 21, 2017, all of North America will be treated to an eclipse of 4 00000
the sun. Anyone within the path of totality can see one of nature’s most awe
inspiring sights - a total solar eclipse. This path, where the moon will completely

cover the sun and the sun's tenuous atmosphere - the corona - can be seen, will
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JournaL oF GEoPHYSICAL RESEARCH Vor. 70, No. 1 JaNvary 1, 1965

An F Region Eclipse

J. V. EvaNns

Lincoln Laboratory, Massachusetts Institute of Technology, Lexington

Abstract. Observations of the electron density, electron temperature, and ion temperature
were made over the height range 240-750 km vertically above Millstone Radar Observatory
on July 19-21, 1963. The technique employed for these measurements is the incoherent back-
scatter method. The eclipse occurred on the afternoon of July 20 and caused a large rapid
decrease in the electron temperature at all heights and a subsequent recovery. The ion tem-
perature was seen to change at all heights almost equally rapidly, though by a smaller amount.
These changes in temperature caused a rapid reduction in the value for the diffusive equilib-
rium scale height. As a consequence, ionization moved downward and the density at Amer in-
creased, though at altitudes above 425 km it decreased. The total electron content of the
region under study was about 7 X 10* electrons/cm?® at the commencement of the event but
had declined to about 6 X 10" electrons/cm® by the time point of last contact was reached.
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Fig. 4. The electron density profiles at the be-
ginning of the eclipse, at totality, and at the end
of the eclipse. In these curves the density distribu-
tion obtained from Figure 3 for the region above
the peak of the F: layer has been fitted to true
height analyzed ionosonde results for the density
below the peak (J. W. Wright, private communi-
cation). The height of the backscatter profiles has
been adjusted to match hmax oObtained from the
true height analysis.



Eclipses: A Gigantic, Active lonospheric Lab Experiment

SOLAR ECLIPSES AND IONOSPHERIC THEORY

H. RISHBETH
S.R.C., Radio and Space Research Station, Ditton Park, Slough, Bucks., England

(Received 1 March, 1968)

Steady-state continuity equations dN/dt = E(t) q(t) — aN? E layer
(NOTE: no transport here - but
we know that happens) dN/dt =E(1) q(t) — SN F2 layer
q(z) = [density] [cross-section][flux at z] Eclipse obscuration Normal production
—_ n(z)a[F},e"(")/“O], function function

Observations during an eclipse offer a special opportunity for studying both the
solar ionizing radiations and the earth’s ionosphere. They are not ideal for this
purpose. The ionospheric physicist might wish that the sun could be regarded as a
constant, uniform source of ionizing radiation; but investigations of the sun show
that it is not. The solar physicist would like to regard the ionosphere as a detector for
ionizing radiation. But the ionosphere does not meet the basic requirements of a
good detector: straightforward operation, reproduceability, and a linear or other
convenient type of response.
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Modeled effects on electron density
Both hemispheres affected (electrical coupling)
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The lonosphere Is Naturally Complex

(red = more electrons, blue = less)
Geodetic median vertical TEC from 2017-07-04 00:00:00 to 2017-07-04 00:20:00 Log10(TECU)
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Eclipse has definite
reduction in electron
density

Model/data
comparisons will
help improve
detailed ion-neutral
coupling
understanding

GNSS TEC.:
Absolute Electron Density Content Changes

UTC 2017-08-21 15:00:00

(1 TEC unit =
1016 electrons / m?)




ST Solar Eclipse
b 2SN GNSS Vertical Total Electron Content

20 August 2017 21 August 2017

Difference in TEC at 18:15 UT from 16:45 UT Difference in TEC at 18:15 UT from start of solar eclipse at 16:45 UT
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" HAYSTACK GNSS TEC:
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©” OBSERVATORY Relative Electron Density Content Changes

UTC 2017-08-21 16:00:00

Eclipse does perturb
traveling ionospheric
disturbance wave
structure post-
eclipse

Spatio-temporal
analysis possible

(1 TEC unit =
1016 electrons / m?)
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Evidence of enhanced TIDs on
the western side and eastern side of the Rocky Mountain range.

Eclipse Max at Boise, ID at 17:27 Eclipse Max at Jackson, WY ID at 17:35
17:32:00 UTC | 17:48:00 UTC

In the left hand plot, the white dots represent: McBride, CA, Spokane, WA, Boise, ID, and St. George, UT
1gle!
in the right hand plot, the white dots represent,: Banff, CA, Jasper, MT, Jackson, WY, and Aspen, CO

Coster et al 2017, submitted



v HAYSTACK Bow Waves

OBSERVATORY

« Supersonic
— Aircraft flying faster than the speed of sound.

+ Bow wave
— V-shape form of overlapping waves when object
travels faster than wave speed.

— An increase in speed will produce a narrower
V-shape of overlapping waves.
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Eclipse bow waves e Becae ool
predicted by many studies
(e.g. Chimonas [1970])

vless than v, vequals v,, vexceeds v, v greatly exceeds v,,
© 2015 Pearson Education, Inc.

Did the 2017 Eclipse create
bow wave structures?

o

PRESSURE PERTURBATION (%)
o
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TIME AFTER FIRST ARRIVAL

Fig. 2. The pressure perturbation bow wave caused by an eclipse, as computed from the
theory of Chimonas [1970] for a point 5000 km off the axis of the eclipse path and 300 km
above the earth’s surface.
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Eclipse bow waves
predicted by many studies
(e.g. Chimonas [1970])

Did the 2017 Eclipse create
bow wave structures? 120°W

Yes!
Analysis quantifies meridional, zonal velocity
Examine implications for ion-neutral coupling

Zhang et al 2017, submitted
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Eclipse bow waves
predicted by many studies
(e.g. Chimonas [1970])

Did the 2017 Eclipse create
bow wave structures?
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Example:
Bow waves at (2.5 deg/0.5 hr) = 140 m/s
in meridional direction

Zhang et al 2017, submitted



Millstone Hill Geospace Facility: UHF lonospheric Radar
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lonospheric Changes Over North America During The 2017 Eclipse

Before eclipse 15:30 UTC During eclipse 18:15 UTC
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o R lonospheric Changes Over Massachusetts
" OBSERVATORY During The 2017 Eclipse

Millstone Hill ISR model, 42.6°N, 71.5°W, ZENITH, EJectron Density, 1-Au-2017O

Non-eclipse, model
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Millstone Hill ISR, 42.6°N, 71.5°W, ZENITH, Electron Density, 10'? el/m?, 21-Aug-2017
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Geospace Facility
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(figure: L. P. Goncharenko, MIT Haystack)
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EAEL lonospheric Changes Over Massachusetts
OBSERVATORY During The 2017 Eclipse

Change in Electron Density Ne, 10'2 el/m?®
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lonospheric Changes Over Massachusetts
During The 2017 Eclipse

Change in Electron Density Ne, 10'2 el/m?®
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Millstone Hill Langmuir Mode:
Precise F2 Peak Electron Density Observations

electron
density profile

Incoherent scatter spectra
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Millstone Hill Langmuir Mode:
Precise F2 Peak Electron Density Observations

PL zenith_record cycle 2 2017-08-21 17:33:27 T, 61 1s inputs, pl 480
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Millstone Hill
Geospace Facility

Westford, MA, USA :
F2 peak electron density measurement accuracy < 0.1%

(1.5 kHz freq resolution)
at <= 60 second cadence
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G | veTaCK Millstone Hill Langmuir Mode:
$7 OBSERVATORY Precise F2 Peak Electron Density Fluctuations

Millstone Hill Relative F2 Peak Electron Density Fluctuations
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Millstone Hill i ---- Eclipse start

Al Measurement uncertainty = ~0.1% ' — Eclipse max

Geospace Facility j —.— Eclipse end
18
Westford, MA, USA UT, Hours

No statistical increase in fluctuations on eclipse day;
under investigation (e.g. does ISR select certain wave modes?)



Summary:

Wave, Plasma Parameter analysis ongoing
New information on eclipse perturbations: the ultimate active experiment!

Modern observation networks advance understanding even after nearly 100
years of observing eclipse ionospheric effects
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