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Detailed view of the flash spectrum. (a) The main emission lines 

are labelled with the elements that produce them. (b) Simplified 

view of the distribution of elements in the chromosphere (inspired 

by Mitchell, 1947). All elements are present, in measurable 

quantities, from the surface of the photosphere up to a certain 

height. (c) The photosphere generates an intense continuous 

spectrum (here just a thin line due to the last Baily's bead). The 

inner corona generates a ghostly diffuse spectrum. The mid and 

upper chromosphere only emits a few intense lines. The lower part 

of the chromosphere also emits a forest of faint lines besides the 

main intense ones, here predominately concentrated in the two 

lunar valleys of the last pair of Baily's beads. (K. Emmanouilidis, 

with permission by AAS)
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Now exactly 40 years ago, I got my first two positive asteroidal 
occultations, visually observed, of course. With an analogue 
stopwatch in hand and acoustic time beeps as a background 
sound, who could have imagined the great knowledge we would 
accumulate with the occultations. Thanks to occultations we not 
only determine with high precision the position, size and shape 
of the objects, but they have also allowed us to discover satellites 
of these asteroids, rings, atmospheres, and as a derivative the 
albedo and density, which help us to determine their composition.
Furthermore, occultations are almost the only viable source of 
characterisation for Trans-Neptunian Objects.

And let’s not forget that in the case of the Sun, the same 
occultation timing technique applied to the Baily’s Beads allows 
us to determine the solar radius. Or sometimes the surprise 
appears at the occulted star in the form of the discovery of 
unknown stellar components.

Forty years ago, even predictions of grazing occultations by 
the Moon were very inaccurate. I remember more than one 
expedition to the northern limit with a miss at all stations.

All the articles you can read in the present issue of JOA 
highlight these advances. They are efforts that do not go to the 
big headlines, but that help to do science in capital letters, and 
to discuss them with friends at every ESOP, like the next one in 
Granada.

Clear skies!

Carles Schnabel
IOTA/ES
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Figure 2. Example of the evolution of the flash spectrum at the onset of totality. On the left, white-light images of the eclipse showing the
disappearing Baily’s beads, the chromosphere and hints of inner corona. On the right, the corresponding spectra, revealing finer details. 
White arrows indicate the last vanishing Baily’s bead and its photospheric continuum. The image is a composite but each pair white-
light/spectrum was recorded on the same image. Data collected during the 2013 November 3 annular-total solar eclipse in Gabon using
a Canon 5D Mark 1 with a 200 mm f/4 lens and a 100 lines/mm diffraction grating. (Credit: K. Emmanouilidis).

Method
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The observing location was south of Vale, Oregon, just a 
couple of hundred metres within the southern limit of the umbral 
shadow path. Its WGS84 geodetic coordinates are: λ = 117° 13’ 
09.8” W, φ = 43° 57’ 10.9” N, h = 711 m. The landscape was very 
arid and the sky was cloudless. There were traces of smoke from 
forest fires but they were mainly towards the north and the west 
and they were never an issue.

The flash spectrum video we recorded can be seen following 
this link:

https://www.youtube.com/watch?v=eTqblNG-BHw

The video shows the slow evolution of the flash spectrum, 
mainly the disappearance and the reappearance of the 
photospheric continuum of several Baily’s beads before second 
contact (C2) and after third contact (C3) with a brief period of 
totality in between. Figure 3 shows examples of the shape of the 
flash spectrum on the lead up to C2 and just after C3 and which 
lunar valleys generate the distinct thin bands of photospheric 
continuum.

If we focus on the duration of photospheric extinction, visual 
inspection of the video points to a duration no longer than 20 s, 
and possibly closer to 15 s. By referring to Figure 1, these durations 
of totality are quite incompatible with Auwers’ solar radius 
(959.63”) and more indicative of a higher value, towards 960”. 

The analysis of the flash spectrum video proceeds in several 
steps: extracting the light curves (from a narrow spectral region) 
of the last Baily’s bead before C2 and of the first Baily’s bead 
after C3, simulating synthetic light curves by integrating the limb 
darkening function in the lunar valleys that generate the Baily’s 
beads, fitting the solar radius Sꙩ to get the best agreement 
between the synthetic light curves and the observed light curves. 
The solar radius Sꙩ at 1 au directly determines the topocentric 
solar radius Σꙩ that is considered as the free parameter in the 
functional form of the limb darkening function.

Figure 5 shows the observed light curves (extracted from a 
spectral region around 580 nm, near the main Helium line) 
together with the synthetic light curves generated for three 
different values of the solar radius Sꙩ. The best agreement is 
achieved when Sꙩ = 959.95”. The other simulations provide an 
idea of the uncertainty of this estimate. Conservatively, we can 
say that the final estimate of the solar radius (at around 580 nm) 
is: Sꙩ = 959.95 ± 0.05)”. An important remark is that identical 
values for the multiplicative scaling factor and bias were used for 
the synthetic light curves when different values of the assumed 
solar radius Sꙩ were used to define the limb darkening function. 
It is important to clamp down on the degrees of freedom we can 
play with.

We repeated the fitting procedure for other spectral regions, 
namely 480 nm (near the Hβ line) and 640 nm (near the Hα line). 

Figure 4. Synthetic light curves
are generated by computing the 
integral of the limb darkening 
function over the exposed area 
of photosphere within the lunar 
valley generating the Baily’s
bead. The integration region R
changes through time due to
the relative movement of the 
solar and lunar limbs.

Observations Results



On both nights I see Doppler increase in brightness. Assuming a
rotation time of 50 hours would mean that on the second night, I
see exactly the other side of Doppler. I do not see any brightness
drop, which would point to an eclipse (Figure 6). My results are
to be sent to Pascal Descamps of the IMCCE in Paris, and Raoul
Behrend of the Geneva Observatory, just like with Kalliope in
spring 2017.
For the record, I was not the only observer of Doppler, especially
in the South of France there were also some who participated,
among others at the Observatoire du Haute Provence. That’s a
good thing too, because if all the discoveries of space had to be
done in the Netherlands, we would be back a century ago.

Occultation Astronomy
Journal for
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Figure 6. Best fit of synthetic light curves onto observed light curves,
at different wavelengths. 

Discussion

The estimate of the eclipse solar radius we have obtained
Sꙩ_=_(959.95 ± 0.05)” is larger than the traditional standard value
Sꙩ_=_959.63” still used in most published eclipse predictions 
and it is in line with a growing body of measurements collected
in the recent past during total solar eclipses [3]. 






